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PREFACE
”Physics - a key to development” is the theme of the XXXVIII Annual Conference of the
Finnish Physical Society or the ”Physics Days” taking place the 18 - 20 March 2004 at
Oulu. The theme is chosen to emphasize the key role of physics in societal developments.
Though this mainly points to technology behind the welfare, we should not forget the
fundamental role of physics as the base of other fields of science and our worldview.
Nearly four hundred participants are attracted by the conventional program and social
events. The nine invited speakers cover fairly representative part of physics, and in particular, the spectroscopic and other physics activities at the host university. The 15 parallel sessions of short talks and the two poster sessions cover nicely the physics research
activities in Finland, and most importantly, offer the young physicists a possibility to present their latest work and achievements. We can expect a large variation of enthusiastic
presentations. The value of this training opportunity should not be underestimated.
The program committee deserves thanks for its good work, as well as the organizing
committee and others who contributed to the practical arrangements for their less visible
but indispensable efforts for the success of this conference.
The Magnus Ehrnrooth Price of Physics is awarded every third year. Nomination of the
prize winner 2004 is made public in the opening ceremonies.
On behalf of the Finnish Physical Society I have the pleasure to welcome you all to Oulu
and wish you inspiring meeting with your old friends and new contacts.

Tapio Rantala
Chairman of the Finnish Physical Society
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ACADEMIC OBLIGATIONS BEYOND SCIENTIFIC RESEARCH
R. R. Ernst
Laboratorium für Physikalische Chemie ETH Hönggerberg HCI 8093 Zürich, Switzerland

Besides their most important tasks, research and scientific teaching, further obligations of
universities and scientists are envisioned. They concern the future societal developments
at large. True, the responsibility for today’s incremental moves and measures is fully in
the hands of the political and economic leaders. But nevertheless, visionary thinkers are
needed who conceive options for our global future and who set potential dangers against
beneficial opportunities. The majority of the future societal leaders are educated at universities, and it is indispensable to create an atmoshere of open discussion in which not only
scientific details but also global challenges are addressed in order to provoke and stimulate their thoughts. In this sense, universities may become (again) cultural centers with a
wide radiance, influencing the general development, hopefully, in a beneficial manner.
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MAX IV: A PROPOSAL FOR A NEXT GENERATION SYNCHROTRON RADIATION AND FREE ELECTRON LASER FACILITY
N. Mårtensson
MAX-lab, Box 118, SE-221 00 Lund, Sweden

Synchrotron radiation research has developed rapidly during the last few decades. This
expansion has been driven by the demand for high-intensity light probes by researchers
in many areas. The Swedish and Nordic demand for synchrotron radiation research is
documented by the rapid growth of the MAX laboratory in Lund with more than 600 users
per year. In addition to the activity at MAX-lab, the Nordic community represents the
largest national oversubscription at the European facility ESRF and also makes extensive
use of other sources in the world.
It is now timely to plan for the future expansion in order to meet the increasing demand
of synchrotron beam time, since the lead-time for a new facility is 6-7 years. The need
for the new facility is based on foreseeable applications of present disciplines and on the
necessary replacement of the presently used MAX-lab storage rings in a medium-long
time frame. History has shown that new areas rapidly emerge and the plans for the future
facilities should be flexible and allow for new user categories.
The present plans for MAX IV include a 3-GeV ring for hard x-rays, a 1.5-GeV ring
for soft x-rays and vacuum ultraviolet (VUV) radiation as well as an expansion into the
free electron laser field. The possibility for the use of a free electron laser is achieved
by designing the facility with a 3-GeV linear accelerator as an injector. The MAX IV
facility will thus serve the hard x-ray community, the soft x-ray and VUV community and
the new emerging group of free electron laser users. It is based on new developments
in insertion device technology and will produce unsurpassed performance over the entire
energy range.
The scientific needs span large parts of Nordic research in the natural sciences ranging
from atoms, molecules, clusters, nanostructures, biomolecules, environmental complexes,
materials and materials engineering to medicine and medicinal therapy. In particular,
the facility is designed to further push the microfocussing and time-resolution capability.
Also the industrial benefit is potentially very large. This is today documented, in particular, by the pharmaceutical industry, which has invested substantially at MAX-lab. In
the future other fields will follow. Obvious areas are the nanotechnology-based industry,
environmental areas and medicine.
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Probing into Transport of Fluids in Porous Media on Length Scales from
Millimeters to Nanometers by NMR
Rainer Kimmich
Sektion Kernresonanzspektroskopie, UNIVERSITY OF ULM, 89069 Ulm, Germany

Nuclear Magnetic Resonance (NMR) techniques can directly or indirectly probe dynamic and structural material properties on length scales over many orders of magnitude
ranging from the macroscopic dimensions of water prospecting explorations, for instance, down to atomistic distances in chemical structure determinations. While magnetic resonance imaging (MRI) for clinical applications and high-resolution NMR as an
instrumental analysis tool for the chemist are well known, there is a number of less
wide-spread applications offering a wealth of investigation possibilities on microscopic
and nanoscopic length scales. A recent review has been published in Ref. [1].
In this lecture, it will be demonstrated that NMR microscopy techniques permit visualization of hydro-, electro-, and thermodynamic transport through porous media. Model
objects based on computer generated percolation clusters were milled with a circuit
board plotter or were prepared using ultra deep synchrotron ray lithography. The spatial
resolutions of these fabrication techniques, 300 µm and 60 µm, respectively, compare
with the digital resolution of 26 µm times 37 µm achieved at best in NMR mapping experiments. Electric current density maps are juxtaposed to velocity maps acquired in the
same objects. It is demonstrated that electric current and hydrodynamic flow lead to
transport patterns deviating in a characteristic way from each other due to the different
dependences of the transport resistances on the pore channel width [2].
Diffusion of linear polymers in nanoscopic pores in a solid matrix is sensitive to the diameter of the confinement on a much shorter length scale. Based on the reptation model
theory it is shown that the pore diameter can directly be evaluated from echo attenuation
curves in the frame of field-gradient NMR diffusometry provided that the appropriate
evaluation formalism is employed. With a series of samples with varying pore diameters
prepared for this purpose, pore dimensions between 8 and 60 nm were determined. Confinement in such nanoscopic pores dramatically changes polymer chain dynamics and
leads to the so-called “corset effect” [3]. The different frequency dependences predicted
by the Rouse, the Renormalized Rouse, and the Reptation models will be demonstrated
with experimental data recorded with the field-cycling NMR relaxometry technique.
[1] R. Kimmich, Chem. Phys. 284 (2002) 253-285.
[2] M. Weber, R. Kimmich, Phys. Rev. E 66 (2002) 026306.
[3] C. Mattea, N. Fatkullin, E. Fischer, U. Beginn, E. Anoardo, M. Kroutieva,
R.Kimmich, Appl. Magn. Reson., in press.
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MAGNETIC NANOSTRUCTURES; FROM BACIS SCIENCE TO TECHNOLOGY
W. Eberhardt
BESSY GmbH Albert Einstein Str. 15, D-12489 Berlin, Germany

For nanometer size structures magnetism as well as other materials properties are different than in the corresponding extended solids. The characterization and modification
of the magnetic properties of nanostructures plays an important role in the development
of magnetic storage media, MRAM (Magnetic Random Access Memory) devices, and
sensors.
Synchrotron radiation, by means of the polarization, offers the unique possibility to determine the element specific magnetic moments in nanoscale systems. Furthermore, magnetic orientations in ferromagnetic as well as antiferromagnetic systems can be characterized on the nanometer size scale with a resolution far superior to optical methods.
Examples to be discussed include the unusual characteristics and orientation of magnetic moments in ultrathin fcc Fe films grown on Co(0001), the magnetic properties of
monoatomic Co nanowires grown on stepped Pt surfaces, and investigations of the domain
structures in ferromagnetic and antiferromagnetic multilayer systems using coherent soft
X-Ray scattering. Furthermore experiments with fs lasers will be discussed exploring the
ultimate timescale for magnetic recording processes.
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COMPUTATIONAL NANO-SCALE RESEARCH THAT WILL CATALYZE
INDUSTRIAL PROCESSES
Matthias Scheffler
Fritz-Haber-Institut der Max-Planck-Gesellschaft, Berlin, Germany
http://www.fhi-berlin.mpg.de/th/th.html

If we look around, everything we see is surfaces. What we cannot see, however, are the
atomistic processes that occur at surfaces playing a critical role in the manufacture, the
function, and the performance of advanced materials. Examples are: electronic, magnetic, and optical devices, sensors, catalysts, lubricants, and hard coatings. Many, maybe
most, of the mentioned properties or functions are (or can be) actuated by nano-scale
phenomena. For example, most catalysts consist of nanometer-sized islands or clusters
dispersed on a high-surface-area support.[1] Catalysts are necessary to support and advance the high technology that very much determines the prosperity and life style of our
society. And catalysts are also crucial to keep our environment clean.
One example of this talk will be to discuss the present understanding of heterogeneous catalysis and how it changed in recent years, driven by the synergetic collaboration
of "first-principles computational science"[2] and experimental physics.[3, 4] A second
example deals with crystal growth and the self-assembly of nano-scale objects. Examples concern islands on metals and in particular semiconductor quantum dots.[5]
All this will be discussed from the perspective of a theoretician. The breakthrough of
a reliable theoretical description came with the development of density-functional theory
(DFT) (Nobel prize in chemistry 1998 for Walter Kohn) and its implementation in highperformance computer codes. This now enables scientists to perform reliable firstprinciples calculations of the electronic, magnetic, and structural properties of solids,
nano-scale, and sub-nano-scale structures. I will sketch the basic theory, and I will also
discuss recent developments, in particular the combination of DFT with thermodynamics and statistical mechanics.
[1] Alexis T. Bell, The Impact of Nanoscience on Heterogeneous Catalysis, science 299,
1688 (2003).
[2] R. Wengenmayr, A Construction Set with Just Atomic Nuclei and Electrons, MaxPlanckResearch 2/2002, 22.
http://www.fhi-berlin.mpg.de/th/research/MP-Research-02-2002-p22.pdf
[3] C. Stampfl, et al., Catalysis and Corrosion: The Theoretical Surface-Science Context, Surf. Sci. 500, 368 (2002).
[4] K. Reuter, D. Frenkel, and M. Scheffler, The steady-state of heterogeneous catalysis,
studied by first-principles statistical mechanics, submitted for publication.
[5] P. Kratzer and M. Scheffler, Surface Knowledge: Toward a Predictive Theory of
Materials, Computing in Sci-ence & Engineering 3, 16 (2001).
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ARECIBO OBSERVATORY AND INCOHERENT SCATTER
M. P. Sulzer
Arecibo Observatory, HC 3 Box 53995, Arecibo PR USA

The Arecibo Observatory recently celebrated the fortieth anniversary of its inauguration
in 1963. It is appropriate to review the history of its design and construction and to examine some of the resulting discoveries in astronomy and planetary radar. These fields
were of secondary importance initially, but grew in significance with time, especially
as improvements to the instrument allowed fuller utilization of the huge collecting area.
However, it is incoherent scatter from the ionosphere that was the initial primary function, and it is appropriate to examine its evolution from a simple concept for measuring
electron density and temperature to its full realization, which allows the determination of
various electron and ion parameters, and serves as a beautiful experimental verification
of elementary plasma physics. Finally, it is appropriate to survey some of the incoherent
scatter radars in the world and examine their role as research instruments in space and
ionospheric physics. These include the modern EISCAT facility, located in the northern
parts of three Scandinavian countries.
It is convenient to consider three major milestones in the history of the Arecibo observatory. The first is the initial project; the result was a 430 MHz instrument with transmit and
receive capability and the amazing collecting area of the 305 meter spherical dish. Even
with a linefeed operating well below optimum efficiency, the initial IS results showed an
extraordinary sensitivity. Less than a year after inauguration, the radar established the correct rotation rate of Mercury, and astronomy soon grew in importance after the discovery
of pulsars in England in 1967.
The first upgrade, finished in November, 1973, removed the high frequency limit by replacing the wire mesh surface with aluminum panels. The result was a golden age in radio
astronomy, primarily in pulsars and extragalactic hydrogen measurements, and planetary
radar, providing images of cloud-shrouded Venus with the new S band radar. The efficiency of line feeds had been fixed, and with the installation of new receivers, the IS radar
reached its full sensitivity. Linefeeds have limited instantaneous bandwidth; the second
upgrade solved this problem by using Gregorian optics. Secondary and tertiary reflectors
of special design correct the spherical aberration, and also provide a second IS radar.
Gordon’s concept of scattering from independent electrons was replaced by initial theories using plasma physics before the inauguration in 1963. IS soon became the most
powerful ground based technique for studying the ionosphere. The modern theory covers
a wide range of ionospheric conditions, and it has been shown to be accurate in unexpected situations. IS is currently in use at several facilities around the world for studying
the ionosphere and its interaction with the whole space environment.
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PHYSICS OF INSECT COMPOUND EYES
D.G. Stavenga
Department of Neurobiophysics, Nijenborg 4, UNIVERSITY OF GRONINGEN
GRONINGEN, the Netherlands

Insect compound eyes are integrated optical systems
with an array of microlenses interfaced with optical
waveguides that sample optical information from the
environment. In flies, each micro-(facet)lens serves
seven waveguides, so-called rhabdomeres that are
filled with visual pigment molecules. After absorbing an incident photon, a visual pigment molecule
triggers the phototransduction process in the corresponding photoreceptor cell. The electrical potential
across the photoreceptor membrane, which is ca –60
mV in the dark, then depolarizes. Recent optical,
electrical and molecular biological investigations,
among others using fluorescence methods (Fig. 1),
have clarified the phototransducer into great detail.
The photoreceptors of insect eyes receive light from
a restricted, Gaussian-shaped field of view, marked
by the acceptance angle (Fig. 2). The acceptance angle is controlled by the light-driven pupil mechanism. Wave-optical modeling, including diffraction
optics of small Fresnel-number lenses, waveguide
optics, and selective absorption of waveguide
modes, well explains experimentally measured acceptance angles. The spatial sampling of insect eyes
presumably is tuned to optimize signal-noise-ratios.

Fig. 1 Light causes depolarization of a
fly photoreceptor and Ca2+-influx as
measured via fluorescence

Optical filtering by multilayer reflectors as well as
absorbing pigments is widely used in insect eyes to
improve spectral discrimination, and the electrical
characteristics of molecular channels in the cell
membrane serve to improve the temporal properties
of phototransduction. Insects use principles of opti- Fig. 2 The acceptance angle of insect

cal and electrical engineering to optimize vision.
= 1o
photoreceptors is in the order of
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THE STATUS OF COSMOLOGY AFTER WMAP
H. Kurki-Suonio
Department of Physical Sciences, P.O.B. 64, FIN-00014 University of Helsinki, Finland

The first-year results of the American WMAP (Wilkinson Microwave Anisotropy Probe)
satellite [1] began a new era in cosmology. We now have precise measurements of cosmological observables. WMAP measured the temperature anisotropy and polarization of
the cosmic microwave background (CMB), which is radiation from the early universe,
showing its structure at the age of 380 000 years. This radiation has travelled through
the entire observable universe and most of its history, so its appearance also reflects the
expansion history and overall geometry of the universe. The anisotropy has been difficult
to measure since it is so small; but precisely because of its smallness it is so useful: the
perturbations around homogeneity were so small in the early universe that their evolution
can be followed backwards using linear perturbation theory and thus directly related to
the primordial perturbations produced in the very early universe.
Thus we now have good measurements of the main cosmological parameters describing
the universe. The WMAP results did not bring major surprises. They confirmed the ”concordance” model, which earlier, less accurate measurements, had already led to: 1) A
”flat” (Euclidean) universe dominated by mysterious ”dark energy”, which causes the expansion to accelerate. 2) Cold dark matter as the dominant matter component, responsible
for formation of structure from 3) a near-scale-invariant spectrum of primordial perturbations. The results were also in agreement with the predictions of ”cosmic inflation”, the
favourite model for the origin of these primordial perturbations.
While we now know the values of these parameters, we do not have a theoretical explanation for most of them. Especially dark energy and the primordial perturbation spectrum
should be related to very-high-energy physics, not accessible by laboratory experiments.
For a better understanding of them we need more accurate cosmological measurements.
Many such observational programs are already on the way or are being planned. The
European Planck satellite [2] will extend the CMB measurements of WMAP to smaller
scales and improve on their accuracy. The ongoing Sloan Digital Sky Survey (SDSS)
is mapping the distribution of galaxies in the universe [3]. Proposed future satellite programs include the Supernova / Acceleration Probe (SNAP) [4] for measuring the distanceredshift relationship of distant supernovae, and the Laser Interferometer Space Antenna
(LISA) [5] for detecting primordial gravitational waves.
[1]
[2]
[3]
[4]
[5]
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THEORIES FOR FERMI SUPERFLUIDS
Erkki Thuneberg
Department of physical sciences, P.O.B. 3000, FIN-90014 University of Oulu, Finland

There are at least two different realizations of a superfluid state in fermion systems.
The most commonly known is the superfluid state formed by conduction electrons
in superconducting metals. The other is the superfluid state formed by liquid 3 He.
In both systems there is a hierarchy of theories that can be used. On the atomic
scale there is the many-body quantum theory. For studying superfluid properties
one needs a theory that works on the scale of the superfluid coherence length, the
Fermi-liquid theory. For some problems the effective length scale is still larger, and
the best approach is to use Ginzburg-Landau theory or hydrodynamic theories. In
this talk I review a few topics in the theory of superfluid 3 He, which use theories on
different scales [1].

π state
current

The Josephson effect has been experimentally
studied in 3 He flowing through narrow holes.
Several properties like the current-phase relation are different from superconducting weak
links. This can be explained by coupling of the
mass current with spin variables. The application of constant pressure head leads to radiation
of spin waves from the junction.



π

π

φ

Liquid 3 He is a naturally pure substance. For
many purposes this is an advantage, but it also
would be interesting to study the effect of impurities on this unconventional superfluid. Several
experiments have studied 3 He in aerogel, which
is an open network mimicking impurity. I discuss the models used to describe this system.

pressure (MPa)

Superfluid 3 He is especially known for its rich
vortex structures. I discuss a few exotic objects,
the vortex sheet in particular. A striking confirmation of the theory is the agreement obtained
with measured NMR frequency shifts.
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[1] boojum.hut.fi/research/theory/
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INFLUENCE OF PRE-ADSORBED OXYGEN ON THE ADSORPTION
DYNAMICS OF O2 ON Cu{100}
P. Junell, M. Hirsimäki and M. Valden
Surface Science Laboratory, Tampere University of Technology, P.O.B 692, FIN-33101
Tampere, Finland

The adsorption of oxygen on solid surfaces is an initial step in many processes such as
oxidation, corrosion, catalysis and passivation. Therefore, detailed knowledge about the
adsorption process is of technological importance and also of scientific interest. Issues
such as chemisorption geometry and adsorption kinetics of oxygen have been studied
rather extensively on well-characterized surfaces including also Cu{100}[1]. Our studies of adsorption dynamics will provide better insight into O2 adsorption on Cu{100}
surface. This is essential in order to understand the effect of gas phase properties in the
surface processes.
In the present work we have used molecular beam surface scattering technique to investigate chemisorption dynamics of O2 on clean and oxygen modified Cu{100} surface.
The initial sticking probability (S0) of O2 increases monotonously as a function of translational energy (ET) on both clean and 0.1 ML oxygen pre-covered Cu{100} surfaces.
However, on 0.5 ML oxygen pre-covered surface the adsorption dynamics are dramatically different. Particularly at low ET, in the energy regime where the population in the
Maxwell-Boltzmann distribution is the highest, S0 of oxygen is higher than on clean surface by an order of magnitude. Our data suggests that on clean and 0.1 ML oxygen precovered Cu{100} surfaces the adsorption of O2 occurs via a steering-mediated activated
dissociative chemisorption process. However, as oxygen coverage is further increased
the adsorption proceeds according to completely different adsorption mechanism.

[1] J. Hall, O. Saksager, and I. Chorkendorff, Chem. Phys. Lett. 216 (1993) 413.
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O2 ADSORPTION ON CLEAN AND O PRECOVERED Cu(100)
A. Puisto1 , M. Alatalo1 , A. S. Foster2 , and K. Laasonen3
1

Lappeenranta University of Technology, Department of Electrical Engineering, P. O. Box
20, 53851 Lappeenranta, Finland
2
Laboratory of Physics, Helsinki University of Technology, FIN-02015 HUT, Finland
3
Department of Chemistry, University of Oulu, P.O. Box 3000, FIN-90014 University of
Oulu, Finland

The adsorption and dissociation of O2 molecules is the first step in the surface oxidation
process. Depending on the surface structure, temperature, and the specific site at which
the molecule arrives, O2 can either dissociate, stay at a molecularly adsorbed state or even
scatter back to the gas phase. After dissociation, the oxidation process proceeds by the
diffusion of the atomic fragments on the surface or into the bulk. In the case of Cu(100)
the situation is further complicated by the reconstruction of the O precovered surface,
taking place at rather low O coverages.
Experimentally, one can study O2 adsorption by measuring the initial sticking probability
of the incoming molecules. For Cu(100) this has been done by Okada et al. [1] and Junell
and Valden [2] who have found that at low kinetic energies of the incoming molecule the
dissociation probability approaches zero. This implies the existence of energy barriers in
the entrance channel. In order to address this phenomenon from theory, one can calculate
the potential energy surface experienced by the incoming molecules. We have performed
such calculations using two different first principles electronic structure programs, VASP
and SIESTA, which have been used to calculate the so–called elbow plots which are two–
dimensional cuts of the true six–dimensional potential energy surface.
For the clean surface, we found no energy barriers in the entrance channel. We have addressed this controversy by performing ab initio molecular dynamics calculations in order
to find possible steering effects that can explain the discrepancy with the experiments. In
the case of O precovered Cu(100) we find that at the low coverage non–reconstructed surface, the adsorption characteristics resemble those at the clean surface when the incoming
O2 is far away from the preadsorbed O whereas close to the O atoms the dissociation is
prohibited. On the reconstructed surface, we also find molecular adsorption states, indicating the reduction of the dissociation probability.
[1] M. Okada, K. Moritani, S. Goto, T. Kasai, A. Yoshigoe, and Y. Teraoka, J. Chem.
Phys. 119 (2003) 6994.
[2] P. Junell and M. Valden, unpublished.
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MULTISCALE SIMULATION OF COPPER NANOCLUSTER DEPOSITION ON
COPPER (100)
J. Frantz K. Nordlund, M. Rusanen and I. Koponen
Accelerator laboratory, P.O.B. 43, FIN-00014 University of Helsinki, Finland

Advances in the field of microelectronics manufactoring calls for a reliable and fast
method of producing epitaxial Cu thin films. One possible method for producing these
films would be deposition of copper nanoclusters on copper. In earlier work [1] a cluster size and temperature regime for epitaxial growth of thin films has been established,
however this work does not dwell on the speed of the growth. To discover the optimum
parameters for deposition long term processes of the cluster-surface as well as clustercluster interaction must be taken into account.
Due to the nature of the problem the only suitable computational method for studying
these long term effects are Monte Carlo (MC) simulations. In our study we use the BKL
[2] Monte Carlo scheme for the simulations. This scheme provides efficient simulation of
large surfaces over long timescales, simulation times of minutes is easily achieved.
The drawback of the use of this MC method is that overhangs on surfaces are not allowed.
Using molecular dynamics simulation we were able to show that overhangs on surfaces
will, allowing enough time for relaxation, relax into a configuration without overhangs.
From the results of these simulations a physically well motivated scheme for transforming
the system into one free from overhangs was developed. Using this scheme we established
a phase diagram of the long term (up to 8000 s) evolution of clusters as a function of
cluster size and the temperature of the system.
Analysing simulation results we can conclude that the behaviour of the relaxation has a
strong dependence on the size of the nanocluster, when the nanocluster contains less than
300 atoms. This dependence is found to be caused by the structure of the nanocluster and
the way atoms move when the nanocluster is smoothing out on the surface.
[1] K. Meinander, J. Frantz and K. Nordlund, Thin Solid Films 425/1-2, 297-303 (2003)
[2] A. B. Bortz, M. H. Kalos and J. L. Lebowitz, J. Comp. Phys 17, 10 (1975)
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Clusters of amorphous Si in crystalline Si: stability and collapse




S. von Alfthan , A. Sutton , A. Kuronen and K. Kaski
Laboratory of Computational Engineering, Helsinki University of Technology, P.O. Box
9203, FIN-02015 HUT, FINLAND
Department of Materials, University of Oxford, Parks Road, Oxford OX1 3PH, UK


We have studied the thermal stability of small spheres of amorphous Silicon embedded in
crystalline Silicon using atomistic computer simulations. The computational method we
use is a molecular dynamics simulation with which we can simulate the time dependent
behavior of these clusters. In order to study this problem we have developed a novel
method for automatically identifying the interface position at different time-steps.
We calculate the surface and bulk energies of amorphous clusters and also study the dynamical behavior of the interface between the amorphous and crystalline phase at different
temperatures. This enables us to calculate the mobility and activation energy of the interface movement. The obtained activation energy is 1 eV. Using these values we can
predict the long time behavior of larger clusters at room temperature. Also the atomistic
structure of the interface and the processes by which the growth happens are of interest.
We identify some typical features by which the growth happens such as a ledge growth
mechanism and the formation of prefered atomic planes at the interface.

Figure 1: A slice of a system with an amorphous cluster is depicted at three different time
steps when simulated at a temperature of 1250 K.
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INTRUSION OF NON-WETTING LIQUID IN PAPER
J. Hyväluoma, P. Raiskinmäki, A. Jäsberg, A. Koponen, M.Kataja, and J. Timonen
Department of Physics, University of Jyväskylä, Finland

S. Ramaswamy
Department of Wood and Paper Science, University of Minnesota, USA

We have performed three-dimensional lattice-Boltzmann simulation of intrusion of nonwetting liquid into an X-ray tomographic reconstruction of a sample of paper board. Simulation mimics the experimental mercury intrusion porosimetry, widely used to obtain the
pore size distribution of porous materials. Simulation results are compared with experiments and with results obtained from an image analysis of the same tomographic image.
Simulation results are in good agreement with experimental results when the data are
analysed in exactly the same way in both cases, but differ from those obtained by image
analysis. Our results indicate the existence of the so-called ink-bottle effect, which affects
the reliability of results of mercury intrusion porosimetry. Interpretation of the mercury
intrusion porosimetry data is based on the Washburn equation and on the assumption that
all pores are equally accessible. The ink-bottle effect arises as in real porous materials
where there are (large) pores which can only be accessed through smaller ones. Therefore,
mercury intrusion porosimetry overestimates the number of small pores (underestimates
the number of large pores) at least in paper like materials analysed here, but we expect
this to be true also more generally.
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QUANTUM TURBULENCE IN ROTATING SUPERFLUID 3 He-B
A. P. Finne, T. Araki, R. Blaauwgeers, V.B. Eltsov, R. Hänninen, N. Kopnin, J. Kopu, M.
Krusius, L. Skrbek, M. Tsubota, and G.E. Volovik.
Low Temperature Laboratory, Helsinki University of Technology
P.O.Box 2200, FIN-02015 HUT, Finland

Quantum turbulence is traditionally studied in the boson superfluid 4 He. Recent results [1]
show that also in the fermion superfluid 3 He-B turbulence is possible below 0.6 Tc . 3 He
offers new insight into turbulent vortex dynamics since here (i) mutual friction damping
spans a wider range, (ii) the normal component is orders of magnitude more viscous
and in practice immobile, and (iii) vortex formation is in better experimental control.
Also in 3 He, NMR can be used efficiently to study the number of vortex lines and their
configuration.
Whereas in 4 He remanent vortices dominate vortex creation, in 3 He-B high-velocity
vortex-free superflow can be maintained. We use a new measuring method where we
inject a few vortex loops into rotating vortex-free superflow and study their evolution into
a tangled vortex network and its subsequent decay into the stable rotating state of rectilinear vortex lines. The characteristics of turbulent vortex networks are studied as a function
of superflow velocity and temperature. The latter controls the mutual friction by which
the normal and superfluid fractions interact in the presence of moving vortices.
q
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Fig. 1. 3 He-B shows a sharp transition from reqular (open symbols)
to turbulent (filled symbols) vortex
dynamics at 0.6 Tc . In the measured range of rotation velocity Ω
the transition is independent of the
superflow velocity in a sample of
6 mm diameter. A parameter analogous to the Reynolds number of
classical liquids can be defined for
superfluids, q −1 = α/(1 − α0 ),
where α and α0 are the temperature
dependent mutual friction parameters. The transition to turbulent dynamics occurs at q ∼ 1.
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[1] A. P. Finne, T. Araki, R. Blaauwgeers, V.B. Eltsov, N. Kopnin, M. Krusius, L. Skrbek,
M. Tsubota, and G.E. Volovik, Nature 424, 1022 (2003).
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OXIDE NUCLEATION DURING THE OXIDATION OF Cu{100} SURFACE
STUDIED BY SCANNING TUNNELLING MICROSCOPY
K. Lahtonen, M. Lampimäki, M. Hirsimäki and M. Valden
Surface Science Laboratory, Tampere University of Technology, Korkeakoulunkatu 3,
FIN-33720 Tampere, FINLAND

The oxidation process of copper surfaces is known to be dependent on the crystallographic structure of the surface [1]. In particular, Cu{100} surface has been found to be
more reactive towards oxidation than Cu{110}, Cu{111} or stepped surfaces.
In the present work, Cu{100} surface was imaged during oxidation by employing Scanning Tunnelling Microscopy (STM). A chemical analysis was also carried out by employing XPS. The main objective was to explore the atomic details and kinetics of the
initial copper oxidation.
Our results demonstrate how the oxide nucleation proceeds at 298 K beginning from a
clean surface to a surface after O2 exposure of 1.7x105 L. After dissociative chemisorption of molecular oxygen, copper oxide islands nucleate uniformly over the surface and
there are no preferential nucleation sites. Islands are oriented towards <100> directions.
First islands are visible after 3 minutes oxidation at O2 partial pressure of ~5x10-6 torr.
After 15 minutes no new islands nucleate. Average island height is ~2 Å even with
longer oxidation times, indicating that oxide grows into the bulk instead. At elevated
temperature islands begin to agglomerate and also the step edges reconstruct significantly.

[1]
[2]
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Cu{100}, Cu(Ag) AND OFHC-Cu SURFACE OXIDATION STUDIED BY XPS
AND TEM
M. Lampimäki1, K. Lahtonen1, M. Vippola2, M. Hirsimäki1, T. Lepistö2 and M. Valden1
1)

Surface Science Laboratory, Tampere University of Technology, P.O.B 692, FIN33101 TAMPERE, Finland
2)

Centre for Electron Microscopy, Tampere University of Technology, P.O.B 589, FIN33101 TAMPERE, Finland

Oxygen free high conductivity copper (OFHC-Cu) provides better consistency, formability, electrical and thermal conductivity properties than ordinary industrial copper. In
the present work, the atomic details of the structure sensitivity and the oxidation kinetics
of the oxide film formation on OFHC-Cu, Cu(Ag) and Cu{100} have been investigated.
In this research the mean grain size of the OFHC-Cu sample was stabilized at 10 µm by
recrystallization annealing. Both samples were cleaned by ion sputtering followed by
annealing at 700 K. Samples were subsequently oxidized at 373 K in a pure oxygen atmosphere of 213 mbar. The chemical state of the surface was characterised using X-ray
Photoelectron Spectroscopy (XPS) and the microstructure by Transmission Electron
Microscopy (TEM).
In our analysis the relative atomic concentrations of Cu2O and CuO for Cu{100},
OFHC-Cu and Cu(Ag) samples are calculated from measured data. Interestingly, oxidation profiles of all three surfaces are found to be rather similar. Initially only Cu2O formation is observed, but as the exposure is increased CuO formation begins.
A particularly interesting result is the Cu(Ag) oxidation profile which is strikingly similar to that of Cu{100} and OFHC-Cu. We shall show that this is due to oxygen induced
copper segregation. Cu preferentially segregates to the surface to form energetically favoured Cu-O compounds. After the topmost layers of Cu(Ag) have become buried under
segregating Cu, the oxidation proceeds in the same fashion as on the other unalloyed Cu
surfaces.
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EFFECTS OF Ag AND S ON THE INITIAL OXIDATION OF Cu{100}
M. Hirsimäki1, M. Valden1, and I. Chorkendorff2
1)

Surface Science Laboratory, Tampere University of Technology, Korkeakoulunkatu 3,
FIN-33720 Tampere, FINLAND
2)
Interdisciplinary Research Center for Catalysis (ICAT), Technical University of Denmark, Department of Physics / Department of Chemical Engineering, Building 312,
DK-2800 Kgs. Lyngby, DENMARK

INITIAL STICKING PROBABILITY

Oxidation of surfaces is often associated with unwanted corrosion of materials. Controlled oxidation, however, can also be utilised in the fabrication of materials. Prevention of the growth of thick oxide films on metals such as Ni, Cu and Fe would yield applications in several fields of technological interest. While thick (>1µm) oxide films
have been studied extensively in the past,
physicochemical properties and growth
O2 / Cu(100)
-2
4.0x10
mechanisms of ultrathin, nanoscale oxide
TS = 350 K
films are not yet entirely understood. In parClean Cu(100)
-3
8.0x10
ticular, the role of alloying and impurities is
Sputtered Cu(100)
Ag/Cu(100)
largely explored as was recently demon-3
S/Cu(100)
6.0x10
strated by the critical role of impurities in
the onset of the oxidation of Pb [1]. In this
-3
4.0x10
work we have investigated the role of impu-3
rities in the initial stages of oxidation of Cu
2.0x10
by observing how Ag-alloying and trace
amounts of S affect the dissociative adsorp0.0
0.4
0.8
1.2
1.6
tion of O2 on Cu{100}.
Ag/S COVERAGE (ML)

Figure 1 shows the initial sticking probabil- Figure 1. Initial sticking probability of O2 on
ity (S0) for O2 on clean Cu{100}, clean Cu{100}, Ag/Cu{100} and S/Cu{100} at
350 K as a function of Ag and S coverages.
Ag/Cu{100} and S/Cu{100} at 350 K as a Also shown is S for ion-sputtered Cu{100}.
0
function of Ag and S coverage. Also shown
is S0 measured on an ion-sputtered Cu{100}. It can be seen that even a trace amount of
S reduces S0 by over an order of magnitude. This is due to steric blocking of reactive
surface defect sites. S0 on Ag/Cu{100} remains higher than S0 on S/Cu{100} at Agcoverages below 0.30 ML. This is due to a competition mechanism between the creation
of reactive Cu islands and steric blocking of reactive sites by Ag. Unlike S, which simply adsorbs on the top of the first Cu-layer, Ag alloys into Cu{100} by forming a surface
Cu(Ag) alloy by replacing Cu atoms from the first layer. These Cu-atoms coalesce into
new reactive islands on top of the surface. This alloying mechanism dominates up until
the Ag coverage reaches 0.30 ML at which point the Cu-ejection mechanism becomes
inoperative. As the formation of Cu islands ceases the incoming Ag blocks the remaining reactive defect sites, thus leading to a similar S0 as was observed on S/Cu{100} in
Fig. 1. The influence of surface modifiers on the formation of the oxide was further investigated by oxygen exposures in millibar pressure range.
[1]
K. Thürmer, E. Williams, J. Reutt-Robey, Science 297 (2002) 2033.
[2]
P.T. Sprunger, E. Læsgaard, F. Besenbacher, Phys. Rev. B. 54 (1996) 8163.
18

1. Condensed matter: structural properties
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IRON OXIDE THIN FILMS: EFFECTS OF THE GROWTH TEMPERATURE
AND TIME ON THE FILM PROPERTIES
M. Aronniemi, J. Lahtinen and P. Hautojärvi
Laboratory of Physics, Helsinki University of Technology, P.O.B. 1100, FIN-02015 HUT,
Finland

Iron oxides are interesting due to their catalytic, magnetic, and semiconducting properties,
and because they are produced during corrosion. Their applications include, e.g., usage as
pigments, catalysts in styrene synthesis, and as a material for high-density magnetic storage. In this work, we studied iron oxide thin films deposited from the gas phase on a glass
substrate. Our purpose was to find out the effects of the growth temperature and deposition time on the chemical state and morphology of the film. The chemical analysis was
performed with XPS (x-ray photoelectron spectroscopy), the surface morphology was analyzed with AFM (atomic force microscopy), and the crystal structure was characterized
with XRD (x-ray diffraction). We observed that the film deposited at 350 ◦ C consisted
of γ-Fe2 O3 whereas films produced between 380 ◦ C and 500 ◦ C could be identified as
α-Fe2 O3 . Increasing the deposition temperature resulted in increase of the grain size at
temperatures between 350 ◦ C and 450 ◦ C. When the deposition time was decreased, a
part of the iron ions were observed to be in the divalent state.
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SURFACE AND SUBSURFACE O AT Cu(100) and Cu(111)
H. Pitkänen, A. Puisto, and M. Alatalo
Lappeenranta University of Technology, Department of Electrical Engineering, P. O. Box
20, 53851 Lappeenranta, Finland

In order to understand oxidation and other corrosion processes, detailed information on
O adsorption and subsequent interactions between the O atoms and the host surface are
required. This information is also important for addressing reactions occuring at surfaces
where oxygen is already present.
In this work, we have studied surface, on–surface and subsurface O on Cu(100) and
Cu(111) at different coverages using the VASP code which is a first principles pseudopotential plane wave program well suited for such calculations [1]. We find that the
on–surface O prefers the hollow sites, even in the presence of surface vacancies. Subsurface O was found to be energetically unstable, being stabilized only by the presence of
on–surface oxygen. We discuss the electronic and atomic structure of the oxygen–surface
system in detail; the O–Cu bonding is interpreted in terms of the local densities of states.
[1] G. Kresse and J. Hafner, Phys. Rev. B 47, 558 (1993); G. Kresse and J. Furthmüller,
Comput. Mater. Sci. 6, 15 (1996); G. Kresse and J. Furthmüller, Phys. Rev. B 54,
11169 (1996).
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SURFACE CRITICALITY AND THE 3-DIMENSIONAL RANDOM FIELD ISING
MODEL
L. Laurson and M. J. Alava
Laboratory of Physics, Helsinki University of Technology, P.O.B. 1100, FIN-02015 HUT,
Finland

The random field Ising model (RFIM) attracts considerable attention, being one of the
simplest models of disorder. One reason is that the critical behaviour of this model is
still not well understood. Recent numerical studies [1] have given further evidence for
a continuous phase transition in the 3-dimensional RFIM, but the order parameter critical exponent β is very close to zero. This means that it is difficult to make clear-cut
conclusions about the nature of the phase transition by studying the magnetization alone.
In addition to the bulk phase transition, one can also study phase transitions taking place
at the surface of the system [2]. These involve a new set of critical exponents describing
the behaviour of various surface quantities close to bulk criticality. An example thereof is
β1 which describes the behaviour of the surface layer magnetization m1 close to the bulk
critical point.
We have performed numerical studies of the magnetization at and close to a free surface
of the 3-dimensional RFIM with a Gaussian distribution of random fields at zero temperature. This is based on the known equivalence of the problem of finding the exact ground
state of the RFIM with a maximum flow problem in a certain flow graph with random
capacities. We find that β1 is an order of magnitude larger than the corresponding bulk
exponent β. The phase transition at the surface of the system, compared with the bulk
transition, thus looks much more like a "traditional" second order phase transition.
Another quantity of interest here is m(z), the magnetization as the function of the distance
z from the surface. Recently [3], Parisi and Sourlas analyzed a quantity closely related to
m(z) and concluded that the correlation length of the RFIM is not self-averaging. We have
attempted to get a better understanding of this phenomenon by studying some statistical
properties of m(z).
[1] A. A. Middleton and D. S. Fisher, Phys. Rev. B 65 (2002) 134411.
[2] K. Binder, in Phase Transitions and Critical Phenomena, edited by C. Domb and J.
L. Lebowitz (Academic Press, London 1983), Vol. 8.
[3] G. Parisi and N. Sourlas, Phys. Rev. Lett. 89 (2002) 257204.
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NON-EQUILIBRIUM EFFECTS IN SPREADING AND DIFFUSION ON
STEPPED SURFACES
M. Mašín1,2, I. Vattulainen1,3 , T. Ala-Nissila1 and Z. Chvoj2
1

Laboratory of Physics, Helsinki University of Technology, P.O. Box 1100, FIN-02015
HUT, Espoo, Finland
2
Institute of Physics, Academy of Sciences, Czech Republic, Na Slovance 2, 182 21,
Praha 8, Czech Republic
3
Helsinki Institute of Physics, Helsinki University of Technology, P.O. Box 1100, FIN02015 HUT, Espoo, Finland

We study non–equilibrium effects in spreading and collective diffusion of adatoms on
stepped surfaces through Monte Carlo simulations of a weakly interacting lattice–gas
model [1]. The spreading density profiles are analyzed by the Boltzmann–Matano method
to determine the temporal behavior of the effective collective diffusion coefficients. We
find that the presence of steps induces considerable non–equilibrium effects in diffusion.
For spreading along the steps, we find that these deviations can be explained by the slow
approach of the different ad–particle concentrations on terraces and at step edges towards
equilibrium. For spreading across the steps, however, we find no such dependence, indicating the breakdown of the linear response theory at early times.
We further complement the above work by studies of step-induced effects in the mobility and collective diffusion in a system characterized by relatively strongly interacting
adparticles [2, 3]. We consider the case of nearest–neighbor repulsive and attractive interactions and different binding energies at the step edges. In particular, we discuss the
interplay between step effects and adparticle interactions, and consider different scenarios
where either the step–binding or adparticle interactions dominate diffusion.
[1] M. Mašín, I. Vattulainen, T. Ala-Nissila, and Z. Chvoj, Surf. Sci. Lett. 529 (2003)
L256.
[2] M. Mašín, I. Vattulainen, T. Ala-Nissila, and Z. Chvoj, Surf. Sci. Lett. 544 (2003)
L703.
[3] M. Mašín, I. Vattulainen, T. Ala-Nissila, and Z. Chvoj, Surf. Sci. (in press).
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INTERFERENCE BETWEEN COMPETING TUNNELING CHANNELS AND
CHEMICAL RESOLUTION OF STM
Eeva Niemi1 , Jouko Nieminen1 and Karl-Heinz Rieder2
1

Institute of Physics, Tampere University of Technology, P.O. Box 692, FIN-33101 Tampere, Finland and
2
Institut für Experimentalphysik, FB Physik, FU Berlin, Arnimallee 14, D-14195 Berlin,
Germany.

In a recent STM experiment [1], CO molecules have been distinguished from another
adsorbate species on Cu(111) surface using a controlled transfer of a CO molecule to the
microscope tip. With a clean tip, both adsorbates are seen as dark depressions in the STM
image, whereas functionalizing the tip with a CO molecule changes the contrast of the
adsorbed CO while the images of the other species remain dark.
V

A very efficient means of calculating and
analyzing STM images is Todorov-Pendry
method [2], where the transition matrix T
is formed using Green’s functions in tight
binding basis. This formalism readily reveals different tunneling channels: tunneling through space (T1 ), scattering from
the molecule (T2 and T4 ) and tunneling
through molecule (T3 and T5 ).
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The total current depends on the relative amplitudes and the phase differences between
the individual channels. When analyzing CO on Cu, we find a phase difference of π
between the tunneling channels T1 and T3 [3]. Main reason to this difference lies in
molecular state 5σ, whose Green’s function is purely real near the tunneling energies.
In the case of a clean tip, this phase difference leads to a destructive interference and
reduced current near the adsorbate, which is seen as a dark depression in the STM image.
In the case of the CO-functionalized tip, the same reduction of current is seen far from the
adsorbate; however, the tunneling currents through the adsorbate and the tip molecules are
in constructive interference, and thus the adsorbate molecule is seen as a bright protrusion.
Since this phenomenon is sensitive to the electronic structure of the observed species, it
can be used to improve chemical resolution of STM.
[1] L. Bartels, G. Meyer and K.-H. Rieder, Appl. Phys. Lett. 71, 213(1997).
[2] T.N. Todorov, G.A.D. Briggs and A.P. Sutton, J.Phys.: Condens. Matter 5,
2389(1993); J.B. Pendry, A.B. Prêtre and B.C.H. Krutzen, J.Phys.: Condens. Matter 3, 4313(1991).
[3] J. Nieminen, E. Niemi and K.-H. Rieder, submitted to Surf. Sci. (2003).
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COMPUTATIONAL INVESTIGATION OF SURFACE STRUCTURES OF
INDIUM OXIDE
M.A.Mäki-Jaskari1, V.V.Golovanov2 and T.T. Rantala1
1
2

Tampere University of Technology, P.O. Box 692, FIN-33101 Tampere, Finland
South-Ukrainian University, Staroportofrankovskaya Str., 26, 65008, Odessa, Ukraine

Among various metal oxides In2O3 appears to be rather attractive in a view of excellent
sensitivity and selectivity to combustion gases and typical air pollutants (CO, CH4, H2,
NOx and O3) [1]. Mixed with tin oxide, In2O3 has been important material in electrooptical devices.
We have performed theoretical modeling for In2O3 geometries, electronic structures and
surface energetics ranging from full to zero oxygen coverages. We have used density
functional theory combined with plane wave pseudopotential method. It is found that
the most abundant (400) surface face reconstructs considerably leading to formation of
surface mono-oxygen and also dioxygen forms (shown in figure). The unsaturated indium ions appearing at the reconstructed surface serve as the active sites for the chemisorbed oxygen species. Therefore, the mechanisms of In2O3 sensitivity to reducing gases
include both “redox” and catalytic effects in a thin surface layer.
Stoichiometric In2O3 (400) surface with full oxygen coverage is found to stablilize
weakly by forming oxygen molecules. The surface reconstruction connected with the
symmetry breakdown of bridging oxygen atoms of the terminal layer leads to formation
of energetically stable non-stoichiometric surface featured by deficiency of lattice oxygen. The lowest surface energies between 1.5 and
2 J/m2 are evaluated for the reconstructed surface
models, with adsorption energies as high as 1.2 –
1.4 eV/oxygen. It is expected that the extraordinary stabilization of dioxygen plays an essential
role in the case of surface physics of indium oxide.
Experimental studies concerning related surface
structures of In2O3 polycrystalline films deposited
by spray pyrolysis are ongoing [1].

[1] V.V. Golovanov, M.A.Mäki-Jaskari, T.T. Rantala, G.Korotcenkov, V.Brinzari, A.
Cornet and J.Morante , J.Electrochemical Soc. (submitted).
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Fe 3p CORE LEVEL SPECTRA OF PRISTINE AND OXIDIZED PYRITE
S. Mattila1,2 and J.A. Leiro1, M. Heinonen1
1

Laboratory of Materials Science, Department of Physics, FIN-20014 University of
Turku, Finland
2
Graduate School of Materials Research, Turku, Finland

Synchrotron excited X-ray photoelectron spectroscopy (XPS) is of great concern when
the surface sensitive measurements are needed. Tunable excitation energy and high resolution enable the observation the surface core level shifts (SCLS), the difference between binding energies of the surface and bulk atoms. In this study core level XPS has
been used to observe the effect of oxidation on pyrite, FeS2, especially on the iron 3p
signal.
The pyrite specimens used were natural crystals from Navajun, Spain and they were
cleaved in the preparation chamber under the UHV conditions. The measurements were
performed at MAX II, beamline I411 (MAX-lab, Lund, Sweden). In addition to the recurrently studied sulphur 2p spectra of the pristine pyrite surface we measured the iron
3p spectra using five different energies between 110 eV and 300 eV. After measurements of the pristine pyrite, the sample was transferred to the preparation chamber and it
was exposed to oxygen for 12 hours. The pressure of the O2 atmosphere was about 100
torr. The O 1s spectrum was observed from the oxidized sample.
When pyrite is fractured along the {001} planes, in principle, only the Fe-S bonds can
be broken. Nevertheless, it seems that also some of the S-S bonds may rupture. The final
cleaved surface is usually conchoidal consisting of {001} terraces and consequently sulphur and iron atoms have several unequivalent atomic positions contributing to the surface core level shifts and partly explaining the abundant amount of the peaks. The possible multiplet splitting effects, the high binding energy tail and the spin-orbit splittings
smaller than 1 eV make the fitting procedure of Fe 3p spectra more complicate than that
of the S 2p spectra. In pyrite, the SCLSs of iron are positive. After the oxidation the
structure about 1.5 eV towards higher binding energy from the bulk Fe 3p signal is
clearly increased comparing to the pristine sample. This might suggest that the surface
would react quite strongly. When comparing the oxidation effect on the S 2p spectra and
the Fe 3p spectra, the latter seems to be affected more strongly.
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A COMPARATIVE XPS STUDY OF IRRADIATION DAMAGE AND
DIFFERENT METAL-SULFUR BONDS OF 1-DODECANETHIOL ON SILVER
AND COPPER SURFACES
T. Laiho, J.A. Leiro, M. Heinonen and S. Mattila
Laboratory of Materials Science, Dept. of Physics, FIN-20014 UNIVERSITY OF
TURKU, Finland

Self-assembled monolayers (SAMs) are spontaneously formed, well-ordered, one molecule thick films on surfaces. SAMs can be used to control interactions on the
metal/environment interface. They can be used for example in biological applications
controlling wetting properties, lithographical applications, molecular electronics and
sensors. They can also be used to protect the metal against corrosion. Self-assembled
monolayers have been studied intensively over the past decade but the precise nature of
the sulfur-metal atom interaction and organization of molecules on surfaces remains still
unresolved. Determining the adsorption of the sulfur head atoms is crucial to the understanding of self-assembled monolayers.
In this study self-assembled 1-dodecanethiol monolayers on silver and copper surfaces
have been studied using conventional and synchrotron radiation based high resolution
X-ray photoelectron spectroscopy. This study is a continuation of our previously published study of X-ray induced damage on 1-dodecanethiol on gold and platinum surfaces
[1]. It has been noticed that investigated systems exhibit different behavior with respect
to the radiation. When the substrate material is silver a new structure starts to develop to
the spectra as a function of measurement time. The observed changes can be associated
with the formation of sulfur in a new kind of chemical environment. There is no obvious
change in the shape of the corresponding spectrum measured from thiol on copper. Information obtained from X-ray induced damage has been used to get knowledge concerning the metal-sulfur binding. Measurements based on synchrotron radiation have
been performed for the thiol treated samples in order to increase the energy resolution of
the spectra. The S 2p region was of a special interest. High-resolution S 2p emission
lines are presented and interpreted.

[1] T. Laiho, J. A. Leiro and J. Lukkari, Applied Surface Science 212-213 (2003) 525.
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INK PRINTING OF NANO-YBCO WIRES
I. Ojala, P. Paturi and J. Raittila
Wihuri Physical Laboratory, Department of Physics, FIN-20014 University of Turku,
Finland

We have prepared YBa Cu O   (YBCO) wires on MgO substrates using an ink printing
method. The ink consisted of YBCO nanopowder [1] in colloidal solution with ethanol.
After printing the precursor ink onto the substrates, the samples were heat treated using a


two-step annealing program at temperatures 900 C and 450 C, similarly to the powderin-tube tapes [2]. The superconducting properties of the samples were investigated by
magnetometry and transport current measurements. Further, the texturing of the YBCO
particles on the substrate was studied with X-ray diffraction.
[1] J. Raittila, H. Huhtinen, P. Paturi and Yu.P. Stepanov, Physica C 371 (2002) 90.
[2] P. Paturi, J. Raittila, J.-C. Grivel, H. Huhtinen, B. Seifi, R. Laiho and N. H. Andersen,
Physica C 372-376 (2002) 779.
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THICKNESS DEPENDENCE OF SUPERCONDUCTING AND STRUCTURAL
PROPERTIES OF YBCO FILMS PREPARED BY PLD FROM A NANOSTRUCTURED TARGET
H. Huhtinen, M. Peurla, P. Paturi and J. Raittila
Wihuri Physical Laboratory, Department of Physics, University of Turku, FIN-20014
Turku, Finland

Thickness dependence of superconducting and structural properties and the mechanism of
growth are investigated in YBa Cu O  films prepared by pulsed laser deposition from
a nanostructured target. Independent of temperature between 5 - 80 K the films have the

highest critical current density
when the thickness is 200 - 350 nm. In all the films
a two-phase relaxation of remanent magnetization from an initial fast to slow relaxation
is observed after cooling in a field of 1 T. The relaxation rate is smaller than reported
earlier for the films deposited from coarse grained targets indicating stronger flux pinning
in our nanostructured films. The value of the flux pinning potential determined from the
slow part of the relaxation increases linearly with the film thickness until a saturation of

K is reached at 350 nm. This means that using a nanostructured target

the maximum length of the vortex pinning line in the  -direction of the film is
nm.
The value of the pinning potential is relatively high and agrees with the theory where the
flux pinning centers are located between the growth islands in the nanostructured films.
 
The density of the pinning centers calculated from
and
is highest in the region of
the film adjacent to the substrate and decreases with increasing thickness and is attributed
to a change in the crystalline quality during the growth of the film.
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WEAK LINKS IN YBCO NANOPOWDER
J. Välikangas J. Raittila and P. Paturi
Wihuri Physical Laboratory, Department of Physics, FIN-20014 University of Turku, Finland

Weak links have been observed earlier [?] in YBCO nanopowder prepared by the sol-gel
method. It was found by dc magnetometry and microwave absorption methods that the
weak links can be destroyed in an ultrasonic bath. Microwave absoption was measured at
zero field using 100 Hz and 100 kHz modulation magnetic fields with varying amplitude
   mT). It was found that the microwave absorption depends on the modulation
(
field and temperature, and a phase diagram for the weak links was suggested. In this work
we study the frequency and field dependencies of ac susceptibility in samples containing
weak links and in samples where the weak links have been removed.
[1] P. Paturi, J. Raittila and H. Huhtinen, IEEE Transactions on Applied Superconductivity 13 (2003) 3133.
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HEIGHT FLUCTUATION DISTRIBUTIONS IN COMBUSTION FRONTS
L. Miettinen, M. Myllys, J. Merikoski and J. Timonen
Department of Physics, P.O.B. 35 (YFL), FIN-40014 UNIVERSITY OF JYVÄSKYLÄ

Exact results have recently been found for the height fluctuations at equilibrium of
propagating interfaces that belong to the KPZ universality class. Distributions of these
height fluctuations were shown to be given by those of the highest eigenvalue of the respective ensembles of random matrices.
The dynamics of slow-combustion fronts in paper have previously been shown to belong to the KPZ universality class. We have therefore analysed the distributions of
height fluctuations of these fronts in two particular cases which should correspond to
different random matrix ensembles: horizontal fronts (on the average) and fronts with a
non-zero average slope. Averages were taken over about 20 individual burns in both
cases. For tilted slopes results are shown for fronts with an average slope of 10 degrees.
The measured height-fluctuation distributions were found to well agree with the recent
theoretical predictions. The quality of the agreement was tested by performing theoretical inversions of the measured data, which should and did produce a straight line.
Experimental results were complemented with numerical simulations in which betaradiographs of real paper samples were used as the input noise. In the case of tilted
slope, both free and forced average slope boundary conditions were used. Numerical
simulations gave results very much in agreement with the experimental ones.
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MOBILITY OF D IN TUNGSTEN
K. Heinola, T. Ahlgren, J. Likonen , E. Vainonen-Ahlgren , W. Rydman and J. Keinonen
Accelerator Laboratory, P.O.B. 43, FIN-00014 University of Helsinki, Finland

VTT Processes, Association EURATOM-Tekes, P.O.B. 1608, 02044 VTT, Finland

Tungsten is a strong candidate for plasma-facing material in the divertor dome and baffle
areas of the next step fusion device ITER. It has a high melting point and high threshold
energy for physical sputtering.
The fuel of the fusion device, i.e. plasma, is composed of hydrogen isotopes H, D and
T. Hydrogen migration, retention, re-emission and diffusion are of great importance in
the study of deuterium and tritium recycling and inventory in the first wall and divertor
area. In this work, the diffusivity of deuterium in tungsten was studied. Deuterium was
implanted with different doses using constant energy in order to create low and high
initial deuterium concentrations in different bulk tungsten samples. Implanted samples
were then annealed in a quartz-tube furnace at elevated temperatures to thermally activate
deuterium diffusion. During the annealing out-gassed D molecule data was recorded insitu with a quadrupole mass spectrometer. Secondary ion mass spectrometry was used
to measure the initial and thermally distributed deuterium concentrations. The activation
parameters in the bulk and on the surface were obtained from the desorption spectra and
from the numerical fits to the experimental results. Diffusion, trapping, detrapping and
desorption of deuterium were included in the numerical model.
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MOLECULAR DYNAMICS STUDIES OF CARBON
FIRST WALL INTERACTIONS


P. Träskelin , K. Nordlund , J. Keinonen and C. H. Wu



Accelerator Laboratory, University of Helsinki, Finland
EFDA, MPI für Plasmaphysik, D-85748 Garching bei München, Germany

The selection of plasma facing materials for present and next-generation fusion devices
is still an open question. Carbon-based materials are widely used in many technological
applications due to their unique mechanical, chemical and optical properties. Especially
diamond-like hydrocarbon films are important for the performance and design of fusion
devices. One of the central problems during device operation of the next generation fusion
device, ITER, will be the erosion of carbon surfaces when subjected to impurity ions, the
most important ones being He, Ne and Ar. These ions will not only erode the carbon
surfaces bu t also penetrate into the carbon material. Moreover, during device operation
the divertor plates are subject to high-flux bombardment of deuterium and tritium ions and
neutrals that have escaped the magnetic confinement. As a result, hydrocarbon species are
released via physical and chemical sputtering. These species can either be redeposited on
divertor tiles or be deposited in other regions of the vacuum chamber.
Accumulation of an active tritium inventory in carbon films is one of the central problems
with the use of carbon in fusion devices. A better control of the tritium inventory could
be achieved with better knowledge about the drifting of the sputtered molecules in the
vacuum chamber and the formation of hydrocarbon films. However, the precise reaction
mechanisms on the surfaces of diamond-like carbon films are still unknown. In particular,
the sticking and reflection behavior for hydrocarbon molecules are important.
Using molecular dynamics simulations, employing both quantum-mechanical and empirical force models we have studied the sticking process of methyl radicals on carbon dangling bonds on hydrogen terminated diamond (111) surfaces. We considered CH sticking
only on dangling bonds, as they are well known to be the predominant chemisorption sites
for small hydrocarbons. Cumulative bombardment simulations on a-C:H surfaces were
also performed, using different noble gas/hydrogen ratios (He/H, Ne/H and Ar/H) and
ion energies around 5 eV. In addition to the dramatical effect of the local atomic neighbourhood of the chemisorption sites on the CH sticking cross section, we observe that
the sticking of incoming methyl radicals is highly dependent on the angle of incidence
of the incoming methyl radical. This angular dependence can be explained by a simple
geometrical model. When the incoming CH radicals are approaching a fully hydrogen
terminated (111) diamond surface, we show that some radicals will stick, even at energies
of 5-10 eV. Comparison with results obtained for the case of a fully hydrogen terminated
(100) surface implies that the sticking of hydrocarbons is also sensitive to the geometry
of the surface. We also discuss the role of weak van der Waals bonding on the sticking of
hydrocarbon molecules.
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EXPERIMENTAL STUDIES ON THE ROUGHENING TRANSITION IN 3 He
H.J. Junes, I.A. Todoshchenko, H. Alles, A.Ya. Parshin 1 and V. Tsepelin2
Low Temperature Laboratory, Helsinki University of Technology, P.O.B. 2200, FIN02015 HUT, Finland
1
P.L. Kapitza Institute for Physical Problems, ul. Kosygina 2, 117334 Moscow, Russia
2
Department of Physics, Stanford University, Stanford, CA 94305-4060, USA

The two states of the crystal surface, smooth (faceted) and rough (rounded), are separated
by the so called roughening transition [1]. At the transition, the free energy of an elementary step on a facet falls to zero. The transition is believed to be of infinite order, and is
therefore difficult to locate. The theory of roughening [2] predicts well the roughening
of the 4 He crystals [3]. On the bcc 3 He crystals, the {110} facets have been seen up to
100 mK [4], which is much lower than the predicted roughening transition temperature,
TR = 260 mK [5]. Our aim was to measure the free energy of steps on facets in a wide
temperature range in order to locate better TR . The step energy is responsible for the
growth anisotropy, and can be therefore obtained by growth dynamics measurements.
In our experiments, the 3 He crystals were grown with a very slow speed of a few nm/s at
temperatures between 63 and 100 mK. A high-resolution, low temperature Fabry-Pérot
interferometer was used in order to follow the crystal shape. The overpressures of a few
Pa were obtained with an original method in which the crystal surface itself served as a
highly sensitive overpressure gauge. The measured velocity vs. overpressure curves of
the {110} facets were analysed using the spiral growth model [1] to yield the step free
energy values.
The obtained values of the step free energy were then compared with the scaling theory,
according to which the pinning potential (i.e. the lattice potential on the interface) is
renormalized by thermal fluctuations [2]. A good agreement was found with the scaling
theory, with a suggestion that the interface of 3 He crystals is uniquely weakly pinned to
the crystal lattice. Due to the weak pinning, the step free energy shows critical behaviour
down to as low as TR /4.
[1]
[2]
[3]
[4]

W. K. Burton, N. Cabrera, and F. C. Frank, Phil. Trans. R. Soc. A243, 299 (1951).
P. Nozières and F. Gallet, J. Phys. (Paris) 48, 353 (1987).
F. Gallet, S. Balibar, and E. Rolley, J. Phys. (Paris) 48, 369 (1987).
E. Rolley, S. Balibar, F. Gallet, F. Graner, and C. Guthmann, Europhys. Lett. 8, 523
(1989).
[5] D. S. Fisher and J. D. Weeks, Phys. Rev. Lett. 50, 1077 (1983).
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NEW ASPECTS ON USING FINE COPPER POWDER AS A NUCLEAR REFRIGERANT FOR HELIUM MIXTURES
E. Pentti and J. Tuoriniemi
Low Temperature Laboratory, Helsinki University of Technology
P.O. Box 2200, FIN-02015 HUT, Finland



We have cooled dilute solutions of He in superfluid He to temperatures below 100  K,
aiming at the yet undiscovered superfluid transition of the He component. The cooling method was adiabatic nuclear demagnetization of copper in a system of two nested
cells, precooled with a dilution refrigerator. The inner cell contains silver-sintered copper
blocks with small cavities for the helium sample and vibrating wire viscometers. The
outer cell contains fine copper powder mixed with helium.
We have developed a numerical thermal model of our setup to estimate the unmeasurable
lowest temperatures and to explain the observed thermal behavior. Modeling the copper powder is a key issue as there is an unexpectedly good thermal connection between
the inner and the outer cell and thus also between the powder and the helium sample.
In contrast with bulk copper, the powder has a large zero-field nuclear specific heat, in
the mK regime corresponding to bulk copper in a 300 mT magnetic field. This is an
indication of an intrinsic splitting of energy levels of the nuclear spin states, conventionally taken into account by assuming Zeeman splitting by an effective magnetic field
     
   , where    is the external magnetic field and     a fictitious
internal field. However, applying this in our model to the copper powder leads to clear
contradiction between simulation results and observed behavior: the calculated amount of
heat necessary to warm up the cell to the measurable temperatures after demagnetization
becomes about twice as large as the heat applied in the experiment.
We suggest that in the distorted lattice of the powder, electric field gradients together
with the nuclear electric quadrupole moments cause the splitting of the nuclear energy
levels. As a first approximation, we divide the nuclei into two shares, one experiencing
only Zeeman splitting by external magnetic field, and the other additional homogeneous
quadrupole splitting. The two shares have distinct temperatures and exchange heat via the
common electron gas. Simulations indicate that in this approximation, a 15 % share of the
quadrupole split nuclei describes the powder consistently. An interesting consequence of
the quadrupole splitting concentrated on a minority of the nuclei is that it enables demagnetization cooling of the electrons to much lower temperatures than in the homogeneous
case. For our experiment this is important because then the final temperature of the powder does not limit the cooling of the helium mixture. For more details, see Ref. [1].



[1] E. Pentti, Thermal Modeling of an Experiment on Dilute He– He Mixtures at Ultralow Temperatures, Master’s Thesis, Helsinki University of Technology, 2003.
Available online at http://boojum.hut.fi/  epentti/thesis.pdf.
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CALCULATION OF HYDRODYNAMIC VS. BALLISTIC CROSS-OVER FOR
VIBRATING WIRE IN 3 HE-4 HE MIXTURE
T. Virtanen and E. V. Thuneberg
Department of Physical Sciences, P.O.B. 3000, FIN-90014 University of Oulu, Finland

Vibrating wire resonators can be used to measure the hydrodynamic properties of helium
at low temperatures. The device consists of a small chamber filled with 3 He-4 He mixture,
in which a loop of superconducting wire is placed in a homogenous magnetic field [1].
Alternating current is led through the wire, which causes it to vibrate. By measuring
the induced voltage, the effective mass of the wire and the energy dissipation caused by
helium can be found.
At high temperatures the behavior of the system can be described by hydrodynamic solution, but as temperature decreases, it ceases to be applicable. We use numerical calculations to describe this transition region. The hydrodynamic solution is expected to be
valid in the bulk liquid far from the wire. The Boltzmann equation is used to calculate
the distribution of quasiparticles, φ(r, p̂), within the region a few mean free paths away
from the wire. The area is discretized into a lattice of points, in which the value of φ is
calculated.
Our Boltzmann equation for quasiparticle distribution is φ̇+v ·∇φ = (∂φ/∂t)coll . We use
relaxation time approximation (∂φ/∂t)coll = −[φ − hφle ip̂0 ]/τ and a iterative integration
to solve for φ. Once the values of φ on the surface of the wire have been solved, we may
readily calculate the force on the wire due to the scattering quasiparticles. From the real
and imaginary parts of the force, the hydrodynamic mass and energy dissipation can then
be obtained.
[1] J. Martikainen, J. Tuoriniemi, T. Knuutila and G. Pickett, J. Low Temp. Phys. 126
(2002) 139.
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AUGER ELECTRON SPECTROSCOPY OF IONIC MOLECULES
A. Calo’, Z. F. Hu, E. Kukk, H. Aksela and S. Aksela
Dept. of Physical Sciences, P.O.B. 3000, FIN-90014 UNIVERSITY OF OULU, Finland

Auger electron spectroscopy (AES) is a useful tool in the analysis of molecular properties related to the electronic structure. In the ionic molecules, the electronic structure of
ions retains a great part of atomic character and thus the atomic approach represents a
good starting point to analyze the basic structure of the molecular AES of these compounds. Nevertheless the molecular AES is typically more complex than the corresponding atomic spectra, especially when the Auger transitions involve the valence orbitals which characterize the essential features of the chemical bond in molecules [1]. On
the other hand, the molecular field (MF) effect, the number of molecular orbitals as well
as the nuclear motion have to be taken into account in order to understand the structural
changes in the molecular AES.
In this work, quantum chemical ab initio calculation of the Br- MNN Auger transition
energies in XBr molecules (X=H, Li, Na, K, Cs) have been performed and compared
with the measured spectra. Studying how the AES change along with the increasing
ionic character of the bond, we observe an energy shifting towards high kinetic energies
and a narrowing in the linewidth.
Molecular orbitals calculations for valence Auger transition energies were carried out
using configuration interaction (CI) approach based on orbital wavefunctions optimized
with the multiconfiguration self consistent field (MCSCF) method. Calculations are in a
good agreement with the observed tendency in the measured spectra that the MF effect
becomes weaker for more ionic compounds. Thus, the Br- MNN AES for CsBr shows a
very close similarity with the calculated Br- MNN spectrum of Br ion, and the molecular
effects are the strongest for the least ionic LiBr molecule.

[1] M. Kivilompolo, A. Kivimäki, H. Aksela, M. Huttula, S. Aksela and R. F. Fink, J.
Chem. Phys. 113 (2000) 662.
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DETAILED THEORETICAL STUDY OF DECAY PROCESSES FOLLOWING
PHOTOIONIZATION REVEALS DEFECTS IN ATOMIC STRUCTURE CALCULATIONS
A. Penttilä, S. Heinäsmäki, and H. Aksela
Department of Physical Sciences, P.O.B. 3000, FIN-90014 University of Oulu, Finland

During the last decades the computational power has increased rapidly and the progress
in simulating the atomic processes has followed this trend. Despite all the progress, especially open-shell atoms offer still a challenge to theoretical physicists.
After photoionization an atom remains in an excited state and tends to decay to energetically more favorable states. In other words, a photoionized state has a finite lifetime which
is, according to the energy-time uncertainty relation, reflected into the natural width of
the state. The natural width is obtained by calculating the transition rate of the transitions
involved with the help of Fermi’s golden rule. During these calculations, the energies
and the wave functions of initial and final states are crucial. Thus, comparison between
theoretical and experimental results of decay processes can reveal defects in energy and
eigenfunction calculations.
In case of atomic manganese, the 3p photoionization spectrum is fairly well predicted
even in the simplest approximation in MCDF calculations. Reproduction of the following
decay spectrum was found to be very sensitive to the effect of mixing of configurations,
which is demonstrated in this work [1].
[1] S. Heinäsmäki, A. Penttilä, M. Harkoma, S. Fritzsche, M. Huttula, M. Jurvansuu, S.
Aksela, and H. Aksela, to be submitted to J. Electron Spectrosc. and Relat. Phen.
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NON-MARKOVIAN EVOLUTION OF A TWO-LEVEL ATOM
J. Salo and S. Stenholm
Laser Physics & Quantum Optics, Royal Institute of Technology, AlbaNova University
Centre, SE-106 91 Stocholm, Sweden.

We consider non-unitary evolution of a two-level atom, induced by an interaction with
an external environment. In the limit where the environmental thermalisation is much
faster than time scales of the coupling interaction this leads to an exponential decay, described by a Lindbald operator. The resultant process is Markovian by nature and the
equation of motion – even if not Hermitian – is still both time-local and temporally invariant.
If, however, the coupling time scale between the atom and its environment is on the
same order of magnitude as that of the processes within the environment itself, the evolution of the atomic state is no longer Markovian. This means, in the simplest of cases,
that a photon emitted by the atom remains in its vicinity for a finite duration of time and
it may therefore be reabsorbed. This process requires that, at some earlier time, the atom
was in the excited state and, therefore, the present evolution depends on the state of the
atom at earlier moments of time.
The non-Markovian processes are studied with a simple model where a two-level atom
is coupled to another two-level atom that represents a decaying pseudo-mode. We present the Nakajima-Zwanzig equation of motion for this model together with the memory
function and analyse the implied memory effects. We also discuss the limits of the approach: while the Markovian terms in the equation of motion are guaranteed to preserve
the physical characteristics of a quantum state (i.e. the state operator always stays positive) independently of other interactions present, this is not the case with non-Markovian
terms.
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AUGER CASCADE SATELLITES FOLLOWING 3d IONIZATION IN XENON
L. Partanen1, V. Jonauskas1,2, M. Huttula1, S. Aksela1 and H. Aksela1
1

Department of Physical Sciences, P.O.B. 3000, FIN-90014 UNIVERSITY OF OULU,
Finland
2
Vilnius University Institute of Theoretical Physics and Astronomy, A Goštauto 12,
2600 Vilnius, Lithuania
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Present synchrotron radiation sources provide
an effective way to ionize core hole states.
Combined with high resolution spectroscopies
it is possible to follow the de-excitation pathways in detail. In this work we have carried
out a thorough study of the cascade satellite
structure following the 3d ionization at the kinetic energy region of 8-40 eV in xenon [1].
Experimental results measured with photon
excitation on the undulator beamline U491/SGM at the Bessy II-laboratory in Berlin are
compared with the results of two different
theoretical methods.
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Figure 1. Energy intervals of configurations tion transfer the spectral strength to the kinetic
involved in the Auger transitions following energy region of our experiment, the method
3d ionization and the most intense deof global characteristics [2] of spectra has been
excitation pathways.
applied. This method is capable of predicting
the origin of the most intense structures, but to assign the main satellite lines seen in the
experimental spectrum, the paths of Auger transitions indicated by arrows in figure 1.
have been calculated in detail using pseudorelativistic Hartree-Fock method.
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[1] V. Jonauskas, L. Partanen, S. Ku as, R. Karazija, M. Huttula, S. Aksela and H.
Aksela, J. Phys. B: At. Mol. Opt. Phys. 36 (2003) 4403-4416
[2] S. Ku as and R. Karazija, J. Phys. B: At. Mol. Opt. Phys. 29 (1996) 1467-1477
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FUZZY POSITION AND MOMENTUM OBSERVABLES IN QUANTUM
MECHANICS


C. Carmeli , T. Heinonen and A. Toigo



Dipartimento di Fisica, Universitià di Genova
Department of Physics, University of Turku

The discovery of the proper mathematical formulation of the notion of an observable in
quantum mechanics as a normalized positive operator measure has provided, among many
other advantages, a quantitative frame to investigate various formulations of the idea of
an imprecise measurement of an observable.
The notion of a fuzzy observable is a possible way to describe imprecise measurements.
We show that fuzzy position and momentum observables are exactly those observables
which satisfy the natural covariance and invariance requirements. We characterize the
class of fuzzy position and momentum observables having the same state distinction
power as the canonical position and momentum observables. We discuss the limit of
resolution of fuzzy position and momentum observables and show that in their covariant
joint measurement the product of limit of resolutions has a lower bound.
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RELATIVISTIC EFFECTS IN THE ANISOTROPY
THRESHOLD KR 3d AND XE 4d PHOTOIONIZATION

2.6

OF THE

NEAR-

S.-M. Huttula1, E. Kukk1, S. Heinäsmäki1, S. Fritzsche2, H. Aksela1, and S. Aksela1
1

Department of Physical Sciences, University of Oulu, P.O.B. 3000, FIN-90014
UNIVERSITY OF OULU, Finland
2
Department of Theoretical Physics Division, University of Kassel, Heinrich-Plett-Str.
40, D-34132 KASSEL, Germany

We have performed experimental and theoretical investigation of the angular distributions of photoelectrons produced by ionization of the Kr 3d3/2, 5/2 and Xe 4d3/2, 5/2 shells.
The focus was on the electron dynamics near the ionization thresholds and to that end
we considered the behaviour of the angular distribution parameters, known to be sensible to the detailed dynamics, as a function of kinetic energy of the ejected photoelectrons.
The experiment was performed on the undulator beam line I411 at the MAX-II storage
ring at Lund, Sweden. The spectra were measured with photon energies of 98-106 eV
for Kr (corresponding photoelectron kinetic energies about 3-12 eV) and with photon
energies 75-81 eV for Xe (corresponding photoelectron kinetic energies about 5-13 eV).
In order to determine the angular distribution parameters, the photoelectrons were detected with a rotatable SES-200 electron analyser at angles 0°, 54.7° and 90° with respect to the electric vector of the incident light.
We followed separately the evolution of the anisotropy from the different relativistic
subshells and compared the experimental findings with simulations done within the
Dirac-Fock scheme. It turns out that relativistic treatment of the electronic structure and
electron emission is necessary to reproduce the experimental findings.
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Modeling of inelastic scattering spectra using multiple scattering approach






J. A. Soininen , A. L. Ankudinov, E. L. Shirley, and J. J. Rehr





Division of X-ray physics, Department of Physical Sciences, University of Helsinki,
Helsinki
Department of Physics, University of Washington , Seattle, USA
Physics Laboratory, National Institute of Standards and Technology, Gaithersburg, USA

Understanding the electronic structure and excited electrons states of materials is an
important requisite for understanding their behavior in many practical applications.
Spectra for non-resonant inelastic scattering from core-electrons of solids can be obtained
experimentally either by electron energy loss spectroscopy or non-resonant inelastic x-ray
scattering [1]. Using the momentum transfer dependence of the experimental spectra
new information can be learned about the electronic structure of the material around the
core-excited atom [2, 3]. When an electron is excited from a core level in a solid it
can scatter from the neighboring atoms. Effect of this scattering is modeled in multiple
scattering (MS) approach by solving the excited electron’s Green’s function by including
all the different scattering paths [4]. We discuss a recently developed extension of multiple
scattering (MS) approach to model inelastic x-ray or electron scattering. The situations
where MS approach has advantages over band structure approaches will be reviewed.
[1] W. A. Caliebe, J. A. Soininen, E. L. Shirley, C.-C. Kao, and K. Hämäläinen,
Phys. Rev. Lett. 84 (2000), 3907.
[2] K. Hämäläinen, S. Galambosi, J. A. Soininen, Eric L. Shirley, J.-P. Rueff, and
A. Shukla, Phys. Rev. B 65 (2002), 155111.
[3] C. Sternemann, M. Volmer, J. A. Soininen, H. Nagasawa, M. Paulus, H. Enkisch,
G. Schmidt, M. Tolan, and W. Schülke, Phys. Rev. B 68 (2003), 035111.
[4] J. J. Rehr and R. C. Albers, Rev. Mod. Phys. 72 (2000), 621.
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EXPERIMENTAL AND THEORETICAL STUDY OF THE CASCADE AUGER
TRANSITIONS IN KR AND XE
S.-M. Huttula, S. Heinäsmäki, H. Aksela, E. Kukk, M. Huttula, and S. Aksela
Department of Physical Sciences, University of Oulu, P.O.B. 3000, FIN-90014
UNIVERSITY OF OULU, Finland

The Auger cascade processes following the Kr 3d5/2 5p and Xe 3d5/2 6p excitations
were studied both theoretically and experimentally. Experimental spectra were measured
with high photon and electron energy resolutions and the results were compared with
theoretical predictions obtained by multiconfiguration Dirac-Fock (MCDF) method. The
MCDF approach were able to reproduce well the cascade process of Kr, but strong discrepancies were observed in the case of Xe. [1]
The experiment was performed on the undulator beam line I411 at the MAX-II storage
ring at Lund, Sweden. The spectra were measured with photon energies of 91.2 eV and
65.11 eV corresponding to the Kr 3d5/2 5p and Xe 3d5/2 6p resonances, respectively.
In order to determine the angular anisotropies of resonant Auger transitions the rotatable
SES-200 electron analyser was set at angles 0°, 54.7° and 90° with respect to the electric
vector of the incident light.
The transition energies, rates and the angular distribution parameters for the first- and
second-step Auger transitions were calculated using multiconfiguration Dirac-Fock
method. To keep the computations feasible, the basis set were limited to configurations
4s14p55s, 4p34d15p1 for Kr and 5s15p54s, 5p35d16p1 for Xe.
The two-configuration Dirac-Fock approach and the two-step model were able to reproduce the intensity, angular distribution and linewidths of the Kr cascade process quite
well. In Xe, discrepancies between the experimental and calculated values were found to
be strong, especially in the case of the second-step angular distribution parameters. The
correlation satellite structure related to the first-step transitions overlaps strongly with
the second-steps spectrum and causes the very high anisotropic background seen in the
experiment. The satellite transitions may interfere with the second-step processes and
cause deviations in its observed characteristic. It is also possible that the mixing of the
channels created during the second step causes some discrepancies between the calculated and experimental values. More theoretical work is needed to resolve unambiguously the sources of disagreement between theory and experiment in Xe.

[1] S.-M. Huttula, S. Heinäsmäki, H. Aksela, E. Kukk, M. Huttula, and S. Aksela, PRA
67 (2003) 052703 1.
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NORMAL AUGER SPECTRA OF BROMINE IN GAS PHASE XBr (X= H, Li,
Na, K, Cs) MOLECULES
Z. F. Hu, A. Calo’, E. Kukk, J. Nikkinen, H. Aksela, S. Aksela
Dept. of Physical Sciences, P.O.B. 3000, FIN-90014 UNIVERSITY OF OULU, Finland

Auger electron spectroscopy helps to study molecular properties, such as the chemical
bonding involving valence orbitals, from a different point of view than photoelectron
spectroscopy. In ionic molecules, the basic structure of the Auger electron spectra (AES)
can be interpreted using atomic models, but the molecular-field and other molecular effects make the line shape as well as the structure of molecular AES more complicated.
Based on this, many studies have long been focused on this subject [1,2].

The tendency of change in the M2,3VV AES
is in accordance with the increasing degree
of ionicity of the chemical bond from HBr
to CsBr. Small molecular field splitting is
the reason of the narrowing of the Auger
peaks in KBr and CsBr analogously to the
results of Ref. [2].

a) HBr

b) LiBr

Intensity (arb.unit)

The M2,3VV Auger electron spectra (AES) of
Bromine in gas phase sample have been
measured from HBr to CsBr molecules. The
molecular field (MF) considerably affects
the molecular AES involving the valence
electrons and makes them more complicated
than the corresponding atomic spectra in
fine structure as well as in line shape and
width.

c) NaBr

d) KBr

e) CsBr
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The Br MNN AES of HBr, LiBr, NaBr,
KBr and CsBr

Quantum chemical ab initio calculations of XBr series as well as Br- have been performed in order to interpret the experimental results.

[1] O.-P. Sairanen,H.Aksela and M.Hotokka, Che. Phys. Lett. 215 (1993) 353.
[2] M. Kivilompolo, A. Kivimäki, H. Aksela, M. Huttula, S. Aksela and R. F. Fink, J.
Chem. Phys. 113 (2000) 662.

44

2. Atomic and molecular physics I
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ANGULAR DISTRIBUTION OF Xe 5p SPIN-ORBIT COMPONENTS AT 100–200
eV PHOTON ENERGIES
R. Sankari S. Ricz∗ , Á. Kövér∗ , M. Jurvansuu, D. Varga∗ , J. Nikkinen, T. Ricsoka, H.
Aksela, and S. Aksela
Department of Physical Sciences, P.O.B. 3000, FIN-90014 University of Oulu, Finland
∗

Institute of Nuclear Research of Hungarian Academy of Science, P.O.B. 51, H-4001
Debrecen, Hungary

Angular distribution of the Xe 5p photoelectrons was measured in the 100–200 eV photon energy range using linearly polarized synchrotron radiation. The experiment was done
out of so called dipole plane in order to obtain information also about non-dipole angular distribution parameters γ and δ. The experimentally determined angular distribution
parameters were compared with theoretical values obtained from the recent calculations
based on the relativistic random-phase approximation. Experiment shows that both the
dipole and nondipole parameters describing the angular distribution vary in accordance
with calculations which account for the interchannel coupling. In addition, relativistic
effects are visible in angular distribution of the Xe 5p spin-orbit components.
The measurements were carried out at the beamline I411 on the third generation MAX-II
storage ring in Max-Lab, Lund, Sweden. Emitted electrons were analyzed using ESA-22
electron spectrometer. In short, the spectrometer consists of a spherical and a cylindrical
part where the spherical deflector transports the electrons from the scattering plane to the
entrance of the cylindrical analyzer. A spherical deceleration lens is placed around the
source region to improve the energy resolution of the system. The analyzer and the interaction region is lined with three layers of µ-metal sheets reducing the residual magnetic
field in the scattering plane and in the analyzer to less than 5 mG. The photoelectrons
were detected by 20 channeltrons in the co-planar geometry i.e. in the polarization plane.
The strong changes of the 5p β parameters appearing in the region where also Xe 4d
cross-section changes drastically, reveal the strong interaction between 5p and 4d channels
whereas the difference β1/2 − β3/2 reflects the strength of the relativistic effects. The
results [1] also showed that the channel interaction modifies the behavior of the Xe 5p
β parameters strongly whereas the changes in the γ parameters are quite weak. This is
quite contrary to the results of the Xe 5s ionization where the non-dipole γ parameter was
found to be more sensitive to channel interaction than the β parameter [2].
[1] R. Sankari, S. Ricz, Á. Kövér, M. Jurvansuu, D. Varga, J. Nikkinen, T. Ricsoka, H.
Aksela, and S. Aksela, to be published in Phys. Rev. A.
[2] S. Ricz, R. Sankari, Á. Kövér, M. Jurvansuu, D. Varga, J. Nikkinen, T. Ricsoka, H.
Aksela, and S. Aksela, Phys. Rev. A 67, 012712 (2003).
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USING DECONVOLUTION METHOD TO IMPROVE RESOLUTION WITHOUT A LOSS IN TRANSMISSION
A. Penttilä, S. Heinäsmäki, R. Sankari, S. Aksela, and H. Aksela
Department of Physical Sciences, P.O.B. 3000, FIN-90014 University of Oulu, Finland

Experimentalists in electron spectroscopy, as well as in many other fields, are always
trying to get the best possible resolution in their spectra. The limiting factor in improving
the resolution is, however, the achieved transmission. Therefore, most of the time used in
an experiment is gone in the search for the best compromise between the resolution and
transmission.
The width of a spectral line in electron spectra is a compose of several factors. Using synchrotron radiation to excite gaseous atoms, the line width is achieved as a convolution of
the natural line width of the peak, the Doppler broadening and the factors arising from the
measuring equipment and the exciting photon band width. In order to improve resolution,
it is possible to reduce the Doppler broadening by restricting the thermal motion of the
atoms using velocity selection. This method has been used by Ueda et al. [1], on the expence of transmission and measuring time, as well as of more complicated experimental
setup.
In this work we describe another way to better resolution. By deconvolving the measured
spectrum, using the methods of Kosarev and coworkers [2], we can remove the experimental broadening. To demonstrate the feasibility of deconvolution method, we measured
the resonance Auger spectrum of neon with a slightly worse resolution than in Ref. [1]
and deconvolved the measured spectrum. We also tested that no important information
was lost in the deconvolution process by determining the well-known angular parameters
of the major lines.
[1] K. Ueda, M. Kitajima, A. De Fanis, Y. Tamenori, H. Yamaoka, H. Shindo, T. Furuta
T. Tanaka, H. Tanaka, H. Yoshida, R. Sankari, S. Aksela, S. Fritzsche, and N. M.
Kabachnik, Phys. Rev. Lett. 90 (2003) 153005.
[2] E. L. Kosarev, Inverse Problems 6 (1990) 55, V. I. Gelfgat, E. L. Kosarev, and E. R.
Podolyak, Comput. Phys. Commun. 74 (1993) 335.
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STRONG ELECTRON CORRELATION IN Ca 2p, Sr 3d AND Ba 4d CORE
HOLE STATES INVESTIGATED BY MEANS OF PHOTOELECTRON
SPECTROSCOPY AND MCDF CALCULATIONS
J. Nikkinen1, H. Aksela1, S. Heinäsmäki1, E. Kukk1, N. Berrah2 and S. Aksela1
1

Department of Physical Science, P. O. B 3000, FIN-90014 UNIVERSITY OF OULU,
Finland
2
Department of Physics, 49008-5151 WESTERN MICHIGAN UNIVERSITY,
Kalamazoo, Michigan

Inner-shell photoionization of Ca, Sr and Ba atoms are examples of processes where the
many-electron interaction (correlation) effects play a dominant role. In ground states
these atoms behave like closed-shell atoms and can be accurately described within the
single configuration approximation. However, in core hole states strong electron correlation effects take place as a consequence of the collapse of the empty d (Ca 3d, Sr 4d,
Ba 5d) and f (Ba 4f) wave functions. Large changes in the corresponding effective potentials contribute to drastic differences in the shapes and the locations between the
ground and the excited states’ radial wave functions. This leads to the near energy degeneracy of several electron configurations which gives rise to a strong mixing of the
configurations and shows up as a complexity of the corresponding photoelectron spectra.
In the present work high resolution synchrotron radiation induced gas phase Ca 2p, Sr
3d and Ba 4d photoelectron spectra have been recorded. This has enabled us to resolve
the fine structure created by correlation effects in detail. Experimental results are compared to the multiconfiguration Dirac-Fock (MCDF) calculations [1] and the role of correlation is discussed.

[1] F. A. Parpia, C. Froese Fisher, I. P. Grant, Comput. Phys. Commun. 94 (1996) 249.
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PHOTON INDUCED PROCESSES IN CESIUM HALIDE DIMERS
M. Huttula , E. Kukk, J. Rius i Riu, H. Aksela, S. Aksela
Department of Physical Sciences, P.O.Box 3000 FIN-90014 UNIVERSITY OF OULU

The spectroscopic studies of alkali halide molecules using conventional photon sources
has been started already 1960's [1]. The almost pure ionic character of their molecular
bond allows succesfull applications of simple approximations with the theoretical ionic
models explaining the molecular formation and also provides possibility of taking advantage of the atomic calculations in studying the electronic structure of the molecules.
The modern third generation synchrotron radiation sources and high resolution experimental set-ups have also in this area provided better possibilities of recording experimental data for validating the theoretical models as is seen for example in our previous
work with KCl and CsCl monomers [2,3,4].
In the process of producing vapour phase alkali halide molecules a significant fraction
of dimer and even trimer molecules are always present. However, relatively little experimental data exists on dimers since the experiments are usually overwhelmed by the
strong monomer contribution.
In the present work we have studied the vapour phase cesium halides by ion mass spectroscopy which allows us to unambiguously assign some ionic fragments to the dimer
molecules. We have concentrated on the ionization, excitation and the subsequent relaxation processes of the cesium halide dimers in the VUV photon energy range by utilizing time-of-flight (TOF) spectroscopy and namely the partial ion yield technique. The
main focus is on the resonant excitations on the metal site in photon energy range of 12
to 19 eV. The molecular ion production is studied also at the lower energy range of the
nonresonant valence ionization. Theoretical ionic approach is used to characterize the
dimer processes as for example their fragmentation pathways as a function of photon
energy.
[1] J. Berkowitz et al. J. Chem. Phys. 45, 1287 (1966)
[2] V. Pennanen et al., J. Electron Spectrosc. Realt. Phenom. 114-116, 169, (2001)
[3] V. Kisand et al., J. Phys. B:At. Mol. Phys 36,1-13, (2003)
[4] M. Huttula et al, Lifetime dependency of the VUV-excited resonant photoemission
spectra of ionic molecules, submitted for publication in Physica Scripta
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4d PHOTOIONIZATION OF ATOMIC INDIUM
M. Huttula , E. Kukk, S. Heinäsmäki, H. Aksela and S. Aksela
Department of Physical Sciences, P.O.Box 3000 FIN-90014 UNIVERSITY OF OULU

The research of the electronic structure of vapour phase metal atoms was largely active
in the 1970's before the inventory of modern synchrotron radiation sources and high
resolution experimental equipments. Thus, the available data is merely obtained with
conventional UV radiation sources as He lamps. The inventory of modern synchrotron
radiation facilities and high resolution electron energy analyzers provides possibility to
obtain detailed experimental data also from the atomic metals to serve more stringent
test for our theoretical models.
In the neutral state electronic configuration of atomic indium ( [Kr]4d10 5s2 5p1) one 5p
electron exists above the closed shell structure. In the LSJ coupling scheme the atomic
ground state is described as 2P1/2 and the first excited neutral state as 2P3/2. The excited
levels may be reached with thermal excitation and the populations can be estimated using the Boltzmann distribution.
In the present work we have presented a high resolution experiment of the indium 4d
photoionization (Fig. 1.) at MAX-laboratory in Lund, Sweden.. The transitions from
thermally excited initial states are theoretically interpreted with ab initio single (SC)and multiconfiguration (MC) Dirac-Fock (DF) calculations. The role of the configuration interaction is discussed and the results are compared to the previous work of Sn
photoionization [1].
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Fig. 1. The 4d photoelectron spectrum of atomic indium (hν= 61 eV).
[1] M. Huttula et al., Phys. Rev. A. 69, 012702 (2004)
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EXPERIMENTAL AND THEORETICAL STUDY OF THE RESONANCE AUGER
DECAY OF XE 4d-16p
S. Osmekhin, M. Määttä, J. Rius i Riu, R. Sankari, J. Nikkinen, E. Kukk, S.-M. Huttula,
S. Heinäsmäki, H. Aksela and S. Aksela
Department of Physical Sciences, University of Oulu, P.O. Box 3000, Oulu FIN-90014,
Finland

The high-energy part of the resonance Auger decay of the Xe 4d-13/2,5/26p was studied
earlier [1]. In present work the low kinetic energy part from 2 eV to 28 eV of the
resonance Auger and overlapping cascade transitions following the Xe 4d-13/2,5/2 6p
excitation have been studied both theoretically and experimentally. The results of experimental high-resolution spectra have been compared with the theoretical predictions based on multiconfiguration Dirac-Fock (MCDF) approach. High resolution has
enabled to resolve most of the first and second step Auger transitions [2,3] from each
other.
The experiment has been performed on the undulator beam line I411 [4] at the 1.5GeV MAX-II storage ring at Lund, Sweden. The spectra were measured with photon
energies of 65.110 eV and 67.039 eV corresponding to the Xe 4d5/2 6p and Xe
4d3/2 6p excitation, respectively. The photon energy resolution was about 6 meV.
Thus the photon bandwidth is much narrower than the lifetime widths 106-111 meV
[5] of the excited states. The ejected electrons were detected with the hemispherical
analyzer SES-200 at 10 eV pass energy, which corresponds to a kinetic-energy resolution of about 20 meV.
The theoretical results were obtained with the MCDF method as the energies and
wavefunctions of the atomic states involved in the first and second step Auger transitions were generated with relativistic structure code Relci [6]. The theoretical results
have been compared with the experimental measurements and optical spectroscopy
data. The comparison allowed to investigate and to identity the details of the lowenergy part of the spectra, which contains first step Auger transitions to the 5s15p56p,
5s05p66p, 5s25p35d6p and 5s15p57p states of Xe+ and the subsequent cascade second
step Auger transitions to the 5s25p4 and 5s5p5 states of Xe2+.

[1] H. Aksela et al, Phys. Rev. A 51, 1291 (1995)
[2] S.-M. Huttula et al, Phys. Rev. A 67, 052703 (2003)
[3] M. Kitajima et al, J. Phys. B: At. Mol. Opt. Phys. 35, 3327 (2002)
[4] M. Bässler et al, Nucl. Instrum. Methods Phys. Res. A 469, 382 (2001)
[5] O.-P. Sairanen et al, Phys. Rev. A 54, 2834 (1996)
[6] S. Fritzsche et al, Comput. Phys. Commun. 148 103-123 (2002)
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MULTIPLE IONIZATION OF Xe – COMPARISON OF DE-EXCITATION
PATHWAYS FOLLOWING 3d-1 IONIZATION AND 3d-16p RESONANCE
EXCITATION
L. Partanen, J. Rius i Riu, R. Sankari, M. Huttula, A. Kivimäki, E. Kukk, J. Nikkinen,
S. Osmekhin, A. Penttilä, H. Zengfa, H. Aksela and S. Aksela
1

Department of Physical Sciences, P.O.B. 3000, FIN-90014 UNIVERSITY OF OULU,
Finland

The de-excitation of the inner 3d hole in Xe leads to a complicated cascade of Auger
transitions increasing at each step the ionization stage of ions and transferring vacancies
to the outer shells. The experimental branching ratios of multiply charged ions above
M4,5 threshold were investigated earlier by Saito et al. [1]. In this work the partial ion
yields at 3d-16p resonance were measured at the beamline I411 at MAX-lab using a
time-of-flight spectrometer, and branching ratios of Xen+ (n=1–6) ions were determined.
The changes in branching ratios in passing from 3d-1 ionization to 3d-16p resonance excitation were predicted by theory and the results were compared with the experimental
findings.
The origin of the most intense de-excitation pathways following the 3d ionization were
predicted theoretically using the method of global characteristics and compared with
experimental results by Jonauskas et al. [2]. This work is extension to study [2] including also the de-excitation of resonantly excited 3d-16p states. The energy states of various electron configurations having a 6p electron were calculated using the Hartree-Fock
method, and de-excitation pathways were determined by comparing these energy levels
with the energy intervals of the corresponding electron configuration not having the
spectator 6p electron.
It was found, that many Auger transitions, which are energetically forbidden between
non-resonant states, become allowed when energy states are shifted by the influence of
6p-electron. Thus the cascade of Auger transitions can further decay, and ionization
processes end up on higher ionization stage. Also, the transition probabilities of Auger
transitions change when the single electron in 6p orbital splits the configurations involved in the decay to more energy states and energy states spread out to wider binding
energy region than the energy states of the same electron configuration without the 6pelectron. This changes the ion production when comparing with the 3d-1 ionization case.
[1] N. Saito and I. H. Suzuki, J. Phys. B: At. Mol. Opt. Phys. 25 (1992) 1785
[2] V. Jonauskas, L. Partanen, S. Ku as, R. Karazija, M. Huttula, S. Aksela and H.
Aksela, J. Phys. B: At. Mol. Opt. Phys. 36 (2003) 4403
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THE C–H BENDING VIBRATION  OF CHLOROFORM CH Cl

S. Alanko V.–M. Horneman, and R. Anttila
Department of Physical Sciences, P.O.B. 3000, FIN–90014 University of Oulu, Finland

During the recent years we have performed in our lab a series of studies on the infrared
spectrum of chloroform. This molecule is relatively heavy and so all the rotation-vibration
bands are congested. Natural chloroform has four  different
isotopic species. To be able

to analyse the spectra a monoisotopic sample (CH Cl ) is needed. It has been obtained
from prof. Bürger’s laboratory in Wuppertal, Germany and it has been used in the whole
series of measurements.
The  high resolution Fourier transform spectrum over the  band region around 1220
cm  was measured with the Bruker IFS 120 HR spectrometer in Oulu. The pressure was
0.063 Torr and an absorption path length of 3.2 m was used. The instrumental resolution
was 0.0018 cm  and the total recoding time 42 hours.
The difficult structure of the band is dominated by about 25 strong unresolvable band

 ). The  side (  ) is at first sight a forest of
heads on the side (
lines without any regularities. However, series of lines corresponding to
sub–bands
could be found there with the aid of a Loomis–Wood program. The assignments cover
the range    and in addition to   !" line series they include some #

branches. On the side the structure of the band heads becomes resolvable when !$
&%(') . The assignment of these lines was tedious and the stepwise procedure included
many simulations, predictions and fits. The start of the whole analysis was based on
the predictions from the overtone bands investigated earlier [1]. In the final fit with a
model including *+ '+, '" resonance there were 3250 lines. The ground state rotational
constants
were fixed and e.g. the following
results were obtained: - 



 .''+ / 00102  )"


cm  , 3 43 657 / 11)2 8+":9;. cm  , < 4<  = / '02  ":9;. cm  ,  <>+"
7/ )505'2  1" cm  , and ?  = 7/ )52  )"@9A.  cm  .
[1] J. Pietilä, S. Alanko, V.–M. Horneman, and R. Anttila, J. Mol. Spectrosc. 77 (2002)
271.
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HIGH RESOLUTION FTIR SPECTROSCOPY ON CH DI AND CHD I: THE ACCURATE GROUND STATE CONSTANTS DETERMINED FROM THE FUNDAMENTAL BANDS 
K. Kyllönen, S. Alanko, J. Lohilahti and V.–M. Horneman
Department of Physical Sciences, P.O. Box 3000, FIN-90014 University of Oulu, Finland

The partially deuterated methyl iodides CH DI and CHD I are asymmetric tops belonging

to the point group . We are now continuing our high resolution infrared study [1, 2] of
the fundamental vibration bands of these molecules, which belong to an interesting group
of methyl halides.
We have earlier analysed the  bands of CH DI and CHD I and also determined the
ground state constants of these molecules from the   spectra. However, the ground state
constants obtained have suffered from poor accuracy, since some of the transitions necessary for the fit are very weak in the   spectra. The necessary transitions, that are not allowed for symmetric top species of methyl iodide, are weak in the case of asymmetric top
species. Weakness is caused by very small asymmetry of these molecules. Fortunately,
the  spectra which we have measured, offer a better starting point for the determination
of the ground state constants.
The   spectra will allow us to evaluate the ground state constants of CH DI and CHD I
with better accuracy than has been possible before. The details of the analyses will be
presented and the rotational properties of CH DI and CHD I will be compared with those
of CH  I and CD I.
[1] S. Alanko, K. Kyllönen, J. Lohilahti and V.–M. Horneman, Contribution D29, presented at the Eighteenth Colloquium on High Resolution Molecular Spectroscopy,
Dijon, September 8–12, 2003.
[2] K. Kyllönen, S. Alanko, J. Lohilahti and V.–M. Horneman, Mol. Phys., to be published.
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THE GROUND STATE SPECTRUM OF D213CO MOLECULE MEASURED BY
FTIR-SPECTROMETER
J. Lohilahti, H. Mattila, V.-M. Horneman
Department of Physical Sciences, P.O.B. 3000, FIN-90014 UNIVERSITY OF OULU,
Finland

The ground state spectrum of the deuterated and 13 C enriched formaldehyde molecule
has been measured by high-resolution Bruker IFS 120HR FTIR-spectrometer. The
measured range was 25-370 cm-1 limited by a cold cut-off filter of the Bolometer detector. Two measurements in different absorption conditions were needed. In the first recording the total pressure and absorption path length of the sample cell in these measurements were 0.112 Torr, 3.2 m and in the second absorption was 0.602 Torr × 19.2
m. A general view of the first recording is presented in Fig 1. Other technical details of
the measurement and spectrum are given in the poster.
The ground state spectrum is expanded to the whole measured region. At the wavenumbers up to 90 cm-1 strong aR(∆Ka = 0, ∆Kc = 1) are being observed. Besides that weaker
a
R(2,-1) and aR(4,-3) transitions in the range of 40-250 cm-1 have been assigned. So far
2200 transitions have been assigned. The assigned transitions have been fitted to Watson’s Hamiltonian in A-reduced form. The obtained ground state parameters are being
compared with the literature values given in microwave study [1].
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Fig. 1. Ground state measurement of D2 CO. The sample lines are mostly in the
-1

region of 20-100 cm . Intense lines in the higher region are water impurities.

[1] D. Dangoisse, E. Willemot, J. Bellet., J. of Molec. Spectrosc. 71 (1978) 414
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THE ν4 AND ν5 FUNDAMENTAL BANDS OF FORMIC ACID MOLECULE
HCOOH TOGETHER WITH 2ν
ν7, ν7 + ν9 AND 2ν
ν9 STATES
O. I. Baskakov1, I. A. Markov1 and J. Lohilahti2
1

Faculty of Quantum Radiophysics, Kharkov National University, Svoboyd SQ 4,
610077 KHARKOV, Ukraine; 2Department of Physical Sciences, P.O.B. 3000, FIN90014 UNIVERSITY OF OULU, Finland

Formic acid HCOOH is of great interest for spectroscopists because it is among the
most abundant pollutants in the atmosphere of the Earth, it has been observed in interstellar molecular clouds, and it is capable of efficiently emitting submillimeter wave radiation when pumped by a CO2 laser [1,2]. Rotational [3] and vibrational spectra of
formic acid have been extensively studied at different levels of completeness, both at
low [4] and high resolution [5-7]. However, several important vibrational bands including observed in the present paper have never been recorded at high resolution before.
We have recorded high resolution FTIR spectrum of HCOOH in the region of 10001500 cm-1 in Oulu. In the poster we will report preliminary analysis of the ν4 and ν5
fundamentals bands in the region together with the overtone and combination vibrational levels 72, 71+91 and 92. The analysed states are next to the previously studied
lower ν7, ν9 [6] and ν6, ν8 [5] bands. The band origins, rotational and centrifugal distortion parameters of the states as well as Coriolis and Fermi coupling parameters between the states will be presented.

[1] D. Dangoisse and P. Glorieux, "The Optically Pumped Formic Acid Laser", in: "Reviews of Infrared and Millimeter Waves, Vol. 2: Optically Pumped Far-Infrared Lasers," (K. J. Button, M. Inguscio, and F. Strumia, Eds.), Plenum Press, New York,
London, (1984) 429-465.
[2] M. Inguscio, G. Moruzzi, K. M. Evenson, and D. A. Jennings, J. Appl. Phys. 60
(1986) R161-R192.
[3] M. Winnewisser, B.P. Winnewisser, M. Stein, M. Birk, G. Wagner, G. Winnewisser,
K.M.T. Yamada, S. Belov, O.I. Baskakov. J. Molec. Spectrosc. 216 (2002) 259.
[4] R.L. Redington J.Mol.Spectrosc. 65 (1977) 171.
[5] O.I. Baskakov, J. Demaison J.Molec. Spectrosc. 211 (2002) 262.
[6] A. Perrin, J.-M. Flaud, B. Bakri, J. Demaison, O.I. Baskakov, S. V. Sirota, M. Herman, and J. Vander Auwera J. Molec. Spectrosc. 216 (2002) 203.
[7] W. H. Weber, P. D. Maker, J. W. C. Johns, and E. Weinberger J. Molec. Spectrosc.
121 (1987) 243.
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THE RING-PUCKERING VIBRATIONS OF A MOLECULE WITH TWO
EQUIVALENT RINGS. A STUDY OF BICYCLO[3.3.0]OCT-1,5-ENE
N. Meinander1, D. Autrey2 and J. Laane2
1
2

Dept of Technology, National Defence College, P.O.Box 7, 00861 Helsinki, Finland
Dept of Chemistry, Texas A&M University , College Station, TX 77843-3255, USA

The ring-puckering motion of a small ring-molecule is a low-frequency large-amplitude
highly anharmonic vibration. At room temperature a large number of vibrational states
are populated. We have calculated the energy states and transitions for a molecule consisting of two equivalent rings joined at a double bond, bicyclo[3.3.0]oct-1,5-ene. The
results of ab initio calculations were utilized to produce plausible two-dimensional energy surfaces of the form V=a(x14 + x24) + b(x12 + x22) + cx12x22 + dx1x2 for the ringpuckering vibrations, with each coordinate representing the puckering motion of one
ring [1]. Polynomial expressions for the kinetic energy (reciprocal reduced mass) associated with the puckering motions of the rings were developed and utilized. These expressions were used together with the potential energy surfaces to calculate the quantum
states and spectroscopic transitions for the puckering motions. The effect of varying the
potential energy parameters c (ring-to-ring interaction) and d (cis-trans energy difference) on the energy levels and transitions was examined. The calculated spectra are
very rich and complex [2].

bicyclo[3.3.0]oct-1,5-ene

[1] D. Autrey, K. Haller, J. Laane, L. Mlynek and H. Hoopf, J. Phys. Chem. A, 108
(2004) 403.
[2] D. Autrey, N. Meinander and J. Laane, J. Phys. Chem. A, 108 (2004) 409.
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MASS MEASUREMENTS WITH JYFLTRAP
S. Kopecky , T. Eronen, U.Hager, J. Hakala, J. Huikari, A. Jokinen, V. S Kolhinen, A.
Nieminen, S. Rinta-Antila and J. Äystö
Department of Physics, P.O. Box 35 (YFL), Fin-40014 University of Jyväskylä

The mass of the ground state of a nucleus is a result of the high order of symmetry of a
complex quantum system. Accurate measurements of the ground state masses can therefore provide insight into the underlying features of the nucleonic system, such as charge
symmetry, shell effects, coexisting structures and so forth. The accuracy necessary to
obtain relevant information ranges from 1 keV, when investigating Coulomb energy differences between mirror nuclei or isospin multiplets - up to 100 keV, when global effects, such as deformation, are studied. The double Penning trap system – consisting of a
purification and a precision trap - of JYFLTRAP will allow studies of the mass surface
with the necessary accuracies.
For light ions the purification trap system can achieve a mass resolving power of
145000. For fission products with the mass range A=100, the mass resolving power can
be as high as 80000. This resolving power does not only allow the production of very
clean beams for spectroscopy applications, it also allows for direct mass measurements
with an accuracy of a few 10’s of keV. With this accuracy it is already possible to investigate the mass surface to study shell effects. As an example the mass measurements of
neutron rich Zr-isotopes can be given.
At the end of 2003 the precision trap was completed and tested. It could be shown that
already at this stage the trap is in very fine working condition. In these first tests a mass
resolving power for nuclei with A 130 of up to 800000 could be achieved. Such a resolving power will allow for mass measurement with a relative accuracy of approximately 10-8, which corresponds to 1.4 keV in this mass range. In addition it can be estimated that for relative measurements, such a type of measurement is suitable for determined Q-values, an accuracy of better than 7x10-9 was achieved, corresponding to an
uncertainty of approximately 0.8 keV in this mass range. Such accuracies should enable
studies of the Q-values of super-allowed beta decays, enabling for a test of the conserved vector current hypothesis and the validity of the Standard Model of particle physics.
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THE PRODUCTION OF HEAVY Fr ISOTOPES AND K = 0 GROUND-STATE
BAND IN 232Ra
A. Kankainen1, K. Peräjärvi2,3, J. Cerny3, L. M. Fraile2, A. Jokinen1,2,4, U. Köster2, J.
Äystö1 and The ISOLDE Collaboration
1

Department of Physics, P.O.B. 35, FIN-40014 UNIVERSITY OF JYVÄSKYLÄ,
Finland
2

CERN, CH-1211 Geneva, Switzerland

3

Nuclear Science Division, Lawrence Berkeley National Laboratory, Berkeley, CA
94720, USA
4

Helsinki Institute of Physics, P.O.B. 64, FIN-00014 UNIVERSITY OF HELSINKI,
Finland
Francium isotopes were selected by the NuPECC [1] as one of the key beams of the future radioactive ion beam (RIB) facilities, such as EURISOL. One motivation for this is
that Fr isotopes offer interesting possibilities to study the atomic parity non-conservation
which is closely related to lepton-quark interactions through Z0 gauge boson exchange at
small momentum transfer [2]. To be able to make reliable performance predictions for
Fr, experimental release parameters [3] and yields from the ISOLDE PSB facility at
CERN are needed.
The studied Fr isotopes were produced by bombarding 52 g/cm2 thick UCx/graphite or
ThCx/graphite target with 1.0 or 1.4 GeV protons from the PS booster synchrotron
(PSB) at CERN. The release parameters and yields were determined for both targets.
The yields from UCx/graphite target with 1.4 GeV protons were equal or higher than
with 1.0 GeV protons. ThCx/graphite target was comparable or better than UCx/graphite
target up to 229Fr. Obtained yields suggest that the EURISOL should be able to fulfill Fr
beam intensity expectations set for it.
The beta decay of 232Fr to 232Ra was studied using gamma-gamma coincidence method.
Mass-separated beam of 232Fr was implanted in a movable tape viewed by a planar
HPGe detector and a HPGe detector. Three earlier unknown and altogether six gammarays belonging to the beta-decay of 232Fr were identified. Based on the gamma-gamma
coincidence data and even-even Ra/Th nuclei level systematics, a beta decay scheme
was established. The 2+ to 0+ transition with an energy of 54.5(10) keV was observed
for the first time. The measured E(6+ → 4+)/E(4+ → 2+) ratio is close to the one of the
ideal rotor which gives further confidence for the Kπ = 0+ ground-state rotational band
level assignments in 232Ra.

[1] http://www.nupecc.org/
[2] http://www.ganil.fr/eurisol/
[3] J. Lettry et al., Nucl. Instr. and Meth. B 126 (1997) 130.
58

3. Particle and nuclear physics I

3.3

SHELL-MODEL CALCULATIONS OF DOUBLE-BETA-DECAY AND MUONCAPTURE PROCESSES IN LIGHT NUCLEI
M. Kortelainen and J. Suhonen
Department of Physics, P.O. Box 35 (YFL), FIN-40014, University of Jyväskylä, Finland

The recent neutrino-oscillation measurements in SUPERKAMIOKANDE and SNO have
shown that neutrino(s) have a non-zero mass. At present, the only practical way to access
the absolute mass scale and the Dirac/Majorana character of the neutrino, is to perform
measurements of the neutrinoless double beta (0νββ) decay of atomic nuclei. The 0νββ
decay and the two-neutrino double beta (2νββ) decays are among the slowest reactions in
the nature. Both these modes have been studied carefully in the theoretical and experimental frameworks. However, only the 2νββ mode has been confirmed by the experiments.
In the theoretical description of double beta decay, the transition proceeds via the virtual
states of the intermediate double-odd nucleus. For the 2νββ mode only the 1 + -states are
active, whereas in the case of the 0νββ mode all the multipole states of the intermediate
nucleus are active. A reliable description of the structure of these intermediate states is
essential in the theoretical calculations, since the half-lives of the double beta decay have
a strong dependence on their structure.
The use of the ordinary muon capture (OMC) has been recently suggested [1, 2] to probe
the structure of the intermediate nucleus and its excitated states. In the refs. [1, 2], the
studied nuclei were medium-heavy and therefore the nuclear structure has been calculated
by using the quasiparticle random-phase approximation. In the present work we have
concentrated to the double-beta-decaying light nuclei by using the shell-model framework
to calculate the associated nuclear structure.
We have studied the 2νββ decay of the 46 Ca and 48 Ca and the OMC reaction which lead
to the intermediate 1+ -states of the corresponding double beta decay. It has been found
that the structure of the few lowest 1+ states, concerning the 2νββ and OMC processes,
is more significant for these processes than the other higher-lying states.
[1] M. Kortelainen and J. Suhonen, Europhys. Lett. 58 (2002) 666.
[2] M. Kortelainen and J. Suhonen, Nucl. Phys. A 713 (2003) 501.
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RDDS lifetime measurements with JUROGAM + RITU



T. Grahn and C. Beusang , A. Dewald , S. Eeckhaudt , P. Greenlees , P. Jones , R.
Julin , S. Juutinen , H. Kettunen , T. Kröll , M. Leino , A.-P. Leppänen , P. Maierbeck ,
D. Meyer , O. Möller , P. Nieminen , M. Nyman , J. Pakarinen , P. Rahkila , B. Saha ,
C. Scholey , J. Uusitalo
















Department of Physics, University of Jyväskylä, PL 35, FIN-40014 University of Jyväskylä
Institut für Kerphysik, Universität zu Köln, Zülpicher Str. 77, 50937 Köln, Germany
Physik-Department E12, TU München, 85748 Garching, Germany
Wright Nuclear Laboratory, Yale University, New Haven, Connecticut 06520, USA

Lifetime measurements play a crucial role in nuclear structure physics. Transition probabilities for electromagnetic transitions can be directly extracted from the lifetime data.
The recoil distance Doppler shift method (RDDS) [1] has been used for lifetime measurements of nuclear excited states for several years. It is based on the Doppler shift
of -rays emitted from a nucleus in flight. In the present work a special plunger device
was designed for RDDS measurements at the RITU gas-filled separator [2]. The plunger
consists of a target and a moveable degrader foil after the target. Gamma-rays emitted
from a nucleus moving with different velocities are separated in energy according to their
Doppler-shift. From the ratio of the peak areas of the fully shifted and retarded components the lifetime of the excited state can be deduced. Gamma-ray spectra from exotic
nuclei produced via weak fusion evaporation channels can be cleaned by tagging with the
fusion residues detected at the RITU focal plane.






So far the lifetime measurements for low-lying yrast states of the nucleus
Pb have
been performed employing the RDDS method, JUROGAM germanium detector array
and RITU at the Accelerator Laboratory of the University of Jyväskylä. Results of these
measurements as well as plans for the future experiments will be discussed.
[1] Schwarzschildt, A.Z., Warburton, E.K.: Ann. Rev. Nucl. Sci. 18 (1968) 265.
[2] Leino, M. et al., Nucl. Instr. Meth. B 99 (1995) 653.

Figure 1: Plunger device at JUROGAM target position.
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TRIPLE-SHAPE COEXISTENCE IN 186 Pb
M. Nyman1 , S. Eeckhaudt1 , T. Enqvist1 , T. Grahn1 , P. Jones1 , R. Julin1 , S. Juutinen1 ,
H. Kettunen1 , M. Leino1 , A.-P. Leppänen1 , P. Nieminen1 , J. Pakarinen1 , P. Rahkila1 ,
C. Scholey1 , J. Uusitalo1 , A.N. Andreyev2 , R.D. Page2 , D. Wiseman2 , D. G. Jenkins3 ,
P. Joshi3 , P. Raddon3 , R. Wadsworth3 , A. Wilkinson3, E. Bouchez4 , A. Chatillon4 , A.
Goergen4 , W. Korten4 , Y. Le Coz4 , Ch. Theisen4 , J. Wilson4 , M. Huyse5 , P. Van Duppen5
and K. Van de Vel5
1

Department of Physics, University of Jyväskylä, Finland
Oliver Lodge Laboratory, Department of Physics, University of Liverpool, UK
3
Department of Physics, University of York, UK
4
DAPNIA/SPhN Saclay CEA Saclay, France
5
IKS University of Leuven, Leuven, Belgium

2

One of the recent highlights in studies of exotic nuclei has been the discovery of three
possible shapes of the 186 Pb nucleus in the vicinity of its ground state [1]. In the 0+
ground state the 186 Pb nucleus is spherical. It is unique that two first excited states of
186
Pb identified in alpha-decay studies have also been found to be 0 + states and associated
with oblate and prolate deformation, respectively.
An yrast prolate rotational band in 186 Pb observed in earlier in-beam experiments confirms
the existence of the low-lying prolate potential energy minimum. It would be important
to confirm the existence of the oblate minimum by observing a rotational band based on
the oblate 0+ state.
Detailed studies of 186 Pb have so far been very difficult as it can be produced in fusion
evaporation reactions with cross-sections of the order of only 100 microbarn. By employing the joint-European JUROGAM array at the RITU gas-filled separator and the
GREAT focal-plane spectrometer at JYFL we performed a Recoil-Decay-Tagging inbeam gamma-ray experiment for 186 Pb. High statistics gamma-gamma coincidence data
were collected from the 106 Pd(83 Kr,3n)186 Pb reactions enabling us to identify the yrast
prolate band and a new non-yrast band. Properties of this new band and its relation to
nuclear shapes will be discussed.
[1] A. N. Andreyev et al., Nature Vol 405 (25 MAY 2000) 430-433
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IN-BEAM GAMMA-RAY SPECTROSCOPY OF 254NO
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Department of Physics, P.O.B. 35(YFL), FIN-40014 UNIVERSITY OF JYVÄSKYLÄ,
Finland

An experiment has been performed at JYFL to study 254No via in-beam gamma-ray
spectroscopy. The new set-up of the Jurogam Ge-array coupled to the upgraded RITU
separator system and the focal plane detector system GREAT was used for the first time
with great success.
Studying the transfermium elements probes the limits of nuclear stability. In order to
optimise theoretical predictions, experimental spectroscopic information is required.
With the advancements and developments of both spectrometer and acquisition techniques these studies are now possible.
The nucleus 254No was produced via the 208Pb(48Ca,2n) fusion evaporation reaction with
a cross section of 3 µbarn. Due to the overwhelming fission background, the gammarays of interest can not be observed by normal in-beam gamma-ray spectroscopy. The
selective recoil-decay tagging technique was used to unambiguously identify the nuclei
of interest from the background.
Preliminary analysis has shown the presence of new transitions in the rotational band
build on the ground state of 254No as well as indications for the presence of non-yrast
states. These new data will be presented.
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THE JYFLTRAP TRIPLE TRAP SYSTEM AT THE IGISOL FACILITY
U. Hager , S. Kopecky , T. Eronen , S. Rinta-Antila , A. Nieminen , J. Hakala , A. Jokinen ,
J. Äystö
Department of Physics, P.O.B. 35 (YFL), FIN-40014 University of Jyväskylä, Finland

The IGISOL (Ion Guide Isotope Separator OnLine) facility provides beams of exotic
nuclei far from stability, its advantages being its chemical insensitivity and fast (sub-ms)
extraction times. To analyse these beams, the JYFLTRAP setup, consisting of an RFQ
cooler/buncher and a double Penning trap has been installed.
The RFQ (Radio-Frequency Quadrupole) cooler/buncher is an ion trap, which confines
the ions in radial direction by an oscillating electric quadrupole field, and in axial
direction by a static electric potential well.
The Penning trap employs a strong magnetic field combined with an electric quadrupole
field to trap ions. In the case of JYFLTRAP, two Penning traps are housed in the warm
bore of a 7T superconducting magnet.
To improve the overall quality of the beam coming from IGISOL, and reduce the beam’s
energy spread and emittance, it is first cooled and bunched in the RFQ-cooler/buncher,
resulting in a reduced transverse emittance of ∼ 3π − mm − mrad at 40kV and decreased
energy spread of ∼ 1eV of the beam. The transmission efficiency of the RFQ is about
50%.
From the RFQ the beam can be either transferred to a collinear laser spectroscopy setup,
or injected into the first Penning trap for isobaric purification. The mass resolving power
of this trap is up to 145000, and its shoot-through transmission about 30%. The beam
can then be extracted directly and shot to a tape station, allowing for decay spectroscopy
with an isobarically pure beam.
Alternatively, the beam can be transferred into the second Penning trap for precision
mass measurements. With this setup, it has been possible to reach an accuracy of 10 −8 .
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T. Lönnroth, M. Guttormsen, R. Chankova, A.C. Sunde, A. Schiller and A. Voinov


Department of Physics, Åbo Akademi, FIN-20500 Turku, Finland

 Department of Physics and Cyclotron Laboratory, University of Oslo, Norway
Frank Laboratory of Neutron Physics, JINR, Dubna, Russia

Experimentally observed -particle resonances, see e.g. [1, 2, 3], are unbound. These
states are narrow and the elastic cross section for these processes are large. One may
then ask, that since the -resonances occur at excitation energies 10-25 MeV, but are
narrow, and large cross section points to little channel mixing, what is the level density at
these energies? This question was, in fact, addressed already four decades ago in neutron
resonance studies [5], but the results, low densities in light systems, have been forgotten.
A method has been developed [4, 6] that allows (almost) model-independent extraction
of level densities up to fairly high excitation energy. The analysis relies on the hypothesis
that the -ray matrix can be factorized as    !"  # Here,  is the
level density and is the radiative transmission coefficient. Since our experimental level
density data points only reach up to an excitation energy of %$&(') MeV, we
 9 : extrap 9 : ;=<
7

olate with the back-shifted Fermi gas model  *,+  (-./ 0 132 4,5 6 7( 8 )!4 5 46
>
&
'
where a constant  .  is introduced to fix  * + to the experimental level
density
at
.
New


results [7] for
Si are obtained. Preliminary new results for V and Mo are also
discussed, as are upcoming experiments. Our work shows that the cluster states indeed
lie at excitations where the level density is still fairly low.

[1]
[2]
[3]
[4]
[5]
[6]
[7]
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IGISOL 3 at JYFL
P. Karvonen1, H. Penttilä1, P.Dendooven2, V.V.Elomaa1, A. Kankainen1, A. Nieminen3,
J.Huikari1, S. Rinta-Antila1, A.Popov1, Y.Wang1, P. Campbell3, J. Billowes3, T. Eronen1,
U.Hagert1, J.Hakala1, A.Jokinen1, S. Kopecky1 and J.Äystö1
1

Department of Physics, University of Jyväskylä, P.O.Box 35 YFL,
FIN-40014 Jyväskylän yliopisto, Finland
2
KVI, Zernikelaan 25, 9747 AA Groningen, The Netherlands
3
Nuclear Physics Group, Schuster Laboratory, University of Manchester,
Brunswick Street, Manchester, M13 9PL, United Kingdom.

The IGISOL facility at JYFL was reborn after a 5 month shutdown on December 4, 2003,
when a beam of 58Cu 1+ ions was implanted in front of a beta ray detector at the central
beam line of the separator beam yard. The ions were produced via the 58Ni(p,n;
Ep=18 MeV) 58Cu reaction. The yield normalized by the primary proton beam intensity was
fivefold as compared with the yield measured just before the start of the upgrade [1].
The IGISOL upgrade project was launched a few years ago after it had become clear that
the new ion beam handling devices such as the ion cooler [2] and the mass purification
Penning trap [3] would make the front end of the IGISOL mass separator the weakest link
of the facility. The goal of upgrade was to improve the separator beam quality and increase
its intensity by means of more effective pumping and better radiation shielding. This will
allow full use of the high intensity light ion beams now available at the K130 cyclotron. [4]
To improve the radiation shielding of the IGISOL target area the back wall of the cave was
thickened by one meter of concrete and the beam dump around the primary beam stop was
reconstructed. Pumping efficiency in the most crucial region was increased by replacing a
2000 l/s oil diffusion pump by an 8000 l/s one and by widening the pumping channels. The
ion guide was modified, all the valves and electrodes in the high radiation area were
switched from manual to remote controlled, and the separator vacuum system was taken
under computer control.
The performance of the upgraded separator front end is currently being intensively studied.
Very tentative yields of 400 ions/µC for 31Si, 1500 ions/µC for 58Cu and 17000 ions/µC for
66
Ga can be compared with 150, 350 and 2500 ions/µC , respectively, before the upgrade. A
more detailed description of the outcome of the upgrade is given at the time of the meeting.
[1] J. Huikari, Ph. D. Thesis, JYFL Research Report 10/2003.
[2] A. Nieminen, Ph. D. Thesis, JYFL Research Report 1/2002.
[3] V.S. Kolhinen, Ph. D. Thesis, JYFL Research Report 3/2003.
[4] H. Penttilä et al, Proceedings of the Third International Conference on Fission and
Properties of Neutron-Rich Nuclei, Sanibel Island, Florida, November 3-8, 2002, p. 611.

65

3.10

3. Particle and nuclear physics I

NEW COMPUTER PROGRAM FOR LARGE NUCLEAR SHELL MODEL CALCULATIONS
J. Toivanen and J. Suhonen
Dept. of Physics, P.O.B. 35, FIN-40014 University of Jyväskylä, Finland

A new Shell Model (SM) program, EICODE, has been developed at the Department of
Physics, Jyväskylä. The performance of the program easily surpasses the old workhorse,
OXBASH [1], allowing calculated nuclear wave functions have up to one billion (10 9 )
Slater determinants.
EICODE is based on the same operating principles as the SM programs ANTOINE and
NATHAN [2] and their predecessors [3], but is programmed using Fortran 95 language
instead of Fortran 77. Using Fortran 95 has allowed us to keep the program size small
and its structure easy to understand. The current stable version of EICODE can perform
the following tasks:
• Has many ways to restrict allowed particle configurations on single particle levels,
• Can diagonalise a Hamiltonian operator to find its lowest eigenstates,
• Can diagonalise the T̂ 2 operator to find isospin eigenstates,
• Can Calculate one-body transition densities (OBTD),
• Can evaluate electromagnetic BE/BM transition rates,
• Can evaluate Gamow-Teller and Fermi transition rates,
EICODE belongs to the “second generation” of SM programs. The old generation programs suffered from bad performance when matrix dimensions were very high, due to the
large amount of data that had to be moved between data storage and central memory. In
contrast, EICODE achieves simultaneous high speed and low matrix storage size by calculating Hamiltonian matrix elements “on the fly” during matrix-vector operations, using
only relatively small amount of precalculated data.
The current version of EICODE works only in serial machines. However, the method by
which the code makes matrix-vector products is easily parallelisable. Work is in progress
to produce parallel version of EICODE that uses MPI or OpenMP.
[1] B.A Brown, A Etchegoyen, W.D.M Rae and N.S Godwin, MSCU-NSCL Report number 524.
[2] E. Caurier et al. Phys. Rev. C59 (1999) 2033.
[3] J. B. French et al. Adv. Nucl. Phys. 3 (1969) 193.
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ENERGY LOSS OF ALPHA PARTICLES IN NICKEL
T. Malkiewicz, W.H. Trzaska, J. Perkowski* and V. Lyapin
Department of Physics, PB 35 (YFL) FIN-40014, UNIVERSITY OF JYVÄSKYLÄ,
Finland
*University of Lódz, Nuclear Physics Division, Poland

Energy loss of charged heavy ions in thin foils has been measured using the Time of
Flight- Energy method (TOF -E method) [1,2]. The measurement used 6 MeV/u beam
from the JYFL cyclotron scattered at 20 degrees on various targets. In this approach
(TOF -E), a broad energy spectrum of ions is used and the matching of energies before,
and after an absorber is done with time of flight. The role of TOF spectrometer is twofold: to tag all of registered ions with their intial velocities and to obtain energy calibration of silicon detector at low energies, where there are no calibration points. TOF-E
method works best at high energies. For lower ones Pulse Height Defect has to be taken
into account [3]. The crucial part in data analysis was a development of sophisticated
computer program to enable extensive sorting of the data with full visual control. The
results of stopping power of alpha particles in nickel in the range 0.6 -24 MeV (0.15 - 6
MeV/u) are presented. Deviations from SRIM 2003 [4] predictions are observed at low
4He energies (0.6-1 MeV). Above 1 MeV the agreement is good.
[l] W.H. Trzaska et. al.. Nuci. Instr. and Meth. B 195 (2002) 147
[2] W.H. Trzaska et. al.. Nuci. Instr. and Meth. B 183 (2001) 203
[3] T. Malkiewicz, December 2003, MSc thesis at the University of Jyväskylä, Finland
[4] J.F. Ziegler, SRIM 2003.20, computer code, Annapolis, MD USA (2003),
www.srim.org
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YIELD OF HEAVY FISSION FRAGMENTS IN p-INDUCED FISSION OF 238U
H. Penttilä, Y. Wang, J. Hakala , J. Huikari, A. Kankainen, P. Karvonen, A. Nieminen,
A. Popov, S. Rinta-Antila, A. Jokinen and J. Äystö
Department of Physics, University of Jyväskylä, P.O.Box 35 YFL,
FIN-40014 Jyväskylän yliopisto, Finland

The yields of fission fragments with mass A = 155 - 166 in proton induced fission of 238U
were experimentally studied using the IGISOL technique [1,2]. This particular region of
neutron rich nuclei is of special interest because it lies farther from the closed shells than
any other area in the chart of nuclides. The nuclei are expected to be very soft against
deformations and e.g. the effect of deformation on the beta decay rate can be studied. To
study the feasibility of this region for nuclear spectroscopy work the yields of different
nuclear species in proton induced fission were determined.
In the experiment the fission fragments were mass separated using the ion guide technique
and implanted in a movable tape inside of a nominally 60% efficient beta particle detector
surrounded by two coaxial Ge detectors for gamma rays and a planar Ge for x-rays and low
energy gamma rays. The experiment consisted of runs where the activity was collected on
immovable tape so that the activity of the most produced species was in saturation level,
and runs where the tape was periodically moved to enhance the short-lived activities and
improve their visibility.
The experimentally deduced cumulative and independent yields are compared with
theoretical calculations [3] and with the evaporation residue yields from relativistic
spallation/fission of 238U [4].
[1] J. Äystö, Nuclear Physics A 693 (2001) 477 - 494.
[2] J. Huikari, Ph. D. Thesis, JYFL Research Report 10/2003.
[3] V. A. Rubchenya et al., Nucl. Instrum. Meth. A 463 (2001) 653 - 662.
[4] J. Taïeb et al, Nuclear Physics A 724 (2003) 413 - 430.

68

3. Particle and nuclear physics I

3.13

JUROGAM
P. Jones T. Grahn, J. Pakarinen, S. Eeckhaudt, P. Greenlees, R. Julin, S. Juutinen, H.
Kettunen, M. Leino, A-P. Leppänen, P. Nieminen, M. Nyman, P. Rahkila, C. Scholey, J.
Uusitalo
Department of Physics, University of Jyväskylä, P.O.Box 35 (YFL), FIN-40014, Finland

The JUROGAM spectrometer is the latest in the series of gamma-ray arrays to be hosted
by the Department of Physics, University of Jyväskylä. Coupled with the RITU gas-filled
separator and the GREAT focal plane spectrometer, it forms one of the most powerful
tools for in-beam gamma-ray studies using the recoil-decay-tagging technique.
JUROGAM comprises of 43 Compton-suppressed large volume germanium detectors,
formed from the EUROBALL spectrometer and UK-France loan pool detectors. Building
on the experience of the Jurosphere campaigns, the device is more efficient ( 4.2%
@1.3MeV) and due to the larger number of detectors, is far more sensitive for gammagamma detection than previous arrays at RITU.
The array has been successfully completed its first campaign of 13 experiments in 2003
and will continue in spring 2004. A description of the JUROGAM array will be presented
together with highlights of the campaign.

Figure 1: The JUROGAM array in conjunction with the RITU gas-filled separator.
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LIGHT NUCLEI: ALPHA-PARTICLE RESONANCES, LEVEL DENSITIES,
SHELL-MODEL QUARTETS, AND ALL THAT
Tom Lönnroth
Department of Physics, Åbo Akademi, Porthansgatan 3, FIN-20500 Turku, Finland

 

     

Nucleons and -particles interact with the nucleus via a potential
,
that may be energy dependent. For positive energies it is called the optical potential,
   ), it is called the shell model (SM) potential, see
but for negative (and then
[1]. This potential should then describe both bound and (quasi-)unbound states. Experimentally observed resonances, in e.g. elastic -particle scattering for   Si   S
[2] or   O /   Ne    Ne /   Mg [5], are unbound. Since these states are narrow, or
"!$#%  keV (& lifetimes  100 transit times!), they may
long-lived, with widths  
be called quasi-bound states, or Gamow states. In addition, the cross section for these
processes are large.
A naturally arising question is then: Since the -resonances occur at excitation energies
10-25 MeV, but are narrow, and large cross section points to little channel mixing, what
is the level density at these energies? ’Large’ is the common answer. However, we argue
that this is not the case, and a recent first experiment to determine level densities in  ' (   Si,
see [3], seems to support our ideas. In fact, already four decades ago this was argued [4],
but the facts seem to have fallen into oblivion. Because the resonances are narrow, i.e.
quasi-bound, one should be able to calculate in a SM description all states up to a certain
(high) excitation energy. A first attempt was done for the -dacay of  ) O in [6] using a
standard SM code [7]. We have performed a corresponding analysis of -clusterization
in  * Ne [8]. Very similar results, fairly low level densities, for  + Mg were obtained in [9].
Acknowledgement. This work is a collaboration with the Kurchatov Institute (contact
person V.Z. Goldberg), Jyväskylä (W.H. Trzaska), Oslo (M. Guttormsen), Dubna (M.S.
Golovkov) and Catania (M. Lattuada), which I thus gratefully acknowledge.
[1]
[2]
[3]
[4]
[5]
[6]
[7]
[8]
[9]
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A. Gilbert and A.G.W. Cameron, Can. J. Phys. 43, 1446 (1965)
V.Z. Goldberg et al., Phys. Rev. C, in press
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COLLINEAR CLUSTER TRIPARTITION PRELIMINARILY CONFIRMED
W.H.Trzaska1,4, Yu.V.Pyatkov2,3, D.V. Kamanin3, S.R. Yamaletdinov1
1

Department of Physics of University of Jyväskylä, Finland
Moscow Engineering Physics Institute, Russia
3
Joint Institute for Nuclear Research, Dubna, Russia
4
Helsinki Institute of Physics, Finland
2

In our previous works [1] we have discussed experimental indications of a new
type of nuclear decay called by us as ”collinear cluster tripartition” (CCT).
Recently we have performed a new experiment at the modified 4π-spectrometer
FOBOS [2] installed at the FLNR of the JINR. A multi-armed time-of-flight + energy
(TOF-E) scheme was used to extract fission fragment masses from the decay of 252Cf
nucleus. The details of the experiment were reported elsewhere [3]. All in all 2 million
events were processed from the measurement involving 6 pairs of FOBOS modules.
The final, gated mass-mass
matrix is plotted in Fig.1. The residual
binary fission events stay symmetrically in two peaks around the mass
126 while the remaining space is relatively background-free. However,
around the mass 75 a distinct group of
correlated events is visible forming a
rectangle. The corners of the rectangle
correspond to the masses of magic nuclei: 68Ni and 84Se/86Kr. We thus interpret these events as originating from
the three-fold decay of Cf nucleus
dominated by the 3 clusters: 68Ni, 84Se
and 86Kr. Due to the collinear configuration at scission, most energy is carFig. 1Velocity and momentum gated mass-mass
ried out by the 2 external clusters of
spectrum obtained with 4 FOBOS spectrometer.
the chain-like pre-scission configuration leaving the central massive (~100 a.m.u.) fragment nearly at rest.
Currently we are continuing the measurements at the modified FOBOS set up
and we are preparing a dedicated experiment at JYFL. With the new data we should be
able to reach the definitive conclusion about the presence of CCT in fission. For now
however this new and exotic type of nuclear decay of 252Cf nucleus can be considered as
preliminarily confirmed.
[1] Yu.V. Pyatkov et al., Proc. Int. Symp. On Exotic Nuclei, Baikal Lake, Russia, July
24-28, 2001, World Scientific, p. 181 and references therein.
[2] H.-G. Ortlepp et al., Nucl. Instr. and Meth. A 403 (1998) 65.
[3] D.V. Kamanin et al., Physics of Atomic Nuclei, Vol. 66 (2003) 1655
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SPECTROSCOPY OF 252
102 No WITH RECOIL-ALPHA AND RECOIL -FISSION
TAGGING METHODS
A.-P. Leppänen1, R.-D. Herzberg2, N. Amzal2, F. Becker5, P.A.Butler2, A.J.C.
Chewter2, J.F.C. Cocks1, O. Dorvaux1, K. Eskola3, J. Gerl4, P.T. Greenlees1, N.J.
Hammond2, K. Hauschild5, K. Helariutta3, F.-P. Heßberger4, M. Houry5, G.D. Jones2,
P.M. Jones1, R. Julin1, S. Juutinen1, H. Kankaanpää1, H. Kettunen1, T.-L. Khoo6, W.
Korten5, P. Kuusiniemi1, Y. Le Coz5, M. Leino1, C.J. Lister6, R. Lucas5, M. Muikku1, P.
Nieminen1, R.D. Page2, P. Rahkila1, P. Reiter7, Ch. Schlegel4, C. Scholey2, O.
Stezowski2, Ch. Theisen5, W.H. Trzaska3, J. Uusitalo1 and H.-J. Wollersheim4
11

University of Jyväskylä, Department of Physics, P.O.B 35, 40014 Jyväskylä, Finland
Oliver Lodge Laboratory, University of Liverpool, Liverpool L69 7ZE, UK
3
Department of Physical sciences, University of Helsinki, 00014 Helsinki, Finland
4
Gesellschaft für Schwerionenforsschung, D-64291 Darmstadt, Germany
5
DAPNIA/SPhN CEA-Saclay, F-91191 Gif-sur-Yvette, France
6
Argonne National Laboratory, Argonne, Illinois 60439, USA
7
Ludwig Maximilians Universität, München, Germany

2

The understanding of the structure of the heaviest elements, in particular, super heavy
elements (SHE), is essential for the development of the mean field theories that are used
to predict nuclear properties far from stability [1]. In this presentation a study of the
252
206
Pb( 48 Ca , 2n ) reaction is performed. The experiment was carried
102 No nucleus via the
out in the summer of 1999 with JUROSPEHERE II array coupled to the gas-filled separator RITU at JYFL [2]. The first analysis was done by R.-D. Herzberg by using recoilalpha-tagging method and the results were published in ref. [3]. In this work more statis252
tics were added to the recoil-tagged spectrum by using spontaneous fission of 102
No .
The fission branch of 252
102 No is approximately 27%. The fission events can be detected
close to 100% efficiency while the alpha collection efficiency (full energy) is approximately 50%. In this case this leads to a loss of tagged in-beam data if only alpha decays
are used for recoil decay tagging. In this work fission tagged γ-ray spectrum was combined with alpha tagged spectrum and the statistics was almost doubled. The new combined alpha and fission tagged γ-ray spectrum confirmed the 4 highest transitions which
where previously uncertain. Also this study strenghten the proof that the spontaneous
fission originates from the same initial state as alpha decay does. Previously events were
lost due to fission but now they can be included in the analysis.
[1] S. wiok et al., Nucl. Phys. A611, 211 (1996).
[2] M. Leino et al., NIM Phys. Res. B 99, 653 (1995).
[3] R.-D. Herzberg, Phys. Rev. C, vol. 65, 014303 (2001).
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OPTICAL SPECTROSCOPY OF SHORT-LIVED ISOMERS AT THE IGISOL
FACILITY
I.D. Moore1, M. Avgoulea2, J. Billowes2, P. Campbell2, B. Cheal3, K.T. Flanagan2, D.H.
Forest3, M. Gardener3, J. Huikari1, B.A. Marsh2, R. Moore2, A. Nieminen1, H. Penttila1,
G. Tungate3 and J. Äystö1
1

Department of Physics, PB 35 (YFL), FIN-40014, University of Jyväskylä, Finland
Schuster Laboratory, University of Manchester, Manchester M13 9PL, UK
3
School of Physics and Astronomy, University of Birmingham, Birmingham B15 2TT,
UK
2

Model-independent data on the structure of isomeric nuclear states can be readily derived from high-resolution optical measurements of the isomers’ atomic structure. At
JYFL, University of Jyväskylä, such measurements are now performed on species with
production rates of order 100 ions per second and for lifetimes as short as ~ 1 ms.
To facilitate the measurements, high energy (MeV) nuclear reaction products are slowed
and thermalized in a He-gas jet, mass analyzed and injected into a linear trap where they
are cooled to sub-eV energies. The cooled ensembles are then re-accelerated and optically studied in flight. The entire process is fast and typical sample preparation times are
of order 1 ms.
Results obtained from recent studies of high-K isomers in barium and ytterbium will be
presented. The effects of nuclear pairing and nuclear rigidity in the size and shape of
these isomers will be discussed.
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ENERGY DENSITY PERTURBATIONS IN THE EARLY UNIVERSE
V. Muhonen
Fysiikan tutkimuslaitos

Expectations for cosmological parameter determination from the Planck satellite data and
their implications for the nature of primordial density perturbations are described from a
cosmologist’s point of view. The main focus is on the properties of the matter/radiation
fuctuations at recombination. The role of adiabatic and isocurvature perturbations are discussed, together with the work done to extract the isocurvature component from WMAP
and Planck data.
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THE INTEGRATED SACHS-WOLFE EFFECT AS A PROBE OF NONSTANDARD COSMOLOGICAL EVOLUTION
T. Multamäki and Ø. Elgarøy



NORDITA, Blegdamsvej 17, DK-2100 Copenhagen, Denmark



Institute of theoretical astrophysics, University of Oslo, P.O. Box 1029, 0315 Oslo,
Norway

The Integrated Sachs-Wolfe effect is studied in non-standard cosmologies. By considering flat universes with a non-fluctuating dark energy component, it is shown how the
large scale power of the Cosmic Microwave Background (CMB) can be suppressed by
atypical evolution of the scale factor. For example, a brief period of non-standard evolution at a high redshift can suppress the quadrupole significantly. The effect on the overall
normalization of the CMB power spectrum is also discussed. Non-standard cosmologies
can affect the overall normalization significantly and enhance the primordial fluctuations.
The possibility of constraining such non-standard models with CMB and independent
measures of  , is considered.

75

4.3

4. Astro- and space physics and cosmology I

PHYSICS OF X-RAY EMISSION FROM ACCRETING MILLISECOND
PULSARS
J. Poutanen
Astronomy Division, FIN-90014 University of Oulu, Finland

The pulse profiles of the accreting X-ray millisecond pulsar SAX J1808.4-3658 at different energies are studied. The two main emission component, the black body and the
Comptonized tail that are clearly identified in the time-averaged spectrum, show strong
variability with the first component lagging the second one. The observed variability
can be explained if the emission is produced by Comptonization in a hot slab (radiative
shock) of Thomson optical depth 0.3-1 at the neutron star surface. The black body radiation is strongly beamed along the normal to the slab (a pencil-like emission pattern),
while the Comptonized emission has a broader angular distribution (a fan-like pattern).
We construct a detailed model of the X-ray production accounting for the Doppler boosting, relativistic aberration and gravitational light bending in the Schwarzschild spacetime.
Our model reproduces well the pulse profiles at different energies simultaneously, corresponding phase lags, as well as the time-averaged spectrum. We determine the radius
of the neutron star to be 11 km km if its mass is 1.6 solar masses. Constraints are obtained for other physical parameters of the system. Comparison is made to other recently
discovered accreting millisecond pulsars. Details can be found in [1].
[1] J. Poutanen and M. Gierliński, MNRAS, 343, 1301 (2003).
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EFFECTS OF DEGENERATE STERILE NEUTRINOS ON ASTROPHYSICAL
NEUTRINO FLUXES
P. Keränen 1 , J. Maalampi 2 , M. Myyryläinen 2 and J. Riittinen 2
1
2

Nordita, Blegdamsvej 17, DK-2100 Copenhagen, Denmark
Department of Physics, P.O.B. 35 (YFL), FIN-40014 University of Jyväskylä, Finland

We consider the possibility that there exist sterile neutrinos which are closely degenerate
in mass with the active neutrinos and mixed with them. Such neutrinos may have escaped
detection in experiments performed so far. They can, however, reveal themselves through
astronomical-scale baselines. We investigate how these sterile states would affect the
fluxes of ultrahigh-energy cosmic neutrinos [1] and the fluxes of supernova neutrinos [2]
measured at the Earth. In former case sterile neutrinos may change the ratio of the electron
and muon neutrino flux by -40% to 70% in comparison with the ratio in the absence of
active-sterile mixing. In supernova, if an adiabatic MSW-transition between active and
sterile neutrinos takes place, the electron neutrino flux could dramatically diminish.
[1] P. Keränen, J. Maalampi, M. Myyryläinen and J. Riittinen, Phys. Lett. B 574 (2003)
162, hep-ph/0307041.
[2] P. Keränen, J. Maalampi, M. Myyryläinen and J. Riittinen, hep-ph/0401082.
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DYNAMICAL AND PHOTOMETRIC MODELING OF SATURN’S RINGS
H. Salo
Department of Physical Sciences, P.O.B. 3000, FIN-90014 University of Oulu, Finland

The local dynamics of Saturn’s rings is governed by the energy balance between the
collisional dissipation in mutual physical impacts and the viscous gain of energy from
systematic orbital rotation. Details of the resulting steady-state (e.g velocity dispersion,
geometric thickness, viscosity) depend mainly on the elastic properties of particles, besides the internal density and the distribution of particle sizes. Depending on the implied
viscosity versus surface density behavior, the ring can be either stable or unstable against
the growth of local perturbations. Two types of possible instabilities, the viscous overstability [1, 2] and the viscous instability, are briefly discussed: the former may arise if the
particles are rather dissipative, while the latter requires very elastic impacts, respectively;
however, in both cases the required elasticity is within the uncertainties of existing laboratory measurements. The main motivation behind studying these instability mechanisms
is the richness of observed density structures in Saturn’s rings, reveled by Voyager-flybys
in 1980s, remaining still largely unexplained.
Since the physical particle properties are difficult to estimate directly (and will remain so
even on the Cassini era), indirect photometric means are used for constraining them. For
this purpose we use dynamical N-body simulations, combined with photometric Monte
Carlo calculations, giving the reflection and transmission properties of the simulated ring
models. In particular, global photometric properties of rings are sensitive to their volume
filling factor, which can be used to confine the particle elasticity via the implied geometric
thickness of the rings. In addition, the A-ring azimuthal brightness asymmetry is likely to
result from trailing wake structures formed due to ring particles’ mutual self-gravity [3]:
modeling this phenomena provides additional constraints for both the internal density and
elasticity of particles, as the strength of wakes is very sensitive to the local velocity dispersion and surface density. Results from our ongoing modeling of Voyager data ([4]; Salo,
Karjalainen and French, submitted to Icarus) and Hubble Space Telescope data (French,
Salo, Dones and McGhee, in preparation) are presented. Application of similar methods
to forthcoming Cassini data will provide stringent constraints for particle properties and
the surface density and velocity dispersion in rings.
[1]
[2]
[3]
[4]
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ASTEROID IMPACT RISK ASSESSMENT AT DISCOVERY
J. Virtanen K. Muinonen and M. Granvik
Observatory, P.O.B. 14 FIN-00014 University of Helsinki, Finland

We study the evaluation of the asteroid impact risk for very short observational arcs using computation tools based on the technique of statistical orbital ranging [1]. While
the asteroid impact risk has now been actively monitored for roughly 5 years, several
new objects having non-zero probabilities for an Earth impact within the next century are
identified each year. As more observations roll in for the discovered objects, the uncertainties in their orbits are reduced and most of them are removed from the list of impactor
candidates, usually in days or weeks after the discovery.
We attack the problem of impact risk assessment at the very moment of discovery. The
indeterminacy of this problem is due to the ill-posed inverse problem of computing the
orbit from a small number of observations. With statistical orbit computation techniques,
the probability density of the orbital parameters, and in turn the impact probability [2],
can be evaluated rigorously even for exiguous data. While the strict probabilistic interpretation of inversion results based on very small numbers of observations may be in doubt,
the data does nevertheless contain information on the orbital characteristics of the object,
such as on the minimum encounter distance with the planets in the near future.
As an example we present the recent case of near-Earth asteroid (NEO) 2004 AS . This
asteroid was discovered on January 13, 2004. The first observational data comprised of
four observations
hour apart and follow-up attempts failed on the same night due
to the large uncertainties in the orbit and therefore in the ephemeris prediction. Since
one night observations are not released to the scientific community automatically, the
only source of information at the moment were Minor Planet Center ephemerides, which
showed a rapid increase in apparent brightness and, when propagated two nights forward
to January 15, an impact in the center of the Earth (diameter estimates ranged from 5 to
50 meters). New observations were obtained on the following night, which confirmed that
the object was indeed real (new size estimate 400 m) and also removed the risk of the
immediate impact.






We present the results of our analysis of the intial 2004 AS data. This includes the
orbital and ephemeris uncertainties from statistical ranging and the results from outlier
detection and impact risk assessment algorithms after the discovery night. This work
also has implications for the Nordic NEO observing programme at the Nordic Optical
Telescope and ESA’s planned GAIA mission.
[1] J. Virtanen, K. Muinonen and E. Bowell, Icarus 154 (2001) 412.
[2] K. Muinonen, J. Virtanen and E. Bowell, Celest. Mech. and Dyn. Astron. 8 (2001)
93.
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WATER MASERS IN DUSTY ENVIRONMENTS
N. Babkovskaia and J. Poutanen
Astronomy Division, P.O.Box 3000, FIN-90014 University of Oulu, Finland



  
       
 

   

We study in details a pumping mechanism for the
cm maser transition
in ortho-H O based on the difference between gas and dust temperatures. The upper
maser level is populated radiatively through
and
transitions. The
heat sink is realized by absorbing the 45
photons, corresponding to the
transition, by cold dust. We compute the inversion of maser level populations in the
optically thick medium as a function of the hydrogen concentration, the gas-to-dust mass
ratio, and the difference between the gas and the dust temperatures. The main results of
numerical simulations are interpreted in terms of a simplified four-level model. We show
that the maser strength depends mostly on the product of hydrogen concentration and the
dust-to-water mass ratio but not on the size distribution of the dust particles or their type.
We also suggest approximate formulae that describe accurately the inversion and can be
used for fast calculations of the maser luminosity. Depending on the gas temperature,
the maximum maser luminosity is reached when the water concentration
times the dust-to-hydrogen mass ratio, and the inversion completely disappears
at density just an order of magnitude larger. For the dust temperature of 130 K, the
transition becomes inverted already at the temperature difference of
K, while other possible masing transitions require a larger
K. We identify the
region of the parameter space where other ortho- and para-water masing transitions can
appear. Details can be found in [1].
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[1] N. Babkovskaia and J. Poutanen, A&A, in press (2004), astro-ph/0401210
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THE FINNISH X-RAY MICRO-SATELLITE HEAWIFM
J. Huovelin1, J. Turunen2, P. Hakala1, K. Boyarchuk3, J. Stenberg4, S. Nenonen5, H.
Andersson5, S. Korpela6 , K. Kurvinen8 a, Risto Orava,7,8 and G. Fraser9
1

Observatory, P.O.B. 14, FIN-00014 UNIVERSITY OF HELSINKI, Finland
Department of Physics, UNIVERSITY OF JOENSUU, Finland
3
Institute of Terrestrial Magnetism and Radiowave Propagation, IZMIRAN, Russia
4
Patria Advanced Solutions, Tampere, Finland
5
Metorex International, Espoo, Finland
6
Space Systems Finland, Espoo, Finland
7
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2

Our plan for a Finnish national satellite is presented. The name of the mission is
HEAWiFM (High Energy Astrophysics with a Wide Field Monitor).
The satellite includes a Russian platform (S/C) and telemetry system, and the planned
launch is from a submarine organized by a Russian operator. Russian Federation also
provides a satellite command facility to be implemented in Finland.
The payload includes scientific instruments for wide field imaging in X-rays and optical
wavelengths. The payload will be designed and manufactured primarily in Finland, the
only major part from foreign countries (UK/France) being the X-ray optics. Several ongoing technological development areas in Finland are utilized and combined for the development of the instruments, and the satellite will be the first platform for several new
space instrument technology applications. Scientific planning of the satellite is organised by an experienced Finnish team, with external members from foreign institutes.
This presentation describes the scientific and technological goals of present plan, and a
preliminary mission implementation plan.
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INTEGRAL JEM-X INSTRUMENT BACKGROUND MODELLING




S. Maisala J. Huovelin , J. Schultz , N. Lund and N. J. Westergard
Observatory, Kopernikuksentie 1, FIN-00014 University of Helsinki, Finland


DSRI, Copenhagen, Denmark

Background events correction is one of the intractable problems in JEM-X science data
analysis. From the observational point of view, the background consists of two main
components, the sky and the instrument background. Major part of the instrument background does not come via the mask but the signal from the sky background is processed
and modified similarly with the signal from the observed targets.[1]
We present here how the JEM-X background problem is solved by using background
models that have been generated from source-free JEM-X science windows. The general
purpose of the background handling is to provide an estimate of the background contribution in JEM-X results of the background models which have been generated from blank
field observations. The background is handled as two separate components, the diffuse
background and the instrument background. The determination of the background is a
multistep procedure, which utilites an independent set of background catalogues which
are categorized as:
Spectral models


Spatial models




Scaling factors

These models are used by JEM-X background modelling software which produces an estimate of the diffuse and instrument background counts for the specified time interval in
each spectral channel and spatial coordinate on the detector. The JEM-X instrument specific software (ISSW) has been designed to permit accounting for various effects and dependencies of background and background modelling is made using external background
libraries. Detailed description of the software can be found in the Architectural Design
Document (ADD) [2].
[1] Huovelin J., Maisala S., J. Schultz, et.al., A&A 411, L253-L256 (2003)
[2] Oxborrow C. A., Kretschmar P., Maisala S., et.al., ADD, DSRI homepage
www.dsri.dk (2003)
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OPTICAL BURSTS IN THE EVOLVING LIGHT CURVES OF THE X-RAY
BINARY UW CrB
P. Muhli, P.J. Hakala, L. Hjalmarsdotter, D. Hannikainen and J. Schultz
Observatory, P.O.B. 14, FIN-00014 University of Helsinki, Finland

A handful of Galactic Low Mass X-ray Binaries (LMXB), consisting of a neutron star or
black hole primary and a mass-donating dwarf secondary, exhibit drastically and rapidly
evolving optical and/or X-ray light curves. The time scale of significant morphological
changes in the pulse shape can be of the order of a few orbital cycles only. In some cases
the shape of the light curve seems to evolve in a repeated manner with a superorbital
period, which is 50-100 times longer than the orbital period. This can be argued to be
induced by a precessing, geometrically distorted accretion disk [1].
MS 1603+2600 a.k.a. UW CrB - a LMXB in a 111 minute orbit - has been a particularly
puzzling target since its discovery [2], primarily due to its violently mutating orbital light
curve and the very elusive nature of the compact primary. Scenarios including every type
of a compact star - white dwarf, neutron star and black hole - have been presented [3,4].
Our extensive photometric monitoring of UW CrB at the Nordic Optical Telescope in
1999-2002 yielded an unprecedentedly large data set which provides strong evidence for
a 5 day superorbital period. We discuss the implications of this finding for the stability
and inferred geometry of the accretion disk around the compact primary.
Furthermore, as an unexpected by-product of the monitoring campaign, we detected short
optical bursts in almost every orbital cycle. The duration and peak flux of the bursts are
consistent with the optical counterparts of Type I X-ray bursts which are clear signatures
of thermonuclear flashes on a neutron star surface. Hence, the compact primary is most
probably a neutron star, which can be used to constrain the hitherto poorly known distance
and luminosity of UW CrB.
[1]
[2]
[3]
[4]

J.E. Pringle, MNRAS 281 (1996) 357.
S.L. Morris et al., ApJ 365 (1990) 686.
P.J. Hakala et al., A&A 333 (1998) 540.
K. Mukai et al., ApJ 561 (2001) 938.
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COLLAPSES AND EXPLOSIONS IN SELF-GRAVITATING SYSTEMS


Mikko Karttunen and Iaroslav Ispolatov ,
Biophysics and Statistical Mechanics Group, Laboratory of Computational Engineering,
 Helsinki University of Technology, Finland
Departamento de Fisica, Universidad de Santiago de Chile, Santiago, Chile
web: www.softsimu.org

We study collapse and explosion transitions in self-gravitating systems by molecular
dynamics simulations [1]. A microcanonical ensemble of point particles interacting via an
attractive soft Coulomb potential is considered. It is observed that a collapse takes place
when the energy of the uniform state is set near or below the metastability-instability
threshold. Similarly, an explosion occurs when the energy of the core-halo state is
increased above the explosion energy, where according to the mean field predictions the
core-halo state becomes unstable.
We have also extended this study into the kinetics of collapse transitions [2]. In an
ensemble of point particles interacting via an attractive soft Coulomb potential, it is


observed that in a systems consisting of 100 – 200 particles collapse takes
–
single particle crossing times to complete, i.e., is by 3 orders of magnitude slower than
a velocity relaxation. We find that such anomalously low rate of evolution is limited by
the slow energy exchange between a higher-temperature compact core and relatively cold
diluted halo.
[1] I. Ispolatov and M. Karttunen, Phys. Rev. E. 68, 036117 (2003); I. Ispolatov and
M. Karttunen, cond-mat/0303564
[2] I. Ispolatov and M. Karttunen, submitted
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DYNAMICAL MODELLING OF A FOUR-ARMED BARRED SPIRAL GALAXY
ESO 566-24


P. Rautiainen

H. Salo

and R. Buta

Department of Physical Sciences, P.O.B. 3000, FIN-90014 University of Oulu, Finland



Department of Physics and Astronomy, University of Alabama, Box 870324, Tuscaloosa,
Alabama 35486, USA

ESO 566-24 is a barred spiral galaxy of a very rare morphological type: a regular fourarmed spiral. Unlike most cases of arm multiplicities, these four arms do not form as a
bifurcation of basically two-armed structure at large radius or as arm doubling (i.e. two
“parallel” arms with a small phase shift). In ESO 566-24 the arms are of equal length and
they are equally spaced in the azimuthal direction. Furthermore, they have a comparable
strength, so it is not possible to select a pair of primary arms. The spiral structure exhibits
similar characteristics also in the near-IR H-band image, thus being present also in the old
stellar population.
We have used the H-band photometry to construct a dynamical model for ESO 566-24.
We modelled the gas dynamics of this galaxy by inelastically colliding particles. A suitable range of model parameters (mass–luminosity ratio, disk thickness, bar pattern speed)
was determined comparing the simulations with the observations.
Our best fitting models [1] reproduce both the morphological features (four-armed spiral,
inner and nuclear rings) and the kinematics (deviations from circular rotation) of ESO
566-24. The pattern speed of the bar is such that the corotation resonance radius is 1.6
times the bar radius. The four-armed spiral resides between the inner and outer 4/1resonances.
[1] P. Rautiainen, H. Salo, R. Buta, accepted to MNRAS (2004).
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NGC 5426/27 (ARP 271) - NEAR-IR OBSERVATIONS AND MODELLING
L. Pelttari, E. Laurikainen and H. Salo
Astronomy Division, P.O.B. 3000, FIN-90014 University of Oulu, Finland

We have studied the light distribution of the weakly interacting galaxy pair NGC 5426/27
(Arp 271) using near infrared (NIR) observations in H-band obtained in San Pedro Martir
observatory in Mexico, and constructed a preliminary test-particle model for the pair.
For obtaining the integrated light distribution
we used a three-component surface brightness
fitting method. The total integrated light of
the H-band images gives an opposite mass ratio
from what previous studies of this galaxy pair
is
have obtained. In [1] the ratio
around 0.8, and in [2] it’s given to be 0.5–0.7
depending on the method used for estimating
the masses. Our result however was approximately 1.6. The most likely reason for this is
that previously the inclination for NGC 5427
has been overestimated, which leads to underestimating its mass derived from kinematic data.
As it is a nearly face-on galaxy with strong spiral arms, methods that determine the inclination using isophotal axial ratio are very sensitive
to errors. By assuming a lower inclination the
mass ratio can be corrected to correspond with
what the NIR light distribution gives. Preliminary studies with the test particle model seem to
indicate that finding a good fit is easier assuming the mass ratio is that obtained from the NIR
fit, which supports the result.

        

Figure 1. H-band image of Arp
271. Upper component is NGC
5427, lower NGC 5426.

[1] C. P. Blackman., MNRAS 200, 407 (1982)
[2] I. Fuentes-Carrera, M. Rosado, P. Amram, D. Dultzin-Hacyan, I. Cruz-Gonzáles, H.
Salo, E. Laurikainen, A. Bernal, P. Ambrocio-Cruz, E. Le Coarer, astro-ph/0312535
(2004)
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GRAVITATIONAL ACCRETION OF PARTICLES IN SATURN’S RINGS
R. Karjalainen and H. Salo
Astronomy Division, P.O.Box. 3000, FIN-90014 University of Oulu, Finland

We have studied the gravitational accretion in the rings of Saturn with local N-body simulations. Our simulations take into account both the dissipative impacts and the gravitational forces between particles. Usual estimates of accretion assume that gravitational
sticking takes place beyond Roche distance where the self-gravity between a pair of ring
particles exceeds the disrupting tidal force of the planet. With N-body simulations more
complex systems can be studied when effects such as velocity dispersion is taken into
account.
The A ring is the outermost of Saturn’s main rings. Outer edge of A ring is at distance

of
km from Saturn. We study how the distance where the gravitational accretion
occurs is related to different elasticities of particles, friction in collisions, optical depth of
the ring and size distribution of ring particles [1]. We have also studied the rotation and
shape of the aggregates. Example of an aggregate is shown in the figure below. The width
of the figure is  250 m.

Aggregate at 140 000 km

Orbital motion ->

100
50
0
-50
-100
-100

-50
0
50
<- To the planet

100

[1] R. Karjalainen and H. Salo, Submitted to Icarus (2003).
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SPIN RATES OF SMALL MOONLETS EMBEDDED IN PLANETARY RINGS
R. Morishima and H. Salo
Division of Astronomy Department of Physical Sciences P.O.BOX 3000 FIN-90014 University of Oulu, Finland

We investigate the spin rates of moonlets embedded in planetary rings, subject to collisions with surrounding small particles, using three-body integrations including friction
and spins. All successive impacts of the particle with the moonlet are followed, including a possible sliding phase after the initial inelastic rebounds. Two methods for treating
impacts, 1) as instantaneous velocity changes and 2) using an impact force model, are applied after Salo (1995, Icarus 117, 287). Conducting a series of integrations with various
initial summed spin velocity of the moonlet and the particle, we determine the equilibrium
spin rate for which the averaged torque vanishes. This equilibrium spin rate corresponds
to the final spin rate of the moonlet if the moonlet is much larger than the surrounding
particles; it also corresponds to the mean spin rate for a ring composed of identical particles. We find that the equilibrium spin rate is enhanced by sliding orbits as compared
with the spin rate determined by considering only the first impacts of the particles with
the moonlet. If the random velocities of incident particles are small enough, the resulting
equilibrium spin rate of the moonlet can be larger than the synchronous rotation rate, for
 , where  denotes the sum of radii of the colliding pair normalized by their mutual
Hill radius. In this special case aggregates without internal strength may become rotationally unstable. However, the equilibrium spin rate decreases with increasing random
velocity, and aggregates are always rotationally stable in the more likely case where the
relative velocities are comparable to the mutual escape velocity. We also compare our
results with the mean spin rates found in previous  -body simulations, and find a good
agreement for optically thin rings; however the spin rates for optically thick rings are
significantly larger than those predicted by our three-body calculations.
[1] H. Salo, Icarus 117 (1995).
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LUNAR IMAGING SCIENCE USING AMIE ABOARD SMART-1




K. Muinonen J.-L. Josset, and S. Beauvivre



Observatory, P.O.B. 14, FIN-00014 University of Helsinki, Finland
SPACE-X, Jaquet-Droz 1, CH-2000 Neuchâtel, Switzerland

Although the Moon is a natural satellite of the Earth easily detectable with naked eye,
there are numerous open questions concerning no less than its origin, dynamical evolution, and physical and chemical properties. Is the Moon really the product of a giant
impact on the early Earth several billions of years ago? Why are the lunar maria regions
concentrated on the near side? Is the lunar center of mass off center because of the tidal
lock with the parent planet? What are the practical consequences of the finding that there
may be water on the Moon?
The Advanced Moon micro-Imager Experiment (AMIE) aboard the first ESA mission to
the Moon (SMART-1) will study, for example, the lunar south pole region (Aitken Basin),
certain permanently shadowed areas for water ice deposits as well as certain permanently
illuminated areas along crater rims, ancient lunar non-mare volcanism, local physical
characteristics of the surface, and high-latitude regions on the far side of the Moon. The
imaging data will allow us to refine the scattering models for the varying types of lunar
regolith, with implications to the physical characterization of other solar system bodies
(e.g., near-Earth asteroids, transneptunian objects, Mercury, Mars).
At the Univ. Helsinki Observatory, novel numerical Monte Carlo techniques have been
developed for the computation of reflection coefficient matrices for multiple scattering
of light in random media of scatterers. These techniques can be utilized in the analysis
of local lunar backscattering characteristics, that is, in the inversion of disk-resolved opposition effects for the physical properties of the lunar regolith (e.g., porosity, scatterer
sizes).
We provide a status report of AMIE and describe the theoretical interpretation of the lunar
imaging data due in early 2005.

89

4.17

4. Astro- and space physics and cosmology I

PHYSICAL CHARACTERIZATION OF ASTEROIDS FROM PHOTOMETRIC
LIGHTCURVE AND PHASE CURVE DATA
J. Torppa1 , K. Muinonen 1 , and M. Kaasalainen2
1 Observatory, P.O.B. 14, FIN-00014 University of Helsinki, Finland
2 Rolf Nevanlinna Institute, P.O.B. 4, FIN-00014 University of Helsinki, Finland

Asteroids are small bodies of our Solar system. When observed from the Earth, only their
integrated brightness can usually be recorded. In the visual wavelength range, the brightness is purely scattered sunlight. As asteroids orbit the Sun and rotate about their spin
axes, the amount of light they scatter changes. The brightness variation as a function of
time during one rotation is called the lightcurve, and is mainly due to the object’s irregular
shape. By investigating this brightness variation, one can constrain physical characteristics of the target, such as the shape, spin rate, spin axis orientation, and surface properties.
However, obtaining a complete physical model of an asteroid is very difficult; in theory,
the contributions of shape and albedo on the object’s brightness cannot be separated.
We have studied during the past years how much information we really can derive from
the observed lightcurves. We have developed methods to obtain the convex shape solution
and spin properties more accurately than before (e.g. [1]). Knowledge of the accurate
scattering law was not crucial for obtaining this solution. However, when one wants to
study the concave features in the target shapes, the solution is not so stable. It has to
be known how the scattering properties contribute to the brightness variation, and what
kind of a scattering law is the most suitable one. Here we study the effects of scattering
and shape by simulating various shapes (e.g. [3]), and computing lightcurves for them
using different scattering laws and albedo distributions. Also the effect of small and
intermediate scale roughness on the brightness variation is investigated.
Our aim is to apply our methods to observed asteroid data. This has already been done
with the convex inversion method (e.g. [2,4]). Additional observations will be carried out
and used, along with previous observations, to understand the physical characteristics of
the asteroid population. A collaboration of Nordic NEON (Near-Earth-Object Network)
with KM as PI just obtained ten nights of observing time for photometric and astrometric
observations at the NOT observatory.
[1] M. Kaasalainen, J. Torppa and K. Muinonen, Optimization methods for asteroid
lightcurve inversion. II. The complete inverse problem. Icarus 153 (2001) 37.
[2] M. Kaasalainen, J. Torppa and J. Piironen, Binary structures among large asteroids.
A&A 383 (2002) L19.
[3] K. Muinonen, Introducing the Gaussian shape hypothesis for asteroids and comets.
A&A 332 (1998) 1087.
[4] J. Torppa, M. Kaasalainen, T. Michalowski et al., Shapes and rotational properties of
thirty asteroids from photometric data. Icarus 164 (2003) 346.
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MERCURY X-RAY SPECTROMETER (MXS) AND SOLAR X-RAY MONITOR
(SXM) FOR BepiColombo










K. Muinonen J. Huovelin, L. Alha, C.-I. Lagerkvist, J. Warell, H. Koskinen, K.
Hämäläinen, J. Laukkanen, S. Nenonen, H. Andersson, J. Ritala, J. Stenberg, S.
Korpela, and J. Heilimo
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Department of Physical Sciences, P.O.B. 64, FIN-00014 University of Helsinki, Finland
Finnish Meteorological Institute, Geophysical Research, P.O.B. 503, FIN-00101 Helsinki,
Finland
Metorex International Oy, P.O.B. 85, Nihtisillankuja 5, FIN-02631 Espoo, Finland
Patria Advanced Solutions Oy, Naulakatu 3, FIN-33100 Tampere, Finland
Space Systems Finland, Kappelitie 6, FIN-02200 Espoo, Finland












Mercury is the least known terrestrial planet in the Solar System. Theories for its origin
and interior structure, the formation and composition of its regolith, as well as cratering
processes on its surface are being intensively developed, and its magnetosphere and tenuous atmosphere (exosphere) provide major unresolved questions (e.g., the interaction of
the exosphere and the surface).
X-ray fluorescence spectroscopy is particularly suitable for Mercury because of the proximity of the Sun and the large flux of X-rays. The most prominent characteristic fluorescent lines are the K-alpha lines of Mg, Al, Si, Ca, Fe within the energy range of 1 to
10 keV. X-ray spectroscopy aboard the ESA/BepiColombo Mercury orbiter will allow us
to accrue fundamental knowledge of these element abundances in the Hermean surface,
allowing us to put constraints on the topical issues above. For the interpretation of the
X-ray spectra, we will develop modern radiative transfer models that include state-of-theart treatment of the absorption, emission, and scattering processes in the surface. For
example, the porosity of the regolith gives rise to shadowing effects that play a crucial
role in the quantitative interpretation of the observational data. In addition to element
abundances, parts of the X-ray spectrum can be utilized to derive the three-dimensional
stochastic geometry of the surface.
Our instrument proposal consists of an X-ray Spectrometer (MXS) for observations of the
Hermean surface, and a pair of twin Solar Monitors (SXM) for simultaneous observations
of the incident solar X-ray and proton spectra. The present baseline plan for the MXS system includes an X-ray telescope system, with two channels in optics, a focusing telescope
and a collimator. The focal plane detector for both channels is a gallium arsenide (GaAs)
array, with an energy range of 0.5-10 keV. The SXM system includes two single element
GaAs PIN detectors with a thin Be filter for X-ray measurements, and a similar system
with a thick Al filter for proton measurements.
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THE MUON FLUX DECREASE DURING THE SOLAR FLARES OF
19 OCT - 4 NOV 2003 OBSERVED WITH THE MUG - MUON TELESCOPE











Elo , M. Lehtola . K. Mursula , M. Mutanen , S. Nurmenniemi ,
T. Jämsén A.-M.

J. Peltoniemi and I. G. Usoskin

 Sodankylä Geophysical Observatory
 Turku Polytechnic

 Centre for Underground Physics in Pyhäsalmi mine
Department of Physical Sciences, Oulu

Muons UnderGround (MUG) experiment monitors the fluxes of cosmic ray muons on
three different levels in the Pyhäsalmi mine. It consists of scintillation detectors placed at
two depths
underground (90 m and 210 m), and on the ground level. Total detector area is

3.75 m . The temperature, the atmospheric pressure, and the relative humidity of the air
are monitored on the ground level. The mine is located 156 m above the sea level, and its

  
geographical co-ordinates are 63 39.6’ N, 26
’ E.
Direct solar measurements detected several solar flares during 19 october - 4 november
2003 [1]. The MUG - muon telescope detected a decrease in the muon flux during this
perioid. A decrease of more than 10% was detected on the ground level in the cosmic ray
muon flux on the October 28. The decrease was detected with both of the two detector
units on the ground level, and total duration of the event was approximately 30 days. The
time profile of the event was typical of a Forbush decrease with a sharp and deep decrease
occuring within a few hours, and with the subsequent recovery taking days or weeks[2].
The underground detectors, on the other hand, did not detect any decrease in the flux.
[1] http://solar.nro.nao.ac.jp/norh/html/event/
[2] P.K.F.Grieder, Cosmic rays at earth (2001)
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ASTEROID IDENTIFICATION AT DISCOVERY
M. Granvik, K. Muinonen and J. Virtanen
Observatory, PB 14, FIN-00014 University of Helsinki, Finland

We present a novel method, the first of its kind published, for the identification of asteroids
at discovery and a few days thereafter. Having two different sets of observations, the
identification problem arises when one tries to determine which objects reside in both
sets. It is not known a priori, whether the sets have objects in common at all.
Observations of asteroids are usually dynamically identified with specific objects by comparing either the observed positions with computed ephemerides, or orbital elements inverted from two separate sets of observations. The known methods, which use linear or
semilinear approximations, are not applicable to identification at discovery. The reason is
the ill-posed inverse problem of computing the orbit from a small number of observations
that span a tiny fraction of the total period. Contrary to the previous ones, our method
is built upon an orbit inversion technique, termed statistical ranging, which allows rigorous mapping of the orbital element distribution using two or more observations. In other
words, it is particularly suitable for analysing exiguous discovery data.
We solve the identification problem using a multistep filtering process during which false
identifications are removed as the algorithm progresses. First, the bulk of false candidates are removed by comparing ephemerides that have been generated for the same two
epochs. After a preparing step, an orbit distribution is computed for a possible identification. If the inversion succeeds, it shows that an orbit exists, thus tying the observations
together assuming predefined observational error standard deviations.
Efficient interpretation of a large amount of data produced by the method during the first
step, i.e., while searching for similar ephemerides, is mastered by using a so-called address comparison technique. The idea is to transform an array of real numbers (here, the
position and motion) to a single integer, which is used in the search for similar values.
The new method has been tested with simulated observations of near-Earth and main-belt
objects. The tests, which are the most accurate and extensive carried out to date as far
as we know, show that the method is functional. Running the algorithm on observational
sets simulated according to different observation strategies indicates, that the strategy
promoted by the Minor Planet Center might not be the best one for identification.
The ultimate goal is to produce a real-time identification tool for ESA’s astrometric space
observatory, GAIA, which is planned to be launched in approximately 2011. The software can, however, also be used in other large-scale surveys, such as the Lowell Obsevatory Near-Earth-Object Search and the Nordic Near-Earth Object Network, which is the
Nordic dimension of the global Spaceguard project and coordinated by one of us (KM).
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MARS STUDIES WILL BENEFIT FROM THE ADVANCED DATA SETS
ACQUIRED BY THE NOTABLE EUROPEAN MARS MISSION
M. Aittola, J. Korteniemi, V.-P. Kostama, H. Lahtela, J. Raitala and the MEX HRSC
Science Team
Dept. of Physical Sciences, P.O.Box 3000, FIN-90014 University of Oulu, Finland

The Hellas impact basin on Mars is one of the deepest depressions in the Solar System
[1]. The wide basin area displays a multiform of geologic structures [2], which makes
it a suitable site to study Martian geological development and history in general. Along
with the basin itself, the area includes versatile population of impact craters, their modifications, ancient volcanoes, and major outflow channels. These all have to be studied in
order to understand the evolution of the Hellas region. One main question is the origin
and nature of the material deposited on the Hellas Basin floor. These deposits may be
related to the Hesperia volcanism and to the formation of major outflow channels. Furthermore, the roles of wind and ice have to be considered when studying the deformation of the basin rim [3,4]. Characteristics of modified craters establish the diversity of
conditions within different geologic units within Hellas. Detailed studies will increase
the knowledge of the deposit processes, materials, and surface and subsurface conditions within these geological units. It is especially important to solve the previous role
and abundance of water, which may have had a major impact to the evolution of the
Hellas area. The ancient importance of water is seen in numerous craters with fluidized
ejecta or adjoining channels.
The exact sites and abundance of ancient bodies of water and its role in the evolution of
the Hellas’ floor deposits will be studied using the new data from ESA’s Mars Express
mission. The HRSC camera will provide multispectral data of the surface in full colour,
3D and with a 10 m resolution. The more precise, 2-meter resolution images of the super resolution channel of the HRSC camera will provide an additional, versatile mean to
study details of the Hellas’ geology with unprecedented location accuracy. The co-use of
the two image types with two different resolutions offers a tool to recognize both largescale structures and their details with a very good new data set. Martian topography, outflow channels, volcanic edifices, deposited materials and impact craters will be studied
with high-resolution, 3D, and several spectral channels. The data will give us a possibility to study mineralogy as well as traces of the water-related activity on the surface. The
versatile MEX HRSC camera enables studies of Hellas with modern remote sensing
methods and will open new possibilities to solve its geological history in details.
[1] D.E. Smith et al., Science 284, 1495 (1999); [2] G.J. Leonard and K.L. Tanaka,
USGS Map I-2694 (2001); [3] J.S. Kargel and R.G. Strom, Geology, 20, 3-7 (1992); [4]
J.M. Moore and D.E. Wilhelms, Icarus 154, 258 (2001).
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MODELLING OF THE ION ESCAPE AT TITAN
I. Sillanpää1, E. Kallio1, P. Janhunen1, W. Schmidt1,
K. Mursula2, J. Vilppola2, and P. Tanskanen3

[1] Finnish Meteorological Institute, Geophysical Research, Helsinki
[2] University of Oulu, Department of Physical Sciences, Oulu
[3] Retired from University of Oulu, Department of Physical Sciences, Oulu
Titan's atmosphere interacts with the corotating plasma of the Saturn's magnetosphere.
The plasma acts both as an energy and particle source as well as a sink for the neutral
atmosphere. One of the effects associated with the interaction between the flowing
plasma and the atmosphere is a non-thermal escape of planetary ions to the plasma flow
in which the convective electric field accelerates, "picks up", atmospheric and exospheric ions.
A quasi-neutral hybrid simulation provides a self-consistent tool to study, e.g., such ion
escape processes. In the model the ions are treated as particles while electrons form a
charge neutralising massless fluid. The model can contain several ion species and it
takes automatically into account finite gyroradius effects of the ions. The Titan model is
a modified version of the quasi-neutal hybrid model which has previously been used to
study the erotion of the Martian atmosphere and the magnetosphere of Mercury [1,2].
The model provides a tool for analysing the anticipated plasma and field measurements
by the Cassini/Huygens mission at the Saturnian system after the spacecraft will reach
Saturn in July 2004. In particular, the model will be used both to provide background
information and to interpret the measurements made by Cassini CAPS/IBS and Huygens HASI/PPI instruments. The poster describes basic features of IBS and PPI instruments and describes the quasi-neutral hybrid model for global simulations.

[1] E. Kallio and P. Janhunen, Ion escape from
Mars in a quasineutral hybrid model, Journal of
Geophysical Research, 107, A3, (2002) 1029.
[2] E. Kallio and P. Janhunen, Solar wind and
magnetospheric ion impact on Mercury's surface ,
Geophys. Res. Letters., Vol. 30, No. 17 (2003)
1877.
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ASPERA INSTRUMENTS ON MARS EXPRESS AND VENUS 96.50
EXPRESS TO STUDY MARTIAN AND VENUSIAN ATMOSPHERIC
EROSION
T. Säles, W. Schmidt, P. Riihelä, M. Mäkelä and E. Kallio
Finnish Meteorological Institute, Geophysical Research, P.O.BOX 503, FIN-00101,
Helsinki, Finland

The Mars Express spacecraft arrived to Mars in Dec. 25, 2003. One of the major scientific objectives of the European Space Agency's Mars mission is to search for water, a
question which is related to the fundamental question: Is there - or has there ever been life on Mars?
The ASPERA-3 (Analyzer of Space Plasmas and EneRgetic Atoms) instrument is one
of the seven scientific instruments onboard Mars Express orbiter. The instrument will
focus on studying the interaction of the Martian atmosphere with the solar wind, especially, the rate in which the atmospheric particles are lost, or "picked up", by the flow of
the nearby solar wind. The particle instrument consists of several individual detectors
that will detect ions and electrons. But its main detectors will measure fast neutrals produced by the direct interaction between the solar wind ions and the atmospheric neutrals. ASPERA-4, an identical replica of the ASPERA-3 instrument, will instead be one
of the instruments on European Space Agency's Venus Express mission. The spacecraft
will be launched to Venus in 2005.
The main data processing unit (DPU) and the flight software for these two ASPERA
instruments are designed, built, and tested by the Finnish Meteorological Institute, Geophysical research. In this poster we describe in detail the scientific objectives of the
ASPERA-3 instruments and its measuring principle, and describe also briefly the ongoing modelling work to interpret the new data from the red planet.
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5.1

INTERACTION OF MOBILE PHONES WITH IMPLANTS
H. Virtanen1, J. Tuppurainen1, A. Toropainen2 and R. Lappalainen1
1
2

Department of Applied Physics, University of Kuopio, FIN-70200 Kuopio, Finland
Nokia Research Center, Helsinki, Finland

During the last decade possible risks related to radiofrequency (RF) electromagnetic
(EM) field exposure due to mobile phones have been studied from different points of
view from cell level to macroscopic effects such as local heating. Most of the experimental research and theoretical calculations have focused on estimation of specific absorption rate (SAR, W/kg) and local heating. In the case of metallic implants on the skin
or in the surface layers of tissues, the shape of normal radiation field of mobile phone
can be significantly altered by the conductive implant and in certain cases high local
electromagnetic fields may arise near the implant.
This study examines numerically two basic implant models: metallic pins and rings in
the surface layer of a human body near the mobile phone. The aim was to find out
“worst case scenario” with respect to absorption of radiation by varying different parameters such as implant location, orientation, size and adjacent tissues. Modelling and
electromagnetic field calculations were carried out using a commercial SEMCAD software based on the FDTD method. Mobile phone was a 900 MHz or 1800 MHz Generic
Phone with a quarterwave monopole antenna. The tissue phantom corresponds to different curved sections of a human body such as limbs or head.
All the studied parameters such as implant size, orientation, location, adjacent tissues
and signal frequency have a major effect on the SAR distribution. As an example fig. 1
illustrates the effect of a size of the ring. The absorption is more resonant in the case of
the smallest ring whose diameter is about a third of the wavelength λt. Furthermore, the
absorption is highest in tissues adjacent to implant, not on the skin surface as in the case
without an implant.
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Fig. 1. Cross sectional view of SAR distribution in
body tissues for a 15, 30 and 50 mm ring. In the depth
scale, x=1 cm corresponds to the surface of a skin.
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ELECTRICAL AND DIELECTRIC PROPERTIES OF HUMAN TRABECULAR
BONE — RELATIONSHIPS WITH MECHANICAL PROPERTIES
J. Sierpowska, M. Hakulinen, J. Jurvelin and R. Lappalainen
Department of Applied Physics, University of Kuopio, P.O.B. 1627, FIN-70211
Kuopio, Finland

Introduction. In diagnostic techniques electrical and dielectric properties of tissues determine the pathways of current flow. On the other hand, electrical stimulation is used
for healing fractures. However, e.g. interrelationships of trabecular bone electrical and
dielectric properties with mechanical characteristics are poorly known. The aforementioned relations are crucial for analysis of parameters obtained by impedance techniques,
and have clinical relevancy. Furthermore, the earlier study [1] suggested that bone electrical and dielectric properties depend on the mechanical properties and could, therefore,
be used to predict bone strength.
Materials and Methods. Cylindrical human trabecular bone plugs (n = 20, d ≈16 mm,
h ≈ 8 mm) were drilled from femoral medial condyle and medial tibial plateau. The low
frequency (60Hz – 5MHz) electrical and dielectric parameters (e.g. permittivity, conductivity) were measured by applying electric current on samples with two round stainlesssteel electrodes using an LCR meter (HIOKI 3531 Z HiTester). The high frequency
(300kHz – 3GHz) properties were measured with two dielectric coaxial probes having
different penetration depth using HP 8753C Network Analyzer. A destructive compressive test was used to determine the mechanical properties of the samples, such as
Young’s modulus and ultimate stress.
Results. Measurements of trabecular bone electrical and dielectric properties were
highly reproducible over a wide range of frequencies. The electrical and dielectric properties were strongly dependent on the frequency. Mechanical parameters (e.g. Young
modulus) showed the strongest linear correlations with relative permittivity measured at
low frequencies (r > 0.7, p <0.01, at 600 kHz).
Discussion. The significant linear correlations of trabecular bone mechanical properties
with the relative permittivity suggest that measurement of low frequency electrical and
dielectric properties may provide the means for quantitative diagnostics of bone status.
It may offer some complementary data on bone quality and structure to supplement existing diagnostic techniques, particularly in special cases, such as open surgery (e.g. during bone grafting or total hip replacement surgery).
Acknowledgments. Financial support from Biomaterials Graduate School and BioMater center is acknowledged.
[1] Saha S and Williams P A 1989 Electric and dielectric properties of wet human cancellous bone as a function of frequency Ann. Biomed. Eng. 17 143–58
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5.3

ANALYSIS SOFTWARE FOR DIFFUSION TENSOR IMAGING
T. Neuvonen†‡*, E. Salli †
†HUS Helsinki Medical Imaging Center, ‡Laboratory of Biomedical Engineering,
Helsinki University of Technology, *Dept. of Physiology, University of Helsinki
Address: Inst. Biomedicine, Dept. of Physiology P.O.B. 63, FIN-00014 University of
Helsinki, Finland.

The diffusion tensor imaging (DTI) is a new diagnostic imaging method, which can be
used to measure non-invasively properties of water diffusion in tissue using magnetic
resonance imaging (MRI). Water diffusion in tissue is restricted by cells, macromolecules,
and directionally coherent structures formed by axons. Orientational diffusion reflects
underlying organisation of fibres, which makes diffusion tensor imaging a powerful tool
for studying the structures, analysis and diagnosis of pathological changes in tissue.[1]
In this work, a software for DTI was developed, because existing programs are often limited to be used in the tracking of cerebral white matter pathways. Our focus is in the
measurement of diffusion anisotropy. In addition, locally made software can be modified to support local requirements set for research and clinical tools including the support
for imaging sequences used. Using a series of diffusion weighted (DW) MR images, the
software produces maps of diffusion tensors and diffusion anisotropy, such as fractional
anisotropy, relative anisotropy and lattice index. The software uses the approach of inverting the acquisition matrix to reconstruct the diffusion tensors.[2]
The functionality of the software was studied by imaging a healthy volunteer with
Siemens Sonata 1.5T MR scanner. The imaging sequence was a diffusion weighted SEEPI with 12 DW gradient directions. The measurement was peformed with 2 b-values of
0 and 1000 s/mm2 , TE of 119 ms, TR of 6800 ms, a matrix of 128×128 and with voxels
of 1.75×1.75×4 mm on a region of 36 contiguous slices and was repeated 6 times.
Regions containing cerebrospinal fluid (CSF), optic tract and splenium of corpus callosum
were identified from T1-weighted MR images. The functionality of the software was
confirmed by comparing the measured indices of diffusion anisotropy to those published
in [3] and [4].
Future work will consist of clinical implementation and further testing of the software
with new measurements and Monte Carlo simulations.
[1] D. Le Bihan, Nature Rev. Neurosc. 4 (2003) 469.
[2] N.G. Papadakis, D. Xing, C.L.H. Huang, L.D. Hall and T.A. Carpenter, J. Magn.
Reson., 137 (1999) 67.
[3] C. Pierpaoli, P. Jezzard, P.J. Basser, A. Barnett and G. Di Chiro, Radiology, 201
(1996) 637.
[4] S. Hunsche, M.E. Moseley, P. Stoeter and M. Hedehus, Radiology, 221 (2001) 550.
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MRI QUANTITATION OF PROTEOGLYCANS WITH DGEMRIC IN HUMAN,
BOVINE AND PORCINE ARTICULAR CARTILAGE
MJ Nissi, J Rieppo, J Töyräs, MS Laasanen, I Kiviranta, JS Jurvelin, MT Nieminen
Department of Applied Physics, University of Kuopio, Kuopio, Finland

INTRODUCTION Delayed Gadolinium-Enhanced MRI of Cartilage (dGEMRIC), is
an MRI technique utilizing the negatively charged paramagnetic contrast agent GdDTPA2- to indirectly quantify cartilage proteoglycans (PGs) [1,2]. The applicability of
T1 relaxation time in presence of Gd-DTPA2- (T1,Gd) to indicate the spatial variation of
PG content in patellar cartilage of different species was investigated, with reference to
digital densitometry (DD).
METHODS Visually intact cadaveric human (n = 12, age 24-74 years), bovine (n = 12,
1-3 years) and porcine (n = 11, 4 months) cartilage samples (dia. = 4 mm) were prepared
from lateroproximal patellae. T1 relaxation time was mapped at 9.4 T, using a saturation
recovery sequence (TE = 14 ms, 6 TRs from 200 to 5000 ms) at 25°C. Subsequently,
samples were balanced in 1 mM Gd-DTPA2- for 2.5 hours and T1 mapping was repeated
(6 TRs from 100 to 1500 ms). The spatial contrast agent concentration was estimated
from depth-wise T1 profiles according to equation [Gd-DTPA2-] = 1 / R (1 / T1,Gd - 1 /
T1), using the relaxivity value of Gd-DTPA2- in saline (R = 3.74 mM-1s-1) for cartilage
[1,2]. An adjacent cartilage sample with subchondral bone was processed for microscopic DD measurements and PG distribution was evaluated from the safranin O stained
sections as the optical density (OD) [3].
RESULTS Variations in superficial T1,Gd between species followed the trend of OD
while [Gd-DTPA2-] appeared inverted. Significant linear correlations were revealed between OD and MRI parameters, with highest correlation in human cartilage (r = 0.894 ±
0.119 and r = -0.905 ± 0.114 for T1,Gd and [Gd-DTPA2-] respectively), whereas the correlations for bovine and porcine were slightly lower r = 0.830 ± 0.233 and r = -0.849 ±
0.251, and r = 0.524 ± 0.444 and r = -0.616 ± 0.400, for T1,Gd and [Gd-DTPA2-], respectively. MRI resolved Gd-DTPA2- concentration showed a higher linear correlation with
OD, as compared to that of T1,Gd. MRI parameters systematically indicated a higher PG
content in deep tissue of bovine and porcine cartilage, as compared to OD.
DISCUSSION High linear correlations were observed between spatial PG content and
dGEMRIC parameters, particularly in human tissue, confirming the potential of depthwise application of dGEMRIC. Although dGEMRIC was not able to reveal inter-species
differences in PG content, the apparent ability of dGEMRIC to estimate the depth-wise
PG content, especially in human tissue, advocates the use of dGEMRIC for spatial assessment of PG content in vivo.
REFERENCES [1] Bashir A et al. Magn Reson Med 36:665-673, 1996 [2] Nieminen
MT et al Magn Reson Med 48:640-648, 2002; [3] Panula HE et al Ann Rheum Dis 57: 237245, 1998.
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5.5

3D ASSESSMENT OF REGIONAL LUNG VOLUME AND AIRWAY STRUCTURE USING SYNCHROTRON RADIATION COMPUTED TOMOGRAPHY
L. Porra, S. Bayat, S. Monfraix, G. Berruyer, C. Nemoz, W. Thomlinson, P. Suortti and
A.R.A. Sovijärvi
Department of Physical Sciences, P.O.B. 64, FIN-00014 University of Helsinki, Finland

The K-edge subtraction (KES) method was originally developed for human coronary angiography, but the method has been used in many other fields of medical imaging. In
imaging with the KES method a contrast agent is introduced in the organ to be imaged,
and two simultaneous images are recorded using two x-ray energies that bracket the Kabsorption edge of the contrast agent. The difference image in a logarithmic scale yields
the distribution of the contrast agent while the signal from the other parts of the object is
eliminated. The spatial resolution is 0.1 mm , which is two orders of magnitude better
than the resolution achieved by any other method for lung imaging. At the same time,
the noise level of the images is an order of magnitude lower than the noise level achieved
by traditional Xe-enhanced CT imaging.The KES method has been applied to functional
lung imaging of an animal model (rabbit) using stable Xe gas as the contrast agent [1],[2].
KES method was used for direct quantification of absolute regional airspace volumes
and structures in 3D reconstructed lung images. The aim of the study was to visualize
bronchoconstriction caused by histamine aerosol inhalation, which is a common method
to simulate asthma. Images were acquired following several breaths of an 80% Xe - 20%
O gas mixture, in anaesthetized and mechanically ventilated rabbits before and after
histamine aerosol inhalation (figure 1).


Figure 1: Surface-rendered functional 3D lung images before (left), 8 min after (middle),
and 32 min after (right) asthma attack simulated by histamine provocation
This study demonstrates the feasibility of KES as a new technique for direct determination of regional lung volume and airspace structure, offering unique possibilities for
non-invasive investigation of regional lung function and mechanics, with excellent spatial
resolution.
[1] S. Bayat et al, Phys. Med. Biol. 46 (2001) 3287.
[2] L. Porra et al, J. Appl. Physiol. (2004), (in press).
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DEVELOPMENT OF PATIENT POSITIONING FOR BNCT AT FIR 1
REACTOR
E.Hippeläinen1,5, I.Auterinen4, P.Kotiluoto4, T.Seppälä5, T.Serén4, V.Mannila1,
P.Pöyry1, S.Savolainen1,2,3,5
1

Dept. of Physical Sciences, Univ. of Helsinki, POB 64, FIN-00014, Helsinki, Finland;
Depts. of 2Radiology, 3Laboratory Diagnostics, Helsinki University Central Hospital,
POB 340, FIN-00029 HUS, Finland; 4VTT Processes, P.O.Box 1608, FIN-02044 VTT,
Finland; 5Boneca Corp., POB 700, FIN-00029HUS, Finland

Boron Neutron Capture therapy (BNCT) is an emerging binary method which utilises
epithermal neutrons in conjunction with a boron carrier compound accumulating in cancerous tissue to treat patients with certain malignant brain tumours. Currently patient
positioning performed in two days [1]. In the first day 1,5 to 3 hours have been spent to
the simulations and fixations and on the treatment day additionally approximately 1
hour. This is not very efficient considering the personnel time required and the strain
and discomfort to the patient. Most time consuming has been the positioning of the patient to lateral irradiation field, which is used in almost every case. This was because the
beam aperture was a hole in a wall and when patient was positioned to lateral irradiation
field (beam entry at temple), patient couldn’t be on one´s back because of collision of
shoulders and beam aperture. In that case patient was positioned on one´s side and the
position was difficult to reach and maintain. To facilitate this situation sholder recesses
were planned for horizontally on both sides of the beam aperture.
Monte Carlo simulations were performed with MCNP: an anthropomorphic human
model based on BOMAB phantom (BOttle Manikin ABsorption Phantom) was constructed, as well as a 3D model of the beam geometry with recesses for shoulders. Sabrina code was used in visualisation. Plastic models of shoulder recesses were made and
tested in the simulation room. After MCNP and dose planning calculations had shown
that the increase of the effective dose to the patients body (mainly in arm) would be acceptable it was decided to make recesses for shoulders by modifying the beam aperture
as well as the simulator. After the modifications dose measurements using the paired
ionization chamber technique and neutron activation detectors were carried out and no
big difference between simulations and measurements were found.
After this beam aperture modification patient positioning can be carried out in an hour
or less. When shoulder recesses are not needed, they are filled with special neutron attenuating filling blocks. The shoulder recesses give space to more freely position of the
patient and can be considered as a significant upgrade of the Finnish BNCT facility.
[1] Mika Kortesniemi Ph.D. thesis, 2002
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5.7

THE FIRST IN VIVO 1H MRS STUDY OF BPA IN THE FINNISH BORON
NEUTRON CAPTURE THERAPY (BNCT) TRIAL
M. Timonen1,2, S. Heikkinen1,2, L. Kankaanranta3,7, N. Lundbom2, A. Kangasmäki2,4,
M. Kortesniemi2,7, A.-M. Häkkinen3, J. Collan3,7, A. Lönngren7, J. Uusi-Simola1,4,7, S.
Karjalainen7, M. Rasilainen6, J. Leinonen6, T. Huitti6, J. Jääskeläinen5,7, M. Kouri3,7 ,
H. Joensuu3,7 and S. Savolainen1,2,4,7
1

Dept. of Physical Sciences, Univ. of Helsinki, POB 64, FIN-00014, Helsinki, Finland;
Depts. of 2Radiology, 3Oncology, 4Laboratory Diagnostics, 5Neurosurgery, 6Pharmacy,
Helsinki University Central Hospital, POB 340, FIN-00029 HUS, Finland; 7Boneca
Corp., POB 700, FIN-00029HUS, Finland

Determination of the boron distribution in the patient’s brain during BNCT treatment is
the challenge that several BNCT research groups have tried to solve in the last few
years. In 1999 Zuo and co-workers showed that it’s possible to detect aromatic signals
of boronophenylalanine (BPA) using in vivo proton magnetic resonance spectroscopy
(1H MRS) [1]. Since the 10B-carrier used in the Finnish BNCT trial is BPA fructose
complex, we have studied the possibility to use 1H MRS for in vivo BPA determination.
Previously, we have reported 1H MRS based BPA-F quantification of phantoms [2,3].
The current work presents our first in vivo study.
In vivo single voxel 1H MRS measurements
at 1.5 T were performed for a glioma patient
1
H MRS
(female, 65 y) 2 h after BNCT treatment.
Spectra were measured from both the tumour
and contralateral healthy brain volume (Fig
1). Based on measurements of blood samples
TUMOUR
with ICP-AES the boron content in the blood
during the MRS was approx. 14 ppm (Fig 2).
According to MRS measurements, the boron
content in the cavity at the time of the MRS
study does not appear to exceed the boron
HEALTHY TISSUE
content in the blood.
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Figure 1. The aromatic region of the patient’s
1.5 T 1H MR spectra.
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Figure 2. The measured (ICP-AES) blood boron concentration (circles) with 5% error bars and estimated
values (curve) from the patient study. The MRS timing (tumour and healthy brain) is indicated as vertical
lines.

[1] C.S. Zuo, et al. Med. Phys. 26
(1999) 1230.
[2] S. Heikkinen et al. Phys. Med. Biol.
48 (2003) 1027.
[3] M. Timonen et al. (submitted to
Spectroscopy-An International Journal)
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SMALL-ANGLE X-RAY SCATTERING FROM BREAST TISSUE SAMPLES
COMPARED WITH SIMULATION RESULTS








M. Fernández , H. Suhonen , J. Keyriläinen , S. Fiedler , R. Serimaa , M-L. KarjalainenLindsberg , M. Leidenius , K. von Smitten , P. Suortti
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Small-angle x-ray scattering (SAXS) patterns from thin breast tissue samples show clear
differences between healthy and cancerous regions [1]. Majority of these differences are
due to changes in the supramolecular structure of collagen. The structural changes that are
most clearly visible are changes in the periodic structure of collagen fibrils, their diameter
and packing.
Scattering patterns are systematically recorded for thin collagen samples and compared
with the histologies of the same samples. In this way a correspondence between the
features in the scattering pattern, and the actual structure of the sample is established.
Here we show that the axial period of collagen fibrils is larger for cancerous tissue than
for healthy tissue.
Simulations of scattering from collagen fibrils are made. For this purpose the fibrils are
modeled as cylinders of periodically varying electron densities. Comparison is made
between the calculated and the experimental patterns. Optimal parameters for the model
are determined by minimising in the least-squares sense the difference of the logarithms of
the intensities. The simulation is applied to two specific cases. A comparison of healthy
and cancerous tissue is made, and changes in collagen during a radiation damage test
are tracked. In both of these cases the parameters of the model indicate changes in the
diameter distribution of collagen fibrils.
[1] M. Fernández, J. Keyriläinen, R. Serimaa, M. Torkkeli, M-L. Karjalainen-Lindsberg,
M. Tenhunen, W. Thomlinson, V. Urban and P. Suortti, Phys. Med. Biol. 47 (2002)
577–592.
Funding: Academy of Finland, project 43959 and the ESRF.
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5.9

REFINEMENT OF AN EXPECTATION MAXIMATION ALGORITHM IN
ASSESSING TRACER KINETICS BY DYNAMIC SUSCEPTIBILITY
CONTRAST MAGNETIC RESONANCE IMAGING
J. Perkiö1,2,3, T. Tuominen3, H.J. Aronen3, and S. Savolainen1,2
1

Dept Physical Sciences, University of Helsinki, Helsinki, Finland
Dept Radiology, Helsinki University Central Hospital, Helsinki, Finland
3
Functional Brain Imaging Unit, Helsinki Brain Research Center, Helsinki, Finland

2

Dynamic susceptibility contrast (DSC) magnetic resonance imaging (MRI) has become
an important tool in assessing pathologies related to compromised microcirculation such
as cerebrovascular disease and brain tumors. It is based on observing the passage of an
injected paramagnetic contrast agent through the brain by ultrafast MRI producing
voxel-based concentration-time curves. As the injection is not instantaneous, tissue impulse response, h(t), has to be determined by deconvolution of the tissue concentrationtime curve, c(t), and an arterial input function, a(t)

c(t ) =

t
0

a(τ )h(t − τ )dτ .

[1]

Since the traditional methods, such as Fourier and Laplace techniques, have the drawback of being practically too sensitive to noise, it has become the most common method
to discretize the equation and solve it by singular value decomposition (SVD) [1]. An
alternative method is based on probabilistic formulation of the underlying physiological
model for the problem and then solving it in terms of Maximum Likelihood (ML) [2]
based on an Expectation Maximation (EM) [3] algorithm. The purpose of the present
study was to assess the significance of refining an ML-EM algorithm for the use in DSC
MRI studies by replacing the zeroth-order approximation by a first-order (trapezoidal)
approximation of the convolution integral
∆t j
(a j −i hi + a j −i +1hi −1 ) .
[2]
cj ≈
i =1
2
Monte Carlo simulations were set up by creating an arterial input function as a gammavariate function, assuming a single exponential impulse response curve shape and determining tissue concentration-time curve through Eq. [1] with the addition of random
Gaussian noise to obtain a signal-to-noise ratio of 35. Further, a delay of 2.7 seconds
was introduced between the arterial input function and the tissue concentration time
curve to approximate the clinical situation. The first-order approximation was found to
produce highly more accurate cerebral blood flow estimates than the zeroth-order approximation indicating that the refinement of the ML-EM algorithm is appropriate for
DSC MRI studies.
[1] L. Østergaard, R.M Weisskoff, D.A. Chesler, C. Gyldensted, and B.R. Rosen, Magn
Reson Med 36 (1996) 715
[2] E.-J.P. Vonken, F.J. Beekman, C.J. Bakker, and M.A. Viergever, Magn Reson Med
41 (1999) 343
[3] A.P. Dempster, N.M. Laird, and D.B. Rubin, J Royal Stat Soc. Ser B (Methodol) 1
(1977) 1
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MODEL DIFFERENTIATES
HUMAN AND PORCINE

R. K. Korhonen, J. Rieppo, R. Lappalainen and J. S. Jurvelin
Dept. of Applied Physics, University of Kuopio, POB 1627, 70211 Kuopio, Finland

INTRODUCTION: Recent studies have shown that collagen network orientation of
articular cartilage may vary significantly between different mammals [1]. This may influence on the mechanical response of cartilage under compression. The objective of the
present study was to characterize the mechanical role of collagen fibril network in human and porcine cartilage samples. For that aim, the experimental stress-relaxation
measurements were analyzed with the nonlinear fibril reinforced poroelastic finite element (FE) model. The relations between collagen network orientation, as assessed from
the polarized light microscopy, and collagen network stiffness were obtained.
MATERIALS AND METHODS: Stress-relaxation measurements were conducted for
the cartilage samples in compression. Subsequently, one piece of cartilage was processed for microscopical analyses. Collagen network was analyzed with a novel polarized
light microscopic (PLM) method [2]. Typical stress-relaxation measurements of human
and porcine samples were simulated with the nonlinear fibril reinforced poroelastic FE
model [3]. Young’s modulus of the fibril network (Ef = Efεεf + E0, describing collagen
fibrils), Young’s modulus of the nonfibrillar matrix (Em, describing proteoglycans), and
permeability (k) were obtained from the fits. Poisson’s ratio of the nonfibrillar matrix
(νm = 0.42) and the porosity (78%) were taken from the literature [3,4]. Mesh of the
model and boundary conditions were similar to those of Korhonen et al (2003) [3].
RESULTS: The fibril reinforced poroelastic FE model was able to capture the stressrelaxation responses of articular cartilage of different mammals. The fibril network
stiffness of porcine cartilage was 3-4 fold higher than that of human cartilage. In addition, the nonfibrillar matrix modulus of porcine cartilage was much higher and permeability lower than those of human tissue. Based on PLM, the collagen network of porcine cartilage was more tangentially oriented (parallel to cartilage surface) as compared
to human tissue.
DISCUSSION: Numerical predictions showed that the fibril network stiffness was
much higher in porcine than in human articular cartilage. This information, together
with the microscopic evidence on the tangentially oriented collagen fibrils throughout
the tissue, suggest that the dilatation of the porcine cartilage is strongly restrained by the
collagen network. Based on this study, the microscopic analysis of the collagen fibril
orientation and birefringence is straightly related to the collagen network stiffness, as
revealed by the numerical analyses. In the future, combining realistic models of cartilage
and imaging techniques may provide better possibilities for the prediction of cartilage
quality.
REFERENCES: [1] J. Rieppo et al, Trans Orthop Res Soc 28 (2003) 551; [2] J.
Rieppo et al, Trans Orthop Res Soc 28 (2003) 570; [3] R.K. Korhonen et al, J Biomech
39 (2003) 1373; [4] V.C. Mow et al, In Ewing JW (ed.), Articular cartilage and knee
joint function:basic science and arthroscopy, Raven Press, p. 1-18 (1990).
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SENSITIVITY OF ACOUSTIC PARAMETERS TO MINERAL DENSITY AND
MECHANICAL PROPERTIES OF BOVINE BONE
M.A. Hakulinen, J. Töyräs, H. Kröger, J.S. Jurvelin
Deparment of Applied Physics, P.O.B. 1627, FIN-70211 UNIVERSITY OF KUOPIO,
Finland

INTRODUCTION: Integrated reflection coefficient (IRC) can be determined by using
single transducer in pulse-echo mode. In principal, this feature enables diagnosis of
bone quality at several anatomical locations. In this study we investigated the ability of
IRC, as compared to normalized broadband ultrasound attenuation (nBUA) and speed of
sound (SOS), to predict density and mechanical properties of bovine trabecular bone.
METHODS: 42 cylindrical trabecular bone plugs (d=25 mm, h=14 mm) were harvested
from the bovine femoral medial and lateral condyle, caput and trochanter. After degassing, sound speed, attenuation and reflection parameters were determined with ultrasound system (PAC, Princeton, USA) equipped with focused transducers (V301, 0.5
MHz, Panametrics Inc., Waltham, USA). nBUA and SOS were determined using the
substitution principle. SOS was calculated with the time-of-flight method and BUA was
determined as a slope of the attenuation spectrum [1]. IRC was determined using the
reference technique [2]. BMD of the samples was measured with DXA technique (Lunar
Expert, Lunar Co., Madison, USA). Mechanical properties of bone samples were determined using a destructive test [3]. Young’s modulus was determined as a slope of the
linear fit calculated to data at 40-65% ultimate stress. Ultimate stress was determined as
a maximum stress of the stress-strain curve. Yield point was calculated as described by
Turner [4].
RESULTS: nBUA showed no significant correlation (r=-0.210, n=43, p=0.178) with
BMDVOL in bovine trabecular bone. In contrast to nBUA, both SOS and IRC showed a
strong linear correlations (r=0.802-909, n=43, p<0.001) with BMDVOL. nBUA correlated poorly with mechanical parameters (|r|<0.311, n=43, p>0.043). Instead, linear correlations between SOS and mechanical properties were high (r>0.879, n=43, p<0.001).
Also, IRC predicted significantly the mechanical parameters (r>0.807, n=43, p<0.001).
DISCUSSION: Ultrasound reflection from the bone surface (IRC) was revealed to be a
significant estimator of bone density and mechanical properties. Parallel with our earlier
study [5], in contrast of IRC and SOS, nBUA showed no linear relationship with the
bone density or Young´s modulus, ultimate or yield stress. Based on the present in vitro
results, we conclude that IRC is a promising QUS parameter which may have clinical
significance in the diagnosis of osteoporosis.
REFERENCES: [1] C.M. Langton et al, Eng Med 13 (1984) 89-91. [2] E. Cherin et al,
Ultrasound Med Biol 24 (1998) 341-54. [3] P.H.F. Nicholson et al, J Bone Miner Res
15 (2000) 2467-72. [4] C.H. Turner and D.B. Burr, Bone 14 (1993) 595-608.
[5] J. Töyräs et al, Bone 25 (1999) 725-731.
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SIMULATION STUDIES OF THE FIVE MOST COMMONLY USED THR
IMPLANTS IN FINLAND
M. Selenius1, S. Santavirta2 and R. Lappalainen1
1

BioMater Centre, University of Kuopio, FIN-70200 Kuopio, Finland
Department of Orthopaedics and Traumatology, Helsinki University Central Hospital,
Helsinki, Finland

2

Wear debris induced periprosthetic bone loss and aseptic loosening is regarded as the
main long term problem of prostheses and contributes to the reduced longevity of total
hip replacements (THRs). Due to different materials available, major improvements in
reduction of wear debris have been achieved. The purpose of this study was to evaluate
the five most commonly used THR implants in Finland using a hip simulator.
The prostheses used for simulator testing were normal commercially available THR implants taken from the sets ordered for clinical use. The tested samples included five different THR implant designs and four identical sets of each implant. Wear testing of
modular implants was performed with a commercial hip joint simulator with six rotating
stations and six soak-controls. The wear rates of the cups and balls were determined using standard gravimetric techniques used with simulator studies. The sliding surfaces
were examined both before and after tests using optical and ESEM microscopy and EDS
for elemental analysis.

Wear (mm 3/million)

In general, the wear behavior of these THR material combinations including the size and
shape of the wear particles, agreed well with in vivo studies. Majority of the particles (70
%) was in the 0.1-0.3 µm size range.
40
However,
surprisingly
large
BioMet Merck CoCr-UHMWPE
differences in wear rate were found
Link Al2O3-UHMWPE
35
between different THR models. For
Link CoCrMo-UHMWPE "snaplock"
30
Howmedica SS-UHMWPE
example the Link “snap lock” model
Howmedica Al2O3-Al2O3
had very low wear rate throughout
25
the tests compared to the other
20
UHMWPE cups (Fig.1). It seems
that the differences can be explained
15
by surface chemistry of the cups and
10
the quality of the UHMWPEs.
These topics will be studied in
5
detail. This study shows that
0
simulator testing is a relevant
0
1
2
3
4
5
method to study THR implants even
-5
Cycles (million)
those in clinical use.
Fig. 1. Wear rates of the THR implants vs. number
of sliding cycles.
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SPECTROSCOPIC TECHNIQUES FOR TABLETS
S. Turunen, K. Niinimäki, J. Sierpowska and R. Lappalainen
BioMater Centre, University of Kuopio, P.O.B. 1627, FIN-70211 Kuopio, Finland

Several non-destructive and destructive testing techniques can be used to study physical
and chemical properties of tablets. In a Tekes COMBIO-project (Varma)1, our aim is to
utilize the data of these methods to build a model for prediction of orally active drug
compound releasing from a tablet based on starch acetate.2 Of course the model includes
many other parameters, e.g. related to particles and compaction method, tablet composition and physicochemical properties of components.
The methods utilized in the BioMater Centre include impedance techniques, ultrasound
methods, Fourier Transform Infrared Imaging (FTIRI), contact angle and roughness
measurements and dynamic mechanical testing. These complementary techniques can
provide many parameters and spectra that are related with the structure of tablets and
with the properties which are relevant in respect to drug release such as a water penetration speed.
Based on our preliminary survey with tablets prepared with varying characteristics, the
results with new impedance and ultra sound testing setups are reproducible and the data
correlate significantly with the parameters of the tablets obtained using different
methods. Mechanical parameters determined using an Instron 8874 tester are in agreement with the data from a tablet compaction process. Furthermore, contact angle and
roughness measurements reveal relevant surface properties. FTIRI is a very potential
technique3 for studying dynamic processes in multi-component systems, because each
component can be resolved spatially based on the spectral response. This technique will
be utilized especially in the later stages of the project.

[1] Joint project at the Univ. of Kuopio: Pharmaceutical Chemistry (PhD Antti Poso),
Pharmaceutical Technology (prof. J. Ketolainen) and BioMater Centre (prof. R. Lappalainen).
[2] S. Pohja, E. Suihko, M. Vidgren, P. Paronen and J. Ketolainen, Starch acetate as a
tablet matrix for sustained drug release, Journal of Controlled Release, 2003, in press.
[3] C. A. Coutts-Lendon, N. A. Wright, E. V. Mieso and J. L. Koenig, The use of FTIR
imaging as an analytical tool for the characterization of drug delivery systems, Journal
of Controlled Release 93 (2003)223-248.
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MEASUREMENT

NETWORK

FOR

NOISY

Kari Piipponen and Raimo Sepponen
Applied Electronics Laboratory, P.O.Box 3000, FIN-02015 HUT, HELSINKI
UNIVERSITY OF TECHNOLOGY, Finland

In bio-potential measurements an isolated measurement system is assumed to ensure
patient safety and high performance. Typically, interference source is the main power
line [1], but can also be an RF source e.g. MR scanner [2] or an electric knife in surgery.
In the presence of a high frequency interference source the total capacitance over a conventional isolation amplifier becomes significant. Increase of measuring channels, twoway communications and isolated power supplies increase the number of cables and the
capacitance even more.
Purpose of this study is to device a patient
monitoring system, which provides a high
level of electric isolation, is easily expandable with low amount of cables, does not
need batteries and does not generate electromagnetic noise.
The new method provides capacitive isolation for both signals and power. To maintain the total isolation capacitance low (~2
pF) microwaves are employed for signal Figure 1. The novel istrumentation nework.
Both, signals and power are transferred
and power transfer over the isolation. over the capacitive isolation barrier in one
Bluetooth technology is applied to form a coaxial cable.
signal network inside the coaxial cable between the central unit and up to seven isolated signal conditioning modules (fig. 1). The
system power is generated in the central unit and delivered in 2 GHz PCS band to isolated units through the same coaxial cable.
The system performance is improved in comparison to conventional systems due to improved high frequency interference immunity, patient safety and networking capabilities. The system consists of low-cost standard components significantly reducing system
cost. The central unit can interface up to seven isolated modules and any serial device,
e.g. standard pc. Increasing the bandwidth of the system is straightforward with future
technologies like Bluetooth 2.0 or UWB.
[1] M. Fernandez Chimeno and R. Pallas-Areny, IEEE Transactions on Insrumentation
and Measurement 49 (2000) 535.
[2] L. Lemieux, P.J. Allen, F.Franconi, M.R. Symms and D.R. Fish, Magn. Reson. Med.
38 (1997) 943.
110

5. Medical physics and imaging

5.15

RECORDING ECG POTENTIALS WITH CLOSELY SEPARATED BIPOLAR
ELECTRODES – MODELLING APPROACH VS. CLINICAL DATA
M. Puurtinen, J. Hyttinen, and J. Malmivuo
Ragnar Granit Institute, P.O.B. 692, FIN-33101 Tampere, Finland

Abstract. The cardiac activity is commonly monitored by the standard 12-lead system.
However, the advancements in wireless and portable technology suggest that the
possibilities for smaller measurement devices and configurations with closely separated
bipolar electrodes should be surveyed. This paper reviews a project where the effect of
changing the interelectrode distance (IED) of ECG precordial leads was studied by
Finite Difference Method (FDM) modelling and by body surface potential map (PSM)
data. The objective was to model how reducing the interelectrode distance affects the
signal strength, and to evaluate how well the modelling results correspond to clinical
situations. A 2D thorax model based on Visible Human Man data [1] was used, and on
this model electrodes’ sensitivity to measure the electric field of the heart, was derived.
Figure 1. illustrates a sample case where the lead field between precordial electrodes V1
and V6 is calculated in the thorax model. The modelling results were compared to
clinical 120 channel PSM data recorded from 236 normal cases. It was found out that
reducing the IED obviously decreases the signal strenght; however, the magnitude of
this effect depends on the electrode location. Furthermore, this study suggests that
modelling solely the volume conductor can predict the signal strength obtained with
given electrode configurations.

Figure 1. Lead field between precordial electrodes V1 and V6 in 2D thorax model.
[1] Kauppinen P, Hyttinen J, Heinonen T, Malmivuo J. Detailed model of the thorax as
a volume conductor based on the visible human man data.. Journal of Medical
Engineering & Technology, 22 (3): 126-133, 1998.
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PROBING ORGANIC MOLECULES ON AN INSULATING OXIDE SURFACE
A. S. Foster and R. M. Nieminen
Helsinki University of Technology, Laboratory of Physics, P.O.Box 1100, FIN-02015
HUT, Finland

As atomic resolution on plain surfaces in Scanning Probe Microscopy (SPM) experiments
becomes almost routine, the focus has shifted to imaging of more complex systems such
as defects and adsorbed molecules. In particular, the combination of adsorbed organic
molecules on insulating oxide surfaces provides an application-rich area. Here, we focus
on two organic acid molecules with similar physical structure, but differing chemical
structure, and simulate imaging them with an Atomic Force Microscope (AFM). These
molecules have already been imaged in high resolution AFM on the TiO 2 surface [1], thus
providing an excellent opportunity to study the imaging mechanism.

Figure 1: Structure of acetate adsorbed on TiO2 .
We have performed first principles calculations of the adsorption of acetate (CH 3 COOH)
and trifluoroacetate (CF3 COOH) molecules on the TiO2 (110) surface - both adsorb dissociatively, with the oxygens bonding to in-plane titanium atoms (see Fig. 1). For the
purposes of AFM simulation we then constructed two comparative systems: (i) TiO 2 surface with monolayer coverage of acetate, and (ii) TiO2 surface with 25% acetate and 75%
trifluoroacetate monolayer coverage. On both systems we calculated the interaction of a
silicon tip with specific atomic sites. For the pure acetate case, we found strongest tipsurface attraction in-between the molecules due to repulsion from the inert CH 3 group.
For the mixed monolayer, the interaction was clearly stronger near the CF 3 groups, although still at a maximum in between the molecular rows. This shows that AFM can
clearly distinguish between different chemical species in otherwise nearly identical organic molecules - as seen in experiments. However, the interaction is always sensitive to
the tip structure, so we also consider further simulations with oxidized silicon tips.
[1] A. Sasahara, H. Uetsuka and H. Onishi, Phys. Rev. B, 64 (2001) 121406(R)
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THE INFLUENCE OF MOISTURE AND CURRENT MODULATION OF AN
ALL POLYMER TRANSISTOR UTILIZING A HYGROSCOPIC INSULATOR
T. G. Bäcklund, H. G. O. Sandberg, R. Österbacka and H. Stubb
Department of Physics, Åbo Akademi University, Porthansgatan 3, FIN-20500, Turku,
Finland

Organic field effect transistors (OFETs) have improved during the last years to a performance required of the targeted simple electronic applications. Low-cost, large-area
flexible flat-panel displays, electronic paper, ID tags, and sensors usually all incorporate
OFETs [1,2]. Studying a single OFET for understanding how the materials affect the
performance and stability of the device is important.
We have studied an all-polymer FET fabricated in air from solution processable polymers utilizing a hygroscopic insulator and found that the transistor performance, in
sense of current modulation of large currents on low voltages, is significantly improved
in a surrounding containing moisture. The OFET performance was studied with different organic materials, surroundings and organic solvents. An explanation for the observed behavior incorporating ionic movement at the active layer interface is presented.
The current modulation of the OFET is slower than expected according to mobility values extracted from the output and transfer characteristics and the current require some
seconds before leveling out. During device operation a current is always present on the
gate electrode that implies movement of ions in the vertical direction, that is perpendicular to the FET channel. In the presence of a small polar solvent the ions are mobile
thus enhancing the current modulation. Under dry conditions the ionic movement in the
device is inhibited thereby reducing the gate current several magnitudes and diminishing
the current modulation.
The I-V characteristic of the transistor is highly reproducible in a systematic way when
exposed to changed environments. This feature makes is possibly to use the transistor as
a sensor, e.g. detecting changes in moisture level of the surrounding.

[1] G. H. Gelinck, T. C. T. Geuns, and D. M. de Leeuw, Appl. Phys. Lett. 77 (2000)
1487.
[2] J. A. Rogers and Z. Bao, J. Polym. Sci. Part A: Polym. Chem. 40 (2002) 3327.
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NANOSTRUCTURED AND CONDUCTIVE ELECTROSPUN NANOFIBERS
T. Ruotsalainen1, J. Turku1, M. Pääkkö1, P. Heikkilä2, A. Harlin2, J. Ruokolainen1, A.
Nykänen1, T. Laitinen1, G. ten Brinke3 and O. Ikkala1
1

Helsinki University of Technology, Department of Engineering Physics and Mathematics and Center for New Materials, P.O. Box 2200, FIN-02015, Finland
2

Tampere University of Technology, Institute of Fibre Materials, P.O. BOX 589 33101
Tampere, Finland
3
University of Groningen, Department of Polymer Science and Materials Science Center, Nijenborgh 4, 9747 AG Groningen, The Netherlands
Electrostatic spinning also known as electrospinning has lately arisen drastic attention in
fundamental and applied science and thus there has been tremendous activity to use this
processing method on numerous of applications. Here we represent our lab’s work in
this field of researcher.

1. Nanostructured nanofibers of electrospun comb-shaped supramolecules
In the process of electrospinning massive deformation takes place at the very shot time,
due to these rough circumstances it is not clear that complex supramolecular architectures can be electrospun without breaking entities. We demonstrate with a supramolecular material known from our previous works in bulk and film [1] can be electrospun
without breaking weak hydrogen bonding between the amphiphile and the diblock copolymer. In addition, the supramolecular entities self-organize in nanofibers (diameter
200 – 600 nm) with inner structure typical to block copolymers (Fig. 1).
2. Conductive nanofibers of polyaniline
Polyaniline (PANI) is a conducting polymer, which is suitable for applications. The possibility of electrospinning thin fibers [2] of conducting PANI either alone or blended
with a commodity polymer, such as polyvinyl alcohol (PVA) is studied. Conductivities
of fibers are reported.

Figure 1.Cross-sectional electron microscopy image of nanofibers.
[1] J. Ruokolainen, M. Saariaho, O. Ikkala, G. ten Brinke, E. L. Thomas, M. Torkkeli,
R. Serimaa, Macromolecules 32 (1999) 1152.
[2] A. Frenot, I. Choronalis, Current Opinion in Colloid and Interface Science 8 (2003)
64.
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GUIDING OF OLIGONUCLEOTIDES WITH ELECTRIC FIELD AND CHARACTERIZATION OF IMMOBILIZED DNA USING GOLD NANOPARTICLE
LABELING
S. Tuukkanen1 , J. Virtanen2 , V. Hytönen3 , M. Kulomaa3 , P. Törmä1
1

Department of Physics, University of Jyväskylä, P.O.Box 35,
FIN-40014 University of Jyväskylä, Finland
2
Department of Chemistry, University of Jyväskylä, P.O.Box 35,
FIN-40014 University of Jyväskylä, Finland
3
Department of Biological and Environmental Science, University of Jyväskylä,
P.O.Box 35, FIN-40014 University of Jyväskylä, Finland

Electrical properties of double helical DNA have been studied widely, but some controversy over experimental results still remain [1]. The charge transfer mechanism of double
helix structure is found to be highly sensitive to single nucleotide mismatches. This property can be used in sequence-selective recognition of nuclear acid sequences. We are
developing a nanoscale sensor which electrically monitors the completeness of forming
double helix structure between separated gold electrodes. This sensor can also be used
for studying the conductivity of DNA giving essential information related to its potential
use as a component of future electronics.
As a first step towards the realization of our proposed DNA sensor we studied electrically controlled selective coating of gold electrodes with synthetic oligonucleotides [2].
Guiding of the oligonucleotides was done using external voltage between the electrodes.
Alkanethiol molecules (MCH) were used to passivate the gold surface. The characterization of immobilized DNA molecules was done using colloidal gold particle labeling
and electron microscopy (SEM). The experimental results show the expected qualitative
behaviour. In addition, the oligonucleotides were observed to attach to the gold surface
not only with thiol-groups, but also with non-specific binding.
[1] D. Porath, G. Cuniberti, and R. Di Felice, Topics in Current Chemistry 237 (2004).
[2] S. Tuukkanen et al, Rev. Adv. Mater. Sci. 5 (2003) 228-231.
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Measuring shot noise with a small Josephson junction
R. K. Lindell J. Delahaye , M. S. Sillanpää , E. Sonin



and P. J. Hakonen

Low Temperature Laboratory, Helsinki University of Technology,
P.O.
Box 2200 FIN-02015 HUT, Finland

The Racah Institute of Physics, The Hebrew University of Jerusalem, Israel



The IV-curve and the Coulomb blockade of a small (100x100  ) Josephson junction
depends strongly on the environment of the junction [1]. For a classical impedance environment, the environment can be described with an infinite sum of harmonic oscillators,
which give rise to Gaussian phase fluctuations over the junction. In addition, the Josephson junction can be used to measure non-linear (non-Gaussian) systems [2]. Recently, the
theory of environmental influence on the Coulomb blockade of a small Josephson junction has been extended to cover the case of shot noise [3], where the appearance of odd
moments gives rise to new effects such as asymmetry of the IV-curve, shift of the minimum conductance and the ratchet effect, i.e. non-zero current at zero bias voltage. The
tunneling of quasiparticles in a Josephson junction or a superconducting-insulator-normal
(SIN) junction are examples of systems with shot noise, which are non-Gaussian noise
generators.
We have carried out measurements with a circuit shown in the figure. The circuit contains
a loop with two aluminum Josephson junctions that act as the detector for noise. The loop
configuration gives the possibility to tune the
 critical current of the Josephson junction


and thus tuning the ratio of
to
, i.e. the Josephson coupling energy to the
charging energy. The resistor  , made of chromium, is needed to ensure the Coulomb
blockade in the Josephson junction. As a source of shot noise we use a current biased SIN
tunnel junction, where the normal metal is copper.
6.0
H

4.0

G 0 ( µS)

Our measurements show that the zero bias
conductance of the Josephson junction
increases linearly with the bias current
 
, and that the blockade is strongly affected by the non-Gaussian nature of shot
noise. Additionally, we find that the conductance curve is asymmetric,
   where the
asymmetry depends on
and the
 
sign of .
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[1] G.-L. Ingold and Yu V. Nazarov in Single Charge Tunneling, NATO ASI series, Vol.
B 294, edited by H. Grabert and M. H. Devoret (Plenum Press, New York, 1992).
[2] R. Lindell, J. Penttilä, M. Sillanpää, and P. Hakonen, Phys. Rev. B 68, (2003) 052506.
[3] E.B. Sonin, to be published.
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DIELECTRIC FOURIER SPECTROSCOPY AND PIEZO FORCE MICROSCOPY OF A FIELD-INDUCED POLAR PHASE IN EPITAXIAL FILMS
OF RELAXOR PbMg1/3Nb2/3O3
M. Tyunina1,2, K. Kundzinsh2, V. Zauls2, J. Levoska1, V. Shvartsman3 and A. Kholkin3
1

Microelectronics and Materials Physics Laboratories, and EMPART Research Group
of Infotech Oulu, University of Oulu, PL 4500, FIN-90014 Oulun yliopisto, Finland
; 2Department of Ferroelectrics, Institute of Solid State Physics, University of Latvia, LV-1056 Riga, Latvia; 3Department of Ceramic and Glass Engineering, University of Aveiro, 3810-193 Aveiro, Portugal

PbMg1/3Nb2/3O3 (PMN) is a classic representative of perovskite relaxor ferroelectrics
(RFE). For applications in modern microdevices, thin-film RFE are desirable. However,
very little is known about RFE and FE properties of such films. This work deals with
studies of an induced polar ferroelectric-like phase in glass-like relaxor PMN thin films.
Epitaxial PMN (100)/La0.5Sr0.5CoO3 bottom electrode/MgO (100) substrate heterostructures were grown by pulsed laser deposition. Nonlinear dielectric and piezoelectric responses were measured along [100] direction. The amplitudes and phase angles of the
first, second, and third dielectric harmonics were determined as a function of frequency,
temperature, amplitude of ac field and applied dc field using impedance technique with
digital Fourier analysis [1]. The true dielectric response of the films was reconstructed
assuming a linear contribution of the film-electrode interface [2]. The local piezoelectric
response was measured by PFM technique using scanning force microscope with an ac
electric field applied between the bottom electrode and the grounded silicon tip [3].
In the films, at low amplitudes of the ac field and zero dc field, a glassy relaxor behavior
was identified by the frequency dispersion of temperatures of dielectric maxima (Tm), a
maximum in the third-order nonlinear dielectric permittivity around the freezing temperature, a square field dependence of the amplitudes of the odd harmonics, and the absence of the even-order harmonics. Under an applied dc field, the amplitude of the second harmonic increased and the amplitudes of the first and third harmonics decreased.
Also a strong piezoelectric signal was recorded, with clear hysteresis in the dc electric
field dependence of the effective d33. This indicated an onset of a ferroelectric-like polar
state, which occurred at much lower fields and shorter time than in PMN crystals. Another peculiarity was an inverse dc electric field dependence of the real part of the dielectric permittivity, never observed before. Possible reasons for such an onset of ferroelectric phase are discussed assuming reorientation of the polar clusters along the direction of the field and the low energy barriers between the stable states of the clusters.

[1] M. Tyunina, V. Zauls, K. Kundzinsh and J. Levoska, Ferroelectrics 270 (2002) 241.
[2] M. Tyunina and J. Levoska, Phys. Rev. B 63 (2001) 224102.
[3] V. Shvartsman, M. Tyunina, J. Levoska and A. Kholkin, Ferroelectrics (accepted).
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OPTIMAL SIZE THREE-DIMENSIONAL QUANTUM RINGS
J. Zaratiegui García and P. Pietiläinen
Department of Theoretical Physics, P.O.B. 3000, FIN-90014 University of Oulu, Finland

We have studied the single-electron energy states for a three dimensional (3D) quantum
ring. During last years the study of these semiconductor nanostructures, such as quantum
rings, from the experimental and theoretical point of view, has been of great interest [1,2].
Our theoretical model starts from the initial supposition the the confinement potential
is parabolic and electrons have a fixed mass. We solved the system by using the exact
diagonalization method.
The purpose of our calculations is to find out the energy dependence on the size of the ring
and the confining potential strength. After looking to the Hamiltonian, it is straightforward to see that there is only one parameter that characterizes it; i.e., the ratio R/a, where
a2 = h̄/mω0 . The isotropic Hamiltonian is written in cylindrical coordinates (r, θ, z) as
h̄2
H=−
2m

1 ∂
1 ∂2
∂2
∂2
+
+
+
∂r 2 r ∂r r 2 ∂θ 2 ∂z 2

!



1
+ mω02 (R − r)2 + z 2 .
2

(1)

It is easy to see the limiting cases for the above equation. When R/a → 0 we just have a
3D harmonic oscillator, and if R/a → ∞, our case restricts to a 2D harmonic oscillator
and a free wave on the remaining dimension.
Our predictions can be appreciated in the plot below. Energy levels were calculated by
diagonalizing the resulting Hamiltonian matrix when (1) is represented in the basis set
{Ψn,l,m (r, θ, z)} = ψn,l (r, θ)Zm (z). The (r, θ)-dependent part are the wavefunctions of a
parabolic quantum dot, and the z-dependent part is the wavefunctions of a 1D harmonic
oscillator.

It is now possible to see how fast the energy
levels converge to the values n × h̄ω0 , where
n = 1, 2, 3, . . .. These levels are ∞-fold degenerate, as the movement in the radial direction is free. We have found out an absolute minimum for the ground state energy
Emin ≈ 0.931h̄ω0 , located at R/a ≈ 1.53.
Ground state is not degenerate and corresponds to a state with no angular momentum.







 




[1] A. Lorke et al., Phys. Rev. Lett. 84 (2000) 2223.
[2] A. Emperador et al., Phys. Rev. B 62 (2000) 4573.
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SYMMETRY-BREAKING AND DOMAINS IN
THz-DRIVEN SEMICONDUCTOR SUPERLATTICES
K.N. Alekseev1 , P. Pietiläinen1 and F.V. Kusmartsev2
1

Theoretical Division, Department of Physical Sciences, P.O. Box 3000, FIN-90014 University of Oulu.
2
Department of Physics, Loughborough University, Loughborough LE11 3TU, UK

Miniband transport in semiconductor superlattices is sufficiently nonlinear. Therefore, a
semiconductor superlattice driven by a high-frequency electric field has been discussed as
suitable nonlinear medium for an observation of harmonics generation, wave mixing and
amplification, bistability, absolute negative conductance, chaos and dynamic symmetrybreaking. Miniband electrons in semiconductor superlattice most effectively interact with
electromagnetic fields of THz frequency domain. Recent progress in the development of
coherent sources of THz radiation allowed to observe some of these nonlinear effects,
such as harmonic generation , resonant changes in conductivity and THz-induced reduction of dc current.
It is known that a formation of high field and low field domains can strongly alter nonlinear properties of nanostructures at THz frequencies. However, existing theories of THzinduced nonlinear phenomena in semiconductor superlattices are based on an assumption
of spatially homogeneous field distribution inside superlattice and, therefore, they do not
take into account a possibility of domains formation.
In this report, we examine the necessary conditions for domains build up under the action
of strong THz field. We show that a number of nonlinear processes, arising in semiconductor superlattices under the action of THz field, should be influenced by the domains.
We especially focus on analysis and comparison of two new mechanisms for a rectification of THz radiation in superlattices: the rectification due to absolute negative conductance [1] and the rectification due to dynamic symmetry breaking [2]. Our theoretical
work is relevant to several experimental activities.
[1] A. A. Ignatov, E. Schomburg, J. Grenzer, K. F. Renk, E. P. Dodin, Z. Phys. B 98
(1995) 187.
[2] K. N. Alekseev, E. H. Cannon, J. C. McKinney, F. V. Kusmartsev, D. K. Campbell,
Phys. Rev. Lett. 80 (1998) 2669.
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SINGLET AND TRIPLET TWO-ELECTRON STATES
IN HARMONIC QUANTUM DOTS
Markku Leino and Tapio T. Rantala
Institute of Physics, Tampere University of Technology,
P.O.Box 692, FIN-33101 Tampere, Finland

Quantum dots are typically small semiconductor heterostructures where electrons are spatially confined [1]. Properties of few-electron quantum dots are important to understand
for the development of novel semiconductor technology.
Here, the path-integral quantum Monte Carlo method [2] is used to study the two-electron
singlet and triplet states in harmonic quantum dots. Electron densities, energies and pair
correlation functions are evaluated at various confinement strengths. The main emphasis is, however, in analysis of effects arising from the exchange interaction. Results are
compared with experiments and data of a 2D quantum dot [3].
[1] S. M. Reimann and M. Manninen, Rev.Mod.Phys 74 (2002) 1283.
[2] D. M. Ceperley, Rev.Mod.Phys. 67 (1995) 279.
[3] M. Leino and T. T. Rantala, Physica Scripta T (2004) Accepted.
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TIME-DEPENDENT DENSITY FUNCTIONAL CALCULATIONS ON THE
ELECTRONIC ABSORPTION SPECTRA OF AN ASYMMETRIC MESOSUBSTITUTED PORPHYRIN AND ITS ZINC COMPLEX
O. Cramariuc1,2, T. I. Hukka2 and T. T. Rantala1
1

Institute of Physics and 2Institute of Materials Chemistry, P.O.B 692/541,
FIN-33101 TAMPERE UNIVERSITY OF TECHNOLOGY, Finland.

Porphyrin-fullerene dyads in which the porphyrin molecules act as donors can lead to
long living charge separated states following photo-excitation of the porphyrin molecules in the near-UV region. In self-organizing complex structures, like Langmuir–
Blodgett films, such phenomena can be used to develop devices based on the light–
matter interaction. Therefore, the study of these kinds of compounds is important for the
newly emerging field of molecular optoelectronics.
In the present work the time-dependent density functional theory is applied to study the
electronic transitions which give rise to the near UV-VIS optical absorptions of 3,4dimethyl-N-{2-[10,15,20-tris-(3,5-di-tert-butyl-phenyl)-porphyrin-5-yl]-phenyl} benzamide (H2P–O34) and its zinc complex (ZnP–O34). Optimizations of the molecular
structures were performed using the GGA type Perdew-Burke-Ernzerhof exchangecorrelation. Excitation energies and oscillator strengths were obtained from TD-DFT
calculations. Calculations were also carried out by using the BP functional.
A large number of electronic transitions is found to be responsible for the B band absorption. It was also found that the distortions induced by the substituents to the porphyrin ring contribute less than 10% to the red shifts of the absorption wavelengths of the
substituted porphyrins with respect to the unsubstituted porphyrins. The energies of the
lowest triplet states were calculated to be 1.44 eV for H2P–O34 and 1.61 eV for ZnP–
O34.
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CHARACTERIZATION
OF
OPTICAL
PROPERTIES
CRYSTALLINE DOPED Pb(ZrxTi1-x)O3 THIN FILMS

OF

NANO-

Jyrki Lappalainen1, Jussi Hiltunen2 and Vilho Lantto1
1

Microelectronics and Materials Physics Laboratory, P.O. Box 4500, FIN-90014
University of Oulu, Finland
2
VTT Electronics, Optoelectronics, P.O. Box 1100, FIN-90571 Oulu, Finland

High optical transmittance and refractive index together with strong electro-optic Kerr
effect of the ferroelectric lead-zirconate-titanate (PZT) films can be utilized in various
active optical applications like optical shutters, modulators, waveguides, and acousto
optic Bragg deflectors based on SAW technology. In the Kerr effect, the change of the
refractive index ∆n of the PZT film is proportional to the square of the applied electric
field E2, thus making the control of the polarized light propagation in the PZT film possible by using very simple component structures. Especially, La-doped PZT ceramics
has been reported to have excellent optical properties also in the form of thin films.
Pulsed laser deposition with XeCl-excimer laser with a wavelength of 308 nm and Ndand La-modified PZT targets were used for the optical thin film fabrication. The films
were deposited on single-crystal MgO(100) and sapphire substrates. The crystal structure, grain size distribution, and surface morphology were studied using XRD, AFM and
SEM techniques. The optical transmission and reflection spectra of the films were
measured at UV-VIS-NIR wavelengths. Refraction index dispersion, extinction coefficient k, and the value of the band gap Eg were calculated. Electro-optic coefficients
were determined by ellipsometric technique.
In the case polycrystalline films, mean grain size was between 20 nm and 35 nm. At VIS
region, refractive index decreased from 2.5 to 2.0 and energy gap varied from 3.55 to
3.72 eV depending on grain size distribution and chemical composition. Quadratic electro-optic coefficient was in the range of 10-17 m2V-2 measured at HeNe 633 nm wavelength.
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TAILORED NANOCRYSTALLINE WO3 FILMS FOR GAS SENSING APPLICATIONS
S. Saukko1 , L. F. Reyes1,2 , A. Hoel2 , P. Heszler2 , V. Lantto1 , C. G. Granqvist2 and
J. Lappalainen1
1

Microelectronics and Materials Physics Laboratories, University of Oulu, P.O. Box 4500,
FIN-90014 University of Oulu, Finland
2
Department of Engineering Sciences, The Ångström Laboratory, Uppsala University,
P.O. Box 534, SE-75121 Uppsala, Sweden

A high-temperature route employing advanced reactive gas deposition was used to produce WO3 nanoparticles with the metastable tetragonal crystal structure for gas-sensing
applications. WO3 thick films of the produced nanoparticles were deposited on alumina
substrates with pre-printed gold electrodes, being 200 µm apart, and a Pt heating resistor printed on the reverse side. WO3 is an extrinsic n-type semiconductor and its crystal
structure is lowered from the ideal cubic symmetry of the metallic ReO 3 and isoelectronic NaWO3 bronze. The oxygen octahedra in WO3 are deformed and tilted and the
metal cation lies off-center. Because of this great flexibility inherent in the structure,
there are many different types of distortions (phases) at different temperatures and the
physical properties of the structures depend crucially on the details of these distortions.
The high-temperature tetragonal phase of WO3 has a layered structure perpendicular to
the tetragonal c axis, which implies a stable (001) surface for tetragonal crystallites. This
layered crystal structure is interesting from the point of gas sensing, since it contains
terminal-like W=O bonds on both sides of each layer through the structure, in addition to
surfaces, and also large 12-fold coordinated cages for ion insertion into the structure.
The WO3 films were very sensitive, e.g., to H2 S already at room temperature and to NO2
at low temperatures above about 450 K. Maximum sensitivity in synthetic air to H 2 S was
found at about 400 K and to NO2 at about 525 K. Gas sensitivity was studied also in
atmospheres having different oxygen concentrations. E.g., the temperature corresponding to the maximum sensitivity to H2 S was found to increase with decreasing oxygen
concentration in the atmosphere.
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SHOT NOISE CHARACTERIZATION OF Nb/AlOx/Nb STRUCTURES AT LOW
TEMPERATURE
P. Kivinen , S. Paraoanu and P. Törmä
Department of Physics, University of Jyväskylä, P.O.B. 35, FIN-40014 University of
Jyväskylä, Finland

We discuss the noise characterization of Nb/AlOx/Nb -based Josephson junctions. The
noise components appearing in the junction are thermal noise, shot noise and 1/f noise.
The latter is to some extent an intrinsic property of the material and cannot be easily
modified. Shot noise, however, is a function of the electric current applied through the
junction and therefore we expect to detect noise characteristics of Cooper pairs, or 2e.
For the measurement set up we apply cross-correlation technique in order to reduce the
possible interference from the surroundings. In the cross-correlation analyzer the voltage
over the sample is measured by two independent channels and the uncorrelated noise
will be averaged away. This technique has been applied successfully in the experimental
discovery of fractionally charged quasiparticles in quantum Hall systems. The frequency
range will be below 1 MHz.
The motivation for the noise analysis of Nb-based tunnel junctions is their promising
properties for the solid state quantum computing. Although Nb has a relatively high
critical temperature (Tc = 9.5 K), its noise characterics e.g. at 4 K could possibly limit its
usefulness for superconducting quantum bit. For these applications the quantitative noise
characterics must be known and, if possible, all possible extra sources arising from the
fabrication and geometry eliminated.
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USE OF SMALL-MOLECULAR ORGANIC COMPOUND (TPD) AS A 85.30
SEMICONDUCTOR IN AN ORGANIC FIELD-EFFECT TRANSISTOR
S.Jussila , J.Saijets and T.Mäkelä
VTT Microelectronics, P.O.Box 1208, FIN-02044 VTT, Finland.

N,N'-diphenyl-N,N'-bis(3-methylphenyl)1-1'biphenyl-4,4'diamine (TPD) is a smallmolecular organic compound, which has been used as a hole-transporting layer in organic light-emitting diodes [1] and hybrid solar cells [2]. Due to its fairly good hole mobility value ( h ~ 10-3 cm2 /Vs [2, 3] ) it could be used also as a semiconductor in organic field-effect transistors (OFETs). Unlike most OFET materials TPD has also
proved to be stable when operated in normal room atmosphere.
We have manufactured an organic field-effect transistor (OFET) structure, where TPD
was used as a semiconducting channel material. A 50 nm thick TPD layer was evaporated on golden source and drain electrodes, which were photolithographically patterned
defining the channel length and width to 9 µm and 10 mm, respectively (Fig. 1a). The
thickness of the insulating SiO2 layer was 300 nm.
The TPD FET was characterized with a SPICE MOSFET model using APLAC circuit
simulator. The used MOSFET model is a modified version of the Berkley MOSFET
Level 1 model. The model parameter extraction suggested that the device behaves very
similar to a conventional bulk CMOS device having very large dimensions. Also the
frequency merits of the device were estimated.

Fig. 1. a) the TPD FET structure and b) the result of a simulation.
[1] G. Gu et al., Appl. Phys. Lett. 68 (1996) 2606 .
[2] J. Hagen et al., Synthetic Metals 89 (1997) 215 .
[3] S. Naka, H. Okada and H. Onnagawa, Appl. Phys. Lett. 76 (2000) 197.
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CYLINDRICAL SELF-ORGANIZATION OF CONJUGATED POLYMERS: A
POTENTIAL ROUTE TOWARDS METAL-INSULATOR TRANSITION
M. Tiitu1, N. Volk1, M. Torkkeli2, R. Serimaa2, G. ten Brinke1,3 and O. Ikkala1
1. Helsinki University of Technology, Department of Engineering Physics and
Mathematics, P.O. Box 2200, FIN-02015 HUT, Espoo, Finland
2. University of Helsinki, Department of Physics, P.O. Box 9, FIN-00014, Helsinki, Finland
3. Laboratory of Polymer Chemistry, Dutch Polymer Institute, University of Groningen, Nijenborgh 4, 9747 AG Groningen, The Netherlands

Electrically conducting hexagonally self-organized nanostructures of polyaniline (PANI)
protonated with 2-acrylamido-2-methyl-1-propanesulfonic acid (AMPSA) and hydrogen
bonded with resorcinol (res), ethylresorcinol (C2res) and hexylresorcinol (C6res) are
studied. Electrical conductivities, SAXS, and WAXS are reported for
PANI(AMPSA)0.5(Cnres)y, for y=0,..1.5. SAXS in combination with the increase of the
conductivity upon adding Cnres, i.e. dilution, suggests stretching of the PANI-chains
upon cylindrical self-organization. Positive temperature coefficient of resistivity is observed upon complexing resorcinols which may indicate concurrent metal-insulator
transition. Shear flow is additionally imposed in order to further stretch the chains and
to achieve overall alignment of the local self-organized domains. SAXS shows biaxial
anisotropy of the structures but no conductivity anisotropy is observed, potentially indicating the role of residual defects in the transport properties. Anisotropy in conductivity
is observed upon pressing the samples between two glass plates to form films.

Figure 1. Conductivity increase is explained by stretching of the chains inside the cylinders.
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HIGHLY ORGANIZED MESOMORPHIC STRUCTURES OF POLYPYRIDINE
AND ITS SALTS: A ROUTE TOWARDS IONIC LIQUID CRISTALLS
Nicole Volk a), Mika Torkkeli b), Ritva Serimaa b), Olli Ikkala a)
a) Department of Engineering Physics and Mathematics, Helsinki University of
Technology, P.O. Box 2200, FIN-02015 HUT, Espoo
b) Department of Physics, University of Helsinki, P.O. Box 64, FIN-00014 Helsinki

Polypyridine (PPY), i.e. poly(2,5-pyridinediyl), consisting of para-coupled pyridine
rings is a conjugated luminant polymer with rigid rod-like conformation. It is soluble in
formic acid and it is oxidatively stable. Due to these properties it is an interesting polymer for photonics applications and a model polymer to study self-organization of rigidrod complexes. Previously it has been shown that upon hydrogen bonding alkylphenols
to sulfonic acid salts of PPY, one obtains comb-shaped supramolecules with fluid-like
lamellar (smectic) self-organization. Highly aligned material can be achieved by shear
alignment[1].

intensity / a.u.

In this work we report properties of salts consisting of PPY and
bis(trifluoromethanesulfonylamide) (HTFSI). The complexes have been characterized
using IR and NMR to assess the interactions on a molecular level, SAXS and WAXS
for the structural analysis, and DC and AC-conductivity for the transport properties. The
complexes show highly ordered structures based on X-ray data. Room temperature conductivities are reported to be high, in the range of 10-4 S/cm under atmospheric conditions. The materials can be regarded as rigid rod self-organized ionic liquids. The interesting structural and transport properties encourage to study the complexes for functional electroactive purposes.
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Fig. SAXS intensity patterns of PPY(TFSI) complexes, vacuum dried (dashed line), in
air (solid line). Note that the scattering patterns indicate highly developed order even if
the material is soft, especially in the hydrated state.
[1] Knaapila, M.; Ikkala, O.; Torkkeli, M.; Jokela, K.; Serimaa, R.; Dolbnya, I. P.; Bras,
W.; ten Brinke, G.; Horsburgh, L. E.; Palsson, L.-O.; Monkman, A. P, Applied Physics
Letters 81(8), (2002), 1489-1491.
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TOWARDS SWITCHING PHOTONIC BANDGAP IN SOLID POLYMER
FILMS BASED ON COMB-SHAPED SUPRAMOLECULES
S. Valkama1, H. Kosonen1,2, J. Ruokolainen1, M. Torkkeli3, R. Serimaa3, G. ten
Brinke1,4 and O. Ikkala1
1

Department of Engineering Physics and Mathematics and Center for New Materials,
Helsinki University of Technology, P.O. Box 2200, FIN-02015 HUT, Espoo, Finland
2
VTT Microelectronics, Technical Research Centre of Finland, P.O. Box 1208, FIN02044 VTT, Finland
3
University of Helsinki, P.O. Box 64, FIN-00014 Helsinki, Finland.
4
University of Groningen, Nijenborgh 4, 9747 AG Groningen, The Netherlands

Many fabrication methods to manipulate the transport of light using periodic dielectric
structures have been demonstrated, such as lithographic and etching techniques, spontaneous self-organization of colloids, synthetic opals, inverted opals, and block copolymers have been demonstrated [1-4]. On the other hand, functional materials with stimuli
and condition responsivity have aroused much interest. Typically the responsivity in
these systems is based on the hydrophobic/hydrophilic interaction in a dilute aqueous
environment. By contrast, in the solid films relevant for several device applications, design principles for self-organizing materials have not much been considered.
Previously we have shown that comb-shaped polymeric supramolecules of dodecylbenzenesulphonic acid (DBSA) and poly(styrene)-block-poly(4-vinylpyridine) (PS-blockP4VP) can be used to prepare one-dimensional optical reflectors [2]. Here we will present the latest results towards switching of an optical bandgap based on selforganization and phase transitions.

[1] J. D. Joannopoulos, R. D. Meade and J. N. Winn, Photonic Crystals: Molding the
Flow of Light (Princeton University Press, Princeton 1995).
[2] H. Kosonen, S. Valkama, J. Ruokolainen, M. Torkkeli, R. Serimaa, G. ten Brinke
and O. Ikkala, Eur. Phys. J. E 10 (2003) 69.
[3] From Dynamics to Devices: Directed Self-Assembly of Colloidal Materials, MRS
Bulletin 23 (10) (1998).
[4] Materials Science Aspects of Photonic Crystals, MRS Bulletin 26 (8) (2001).
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Externally controllable mesoporous polymers material design
A. Nykänen1 , S. Valkama1 , H. Kosonen1 , M. Nuopponen2 , M. Torkkeli3 , R. Serimaa3 , R.
Mäki-Ontto1 , J. Ruokolainen1 , H. Tenhu2 , G. ten Brinke4 and O.Ikkala1
1

Helsinki University of Technology, Department of Engineering Physics and Mathematics, P.O. Box 2200, FIN-02015, Finland
2
University of Helsinki, Department of Chemistry, P.O. Box 55, FIN-00014, Finland
3
University of Helsinki, Department of Physics, P.O. Box 55, FIN-00014, Finland
4
University of Groningen, Department of Polymer Science and Materials Science Center,
Nijenborgh 4, 9747 AG Groningen, The Netherlands

Several ways of mesoporous polymeric materials have been reported, e.g. based on
self-organization of block copolymers followed by controlled degradation of selected
microphases [1, 2]. Functionality to the porous material can be added by choosing
externally controllable responsive polymers. For example conformation transition of
poly(N-isopropylacrylamide) in aqueous solution near room temperature (32 ◦ C) enables one to desing mesoporous temperature responsive materials where the porosity is adjusted by heating or cooling the material. Block copolymer polystyreneblock-poly(N-isopropylacrylamide) , with 4-hexylresorcinol complexed into the poly(Nisopropylacrylamide) domain, is used to form “hairy tube” -like hierarchical selforganized structures [3]. The porosity is achieved by removing the complexed hexylresorcinol from the polymer structure using selective solvent. Different block sizes of the
polymers can used when the morphology of the material is fixed to lamellar or cylindrical
stuctures by adding homopolystyrene to the polymer solution. This enables to increase
the amount of hexylresorcinol in poly(N-isopropylacrylamide) domain. In the porous
structure, thermoresponsive poly(N-isopropylacrylamide) is expected to collapse to the
pore walls when the solution temperature is above lowest critical solution temperature
TLCST and stretch into the pores and fill them at temperatures below TLCST [4]. This
functionality can be used to “lock” and “open” the structure externally. Transmission
electron microscopy and X-ray diffraction experiments were used to examine the structure of the material. Transport properties as a function of temperature were investigated
by measuring diffusion of aqueous solution of color dye Rhodamine 6G into the porous
material.
[1] T. Thurn-Albrecht, J. Schotter, G. A. Kästle, N. Emley, T. Shibauchi, L. KrusinElbaum, K. Guarini, C. T. Black, M. T. Tuominen, T. P. Russell, Science 290 (2000)
2126.
[2] A. S. Zalusky, R. Olayo-Valles, J. H. Wolf, M. A. Hillmyer, J. Am. Chem. Soc. 124
(2002) 12761.
[3] R. Mäki-Ontto, K. de Moel, W. de Odorico, J. Ruokolainen, M. Stamm, G. ten Brinke,
and O. Ikkala, Advanced Materials, 13, (2001), 117.
[4] G. V. Rama Rao, M. E. Krug, S. Balamurugan, H. Xu, Q. Xu, G. P. Lòpez, Chem
Mater 14 (2002) 5075.
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ELECTRICALLY CONDUCTIVE CHEMICAL PULP FIBRES
Otto-Ville Kaukoniemi (1), Kaisa Kiri (2), Jukka Valkama (2) and Tapio Mäkelä (2)
(1) Helsinki University of Technology, Laboratory of Paper Technology, P.O.B. 6300,
FIN-02015 HUT, Finland
(2) VTT Technical Research Centre of Finland, VTT Information Technology,
P. O. B. 1208, FIN-02044 VTT, Finland

Chemical pulp fibres and other paper making materials such as fillers and coating color
components have high electrical resistivities and therefore paper as such is insulating
material. Combining chemical pulp fibres with conducting materials like conductive
polymers makes relatively cheap large scale manufacturing of large antistatic surfaces
possible in normal paper machines.
In this investigation chemically pulped birch fibres were combined with polyaniline that
was doped conductive with dodecylbenzenesulfonic acid (DBSA) counterion. Polyaniline as such is very weakly soluble in most solvents but it can be made soluble in nonpolar solvents by DBSA doping. By adding excess amounts of DBSA the polyanilineDBSA -compound can also be dispersed in water. In this case DBSA, which is strongly
surface active compound due to its two alkaline tails and sulphonic acid group, acts as
dispersant by solubilizing polyaniline-DBSA –compound in the micellar interior. Water
is the best solvent to be used with fibres because of economical and manufacture related
reasons including waters low volatility and non toxic nature. Water is also needed in
paper manufacture because it is essential for hydrogen bonding between fibres when fibre network is formed.
Chemical pulp fibres have anionic total charge when dispersed in water because of large
amount of hydroxyl groups present in fibre surfaces. Also polyaniline-DBSA –
compound is anionic because of the sulphonic acid groups. Therefore when these two
are combined a connective substance is needed to overcome electrostatic repulsion between anionic groups. In this investigation branched cationic polymers such as cross
linked cationic polyacrylamide and cationic starch turned out to be the most effective
retention aids.
Use of cationic retention aids made combining of birch fibres and DBSA-doped polyaniline possible. As a result the volume resistivity of paper manufactured from these fibres coated with polyaniline could be altered from insulating (1014 /cm) to antistatic
level (105 /cm) by relatively low polyaniline dosages (3 w-%). Conductive properties
of this material are therefore in a level which allows its use for example in antistatic
packages of electronic devices. Drawback of the method is the loss of strength of paper.
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AMORPHOUS DIAMOND COATING IMPROVES OSSEOINTEGRATION OF
TITANIUM IMPLANT IN A RAT FEMUR
R. K. Korhonen, J. J. P. Jaatinen, A. Pelttari, H. J. Helminen, H. Korhonen, H. Kröger
and R. Lappalainen
Department of Applied Physics, University of Kuopio, POB 1627, 70211 Kuopio,
Finland

INTRODUCTION: One crucial factor in making the prosthetic joint more physiological is the bone-prosthesis –interface. Amorphous diamond (AD) coating has turned out
to be as a promising biomaterial in artificial joint, due to excellent biocompatibility,
longevity and versatility [1]. However, the potential of AD coating in the bone-implant
–interface, inducing differences in osseointegration, has not been studied. The aim of
the present study was to investigate the potential of AD coating of titanium implant for
the osseointegration in the rat femur.
METHODS: The materials used in this study were plain titanium (n=6) and diamond
coated titanium (n=6) pins. The coatings were deposited at the Univ. of Kuopio [1].
The surfaces of the pins were smooth (Ra 0.2 µm) and nonporous. The animals used in
the study were male rats of the Wistar breed and approximately 16 weeks of age. The
animals were divided in six groups to study the progress of osseointegration on a 0-12
week time span.
The rats were first placed under general anesthesia. Then the knee joint of the rat’s
right hind leg was opened. After revealing the femoral joint surface, a hole was drilled
in to the bone marrow cavity. The implant was then inserted into the femur. Then the
joint capsule was closed, as well as the skin incision.
After the animals were sacrificed, the femurs were prepared for the microscopy.
Light microscopic images of the samples were obtained, and the samples were analyzed
with the AnalySIS –software. The percentage of the implant covered by the new bone
and the thickness of the new bone layer shielding the implant was measured.
RESULTS: In the four-week group of the AD-coated implants an average of 43.7 ±
11.6% of the implant surface was covered by a layer of new bone. The mean thickness
of the bone layer was 11.4 ± 3.9 µm. The corresponding values for the four-week group
of the plain titanium implants were 16.6 ± 21.1% and 4.6 ± 5.5 µm, respectively. In the
twelve-week group of the AD-coated implants an average of 78.2 ± 2.5% of the implant
surface was covered by a layer of new bone. The mean thickness of the bone layer was
30.1 ± 2.6 µm. The corresponding values for the group of plain titanium implants were
73.0 ± 2.6% and 26.3 ± 1.8 µm, respectively.
DISCUSSION: Due to the small number of the samples, no statistically significant differences can be yet proven. However, a clear difference can be seen in the osseointegration of the plain titanium and the AD-coated titanium. Based on this preliminary study,
the AD coating gives a better osseointegration than the plain titanium implant, and
could be used as a coating for total hip and knee joint prostheses. However, further research is still needed to better validate these preliminary results.
REFERENCES:
[1] Lappalainen R et al, Clin Orthop 352 (1998) 118.
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QUANTUM DOT WITH A CHARGED IMPURITY
M. Mikkonen, A. Harju, S. Siljamäki, V. Sverdlov and K. Niemelä
Theoretical Physics, P.O.B. 3000, FIN-90014 UNIVERSITY OF OULU, Finland

Properties of a quantum dot with a Coulomb charged impurity are studied with exact
diagonalization. The system, which consists of six electrons, is imposed to a perpendicular magnetic field. Both negative and positive impurities are studied. The energies
and occupation numbers are calculated. Basis states are spin polarized and restricted to
the first Landau level. Also, the results are compared to the results of Monte Carlo calculations.
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Ion beam sputtering method for progressive reduction of nanostructures dimensions
P. Koppinen, M. Savolainen, V. Touboltsev, K.-P. Riikonen and K. Yu. Arutyunov
NanoScience Center, Department of Physics, University of Jyväskylä, P.O.Box 35(YFL),
FIN-40014 University of Jyväskylä, Finland

There is a variety of techniques available to fabricate nano– and micron–sized structures. The most common used techniques are based on ultraviolet (UV) and electron
beam lithography (EBL). The maximum resolution with deep UV light is close to 100 nm
and with EBL around 20–50 nm when evaporating metallic structures through the mask,
depending on the molecular size of the resist material. There are also X–ray lithography and AFM based patterning methods under developement to reach smaller dimensions
in nanostructure fabrication, but both of these methods is still require signifanctly more
efforts. To scale–down the size of nanostructures we have studied a different kind of approach, where dimensions of the prefabricated nanostructures are reduced in controllable
and reproducible way.
We have developed an ion beam based dry etching method for progressive reduction of
dimensions of prefabricated nanostructures[1]. The method has been successfully applied
to aluminum nanowires and aluminum single electron transistors (SET). The method is
based on removal of material from the structures when exposed to an energetic beam of
Ar ions and it was shown to applicable multiple times to the same sample. The electrical measurements together with sample imaging with AFM and SEM indicated that the
dimensions, i.e. the cross-section of the nanowires and area of the tunnel junctions in
SET, were progressively reduced without noticeable degradation of the sample structure.
The AFM control images of the surface showed, that ion beam sputtering had ’polishing’ effect to the sample and no ’craters’ were detected on the surface. We were able to
reduce the diameter of Al nanowires from ∼65 nm down to ∼30 nm, where as tunnel
junction area has been reduced by 40 %. The reduction of the cross–section of aluminum
nanowires was detected by measuring the superconducting transition R(T ) and applying
the LAMH model to the results. The charging energy of the tunnel junctions increased
after each sputtering session, indicating the reduction of the tunnel junction area.
[1] M. Savolainen, V. Touboltsev, P. Koppinen, K.-P. Riikonen, and K. Arutyunov, cond–
mat/0311383 v2, 21 Nov 2003.
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Experimental evidence of quantum phase slip phenomena in ultra-narrow superconducting channels
M. Zgirski, K.-P. Riikonen, M. Savolainen and K. Yu. Arutyunov
University of Jyväskylä, Department of Physics, PB 35, 40014 Jyväskylä, Finland

A superconducting wire can be considered as quasi-one dimensional (1D) if its characteristic transverse dimension is smaller than the coherence length ξ. The shape of the
bottom part of the resistive transition R(T ) of a not too narrow 1D strip is well described
by the model of thermally activated phase slips. However, if the wire width falls into a ∼
10 nm range, there are predictions that a new phase slip mechanism due to quantum tunneling should be observable. We have developed a method of progressive reduction the
transverse dimensions of e-beam lift-off fabricated nanostructures by ion-beam sputtering. The method enables galvanomagnetic measurements of the same sample in between
the sessions of etching. Aluminum wires with effective diameter ≤ 25 nm did show up
a low temperature ’foot’ at R(T ) dependencies, which can be associated with quantum
phase slip mechanism.
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SUPERCONDUCTIVITY IN FE IMPLANTED NANOSIZED AL FILMS ON SI
P. Jalkanen , V. Touboltsev, K. Yu. Arutyunov and H. Koivisto
Department of Physics
JYVÄSKYLÄ, Finland

(JYFL)

P.O.B.

35,

FIN-40014

UNIVERSITY

OF

At present, ion implantation into metallic systems is given with increasing attention with
respect to its applicability in nanotechnology aiming at new schemas and materials not
easily achievable by conventional equilibrium techniques. By using ion implantation,
non-equilibrium in nature, it is possible to achieve high implanted atom concentrations
in very narrow depth ranges even if the target material and implanted species have very
low miscibility or are immiscible.
Ion implantation was used to study superconductive properties of nanosized Al films
formed on a Si substrate and heavily doped with Fe. The study had a twofold purpose:
viz. first to form a basis for developing an ion beam based method for modification of
superconductive properties of metals at our will that is highly desirable in applied
aspect, e.g. in fabrication of metal based nanodevices. The second purpose was to study
basic physics of superconductivity in low dimensional metallic nanostructures doped
with various impurities and to find out if the available theoretical models describing
superconductivity may be applied to nanosized films.
From the applied point of view, in the present work Fe implantation into Al was studied
in order to develop a method for suppression of unwanted superconductivity for
application in devices based on Coulomb blockage (CB) effect, e.g. in CB thermometry.
Fe has been selected as a starting point since the element possesses a magnetic moment.
The Al films of different thickness ranging from 20 to 250 nm were fabricated on Si
wafers by using electron beam lithography with PMMA mask. Implantations were
performed in an ultra high vacuum chamber attached to an electron cyclotron resonance
ion source available at JYFL. Fe+n ions with n=6 and 13 were implanted with energies
ranging from 12 to 220 keV to different fluencies from 10(14) to 1,4*10(17)/cm-2. The
implantations gave depth distributions of implanted Fe with maximum concentrations
ranging from 0,01 to 10 at.%. Temperature of transition Tc from normal state to
superconductive was measured as a function of both implanted Fe fluency (or
correspondingly Fe concentration) and film thickness.
It was found that Tc temperature depends on both the films thickness and dopant
concentration. Before ion implantation Al films 20 and 40nm thick were measured to
have higher Tc temperatures (Tc = 1,4 K) against the group of 50, 70 and 100nm films
with Tc = 1,3 K. As a general trend, Tc temperature was found to decrease almost
linearly with fluency at low implanted Fe concentrations as Abrikosov and Gor'kov
(AG) theory predicts. However, after Fe average concentration around 1 at.% is reached,
the correlation between the wire thickness and Tc is not preserved and Tc behaviour no
longer follows AG theory.
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ENERGY SPECTRUM AND ELECTRON LOCALIZATION IN QUANTUM
RINGS
P. Koskinen1, M. Koskinen1, S. Viefers2, S.M. Reimann3 and M. Manninen1
1

NanoScience Center, Department of Physics, 40014 University of Jyväskylä, Finland
Department of Physics, University of Oslo, Norway
3
Department Mathematical Physics, Lund Institute of Technology, 22100 Lund, Sweden

2

Energy spectra of quasi-one-dimensional quantum rings with a few electrons are studied
using several different models for the rings and different theoretical approaches to the
many-particle problem. Discrete Hubbard-type models and continuum models are
shown to give similar excitation spectra governed by the special features of the quasione-dimensionality of the system. The low-energy spectrum of the interacting electrons
in a quantum ring can be described with a rotation-vibration spectrum of a 'Wigner
molecule' of 'localized' electrons, combined with the spin-structure determined from an
effective antiferromagnetic Heisenberg Hamiltonian. The persistent current as a function
of magnetic flux through the ring shows periodic oscillations arising from the 'rigid rotation' of the electron ring. For polarized electrons the periodicity of the oscillations is always the flux quantum Φ0. For nonpolarized electrons the periodicity depends on the
strength of the effective Heisenberg coupling and changes from Φ0 first to Φ0 /2 and (for
even N) eventually to Φ0 /Ν when the ring gets narrower.
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DEVELOPEMENT OF AN INTERFEROMETRICALLY TRACEABLE AFM
AT MIKES
V. Korpelainen and A. Lassila

Centre for Metrology and Accreditation (MIKES), P.O. Box 239, FIN-00181 Helsinki,
Finland

Large amounts of resources are focused on the development of micromechanical and
nanotechnological products for different applications. Standardisation work on these
areas has also begun. In future, national metrology institutes should be able to offer calibration services also in these expanding areas. MIKES began a project to design a metrological AFM in order to realise traceable length scale in the nanometer region and to
offer related calibration and measurement services.
In the designed AFM the non-linearities of the piezo actuators of the scanning probe microscope are eliminated by direct interferometric online measurement of the movements.
A sample is placed on a piezoelectric xyz mirror-stage under a static or oscillating AFM
cantilever. In order to minimise cross talk and angular errors of the movement, the stage
is constructed from two separate piezo stages. Xy-movements are made by one flexure
guided piezo stage and z-movement with separate high precision piezo movement. The
3-axes interferometer is constructed around the scanner following Abbe’s principle to
measure accurately the position where the tip interacts with sample surface. Dead path
errors are eliminated from the x- and y-axes by utilising differential optics and from the
z-axis by online calculations. Periodic non-linearity of the laser interferometers is eliminated by a self-calibration method with combined capasitive sensors. Sub-nanometer
linearity is reached with this method. In the figure, the non-linearity of the laser interferometer (dotted line) and corrected non-linearity (solid line) are shown. The non-linearity
can be reduced from 0.8 nm to 0.2 nm. The frame of the device is constructed of Invar
and SuperInvar metal alloys in order to minimise the effects of thermal expansion. During a scan, the linearised x- and yposition information is used as a
feedback signal to the PID controllers of the piezos. The controller of
the AFM drives the z-piezo to the
right height. The linearised x, y and z
co-ordinates are recorded by a computer.
At the moment the interferometer
set-up and metrological frame are
being designed and constructed. The
self-calibration method is being developed and tested.
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IRRADIATION EFFECTS IN MULTI-WALLED CARBON
NANOTUBES

81.07.De

A. V. Krasheninnikov, J. Pomoell, and K. Nordlund
Accelerator Laboratory, P.O. Box 43, FIN-00014 University of Helsinki, Finland

Similar to conventional semiconductor technology, beams of energetic ions can be used to
modify properties of carbon nanotubes in a controllable manner. In particular, 50 keV Ga
irradiation of multi-walled nanotubes (MWNTs) has resulted in the formation of highly
ordered pillbox-like nanocompartments in the tube interior and to changes in electrical
properties of irradiated MWNTs [1]. Ar ion beams have been employed to enhance the
field emission [2] from MWNTs and to make MWNT-based quantum dots [3] as well as
single-electron inverters [4].
At the same time, despite substantial experimental progress, there is still very little understanding of irradiation-induced phenomena in carbon nanotubes. Many traditional concepts in ion-solid interaction theory do not work at the nano-scale at all or they require
substantial modifications.
In our previous works [5], we addressed effects of irradiation on single-walled nanotubes
which have a simpler atomic structure than MWNTs. Now, using computer atomistic
simulations, we systematically study irradiation-mediated phenomena in MWNTs. By
modelling impacts of energetic ions, we examine production of defects in MWNTs and
estimate the ranges of ions with different characteristics. We further compare the results of
molecular dynamics (MD) simulations to those obtained within the framework of binary
collision approximation (BCA) and outline the ranges of beam characteristics where BCA
can be employed.
Finally, due to the growing interest in the solid-state quantum computing [6] for which
single ion implantation with high spatial resolution is required, we study how MWNTs
can be used for spatially-selective ion implantation. We demonstrate that MWNT can
effectively channel ions through their inner empty cores. We put forward suggestions for
making a MWNT-based nano-aperture device which can potentially be used for producing
an ion beam just a couple of nm in cross-section, steering the beam and thus irradiating
pre-selected areas of the sample.
[1]
[2]
[3]
[4]
[5]

B. Q. Wei et al. Appl. Phys. Lett. 83 (2003) 3581.
D.-H. Kim et al. Chem. Phys. Lett. 378 (2003) 232.
M. Suzuki et al. Appl. Phys. Lett. 81 (2002) 2273.
K. Ishibashi et al. Appl. Phys. Lett. 82 (2003) 3307.
A. V. Krasheninnikov et al. Phys. Rev. B 66 (2002) 245403; ibid 65 (2002) 165423;
ibid 63 (2001) 245405, ibid 69 (2004), in press;
[6] B. E. Kane, Nature 393 (1998) 133.
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XPS STUDIES OF PLATINUM AND PALLADIUM CATALYSTS WITH
DIFFERENT PREPARATION METHODS
Karhu, H., Kalantar, A., Väyrynen, I. J., Salmi, T., Murzin, D. Yu
Department of Physics, Vesilinnantie 5, FIN-20014 UNIVERSITY OF TURKU

Heterogeneous catalysts are used for the production of chemicals and for the oxidation
of exhaust gases from engines. Platinum and palladium catalysts can be used for both
purposes. Due to the high cost of the widely used platinum group metals with high catalytic activity, the active metal is usually dispersed as small crystallites over a chemically
inert and physically stable carrier material with large surface area. These so-called supported catalysts are commonly prepared by impregnation from chlorine containing salts
on metal or semi-metal oxide carrier material, e.g. silica or alumina. Chloride ions from
the precursor remain at a short distance from the active metal particles, which hinders
catalytic activity.
Three different carrier materials, -Al2O3, SiO2 and fibrous silica [1-2] were impregnated with a solution of one of the following salts, H2PtCl6, Pt(NH3)Cl2, HCl-PdCl2 and
Pt(NO3)2. A model reaction, ortho-xylene gas-phase hydrogenation, was chosen to test
the hydrogenation activity and cis/trans selectivity of the catalysts. The XPS method (XRay Photoelectron Spectroscopy) was used to correlate catalyst composition and oxidation state to observed catalytic activity between different catalysts.
Based on the observations it was concluded that in alumina supported catalysts chlorine
residues remain in the vicinity of platinum or palladium particles after catalyst reduction
under flowing hydrogen at 400 ºC [3-4]. Chlorine is not directly associated with the active metal, but it has a steering and/or inhibiting effect on the catalytic reaction. As a
result of metal-support interaction and the small size of noble metal crystallites, the
platinum particles remain in non-metallic, dispersed and positively charged state on
alumina surface. On pure silica catalysts no chlorine residue was retained upon reduction, and therefore chlorine containing salts can be used without loss of catalytic performance. Correspondingly, due to the presence of 3 weight-% of alumina in fibrous
silica carrier, there was a minor amount of chlorine residue in the post-reduction state.
[1] A. Kalantar Neyestanaki, Catalysts for Complete Oxidation of Gaseous Fuels, doctoral dissertation, Åbo Akademi University, Turku, Finland 1995.
[2] S. J. Salanne, A. K. Neyestanaki, L. E. Lindfors and P. J. Vapaaoksa, Finnish patent
89012 (1993).
[3] Karhu, H., Kalantar, A., Vayrynen, I. J., Salmi, T., Murzin, D. Yu., XPS analysis of
chlorine residues in supported Pt and Pd catalysts with low metal loading. Applied Catalysis, A: General (2003), 247(2), 283-294.
[4] Karhu, H., doctoral dissertation, XPS studies of alumina and silica supported Pt, Pd,
and CuO catalysts with Ba, La and Ce modifiers, University of Turku, Annales Universitatis Turkuensis A1 295, Turku 2003.
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A HIGH-PERFORMANCE ALL-POLYMER TRANSISTOR UTILIZING A
HYGROSCOPIC INSULATOR
H. G. O. Sandberg† , T. G. Bäcklund, R. Österbacka and H. Stubb
Department of Physics, Åbo Akademi University, FIN-20500 ÅBO, Finland
and Graduate School of Materials Research, Turku Universities, Finland

†

The performance of organic field effect transistors, OFETs, restricts their potential use to
applications where low efficiency and short lifetimes are acceptable, although recently the
field has evolved rapidly.[1, 2] Low cost production and a simple manufacturing process
is desired for this kind of applications which usually, however, significantly lower device
performance. The best OFETs today usually show mobilities on the order of 10 −2 cm2 /Vs
leading to currents on the order of 100 nA at operating voltages of tens of volts.[3, and
references]
We report on the characteristics and simple manufacture process of a high performance
OFET utilizing a hygroscopic insulator in room atmosphere. The all-polymer device can
be produced by a solution process using printing techniques onto flexible plastic substrates
where all processing steps can be performed without the need of controlled atmosphere.
We present a new OFET showing a 100-fold increase in current level at operating voltages around
1 V and excellent drain current modulation by the
gate field. The improved device can be fabricated
and operated in room atmosphere due to ionic effects present in the hygroscopic insulator. The
device structure is compatible with current printing techniques and reel-to-reel manufacturing. Our
finding enables true all-polymer TFTs to be fabricated outside the glovebox with greatly enhanced
performance utilizing the moisture present in air.
Figure 1 shows a transistor measured as the sample is bent. The performance of the device characterized by current level and modulation at low voltages (less than 1V) is greatly enhanced by moisture
in the hygroscopic insulator.

Figure 1: The flexible device
show unchanged characteristics during bending.

[1] J. A. Rogers and Z. Bao, J. Polym. Sci. Part A: Polym. Chem. 40 (2002) 3327
[2] V. Saxena and B. D. Malhotra, Current Applied Physics 3 (2003) 293-305
[3] H. Sirringhaus et al., US Patent Pub. US2003/0059984 A1
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MAGNETIC COUPLING IN THE PRESENCE OF VACANCIES AND
VACANCY-DEFECT COMPLEXES IN (G A ,M N )A S
Hannes Raebiger, Juhani von Boehm and Risto M. Nieminen
Laboratory of Physics, P.O.B. 1100, FIN-02015 HUT, Finland

Inclusion of spin information into semiconductors has a vast potential for new spintronics applications. Conventional semiconductors can be made ferromagnetic by inserting
magnetic impurities, like Mn [1]. (Ga,Mn)As is one of the most promising candidates
for room temperature spintronics applications. When Mn are included as substitutional
defects on the Ga sites they behave as single acceptors, i.e. induce one hole as a charge
carrier. These holes provide the means to ferromagnetically align the Mn defects, thereby
directly interlacing the magnetic exchange with intrinsic semiconductor properties. The
insertion of acceptor like Mn is counter-balanced by the formation of compensating donor
like defects or defect complexes with compensating behavior.
We study substitutional MnGa defects, both VGa and VAs vacancies, and complexes consisting of these defects in (Ga,Mn)As as candidates for intrinsic compensation mechanisms using supercell calculations. Recent positron annihilation spectroscopy experiments support the presence of vacancy type defects [2]. Total energy calculations of
different geometrical configurations and magnetic configurations are performed to study
the nature of the exchange coupling. We find that VGa vacancies exhibit neutral behavior
and do not form complexes with substitutional MnGa , and have vanishing influence on the
magnetism. VAs on the other hand exhibit donor like behavior and strong bonding tendency with MnGa . The VAs − MnGa pairs become fully compensated, and thereby also
magnetically neutral [3]. In a previous study we have reported the compensating effect of
substitutional MnGa − MnGa dimers [4]. These MnGa dimers together with VAs form energetically very stable MnGa − VAs − MnGa complexes, i.e. substitutional MnGa dimers
with the connecting As missing in the middle. These complexes are both fully compensated, and magnetically neutral, since in this case the Mn atoms prefer antiferromagnetic
coupling. Furthermore, the geometrical relaxations in these clusters are very large: The
Mn are displaced from their substitutional positions roughly 1 a.u. towards an interstitial
position. We believe that this kind of complexes are visible in e.g. channeling particle
induced X-ray emission spectroscopy.
[1] H. Ohno, Science 281, 951 (1998).
[2] F. Tuomisto and K. Saarinen, private communication.
[3] Although the VAs − MnGa pairs exhibit a large local magnetic moment of 5 µB , the
compensation eliminates the exchange coupling.
[4] H. Raebiger, A. Ayuela and R. M. Nieminen, submitted to Europhys. Lett.
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LOW-BIAS TUNNELLING EFFECTS IN NB SINGLE-ELECTRON TRANSISTORS
J. Toppari, Gh.-S. Paraoanu, A. Halvari, and J. Pekola
NanoScience Center and Department of Physics, University of Jyväskylä, P.O. Box 35
(YFL), FIN-40014, Finland

For the fabrication of superconducting devices, Niobium is an interesting material due to
its relatively large gap and critical temperature compared to Aluminum. It is expected
for example that this could lead to a lower quasiparticle contamination of Cooper pair
boxes; also the larger critical current would recommend it as a choice material for the
read-out systems of quantum states. the. At the same time, the difficulties of fabricating
nanostructures using refractory materials such as Nb are notorious.
We have however succeeded in fabricating and measuring single electron transistors with
Nb island and Al leads [1]. The IV characteristic displays a rich structure below the gap,
with proeminent resonat peaks due to the transport of Cooper pairs through the circuit at
certain gates and bias voltages (resonant Cooper pair tunneling). The background current
shows a step at a value that equals twice the gap of the Al leads. We demonstrate that this
effect is due to the elastic co-tunneling of electrons from one lead to the other through a
virtual state on the superconducting island.
[1] J. Toppari, G. S. Paraoanu, A. M. Halvari, and J. P. Pekola, Elastic cotunneling of
quasiparticles in Al/Nb/Al single electron transistors, cond-mat/0311148.
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THE TOTEM EXPERIMENT AT LHC
The TOTEM Collaboration with
V. Avati, E. Goussev, M. Järvinen, J. Kalliopuska, K. Kurvinen, R. Lauhakangas, F. Oljemark, R. Orava, K. Österberg, V.G. Palmieri, H. Saarikko, S. Tapprogge and A. Toppinen
High Energy Physics Division, Department of Physical Sciences and Helsinki Institute of
Physics, P.O. Box 64, FIN-00014 University of Helsinki, Finland

The TOTEM experiment [1] will measure the total proton-proton cross section at the
Large Hadron Collider (LHC) with an accuracy of 1 % or better using the luminosity
independent method based on simultaneous measurement of the elastic event rate down to
very small four-momentum transfer, -t, and the total event rate. These measurements will

be done in runs with a special LHC beam optics ("high "), optimized for the purpose.
The total inelastic and diffractive event rate will be measured by two forward tracking
telescopes with trigger capability, T1 and T2, covering together the pseudorapidity ( )
interval between 3.0 and 6.8, on each side of the interaction point. The elastically and
diffractively scattered protons will be triggered and measured by a set of special detector
systems, either Roman pots or Microstations, that will be installed  150 and 220 m from
the interaction point on either side. These detectors systems will have to be moved very
close (  1 mm) to the outgoing proton beams to measure elastic events at very low -t and
diffractive protons at small momentum losses.
An intensive R&D program is currently being pursued to find the most suitable sensor
technology fulfilling the proton detection requirements as defined by the physics aims in
terms of detector performance and mechanical and electrical integration. A Roman Pot
design especially developed for TOTEM have been made and a first prototype is ready for
extensive testing. As an option to the Roman Pots, a new type of device, the Microstation,
that is lighter and more compact, has also been developed.
In the case of elastic scattering, the TOTEM measurements will cover the full -t range
between 10  and 10 GeV  . Moreover, TOTEM will study diffraction
 and the physics of
minimum bias events together with CMS in runs with both high
optics as well as with
standard LHC high luminosity optics. Such a combined experiment will have a large 
coverage both in charged particle tracking and calorimetry and can cover a wide variety
of interesting diffractive phenomena including e.g. multi Pomeron exchange and hard
central diffractive production of jets and resonances.
[1] V. Berardi et al., TOTEM Technical Design Report, CERN-LHCC-2004-002 (2004).
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QUALITY TESTING OF SILICON DETECTOR MODULES
P. Luukka1, O. Militaru2, X. Rouby2 and B. Perea Solano3
1

Helsinki Institute of Physics, P.O.B 64, 00014 UNIVERSITY OF HELSINKI, Finland
Université Catholique de Louvain, Place de l’Université, 11348 Louvain-la-Neuve,
Belgium
3
CERN, CH-1211 Geneva 23, Switzerland

2

In CMS (Compact Muon Solenoid) experiment, the central tracking silicon strip detectors are installed into modules that consist of two detectors, their readout electronics and
a mechanical support structure. These modules have to fulfill strict requirements during
ten year operation of the LHC (Large Hadron Collider) accelerator. Therefore, it is mandatory that their functionality will be extensively tested prior the installation to CMS.
Testing includes overall functionality and mechanical stability of the module and measurement of different parameters such as noise and signal to noise ratio. Due to large
amount of the detector modules, responsibilities of the testing are distributed over several laboratories in Europe and USA.
Our group has a testing setup for one silicon module operational at CERN. It can easily
be extended to house up to four modules. In the module testing collaboration, our setup
will be reserved as a test station that can be flexibly used for more specific tests outside
the scope of routine testing.
In addition to the module testing, the setup has been used to test CMS front-end electronics, so called APV-hybrids, in cold temperature for CERN RD39 collaboration aiming for development of cryogenic tracking detectors. These detectors operating at cryogenic temperatures are potentially needed for the proposed high-luminosity upgrade of
the LHC. Therefore our system is equipped with a thermal chamber where detectors and
readout electronics can be cooled down to the temperature of liquid nitrogen.
We have obtained valuable information about the performance of the APV-hybrids in
cold temperatures and in the close future start testing also detector modules with APVhybrids in cold. In addition, the test setup will be used with a beta source to characterize
detection properties of the cryogenic detectors as well as radiation hard Czochralski sensors that have recently become available for the high energy physics community.

Figure a) Setup electronics, b) thermal chamber detector sledge and c) APV-hybrid.
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LONG-TERM RELIABILITY OF THE ALICE SILICON STRIP 29.40.Gx
DETECTOR MODULES
H. Seppänen, M. Oinonen, Z. Radivojevic, W. Trzaska and J. Äystö
Helsinki Institute of Physics, P.O.B 64, FIN-00014 UNIVERSITY OF HELSINKI,
Finland

Significant fraction of the ALICE Silicon Strip Detector module assembly for
CERN/LHC will be done in the detector laboratory of the Helsinki Institute of Physics
in Kumpula during years 2004-2005 [1]. The chosen bonding technique within the SSD
module assembly, namely single-point Tape Automated Bonding (TAB), allows for
flexible and low-mass interconnections.
Thin and flexible TAB interconnections are typically used between microelectronics
components requiring dynamical or thin structures, like in hard-drives, ink-jet printers
and memory cards [2]. In our application, ultra-thin and very dense structures are used:
the interconnections are provided by a 12-µm-thick polyimide flex with 14-µm-thick Al
traces having a pitch of 80 µm. In addition, the bonding line contains several materials
differing with their thermal expansion coefficients: Si, Al, polyimide and protective
compound. Therefore, in the quality control of the assemblies, special effort will be put
on the thermo-mechanical characterization of the interconnections to study their longterm reliability.
In this contribution, the concept of TAB technique will be illustrated. The main
emphasis will be put on describing the electrical and thermo-mechanical
characterization of the interconnections and assemblies, crucial to ensure successful
long-term operation of the SSD modules. Long-term tests have been made by using
thermal cycling chambers and thermal shock chambers. Differences between these two
methods and results will be presented. Scanning White-Light Interferometer has been
used for characterizing the bonding quality and the mechanical properties [3]. Relation
between the bonding parameters and the reliability of the assemblies can be identified
more accurate while geometry of the bondings is well known.
[1]
[2]
[3]

See also M. Oinonen, in this meeting
John. T. Lau, Handbook of Tape-Automated Bonding, Van-Nostrand –
Reinhold, 1992.
J.P. Aaltonen, I.V. Kassamakov, R. Kakanakov, and M.V. Luukkala:
"Coherence microscopy in industrial manufacture, robotics and imaging",
Research Programme on Future Mechnanical Engineering 2000-2003, p. 120126, (2003),TUKEVA Final Report
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THERMODYNAMICS OF HOT AND/OR DENSE QUARK-GLUON PLASMA
A. Vuorinen
Department of Physical Sciences, Theoretical Physics Division, P.O. Box 64, FIN-00014
University of Helsinki, Finland

The thermodynamic properties of deconfined QCD matter — may it be in the ordinary
hot quark-gluon plasma phase or the more dense and cold color-superconducting one —
are of great interest from the point of view of heavy-ion physics, cosmology and astrophysics. Due to the complicated structure of the theory one has, however, not been able
to find accurate predictions even for the most fundamental quantity, the equation of state
of an SU(Nc ) Yang-Mills theory with Nf flavors of massless quarks, with the exception
of certain limits of the temperature and the quark chemical potentials (∼ quark number
density).
In my talk I will review recent progress in the evaluation of the QCD pressure from a
perturbative viewpoint. Unlike lattice calculations, which work well at small temperatures
and densities but are unavailable in other parts of the QCD phase diagram, perturbation
theory is a priori expected to be most widely applicable in the limit of large T and µ,
where the coupling g of the theory becomes small. The quest to extend the region of
applicability of these results closer to the phase transition line has recently reached order
g 6 ln g in the limit of vanishing chemical potentials [1]. This computation has since then
been generalized to cover also the region µ . 10T [2], and even the next order term in
the series is now at reach enabling for the first time the simultaneous treatment of all the
relevant momentum scales in the problem.
At T  µ the status of the perturbative calculations is considerably weaker, but promising progress towards obtaining an order g 4 result for the pressure valid throughout the
deconfined phase is nevertheless currently being made [3]. In this region the true ground
state of the theory is a non-trivial one occupied by quark Cooper pairs, but — as I will
explain in my talk — their effect to the partition function is expected to be exponentially
suppressed in g.
[1] K. Kajantie, M. Laine, K. Rummukainen and Y. Schröder, Phys. Rev. D 67 (2003)
105008 [hep-ph/0211321].
[2] A. Vuorinen, Phys. Rev. D 68 (2003) 054017 [hep-ph/0305183].
[3] A. Ipp, K. Kajantie, A. Rebhan and A Vuorinen, in progress.
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ENERGY SPECTRUM OF A HEAVY-LIGHT MESON
UKQCD Collaboration
A.M. Greena , J. Koponena , C. McNeileb , C. Michaelb and G. Thompsonb
Department of Physical Sciences and Helsinki Institute of Physics,
P.O. Box 64, FIN-00014 University of Helsinki, Finland
b
Department of Mathematical Sciences, University of Liverpool, L69 3BX, UK
a

We have measured the energies of different angular momentum states of a heavy-light
meson on a lattice. This is basically repeating the study done by Michael and Peisa [1] but
now using a larger, quenched lattice to check that the finite size effects are under control.
Also the effect of quenching is studied by using dynamical fermion configurations — see
Figure 1. The mass of the light quark is approximately that of the strange quark, so that
the states should resemble those of the Bs meson.
A new observation is made concerning the D-wave states. From theoretical considerations [2] it is expected that, for higher angular momentum states, the multiplets should
be inverted compared with the Coulomb spectrum, i.e. nL− should lie higher than nL+.
Here nL+(−) means that the light quark spin couples to angular momentum L giving
j = L ± 1/2 and n is the principal quantum number. Experimentally this inversion is
not seen for P-waves, and now the lattice measurements show that there is no inversion
in the D-wave states either. Therefore, the most interesting outcome of the study is that
the spin-orbit splitting in both P- and D-wave states is very small. Two of the authors,
JK and AMG, wish to thank the Center for Scientific Computing, Espoo, Finland, and the
Finnish Cultural Foundation for support.
4
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Figure 1: The new measurements confirm the earlier calculated energy spectrum. The
solid line is for dynamical fermions — the dashed is quenched. The scale R 0 ≈ 0.52 fm
and the zero level of the energy scale is set by the ground state 1S.
[1] UKQCD Collaboration, C. Michael and J. Peisa, Phys. Rev. D58 (1998) 34506.
[2] H.J. Schnitzer, Phys. Lett. B226 (1989) 171.
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DISPERSION RELATION CONSTRAINED PARTIAL WAVE ANALYSIS OF
PION-NUCLEON SCATTERING
P. Piirola
Department of Physical Sciences, P.O.B. 64, FIN-00014 University of Helsinki, Finland

The aim of a partial wave analysis is to fix the coefficients fl+ and fl− of a partial wave
series of scattering amplitudes
f (θ) =
g(θ) =

∞
X

[(l + 1)fl+ + lfl− ] Pl (cos(θ))

l=0
∞
X

(fl+ − fl− ) sin(θ)Pl0 (cos(θ)) .

l=0

In πN sector there are not enough experimental data to fix the coefficients uniquely. There
is several equally adequate partial wave solutions and the data alone is not enough to solve
the ambiguities. With the correct physical solution it should be possible to predict the
results of all imaginable πN experiments, but because of the lack of data it is impossible
to decide which solution is the correct one. So, some theoretical constraints are needed to
force the partial wave solution to be near the physical one [1].
All scattering amplitudes are believed to be complex analytic functions of the Mandelstam
variables s, t, u (except for some known singularities) [2], and they should satisfy the
dispersion relations. We will include the DR constraints by means of so called Pietarinen’s
expansion, where the amplitudes are first expanded in terms of base functions having
exactly the needed analyticity properties [3]. This procedure will enforce the solution to
satisfy the same DR constraints as the base functions of the Pietarinen’s expansion do,
and the number of unphysical partial wave solutions is decreased dramatically.
[1] P. Piirola, E. Pietarinen, and M.E. Sainio, πN Newsletter No 16 (2001) 121.
[2] R. Oehme, πN Newsletter No 7 (1992) 1.
[3] P. Piirola and M.E. Sainio, hep-ph/0311212 (2003) 120.
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Photon production from non-equilibrium QGP in heavy ion collisions
H. Niemi, K.J. Eskola, P.V. Ruuskanen, and S.S. Räsänen
Department of Physics, P.O. Box 35 (YFL), FIN-40014 UNIVERSITY OF JYVÄSKYLÄ
Finland

We study the effects on the emission of thermal photons which occur when the quarkgluon plasma (QGP), produced in the heavy ion collisions at collider energies, is not
in chemical equlibrium. The initial state is obtained from pQCD + saturation model
[1] and the expansion of matter is described with a hydrodynamical calculation. Transverse hadron distribution, obtained from the calculation, agree well with the low–p T part,
pT <
∼ 3 GeV, of measured spectra [2].
We obtain the produced energy and the chemical abundancies of different partons from
the pQCD minijet calculation with the cut-off momentum determined from a saturation
condition on final state partons. The initial state is found to be out of chemical equilibrium which we describe in terms of quark and gluon fugasities. We evolve the fugacities
during the expansion by solving rate equations for number densities of quarks and gluons
simultaneously with the hydrodynamic equations for the expansion [3].
For photon emission rates recent results, which incorporate effects for matter not in chemical equilibrium, are used [4]. Reduction of effective degrees of freedom suppresses the
emission rate, but at the same time raises the temperature of QGP. It turns out that for the
initial conditions from the pQCD + saturation model, these effects almost cancel. The
difference between calculations with full equilibrium or with quarks and gluons abundancies out of chemical equilibrium is much smaller than other uncertainties, in particular,
that coming from the uncertainty in the initial time.
[1] K. J. Eskola, K. Kajantie, P. V. Ruuskanen and K. Tuominen, Nucl. Phys. B 570
(2000) 379 [hep-ph/9909456].
[2] K. J. Eskola, H. Niemi, P. V. Ruuskanen and S. S. Räsänen, Phys. Lett. B 566 (2003)
187 [hep-ph/0206230].
[3] H. Niemi, et al., CERN Yellow Report on "Hard Probes in Heavy Ion Collisions at
the LHC", to be published.
[4] P. Aurenche et al., CERN Yellow Report on "Hard Probes in Heavy Ion Collisions at
the LHC", to be published.
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GEANT4 SHIELDING SIMULATION OF GRAPHITE-EPOXY COMPOSITE
MATERIAL FOR A SATELLITE ELECTRONICS HOUSING
T. Brander1 , A. Heikkinen2 , H. Katajisto2,3 , and F. García2
1

Helsinki University of Technology, Laboratory of Lightweight Structures,
Puumiehenkuja 5 A, FIN-02150 Espoo, Finland
2
Helsinki Institute of Physics, P.O.B 64, FIN-00014 University of Helsinki, Finland
3
Componeering Inc., Itämerenkatu 8, FIN-00180 Helsinki, Finland

Laboratory of Lightweight Structures (Helsinki University of Technology) and Componeering Inc. are participating in ESA funded Advanced Equipment Design (AED)
project. AED project is a technical study to evaluate feasibility of composite materials
in space applications. One reference application is the PROBA2 satellite Advanced Data
and Power Management System (ADPMS) aluminium housing. The goal of the work is
to design, manufacture, and test a mass saving composite housing that meets the structural
and thermal constraints set for the aluminium housing. The goal in radiation protection
is to provide as good shielding against spatial radiation in Low and Medium Earth Orbits
(LEO, MEO) as the current design with 2 mm aluminium wall thickness [1].
We present here shielding characteristics of the multi-layer laminate structure based on
GEANT4 [2] simulation. A low Z – high Z – low Z shielding walls concept is adapted,
where for the low atomic weight material a carbon fiber reinforced plastic (CFRP) is used.
The high atomic weight material is tungsten.
A good agreement is found between simulation and experimental data for protons of 14–
30 MeV energy and electrons of 2–6 MeV. Our simulation model indicates that the proposed composite structure provides comparable attenuation to aluminium against electrons. Somewhat poorer attenuation is provided against protons. The simulation model
developed in this work provides sound starting point for future development and optimization of radiation protection in lightweight composite housings.
[1] Yuejin Liang, T. Brander, “Radiation Calculations for the ADPMS Composite Housing”, Helsinki University of Technology, Laboratory of Lightweight Structures, T232,
Series T, Espoo, 2003.
[2] A. Heikkinen with GEANT4 collaboration (S. Agostinelli et al.), "GEANT4: A Simulation Toolkit", Nucl. Instrum. Meth. A506 (2003) 250.

150

7. Particle and nuclear physics II

7.9

DATA ANALYSIS FRAMEWORK FOR OPTIMIZATION OF NEURAL NETWORKS BY GENETIC ALGORITHM
A. Heikkinen
Helsinki Institute of Physics, P.O.B 64, FIN-00014 University of Helsinki, Finland

We present here a new data analysis framework utilizing interesting open source tools
for genetic algorithm (GA) optimization and neural networks (NNs). We have built our
framework around the versatile data analysis framework ROOT [1]. It provides the MINUIT minimization package, a graphical user interface, histogramming and database
services; also we use ROOT scripting to glue separated applications together. The genetic algorithm module is used to select an optimal NN architecture and tune the input
parameters for a NN classifier. Three NN tools are supported: NeuNet (feed forward
neural networks, FFNNs), LVQPAK (learning vector quantization) [2], and SOMPAK
(self-organizing maps) [3].
We present some results based on teaching FFNNs to reduce background in tau tagging
HSU SY → τ τ at CMS experiment [4]. Even though the application example presented
here comes from high energy physics, we believe this framework can be used as a general
tool to solve demanding data-analysis problems in various fields of physics.
[1] “ROOT - An Object Oriented Data Analysis Framework”, Proceedings AIHENP’96
Workshop, Nucl. Inst. & Meth. in Phys. Res. A 389 (1997) 81-86.
[2] T. Kohonen et al., “LVQ_PAK: The Learning Vector Quantization Program Package”,
Technical Report A30, Helsinki University of Technology, Laboratory of Computer
and Information Science, Espoo, Finland, 1996.
[3] T. Kohonen et al., “SOM_PAK: The Self-Organizing Map Program Package”, Technical Report A31, Helsinki University of Technology, Laboratory of Computer and
Information Science, Espoo, Finland, 1996.
[4] S. Lehti, and A. Heikkinen, "Tau tagging in HSU SY → τ τ at CMS using neural
networks", Proceedings of the XXXVII Annual Conference of the Finnish Physical
Society, HU-P-265, Helsinki 2003.
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VERIFYING DETECTOR MODULE QUALITY IN HIGH QUANTITIES
T. Mäenpää
Helsinki Institute of Physics, P.O.B. 64, FIN-00014 University of Helsinki, Finland

The Compact Muon Solenoid (CMS) experiment is a general purpose detector being built
at Large Hadron Collider (LHC) at CERN. The innermost part of CMS contains the
Tracker, which consists of layers of silicon based pixel and strip sensors and supporting
hardware.
Tracker outer barrel (TOB) support structure rods are assembled at several laboratories
around the globe. Once done, they will be shipped to CERN. After production and shipping their quality must be verified once again. The time available for the verification is
limited since the production sites will be ramping up their flow of modules towards the
end of the production period, and all the modules must be qualified before the rods are
assembled into the Tracker itself.
To achieve this goal, an automatized testing tool must be developed. The aim is to build
a characterization tool that can be used to test up to three complete TOB rods without a
need for a physicist baby sitting nearby without sacrificing the quality of testing.
As mentioned earlier, the rods must be ready within a tight timeframe. However, the case
is different for data-acquisition chain. Replacing back-end hardware does not have similar
penalty as replacing those pieces that go inside the Tracker detector; replacing software
is even more easy. Thus, timetable for those projects is more flexible. Consequently they
have not yet reached the same level of reliability as the front end parts.
An automatized test tool that relies on the back-end components must also pay significant
amount of attention to the malfunctions of the hardware and software that are outside the
scope of the test. The test tool must be able do distinguish between the malfunction of
the component under test and the malfunction of something else, and it must be able to
fix the latter problems without harming or interrupting the tests being performed.
The actual testing takes place in a semi-clean room where the rods can be safely handled.
Rods under test will be placed in a light-tight box that hosts needed connections. The
ceiling of the case is thin, and can be penetrated by electrons originating from a movable
beta source. The controlling software resides on a separate computer. Computers hosting
untrusted components are supervised in many ways, cold boot being the last resort to
bringing the system back to a known state.
This presentation gives an introduction to the operation of CMS Silicon strip tracker and
to testing tracker barrel rods within given constraints.
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SSD MODULE ASSEMBLY FOR THE ALICE EXPERIMENT AT
CERN/LHC
M. Oinonen, Z. Radivojevic, H. Seppänen, W. Trzaska and J. Äystö
Helsinki Institute of Physics, P.O.B 64, FIN-00014 UNIVERSITY OF HELSINKI,
Finland

The ALICE experiment [1] at LHC/CERN aims to study behaviour of nuclear matter at
high densities and temperature via heavy-ion collisions at a centre-of-mass energy ~5.5
TeV per nucleon. The silicon strip detector (SSD) modules cover the two outermost
layers of Inner Tracking System of ALICE. Significant fraction of the SSD module
assembly will be done in the Detector Laboratory of the Helsinki Institute of Physics in
Kumpula during years 2004-2005 [2].
Connections between front-end chips, detectors and hybrids will be done with singlepoint tape-automated bonding (TAB) technique. Use of this technique allows for
flexible interconnections and efficient reduction of the mass of the detector modules
(figure). The unique design of the ultra-thin Al-polyimide flexes is based on Ukrainian
industrial standard previously exploited in military and space applications.

The Detector Laboratory has been prepared for mass production of the modules being
the first laboratory within the collaboration. The assembling yield of the front-end chips
reached 93% during November 2003. In this contribution, a status of this close-toindustrial project is given. The concept of TAB technique will be illustrated and special
emphasis will be put on the long-term reliability studies of the assembled components in
a separate contribution [3].
[1]
[2]
[3]

http://alice.web.cern.ch/Alice/
http://www.hip.fi/research/nucmat/ssd/ssd.html
see also H. Seppänen, in this meeting
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AN ELECTRON ISOLATION ALGORITHM FOR DATA ANALYSIS OF THE
CERN CMS EXPERIMENT
M. A. Voutilainen and K. Lassila-Perini
Helsinki Institute of Physics, P.O. Box 64, FIN-00014 University of Helsinki, Finland

The Compact Muon Solenoid (CMS) is one of the two general-purpose experiments at
the future Large Hadron Collider (LHC) at CERN. One of the main tasks of the collider
and its experiments will be the quest for experimental evidence of the Higgs particle, a
candidate for the electroweak symmetry breaking in the Standard Model (SM).
The data rates produced with the detector exceed the capabilities of current computer
facilities, and on-line cuts on the data rate are needed. The lowest level triggering will be
made using dedicated electronics; further selection cuts will be made in the High Level
Trigger (HLT) ran on a processor farm. Isolation cuts are vital elements of electron and
photon selection, making use of the fact that there rarely are other particles close to the
electrons and photons originating from signal particles.



In the intermediate mass range, 150 GeV/c
400 GeV/c , the Higgs boson decays into isolated
leptons through intermediate vector bosons, 
    and    , are important channels for detecting the Higgs boson. We have
produced an algorithm for selecting isolated electrons
from a background of jets [1]. The algorithm was
tested on, and optimised for, a Monte Carlo simulation of the decay channels   and 
against a jet background [2]. The algorithm performance for the  signal is shown on the right.
The algorithm makes use of the CMS electromagnetic calorimeter and the precise silicon
pixel and strip detectors of the CMS tracker. The algorithm is intended to be used in
the later stages of HLT; here the advantage is to have more CPU time per event as the
electron rate has been reduced at the previous stages of HLT. An electron candidate is
also received from previous stages of the HLT. The candidates’ vertex -coordinate and
direction of momentum are used to define an isolation area. Tracks are seeded within this
area and then fully reconstructed. If more than one track are counted within the isolation
area, the candidate is deemed non-isolated.
[1] M. A. Voutilainen, Construction and Testing of an Electron Isolation Algorithm for
Data Analysis of the CMS Experiment, Master’s Thesis, HUT (2003).
[2] M. A. Voutilainen and K. Lassila-Perini, Jet rejection for electrons and photons using
track isolation, CMS Note (2003) (Accepted for publication).
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RESOLUTION AND TRIGGERING FEASIBILITY STUDIES FOR LEADING
PROTON MEASUREMENTS AT THE LHC
T. Mäki, V. Bergholm, J. Kalliopuska, N. Marola, R. Orava, M. Ottela, S. Tapprogge and
K. Österberg
Department of Physical Sciences and Helsinki Institute of Physics, P.O.B. 64, FIN-00014
UNIVERSITY OF HELSINKI, Finland

The central diffractive process   
could significantly extend the potential
for the observation of new physics at the LHC. Here  represents a central system, which
could be a Higgs boson or a pair of supersymmetric particles, for example.  and
denote diffractively scattered protons or their remnants and + sign indicates the presence

of a rapidity gap. In the exclusive process
with   it is possible
to tag and measure the outgoing protons so that the mass of the central system (here the
Higgs boson) can be measured with a few percents accuracy. By in addition requiring the
presence of rapidity gaps on both sides of the interaction point and two  -jets in the central
region, the Higgs boson gives rise to a peak in the missing mass spectrum. Despite of the
low cross section, the utilization of the leading proton measurement allows the Higgs
mass to be measured more precisely than via the measurement of its decay products.
We have studied in detail the experimental aspects of measuring the leading protons in
the exclusive process and developed a method to reconstruct the kinematics of the protons, especially their momentum loss, from the observed trajectories at several carefully
selected locations. With our reconstruction method, the resolution and possible systematic biases on the momentum loss measurement were studied and applied to the mass
resolution of the central system, e.g. of the Higgs boson [1]. Since the signal from the
relevant leading proton detector locations far away from the interaction point cannot arrive at the Level-1 trigger before the decision is made for that beam crossing, the central
system b-jets have to be used for triggering. Hence we have simulated the Level-1 trigger
performance for exclusive processes and for QCD background and investigated optimal
triggering variables in order to efficiently separate the signal from the background [2].
[1] T. Mäki, Master’s thesis: Exclusive production of Higgs boson at LHC-collider:
Higgs mass measurement via leading proton detection, Helsinki University of Technology (2003)
[2] V. Bergholm, Master’s thesis: Detection efficiency and mass resolution of the Higgs
boson in forward diffractive scattering using the LHC, Helsinki University of Technology (2003)
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QUARK-ANTIQUARK BOUND STATES IN 1+1 DIMENSIONAL QCD
M. Järvinen
High Energy Physics Division, Department of Physical Sciences, P.O.B. 64, FIN-00014
University of Helsinki, Finland

Two dimensional QCD is a useful model for studying properties of the full four dimensional theory such as Lorentz contraction of bound states. In particular, in the limit where
the number of colours N is taken to infinity, the quark-antiquark bound state equation can
be exactly solved in the light cone gauge, giving ’t Hooft’s equation [1].
We study ’t Hooft’s equation in time-ordered formalism and explain physically why the
equation is complicated in gauges different from the light cone gauge. We go on studying
the equation in the gauge A1 = 0. The analogy with ’t Hooft’s equation is maintained in
the weak coupling limit. We show that in boosts the wave function is Lorentz contracted
while the spectrum remains invariant: it is given by the Schrödinger equation with a linear
potential. Further it is shown that the equation obtained in the A1 = 0 gauge in the weak
coupling limit is equivalent to a previously studied meson equation, which is known to
have exact Lorentz invariance.
[1] G. ’t Hooft, Nuclear Physics B 75 (1974) 461.
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MESONIC CORRELATION LENGTHS IN HIGH-TEMPERATURE QCD
M. Vepsäläinen
Theoretical Physics Division, Department of Physical Sciences, P.O.B. 64, FIN-00014
University of Helsinki, Finland

The experimental studies of quark-gluon plasma in heavy ion colliders RHIC and LHC
have led to an increasing demand for quantitative predictions of thermal QCD. Because of
the infrared problems related to soft gluon exchange the perturbation theory is often unreliable and one usually has to resort to lattice gauge theory. Implementing light dynamical
fermions on the lattice has, however, turned out to be problematic.
The infrared behaviour of fermionic operators is much better than that of their bosonic
counterparts, and therefore the perturbation theory should be applicable. We have chosen
to calculate the leading corrections to various mesonic correlation lengths in the framework of dimensional reduction [1]. This leads to a three-dimensional theory analogous to
non-relativistic QCD, which is very easy to solve to the order needed. For the quenched
QCD case relevant for comparison with the recent lattice data we find the screening length
ξ −1 = 2πT + 0.1408g 2 T , an IR safe and gauge invariant analytical prediction. Interestingly, this result differs on sign with the lattice measurements.
I briefly review our work on spatial correlators and the recent lattice data of both dynamical and quenched quarks. Some difficulties related to flavour singlet operators are also
pointed out.
[1] M. Laine and M. Vepsäläinen, hep-ph/0311268.

157

7.16

7. Particle and nuclear physics II

ENHANCEMENT OF CHARM QUARK PRODUCTION DUE TO NONLINEAR
CORRECTIONS TO THE DGLAP EQUATIONS
V.J. Kolhinen K.J. Eskola and R. Vogt
Univ. of Jyvaskyla, Dept. of Physics, PL 35 (YFL), 40014 University of Jyväskylä

Parton distribution functions (PDFs), which include the first nonlinear recombination
(GLRMQ) terms in the leading order DGLAP evolution and which are constrained by
the HERA deep inelastic scattering data on F2 (x, Q2 ), have been obtained in Ref. [1].
The nonlinear terms slow the Q2 evolution of the PDFs while maintaining a good fit to
the HERA data. The slower evolution enhances the small-x gluon distribution at Q 2 < 10
GeV2 . To study the importance of these terms in high-energy
pp collisions, these non√
linear PDFs are used to calculate charm production in S = 5.5, 8.8 and 14 TeV collisions [2]. The results are presented relative to calculations with CTEQ61L, evolved
using DGLAP alone. We study the charm production enhancement as a function of rapidity and transverse momentum of the charm quark and the cc pair invariant mass. We
find that the enhancement can be substantial, up to a factor of 4-5 at low p T . If such
an enhancement is observed at the LHC, it would indicate that the nonlinearities play a
significant role in the small-x Q2 -evolution since the constraints from HERA data are too
stringent to absorb a significant enhancement of the gluon density in DGLAP evolution
alone. We also find that the results are quite sensitive to the charm quark mass and the
renormalization/factorization scale.
[1] K.J. Eskola, H. Honkanen, V.J. Kolhinen, J.w. Qiu and C.A. Salgado, Nucl. Phys. B
660 (2003) 211 [arXiv:hep-ph/0211239].
[2] K.J. Eskola, V.J. Kolhinen and R. Vogt, arXiv:hep-ph/0310111.
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Predictions for Hadron Spectra at LHC
S.S. Räsänen, K.J. Eskola, H. Honkanen, H. Niemi and P.V. Ruuskanen
Department of Physics, P.O. Box 35 (YFL), FIN-40014 UNIVERSITY OF JYVÄSKYLÄ,
Finland





At collider energies, primary parton production in central
collisions (
)
is expected to be dominated by gluon saturation, which makes the energy and baryon
number released into central rapidities calculable from the pQCD+saturation model [1].
Assuming the matter to be approximately
thermalized right after production at the time

  , where     GeV is the saturation momentum, one can determine energy and baryon number densities, including their normalizations, needed for the initial
state of a hydrodynamical evolution [2, 3].
This pQCD+saturation+hydrodynamics frameworkhas
successfully predicted the multi AGeV
plicities in central Au+Au collisions with  
at RHIC [2]. We can also
reproduce the bulk properties of the measured [4, 5] pion, kaon and (anti-)proton spectra
reasonably well [3, 6] without tuning the initial state.
Encouraged by the good description of the RHIC data, we calculate the initial densities
with the same phenomenology for Pb+Pb collisions at the LHC and make predictions for
the multiplicities [2] and hadron spectra [6].
[1] K. J. Eskola, K. Kajantie, P. V. Ruuskanen and K. Tuominen, Nucl. Phys. B 570
(2000) 379 [hep-ph/9909456].
[2] K. J. Eskola, P. V. Ruuskanen, S. S. Räsänen and K. Tuominen, Nucl. Phys. A 696
(2001) 715 [hep-ph/0104010].
[3] K. J. Eskola, H. Niemi, P. V. Ruuskanen and S. S. Räsänen, Phys. Lett. B 566 (2003)
187 [hep-ph/0206230].
[4] S. S. Adler et al. [PHENIX Collaboration], accepted for publication in Phys. Rev. C,
arXiv:nucl-ex/0307022.
[5] S. S. Adler et al. [PHENIX Collaboration], accepted for publication in Phys. Rev. C,
arXiv:nucl-ex/0308006.
[6] K. J. Eskola, H. Honkanen, H. Niemi, P. V. Ruuskanen and S. S. Räsänen, in preparation.
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HIGH-pT HADRON SPECTRA WITH PARTON ENERGY LOSS THROUGH
MULTIPLE SOFT SCATTERING
K. J. Eskola, H. Honkanen, C. A. Salgado and U. A. Wiedemann
Department of Physics, P.O. Box 35 (YFL), FIN-40014 UNIVERSITY OF JYVÄSKYLÄ,
Finland

We study the high-pT suppression of hadron spectra in nucleus-nucleus collisions in
terms of parton energy loss in dense partonic medium. In a pQCD analysis [1], incorporating factorized leading-order partonic cross sections, (nuclear) parton distributions
and fragmentation functions but no intrinsic transverse momenta, we found a satisfactory
agreement with the high-pT pp̄(p) data at collider energies and peripheral Au+Au data at
RHIC by introducing a cms-energy dependent K-factor. We now incorporate the mediumdependent quenching weights for multiple soft scattering [2] into the pQCD analysis [1]
and determine the values of the corresponding transport coefficients from the RHIC data.
Comparison with the data is shown and predictions for the LHC are discussed.
[1] K.J. Eskola and H. Honkanen, Nucl.Phys.A 713 (2003) 167.
[2] C.A. Salgado and U.A. Wiedemann, Phys.Rev.D 68 (2003) 014008.
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CUPP – CENTRE FOR UNDERGROUND PHYSICS IN PYHÄSALMI. PAST,
PRESENT, AND FUTURE
T. Enqvista,† , J. Joutsenvaaraa , T. Jämsena , T. Kuljua , M. Lehtolaa , K. Looa , M. Mutanena ,
J. Narkilahtia , S. Nurmenniemia , L. Pasanena , J. Peltoniemia , J. Sarkamoa , and C. Shena
CUPP, P.O. Box 3000, FIN-90014 University of Oulu, Finland
CUPP, P.O. Box 22, FIN-86801 Pyhäsalmi, Finland.

a
†

The Pyhäsalmi mine is the deepest operational base-metal mine in Europe. The new mine
extends down to about 1400 metres where the mining operation is going. The existing
caverns in the old mine can be used for scientific purposes. There are several possible
measurement places in the old mine at the depths of 210, 400, 660, and 980 metres underground.
The mine provides excellent opportunities for the research of underground physics by
having very stable bedrock, low background-radiation level, modern infrastructure, and
good traffic conditions all around a year.
The first large-scale experiment will start taking data in the underground laboratory in the
Pyhäsalmi mine during summer 2004. The prototype detector of the multimuon experiment consisting of several large-size drift chambers starts at 210 metres underground.
Smaller experiments, mainly used for background measurements, have been carried out
at the different levels in the mine during the previous years. Background measurements,
like muon fluxes at different depths, will be continued, with the permanent monitoring of
the fluxes being the aim. MUG-experiment will continue measuring fluxes at 90 and 210
metres underground.
A construction of a supernova neutrino detector has been planned in the near future. It
would be low-cost, large-size lead-based detector at 660 metres underground.
LENA-detector (Low Energy Neutrino Astronomy) is an international initiative to built a
large-volume liquid scintillation detector to observe solar neutrinos, supernova neutrinos,
geoneutrinos, and to search for proton decay. The size of the detector would be about
90 metres (length) times 20 metres (diameter) and the mass about 30 ktons. It should be
situated in the deep part of the mine at around 1400 metres underground. The Pyhäsalmi
mine has been proposed as one of the possible locations of the detector.
In the next decade, the Pyhäsalmi mine can operate as a target station for a possible
neutrino factory at CERN. Simulations of neutrino oscillations relating to that possibility
are being done.
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LATEST DEVELOPMENT OF THE MULTIMUON EXPERIMENT IN THE
PYHÄSALMI MINE






S. Nurmenniemi , A-M. Elo , T. Enqvist , J. Joutsenvaara , T. Jämsén , T. Kulju , M.
Lehtola , M. Mutanen , J. Narkilahti , J.T. Peltoniemi , J. Sarkamo , and C. Shen







Centre for Underground Physics in Pyhäsalmi, P.O.B. 3000, FIN-90014 Univ. of Oulu
Turku Polytechnic, Sepänkatu 3, FIN-20700 Turku
Centre for Underground Physics in Pyhäsalmi, P.O.B. 22, FIN-86801 Pyhäsalmi
Sodankylä Geophysical Observatory, Oulu unit, P.O.B. 3000, FIN-90014 Univ. of Oulu

An event in which several cosmic-ray air-shower induced muons are recorded simultaneously on a set of laterally displaced detectors is called a multimuon event. An underground
experiment to observe these multimuon events is proposed in the Pyhäsalmi mine. Two
types of detectors have been studied as candidates to realise this experiment, i.e. drift
chambers and resistive plate chambers. The drift chambers have formerly been used in
the Delphi-experiment at CERN and they were retrieved from Switzerland in December
2002. Due to their long storage time at CERN, their overall condition and performance
needed to be checked thoroughly. Here the results of the tests on the drift chambers are
reported.
The efficiency of each chamber has been found to be well over 90 % with a conventional
gas mixture consisting of 90 % of argon, 5 % of carbon dioxide and 5 % of methane.
Besides the mixture containing methane, also non-methane mixtures have been studied.
The tests show that the efficiency of the drift chambers does not change dramatically with
CO as the sole quencher.


The testing of the drift chambers was performed at the ground level in Oulu with cosmic
rays using a CAMAC-based DAQ system and a plastic scintillation detector as a triggerring device. The CAMAC crate and modules were borrowed from the University of
Turku. This DAQ system consists of an 8-channel single hit TDC in CAMAC-bus, a
CAMAC-GPIB interface and a GPIB-card installed on a Linux workstation. For the prototype, a VME-based DAQ system is under development. This system is based on CAEN
128-channel multihit TDCs with SBS VME-PCI interface.
Besides the testing and development of the detectors, also the overall planning of the
multimuon experiment has proceeded. The space available at the depth of 210 metres
(470 mwe) underground is found to be the best place for the prototype detector.
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LATITUDINAL DEPENDENCE OF LOW CLOUD AMOUNT ON
COSMIC RAY INDUCED IONIZATION
I. G. Usoskin, N. Marsh, G. A. Kovaltsov, K. Mursula and O. G. Gladysheva
Department of Physical Sciences, P.O.B. 3000, FIN-90014 University of Oulu, Finland

A highly significant correlation between the annual flux of cosmic rays and the amount
of low clouds has recently been found for the past 20 years. However, a comprehensive
physical explanation still remains elusive. In this paper we study the relation between
the global distributions of the observed low cloud amount and the calculated tropospheric ionization induced by cosmic rays. We find that the time evolution of the low
cloud amount can be decomposed into a long-term trend and inter-annual variations, the
latter depicting a clear 11-year cycle. We also find that the relative inter-annual variability in low cloud amount increases polewards and exhibits a highly significant one-to-one
relation with inter-annual variations in the ionization over the latitude range 20o-55oS
and 10o-70oN. This latitudinal dependence gives strong support for the hypothesis that
the cosmic ray induced ionization modulates cloud properties.
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HEIGHT OF THE ATOMIC OXYGEN EMISSION IN THE ARTIFICIAL AURORA OBSERVED ON 12th NOV 2001
K. Kaila1 , H. Holma1 , M. Kosch2 , and M. Rietveld3
1

Department of physical sciences, University of Oulu, Finland
University of Lancaster, UK
3
Max-Planck-Institut fur Aeronomie, Germany
2

HF heating experiment was carried out on 12th Nov 2001 at 15:00 - 20:00 at the EISCAT
heating site in Ramfjordmoen, Norway. The ionospheric conditions were suitable for the
use the superheater, which created relatively intense artificial aurora. The high energy
heater signal enhances the electron temperature at an interaction region. Close to that
region low energy atomic oxygen states are excited by the heated electrons. Emissions of
these excited states were detected by an auroral photometer and two auroral cameras.
The emissions were recorded with two low light level cameras, one at the transmitter
site in Ramfjordmoen and one 50 km towards east in Skibotn, Norway. A multichannel
photometer in Ramfjordmoen measured the intensities of the artificial auroras. Artificially
induced emissions were observed under excellent conditions with each instrument and
in different wavelengths during most of the time interval. The height of the emission
has been determined from the data of the two cameras and the absolute intensity of the
emission is determined from the photometer measurements.
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8.3

OPTIMAL WAVEFORMS FOR AN INCOHERENT SCATTER RADAR
B. Damtie1 , T. Nygrén1 , M.S. Lehtinen2
1
2

Department of Physical Sciences, P.O.B. 3000, FIN-90014 University of Oulu, Finland
Sodankylä Geophysical Observatory, FIN-99600, Sodankylä, Finland

The performance of an incoherent scatter radar (e.g. temporal and spatial resolution) depends largely on the characteristics of the transmitted waveform and the impulse response
of the receiving filter. Since the invention of the pulse compression technique, very complicated waveforms have been investigated and also used in many practical applications
instead of a simple pulse. Detailed descriptions of various types of waveforms suitable
for different radar applications have been presented by several authors (e.g. see [1], [2],
[3] and [4]). It is very hard, if not impossible, to find the best waveform suitable in all
radar applications. However, it is possible to find optimum waveforms for specific radar
tasks.
In this work we present optimal coding and decoding waveforms (optimal in the sense
that they produce no sidelobes and they maximise the signal-to-noise ratio) suitable for
an incoherent scatter radar measurement. The search is made by investigating all possible
binary phase codes with a given length. After selecting the code, the first step is to find
a filter which produces no sidelobes. This is possible for all codes with no zeros in the
frequency domain, and it turns out that most codes satisfy this requirement. The second
step is to investigate the signal-to-noise ratio performance of the codes. Then the optimal
code of a given length is the one with the highest signal-to-noise ratio at the filter output.
All codes with lengths of 3–25 bits were studied, which means investigating 3554428
binary phase codes. It turns out that all Barker codes except the 11-bit code are optimal
in the above sense.
[1] C. E. Cook and M. Bernfeld, New york: Academic (1967).
[2] A. W., Rihaczek, New York: McGraw-Hill, (1969).
[3] A. W., Rihaczek, IEEE Trans. Aerospace and Electronic Systems, AES-7, 1078,
(1971).
[4] F. E., Nathanson, New York: McGraw-Hill, (1969).
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STATISTICAL STUDY OF THE ENERGETIC PARTICLES IN THE
EXTERIOR CUSP AND HIGH-LATITUDE DAYSIDE PLASMA SHEET
T. Asikainen, K. Mursula, R. Friedel and P. Daly
Department of Physical Sciences, University of Oulu, FIN-90014, Finland

In this paper we study the properties of energetic particles in the cusp and in the closed
field line region of the dayside high latitude plasma sheet using the RAPID instrument
on board the Cluster-II satellites. We have analysed each of the 21 outbound Cluster-II
orbits in February and March 2003 in detail. The different plasma regions were identified using measurements of several Cluster-II instruments, in particular the magnetic
field (FGM), the ion distribution (CIS) and the electric field (EFW) instruments.
The fluxes of energetic particles in the different regions were studied with respect to the
observed (time delayed) conditions of the solar wind and interplanetary magnetic field.
Moreover, the Dst, Kp and AE indices were used to describe the magnetospheric conditions.
The fluxes of energetic ions in the cusp increased with the satellite GSM z-coodinate,
showing that the ions were concentrated in the exterior cusp rather than the lower altitude cusp. The ion fluxes in the closed field lines correlated well with the solar wind
pressure as well as with the geomagnetic indices. The latter shows that the ion fluxes in
the inner and outer magnetosphere are related. On the other hand, ion fluxes in the cusp
did not depend on solar wind pressure or the Dst index. The particle fluxes in the cusp
correlated strongly with the magnitude of the IMF By component. In addition the proton
fluxes were higher when IMF was southward and electron fluxes were higher during
northward IMF. On the dayside high-latitude plasma sheet the particle fluxes correlated
with the magnitude of IMF Bx and were higher when IMF By was small. In addition
the electron flux seemed to be higher during northward IMF.
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FIRST RESULTS OF THE X-RAY SOLAR MONITOR ONBOARD SMART-1
J. Huovelin1, L. Alha1, M. Väänänen1, H. Andersson2, J. Laukkanen3 , K. Nygård3 and
K. Hämäläinen3
1

Observatory, P.O.B. 14, FIN-00014 UNIVERSITY OF HELSINKI, Finland
Metorex International, Espoo, Finland
3
Department of Physical Sciences, UNIVERSITY OF HELSINKI, Finland

2

We present the first results of our in-flight calibrations and scientific observations with
the X-ray Solar Monitor onboard SMART-1.
SMART-1 was launched in the night 27-28 September, 2003 from Kourou, French
Guyana. The instruments were pre-commissioned successfully during the first days after
launch, after which most of the experiments were shut down to wait for SMART-1 orbit
to grow above the radiation belts of the Earth. The apogeum of the orbit is sufficiently
high to start normal operations in the beginning of February, 2004, and we have a
planned final commissioning for the D-CIXS/XSM X-ray instrument system 15-16 February, 2004. After this, in-flight calibrations and regular operations are continued.
In this presentation we show the results for the pre-commissioning, commissioning and
first month of normal operations for the solar monitor XSM, including a preliminary
analysis of solar X-ray spectra and background measurements.
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FIRST RESULTS FROM SMART-1/ SPEDE PLASMA EXPERIMENT
A. Mälkki (1), W. Schmidt (1), H. Laakso (2), B. Johlander (2), J.E. Wahlund (3), L.
Blomberg (4), G. Marklund (4), R. Grard (2), C.P. Escoubet (2), and J.P. Lebreton (2)
1) Finnish Meteorological Institute, Geophysical Research, Helsinki, Finland (2) ESA/
ESTEC, Noordwijk, The Netherlands, (3) Swedish Institute of Space Physics, Uppsala
Division, Uppsala, Sweden, (4) Royal Institute of Technology, Stockholm, Sweden

The SPEDE (Spacecraft Potential, Electrons, and Dust Experiment) experiment measures the electron flux and wave electric fields on the SMART-1 mission. The purpose of
the SPEDE experiment is to monitor 1) the disturbances (electron flux, wave electric
fields, and spacecraft potential variations) induced by the electric propulsion (EP) system, and 2) the variability of the electron density and wave electric fields first during the
Earth spiraling phase and then during the Moon phase.
Since the launch of the SMART-1 spacecraft on September 28, the SPEDE instrument
has been operated continuosly. Measurements have been taken in order to finalise the
cross-calibration of the two plasma instruments on SMART-1, as well as to monitor the
plasma environment of the spacecraft during times when the electric propulsion engine
is operating.
In this presentation we will show and discuss initial results from the analysis of the data,
including ionospheric calibration measurements, measurements of natural plasma within
the plasmasphere, and data collected during EP device operation.
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HIGH-ALTITUDE TRANSIENT LUMINOUS EVENTS (TLE:S) AS A MECHANISM FOR SOLAR-TERRESTRIAL COUPLING
C.-F. Enell, E. Turunen, P. Verronen? and Th. Ulich
University of Oulu, Sodankylä Geophysical Observatory, Tähteläntie 62, 99600 Sodankylä
?Finnish Meteorological Institute, Helsinki

Observations of luminous phenomena above thunderstorms have been reported, e.g. by
airline pilots, for a very long time. However, only in the 1990s did these phenomena
attract scientific interest, to a large extent due to the fact that video cameras suitable for
capturing these rapid light emissions had become available. An entire field of research
has emerged since then and made clear that the middle atmosphere is not a passive region.
A number of phenomena, named e.g. red sprites, blue jets and elves, appear in relation to
thunderstorms. Collectively these are named transient luminous events (TLEs).
It is thus natural that the question “Are sprites and blue jets only pretty and beautiful
like rainbows, or do they significantly impact the atmosphere ?” arises. The European
research training network CAL (Coupling of Atmospheric Layers), involving scientists at
11 institutes around Europe, has been founded with this particular question in mind. The
aeronomical research group of Sodankylä Geophysical Observatory (SGO) is one of the
participants.
The specific task of SGO within CAL is to estimate chemical modifications to the atmosphere due to high-altitude discharges. The basis of this work is the 1-dimensional
coupled ion and neutral chemistry model SIC (Sodankylä Ion Chemistry). SIC was developed for interpretation of ionospheric D-region measurements and has recently been
extended to allow modelling of energetic particle precipitation events by including negative ion reactions.
SIC will be used as a basis for modelling the possible chemical importance of TLE
events. However, the application is not entirely straightforward. Excited states of neutral
molecules such as N2 appear and must be treated as separate components. Furthermore,
neutral, ion and electron temperatures must be separated. Thus a revision of the code is
in progress.
TLE-induced changes in the concentrations of components significantly affecting the
chemical or radiative balance of the atmosphere, such as ozone, O H and N O , will be
estimated using the modified model. This presentation will discuss preliminary results
from this work in the context of the above question, i.e.: Could chemical changes caused
by TLEs possibly be a link between the upper and lower parts of the atmosphere and thus
a mechanism coupling solar activity to climate-related parameters?
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COSMIC RAY INDUCED
NUMERICAL MODEL

IONIZATION

IN

THE

ATMOSPHERE:

I.G. Usoskin(1), O.G. Gladysheva(2), and G.A. Kovaltsov(2)
(1) Sodankylä Geophysical Observatory (Oulu unit), PL 3000, 90014 University of
Oulu, Finland
(2) A.F.Ioffe Physical-Technical Institute, 194021 St.Petersburg, RUSSIA

Detailed calculations of the time-variable spatial distribution of cosmic ray induced
ionization of the lower atmosphere are presented using a physical model. Using the differential energy spectrum of cosmic rays obtained from the worldwide neutron monitor
network since 1951 and taking into account also the slow changes in the geomagnetic
dipole, we have calculated in the following way the corresponding 3D (geographical coordinates and altitude) equilibrium ion concentration in the lower atmosphere as a function of time for the period 1951-2000. First we simulated, using the Monte-Carlo
CORSIKA simulation package, the nucleonic-electromagnetic cascade induced in the
atmosphere by energetic cosmic rays. Then, through the calculated average ionization
rate, and taking into account an effective recombination coefficient, we obtained the
equilibrium ion concentration in the atmosphere for a given location and time. A comparison to the results of measurements validates the calculation method, as the calculated cosmic ray induced ionization reproduces the observed altitudinal and latitudinal
profiles of the ion concentration in the troposphere (up to 10 km). The model does not
reproduce the observed ionization profiles above 12 km because the nucleonic cascade
is not fully developed at that altitude. The results of the present work provide a basis for
a quantitative study of the solar-terrestrial relationships on long time scales.
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VARIATION OF ATOMIC OXYGEN CONCENTRATION IN THE MESOSPHERE AS OBSERVED BY THE EISCAT INCOHERENT SCATTER RADAR

E. Turunen P. Verronen? , Th. Ulich, C.-F. Enell and E. Kyrölä?
Sodankylä Geophysical Observatory, Tähtelantie 62, FIN-99600 Sodankylä, Finland
Finnish Meteorological Institute, Helsinki

?

The EISCAT VHF incoherent scatter radar (ISR) is capable of measuring the incoherent
scatter spectrum down to upper stratospheric altitudes, during times of excess ionisation,
such as produced for example by solar proton events. However, interpretation of measured
ISR spectra as physical parameters is not straightforward and needs additional information either from other measurements or from theoretical models. Published results on
variations of atmospheric composition in the mesosphere, deduced from ISR data, are extremely limited in number, most of them being also speculative in nature [1]. We present
a detailed study of sunset variations in the concentrations of chemically important minor
constituents, above Tromsø, Norway, during the solar proton event of October 23, 1989.
The calculations are based on the recent development of the time dependent Sodankylä
Ion Chemistry model (SIC) [2], which now includes coupled neutral and ion chemistry,
dissociation of neutrals, vertical diffusion, a proper solar radiation model instead of a
fixed reference as before, improved negative ion chemistry at lower altitudes and effects
by secondary electrons, to mention a few improvements in the model. Proton flux data
measured onboard the GOES satellite is used as input in the model, in order to calculate
the ionisation rates of the neutrals in the altitude range from 50 to 100 km. Temperature
is taken from the MSIS-90 model. The model results of ion composition are used to calculate a theoretical ISR spectrum and its width, which is compared with the experimental
results from the EISCAT VHF radar, which was running the CP6 ionospheric D-region
experiment during the solar proton event. Time behavior of the calculated ISR spectrum
follows reasonably the experimental one at all altitudes. Deviations between the two are
seen in the absolute values of the ISR spectral width. Del Pozo et al [3] studied the same
event with an earlier, purely ion chemistry version of the SIC model. The model in their
study was not able to explain the time variations seen in ISR spectra. They deduced qualitatively that variations in the concentration of atomic oxygen must be responsible for the
observed variations of ISR spectral width. In this paper, we present for the first time quantitative results for the time variation of concentrations of minor neutral species, including
atomic oxygen.
[1] M.T. Rietveld and P.N. Collis, Annales Geophysicae 5 (1993), 797.
[2] E. Turunen, H. Matveinen, J. Tolvanen and H. Ranta, STEP Handbook of Ionospheric
Models (1996), 1.
[3] C.F. del Pozo, E. Turunen and Th. Ulich, Annales Geophysicae 17 (1999), 782.

171

8.10

8. Astro- and space physics and cosmology II

FINNISH IONOSPHERIC TOMOGRAPHY CHAIN - CURRENT DATABASE OF
2727 SATELLITE OVERPASSES DURING YEAR 2003
T. Raita , M. Markkanen, Tuomo Nygrén? and M. Lehtinen
Sodankylä Geophysical Observatory, Tähtelantie 62, FIN-99600 Sodankylä, Finland
Department of Physics, University of Oulu, Oulu

?

The purpose of ionospheric satellite radio tomography is to produce an image or a map of
electron density in the ionosphere. The image is reconstructed from line integrals of the
density along intersecting rays. The rays are signal paths from a transmitter aboard an orbiting satellite to a chain of receivers on the ground. First campaign measurements of the
ionospheric tomography were already done in year 1995 [1]. Finnish ionospheric tomography chain has been in continuous operation since November 2002. Chain includes four
receiving stations (Tromsø, Kiruna, Luleå and Kokkola) which receive signals from the
Russian navigation satellites (inclination 82.9◦ , altitude 1000 km, orbital period 104 min).
Satellites transmit two different signals 150 MHz and 400 MHz (with three sidebands in
both side of the carriers). Phase difference of the received signals are used to calculate the
ionospheric electron density. The calculation is based on statistical inversion where both
the measurements and the unknown electron densities are treated as random variables,
and the algorithm gives the most probable values of electron densities [1]. Database of
2727 suitable satellite overpasses during the year 2003 have been analyzed. The electron densities are calculated by using two different regularizations. In the first case the
regularization profile is a Chapman layer with a 280-km peak height and a 140-km scale
height. In this case the electron density is forced to zero both on the ground level and at
the satellite height. In the second case the regularization profile is a time dependent layer
obtained from the IRI model above the Kokkola receiver site, shifted downwards by 50
km. In this case the electron density is put to zero only on the ground level.

Figure 1: One of the 2727 analyzed satellite overpasses. Location of the satellite orbit
and receiver chain (left) and reconstruction of the electron density (right).
[1] T. Nygrén, M. Markkanen, M. Lehtinen, E. D. Tereshchenko, B. D. Khudukon,
Stochastic inversion in ionospheric radiotomography, Radio Science, 32, 2359-2372,
1997.
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RECOGNIZING BLUE EMISSION IN ARTIFICIAL AURORA
H. Holma, K.U. Kaila and J.R.T. Jussila
Department of Physical Sciences, P.O.Box 3000, FIN-90014 Universtity of Oulu

On 12th November 2001, during the UK/GE artificial aurora campaign, the optical
group of University of Oulu performed the optical measurements at the EISCAT site in
Ramfjordmoen. That campaign was the first successful attempt of inducing blue emission in artificial aurora at high latitudes. The ionosphere was radiated with EISCAT
heating facility by an intensive radio wave to heat ionospheric electrons. The heated
electrons transfer their energy in inelastic collisions to the gas particles of the ionosphere. Optical instruments were monitoring emissions and they included a photometer,
a real speed TV camera and a digital camera.
The mechanism of energy transport from the radio wave to the electrons ionosphere is
not clear. However, their energy distribution seems not to be maxwellian indicating
some non-thermal processes involved. Optical emissions have been used to investigate
the nature of the processes as the relative intensities of the emission lines and bands depend on the energies of the electrons. The emissions measured by the photometer are
557.7 nm (OI), 630.0 nm (OI) and 427.8 nm (N2+). The threshold energies for these
emissions to arise are 2 eV, 4 eV and 19 eV, respectively.
The N2+ emission demands so high energy of the electrons that it was a clear surprise to
see that in the observations. In the natural aurora the blue emission at around 427 nm is
always highly dominated by this N2+ 1NG (0,1) rotational band. However, there are two
weak emissions lying under this strong one. These emission bands are N2 VK(4,15)
(threshold energy 6 eV) and N2 2P(1,5) (threshold 11 eV). These energies are remarkably lower and should obviously have stronger intensity in the spectrum of artificial
aurora than in natural aurora that is dominated by harder electron bombardment.
The auroral photometer has been designed for investigating natural aurora, which results
some limitations to the data that has been obtained. Luckily the photometer was
equipped with two channels measuring two close wavelength bands around 427 nm.
These channels were aimed to be used to calculate rotational temperature from the ratio
of their intensities. Now they will be used to estimate the intensities of the three overlapping emission bands instead.

173

8.12

8. Astro- and space physics and cosmology II

HIGH-RESOLUTION EISCAT AND OPTICAL OBSERVATIONS OF ACTIVE
RAYED AURORAL ARCS
J. Jussila, H. Holma and A. Aikio
Department of Physical Sciences, P.O. Box 3000, FIN-90014 University of Oulu,
Finland

High temporal and spatial resolution measurements of active rayed auroral arcs were
made by an auroral TV-camera (ATV), an auroral photometer and the EISCAT UHF
radar in Ramfjordmoen, Norway (69.59N, 19.23E) on March 4th, and November 9th,
2002. The arc1-experiment of the EISCAT UHF radar provides a 0.44 s time resolution
and a 900 m height resolution for the height range from 95 to 410 km. The auroral photometer was used to measure the absolute intensities of four different emissions with 0.2
s time resolutions and with the 0.6 degrees field-of-view (fov), same as the EISCAT
UHF radar. The ATV-camera provided unfiltered 25 frames/s video data with a 55 degrees fov. Several rayed auroral arcs passed the fov of optical instruments and the
EISCAT UHF radar during both of the studied time periods. In these cases, the rayed
structures consisted of small, short-lived separated auroral structures – the auroral needles. We present the properties of the observed small-scale forms and discuss the possible mechanisms generating them.
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RELATION OF INTERPLANETARY MAGNETIC FIELD AND POLAR CAP
SPORADIC-E
A. Aikio1, T. Nygrén1, M. Voiculescu2 and M. Ruohoniemi3
1

Department of Physical Sciences, P.O. Box 3000, FIN-90014, University of Oulu,
Finland
2
Department of Physics, University Dunarea de Jos of Galati, Romania
3
Applied Physics Laboratory, Johns Hopkins University, Laurel MD, USA

In this paper the direction of electric field within the polar cap is compared with the statistical occurrence of sporadic-E. The diurnal distributions of sporadic-E are investigated for various directions of the interplanetary magnetic field (IMF). The sporadic-E
data are collected from the Svalbard (78°N, 16°E) and Thule (76°N, 68°W) ionosondes
and the IMF data from the WIND satellite. The polar cap electric field for various IMF
directions is calculated from a statistical convection model based on SuperDarn data.
The diurnal distributions behave differently for different IMF directions and the distributions at the two sites are also different. The statistical convection model indicates that,
within time sectors where the occurrence probability of sporadic-E is high, the ionospheric electric field is likely to point in some direction between north and west. This is
in agreement with the theory which predicts that an ionospheric electric field pointing in
a proper direction is capable of compressing long-lived ionospheric ions into a thin
layer. The observation suggests that the occurrence of sporadic-E within the polar cap is
controlled by the IMF. This is a direct space weather mechanism which affects the
propagation of radio waves at high latitudes.
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POST FILTERING OF UNWANTED POWERLINE HARMONICS AND
LIGHTNING SIGNALS IN VLF-RECORDINGS
A. Kero and T. Turunen
Sodankylä geophysical observatory, Tähteläntie 62, FIN-99600 Sodankylä, Finland

The dynamic range used in VLF-recordings is normally dominated by the disturbance
peaks associated to the global lightning discharges. In addition, in the vicinity of powerlines, the 50 Hz harmonics and the powerline control signals produce disturbances with
distinct frequecies to the data. In most cases the magnitude of these unwanted components is decades above the signatures associated to magnetospheric effects in VLF.
Software based post filtering techniques for the used ortogonal VLF-antenna measurement are presented in this poster. Used methods are based on filtering of the single frequencies for the powerline harmonics, and the linear polarisation filtering for the lightning signals.
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MAGNETOSPHERICALLY PROPAGATED POWER LINE RADIATION
DETECTED IN NORTHERN FINLAND
A. Oikarinen, J. Manninen and T. Turunen
Department of Physical Sciences, P.O.B. 3000, FIN-90014 University of Oulu, Finland

The Power Line Harmonic Radiation (PLHR) is the VLF waves radiated by electric
power systems at the harmonic frequencies of 50 or 60 Hz. Usually they are between 1–
10 kHz. The propagation of PLHR through the magnetosphere was first observed on the
ground by Helliwell et al. [1] in 1975 and since then there has been many obervations
from satellites [1]. These waves induce many kinds of ionospheric perturbations: amplifications and triggering of other waves.
We have detected PLHR waves in all our VLF recordings. They are both direct radiation
from nearby power lines and magnetospherically propagated waves. In this paper we
present some PLHR cases detected in Northern Finland and show how PLHR is now
dominant phenomenon in the VLF range and they can significally modify ionospheric
conditions.

[1] Helliwell, R.A., J. Katsufrakis, T. Bell and R. Raghuram, J. Geophys. Res. 80 (1975)
4249.
[2] Parrot, M. and Y. Zaslavski, Surveys in Geophysics 17 (1996) 67.
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MULTIPLE-ONSET SUBSTORM CASE STUDY USING CRRES SATELLITE
AND GROUND BASED MEASUREMENTS
T. Kozelova 1, M.A. Danielides 2,L. Lazutin 3, B. Kozelov 2, N. Meredith 4, J. Jussila 2
and A. Korth 5
1

Polar Geophysical Institute, Apatity, Russia.
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3
Space Science Division, Scobeltsyn Institute for Nuclear Physics of Moscow State
University, Russia.
4
Mullard Space Science Laboratory, University College, London.
5
Max-Planck Institute for Aeronomie, Lindau, Germany.

2

In this multi instrumental study we investigate the substorm signatures in the ionosphere
and in the magnetosphere during one selected event that took place in the evening hours
on 12th March 1991. For a more complete picture of this event we utilize ground based
all-sky observations as well as measurements from a magnetometer network together
with CRRES satellite data. The event is a sequence of optical pseudo-breakups and a
breakup followed by a large substorm expansion phase. After the pseudo-breakups, the
growth phase continued and the CRRES (located on L~6 in the evening sector) encountered the Alfven layers of low-energy electrons. Before To (breakup onset time) the
CRRES observed one magnetic oscillation. The precursors of the substorm onset 2 minutes before the To are: (a) near simultaneous growth of westward ionospheric electrojet
both near and westward of Harang discontinuity and (b) the increase of the amplitude of
the Pi2 type oscillations both on the ground and in the magnetosphere. After the To the
westward substorm electrojet suppressed the global current system on the CRRES meridian that was located westward of the optical breakup. Only after the third substorm
activation the typical current picture, associated with the leading edge of the substorm
current wedge, was observed over the CRRES meridian and the westward electrojet region. Simultaneously, the pulsating auroras appeared near the poleward boundary of the
diffuse auroral arc. Just in this time, the CRRES encountered the region 2 field-aligned
currents flowing from the ionosphere.
We propose that the ballooning modes might play an important role in the formation of
the azimuthally periodic auroral vortices seen during the substorm growth phase.
Nonlinear growth of this instability can "trigger" the substorm expansion phase.
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CLUSTER OBSERVATIONS OF SUDDEN INCREASES OF THE TAIL LOBE
MAGNETIC FIELD
E. Huttunen J. Slavin, M. Collier, H. Koskinen, A. Szabo
Department of Physical Sciences, P.O. Box 64, FIN-00014 University of Helsinki, Finland

The impact of interplanetary shock waves on the magnetopause of the Earth cause global
effects to the magnetosphere and its current systems. We have studied the tail lobe field
response to the shocks during 2001 and 2002 using Cluster observation in the tail and
WIND, ACE and GEOTAIL observations in the upstream solar wind. We found 10 events
with interplanetary shock and Cluster located at
–10 R in the tail lobe. All the 10
observed shocks were associated with sudden (time scales of few minutes) and substantial
tail lobe field increases.





We will present examples of the lobe field increase events. Based on several observations
(e.g. timing between shocks and field increases, applicability of a vacuum field model [1]
to predict characteristic timescales and field strength time profile, the predictability of the
strength of the field rise due to the decreasing tail radius, based on the conservation of the
tail flux), it seems that the lobe field increases are due to an increased lateral solar wind
pressure. It has also been suggested that the field increases are due to transfer of polar
magnetic flux to the tail as a result of the shock impact to the front of the magnetosphere
[2].
[1] M. Collier, J. Slavin, R. Lepping, K. Ogilvie, A. Szabo, H. Laakso, S. Taguchi, J.
Geophys. Res. 103, (1998), 17,293
[2] M. Sugiura, T. Skillman, B. Ledley, J. Heppner, J. Geophys. Res., 73, (1968), 6699
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DST INDEX SINCE 1932
A. Karinen and K. Mursula
Department of Physical Sciences, P.O.B. 3000, FIN-90014 University of Oulu, Finland

The Dst index is calculated from the horizontal component of the magnetic field measured at the following four magnetometer stations: San Juan (SJG), Honolulu (HON),
Kakioka (KAK) and Hermanus (HER). Although the magnetic measurements at these
stations started already earlier, the Dst index has so far been calculated only since the
international geophysical year 1957. Using all the available measurements at the four
original Dst stations (SJG since 1926, HON since 1902, KAK since 1913 and HER
since 1941) we now calculate the Dst index from 1941 onwards following the original
derivation of the Dst index. Moreover, since the HER station was preceded by the
nearby Cape Town station during 1932-1940, we can further extend the Dst index for
the time interval after 1932 so that the geographical distribution of the used stations remains nearly the same. We compare the new and the original Dst indices during the
overlapping years 1957-2000 and study their mutual consistency and statistical properties. The new Dst index also corrects some known problems in the original Dst index,
e.g., in 1971. We also discuss the long-term development of the ring current in terms of
the obtained extended Dst index.
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THE CASSINI PLASMA SPECTROMETER (CAPS/IBS) AND THE ORBIT INSERTION IN JULY 2004
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The Cassini/Huygens mission is a joint ESA and NASA mission to investigate the Saturnian system. The Cassini probe will arrive at Saturn in July 2004. The Huygens probe
will be released in January 2005 to investigate the atmosphere and surface of Titan, the
largest moon of Saturn. Thereafter the Cassini spacecraft will continue its mission as the
orbiter of Saturn to study the whole Saturnian system with its magnetosphere, rings and
moons. The mission around Saturn has been planned to last four years, with a possible
extension of two years.
The Ion Beam Spectrometer (IBS) is one of the three sensors of the Cassini Plasma Spectrometer (CAPS) aboard the Cassini orbiter. The two other sensors of CAPS are the Ion
Mass Spectrometer (IMS) and the Electron Spectrometer (ELS). CAPS will investigate
the properties of space plasmas in the Saturnian system. The University of Oulu has participated in the design of IBS by making a detailed simulation of the instrument. The
simulation model has been used, e.g., to calibrate the IBS instrument and to determine its
scientific performance (energy resolution, angular accuracy etc.) [1]. This work is still
going on as more data is obtained from the instrument.
By now CAPS has made a few measurements of the solar wind in order to calibrate the
instruments in space. Cassini had also a special opportunity to study the Jovian environment together with the Galileo spacecraft in December 2000. Before the arrival at Saturn
the CAPS will make more measurements of the solar wind in a special campaign lasting
one Carrington rotation ( 27 day).
The interaction between the atmosphere of Titan and the Saturnian magnetosphere has
also been planned to study within the project. The Finish meteorological Institute will
provides the model and the University of Oulu will provide the data analysis of the IBS
data. (See also a poster by I. Sillanpää et al.)
[1] J. H. Vilppola, PhD-Thesis: "Solar Wind: Detection Methods and Long Term Fluctuations", 2003. Also available in: http://herkules.oulu.fi/isbn9514271955/
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BASHFUL BALLERINA:
SOUTHWARD SHIFTED HELIOSPHERIC CURRENT SHEET
K. Mursula and T. Hiltula
Department of Physical Sciences, P.O.B. 3000, FIN-90014 University of Oulu, Finland

It is known since long (Rosenberg and Coleman, 1969) that one of the two sectors of the
interplanetary magnetic field (IMF) observed at the Earth's orbit dominates at high heliographic latitudes during solar minimum times, reflecting the poloidal structure of the
global solar magnetic field at these times. Here we find that while this latitudinal variation of the dominant IMF sector around the solar equator is valid for both solar hemispheres during the last four solar minima covered by direct observations, it is systematically more strongly developed in the northern heliographic hemisphere. This implies
that the average heliospheric current sheet is shifted or coned southward during solar
minimum times, suggesting that the temporary southward shift of the heliosheet found
earlier by Ulysses observations in 1995 is a persistent pattern. This also implies that the
open solar magnetic field is north-south asymmetric at these times, suggesting that the
solar dynamo has an asymmetric component. Accordingly, the Sun with the heliosheet is
like a bashful ballerina who is repeatedly trying to push her excessively high flaring
skirt downward. However, the effective shift at 1 AU is only a few degrees, allowing the
Rosenberg-Coleman rule to be valid, on an average, in both hemispheres during solar
minima.
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DID OPEN SOLAR MAGNETIC FIELD INCREASE DURING THE
LAST 100 YEARS: A REANALYSIS OF GEOMAGNETIC ACTIVITY
K. Mursula, D. Martini and A.Karinen
Department of Physical Sciences, P.O.B. 3000, FIN-90014 University of Oulu, Finland

One of the most interesting and important questions in solar-terrestrial physics is
whether the magnetic activity of the Sun has greatly increased during the last 100 years.
Taken into account the fact that solar activity is, e.g., one of the main factors driving
global climate, the importance of the behaviour of the Sun during the last centennium
can hardly be overestimated.
A significant increase in solar magnetic activity is indicated by the well known fact that
the average amplitude of sunspot cycles during the 20th century is higher than during the
three previous centennia of direct and regular sunspot observations. The increasing sunspot activity leads, according to a model presented by Solanki et al. (2000), to a corresponding centennial increase in the total solar magnetic field, as well as in the open solar (heliospheric) magnetic field. The heliospheric (also called interplanetary) magnetic
field is the main driver of cosmic ray modulation and a significant cause of geomagnetic
activity. Lockwood et al. (1999) used the geomagnetic aa index to show that the interplanetary magnetic field is now twice stronger than 100 years ago, i.e., that the Sun has
indeed increased its magnetic field by more than a factor of 2 since 1900. Also, it was
recently shown (Usoskin et al., 2003) using long-term measurements of cosmogenic isotopes produced by cosmic rays that the average sunspot activity since 1940s is higher
than during the last 1000 years.
Despite the versatility and uniformity of these important results, also serious concern
has recently been raised on the long-term consistency of the aa index and, thereby, on
the centennial rise of solar magnetic activity. As an alternative to the aa index, Svalgaard et al. (2003) introduced a new IHV index as a more reliable and more homogeneous measure of long-term geomagnetic activity, finding no increase in the IHV index
during the last 100 years. In this presentation we reanalyse the character of the IHV index as a measure of geomagnetic activity and calculate it for a number of geomagnetic
stations in order to conclude whether or not geomagnetic activity has increased during
the last 100years.
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A MILLENNIUM SCALE SUNSPOT NUMBER RECONSTRUCTION:
EVIDENCE FOR AN UNUSUALLY ACTIVE SUN SINCE THE 1940’S
I. G. Usoskin, S. K. Solanki, M. Schüssler, K. Mursula and K. Alanko
Department of Physical Sciences, P.O.B. 3000, FIN-90014 University of Oulu, Finland

The extension of the sunspot number series backward in time is of considerable interest
for dynamo theory, solar, stellar, and climate research. We have used records of the
10Be concentration in polar ice to reconstruct the average sunspot activity level for the
period between the year 850 to the present. Our method uses physical models for processes connecting the 10Be concentration with the sunspot number. The reconstruction
shows reliably that the period of high solar activity during the last 60 years is unique
throughout the past 1150 years. This nearly triples the time interval for which such a
statement could be made previously.
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STREAMING OF GALACTIC COSMIC RAYS IN THE HELIOSPHERE AND
THE ROLE OF DRIFTS
K. Alanko (1), I.G. Usoskin (2) and K. Mursula (1)
(1) Department of Physical Sciences, POB 3000, FIN-90014 University of Oulu, Finland
(2) Sodankylä Geophysical Observatory (Oulu Unit), POB 3000, FIN-90014 University
of Oulu, Finland

During their transport through the heliosphere, galactic cosmic rays suffer from scattering
on magnetic inhomogenities, from convection and adiabatic cooling by the solar wind. In
addition to these basic mechanisms, also drifts (gradient, curvature and drift along the
wavy heliospheric current sheet) affect the transport of cosmic rays. All these effects are
known as the solar modulation of cosmic rays. We have recently presented a new model
of the transport of galactic cosmic rays in a 2D axisymmetric heliosphere, which includes
all the above mentioned effects. Using this model, we can compare the effects of different
modulation mechanisms in the model and, in particular, study the role of drifts. We
also study the streaming of galactic cosmic rays inside the heliosphere, their modulated
spectra, the time particles spend in the heliosphere and the modulation function.
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Cooper pair sluice: the flux assisted charge pump
J.M.Kivioja1 A.O. Niskanen1,2, H. Seppä2 , and J.P. Pekola1
1

Low Temperature Laboratory, Helsinki University of Technology, P.O. Box 2200, 02015
HUT, Finland
2
VTT Information Technology, Microsensing, P.O. Box 1207, 02044 VTT, Finland

We have carried out first measurements on a novel type of a charge pump nicknamed the
Cooper pair “sluice” [1]. The device is an adiabatic flux-assisted Cooper pair pump consisting of a mesoscopic superconducting island and of two SQUID loops. The operation is
based on the periodic manipulation of a single voltage gate and two input coils controlling
the magnetic flux through the SQUID loops. The produced current is simply I = 2enf ,
where f is the frequency of operation and n is the number of pumped pairs per cycle (e.g.
one).
Based on theoretical estimates the device is capable of producing as high as 0.1 nA currents at better than 10−7 accuracy and looks thus like a promising candidate for the current
source in completing the quantum measurement triangle. In spite of several nonidealities
in our preliminary measurement setup, we have succeeded in verifying the pumping behavior of the sluice. The pumped currents were quite high, several hundred pA, but the
accuracy needs to be increased. The results obtained so far suggest various ways of improving the measurement setup.
Tentative measurements have been carried out with a somewhat nonideal sample at 20 mK
with MHz signals. The cryostat was a dilution fridge with separate high-frequency lines
for the gate and current signals and low-frequency lines for the current measurement. The
sample was fabricated out of aluminum on a silicon chip using standard e-beam lithography and two-angle shadow evaporation. The IV-curves measured with the pumping
signal on clearly displayed the pumping effect with pumped currents up to 0.3 nA. This
corresponds to the pumping of some 190 Cooper pairs per cycle at 5 MHz. We have also
detected linear dependence on the gate amplitude, i.e. the number of pairs pumped per
cycle and linear frequency dependence.

FIG. 1. Schematic illustration of the device. The role of the coils is to apply
controlled flux pulses through the SQUID
loops, and they are synchronized with the
periodic gate voltage.

[1] A.O. Niskanen, Phys. Rev. Lett. 91 (2003) 177003 .
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EXTREME RADIATION HARD SILICON PARTICLE DETECTORS FOR
VERY HIGH LUMINOSITY COLLIDERS
E. Tuovinen1), J. Härkönen1), P. Luukka1), E. Tuominen1), K. Lassila-Perini1), D.
Ungaro1), P. Heikkilä2), V. Ochvinnikov2), M. Yli-Koski3), Z. Li4), A. Virtanen5), P.
Laitinen5), I. Riihimäki5), A. Pirojenko5), E. Verbitskaya6), V. Eremin6)
1)

Helsinki Institute of Physics, CERN/EP, CH-1211 Geneve, Switzerland

2)

Microelectronics Center, Helsinki University of Technology, FIN-02015 HUT
Electron Physics Laboratory, Helsinki University of Technology, FIN-02015 HUT
4)
Brookhaven National Laboratory, Upton, NY11973-5000, USA
5)
Accelerator Laboratory, University of Jyväskylä, FIN-40351 Jyväskylä
6)
Ioffe PTI, 194021 St. Petersburg, Russia
3)

Silicon detectors in High Energy Physics (HEP) experiments are exposed to very hostile
radiation environment. Particle radiation causes irreversible deterioration in detector
performance by inducing crystallographic defects acting as generation-recombination
centres in the silicon material thus resulting to increased leakage currents and elevated
depletion voltages. A possible upgrade of the CERN LHC (Large Hadron Collider) luminosity up to 1035 cm-2s-1 has been recently proposed. This would raise the fluencies of
fast hadrons up to 1016cm-2, well beyond the operational limits of present silicon
detectors.
Deliberate introduction of oxygen into the silicon material has experimentally proved to
alter the formation of electrically active radiation induced defect centres and thus improve the electrical properties of silicon detectors used in harsh radiation environments.
We have demonstrated the first particle detectors processed on silicon wafers grown by
magnetic Czochralski method by Okmetic Oyj. The n-type Czochralski silicon (Cz-Si)
wafers have resistivity over 1 kΩcm. Their oxygen concentration is close to the optimal
for semiconductor fabrication as well for the properties of radiation hardness. Cz-Si,
traditional Float Zone (Fz-Si) and diffusion oxygenated Fz-Si substrates have been
processed to pin-diode structures at the HUT Microelectronics Centre.
In order to study the radiation hardness of these materials, several irradiation campaigns
with different particles were carried out for the test diodes. The highest irradiation dose
was 5*1015 cm-2, expressed as an equivalent dose of 1 MeV neutrons. This dose roughly
equals to the requirements of future high luminosity colliders.
After the irradiations, diode depletion voltages and leakage currents were measured. CzSi was found to be essentially more radiation hard than standard Fz-Si or oxygenated
Fz-Si. As a function of irradiation dose, the Cz-Si was less sensitive to changes in the
depletion voltage as well as to the increase of leakage current. The Cz-Si devices were
found to be operational at room temperature even after the highest irradiation doses.
This work has been performed in framework of CERN RD39 and RD50 collaborations.
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STUDIES OF DIFFERENT DESIGNS TO UPDATE THE FINNISH–SWEDISH
BEAMLINE I411 AT MAX-LABORATORY
R. Sankari S. Aksela, M. Tchaplyguine1 , and S. Svensson2
Department of Physical Sciences, P.O.B. 3000, FIN-90014 University of Oulu, Finland
1
2

MAX-Lab, Lund University, Box 118, S-221 00 Lund, Sweden
Department of Physics, Uppsala University, Box 530, S-751 21 Uppsala, Sweden

The soft X-ray beamline I411 [1, 2] at Max-Lab, Lund, Sweden has been operational
since 1999. The beamline, originally located at MAX I as "Finnish beamline" [3] is based
on a modified Zeiss SX-700 plane grating monochromator. Although the performance (i.e
good resolution over a wide energy range with still sufficient photon flux) of the beamline
at MAX-II is good, it is becoming less attractive choice for high-resolution studies than
other, more modern beamlines.
The beamline concept based on SX-700 plane grating monochromator is well studied (see,
e.g., the review article of Petersen et al [4]); the SX-700 monochromator still seems to be
a competitive solution for high resolution beamlines. In addition to theoretical studies, the
existing SX-700 beamlines, based on various optical concepts show where the practical
limit of resolution and flux lies with the present technology.
The aim of the current upgrade designs is to improve the beamline I411 at its present
location with reasonable changes and expenses. As the beamline is used successfully
all the time, the possible changes should preferably be fast to accomplish to avoid big
losses in operation time. Thus the limitations in the available space, time and reasonable
investments introduce more challenges to the design project.
[1] M. Bässler, A. Ausmees, M. Jurvansuu, R. Feifel, J.-O. Forsell, P. de Tarso Fonseca,
A. Kivimäki, S. Sundin, S.L. Sorensen, R. Nyholm, O. Björneholm, S. Aksela, and
S. Svensson, Nucl. Instr. and Meth. in Phys. Res. A 469, 382, 2001.
[2] M. Bässler, J.-O. Forsell, O. Björneholm, R. Feifel, M. Jurvansuu, S. Aksela, S.
Sundin, S.L. Sorensen, R. Nyholm, A. Ausmees, and S. Svensson, J. Electron Spectrosc. Relat. Phenom., 101-103, 953, 1999.
[3] S. Aksela, A. Kivimäki, A. Naves de Brito, O.-P. Sairanen, S. Svensson, and J. Väyrynen, Rev. Sci. Instrum. 65, 831, 1994.
[4] H. Petersen, C. Jung, C. Hellwig, W.B. Beatman, and W. Gudat, Rev. Sci. Instrum 66,
1, 1995.
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A NEW PLASMA POTENTIAL MEASUREMENT INSTRUMENT FOR ION
SOURCES
O. Tarvainen, P. Suominen and H. Koivisto
Department of Physics, P.O.B. 35 (YFL), FIN-40014 UNIVERSITY OF JYVÄSKYLÄ,
Finland

Electron cyclotron resonance ion sources (ECRIS) [1] are used for the production of
highly charged ion beams from various elements. In an ECR ion source ions are
produced in a magnetically confined plasma. One feature of an ECR-heated plasma is
the positive plasma potential (some tens of volts) with respect to the plasma chamber
potential (10 – 30 kV). The potential builds up because electrons diffuse out from the
plasma faster than ions due to their higher mobility [2]. However, in order to maintain
the quasineutral equilibrium in the plasma the charge of escaping electrons has to be
compensated by the same amount of positive charge of diffusing ions. Therefore
positive plasma potential, which retards the losses of the electrons and repels the ions
from the plasma, is created.
Measuring the plasma potential of an ECRIS is an important matter because it has been
observed that lower plasma potential coincides with enhanced production of highly
charged ions [3]. This gave us a strong impetus to design an instrument, which makes it
possible to measure the plasma potential accurately and relatively fast without changing
the tune of the ion source during the measurement. The instrument has turned out to be
reliable in use and new information about the parameters affecting the plasma potential
of an ECRIS can be obtained.
In the first experiments the instrument was connected to the beam line of the JYFL 6.4
GHz ECRIS. Oxygen and argon plasmas were used in the measurements. The plasma
potential was observed to vary between 30-65 V depending on the source conditions, for
example microwave power and neutral gas feed rate. The values of the potential
obtained with argon plasma were somewhat higher than with oxygen plasma, which is
probably due to the fact that argon ions are heavier than oxygen ions. It was also noticed
that as the microwave power or the gas feed rate was increased also the value of the
plasma potential increased. Finally, the plasma potential was determined when the
negative voltage applied to the biased disk at the injection of the ion source or the
strength of the magnetic field inside the plasma chamber was varied. Changing either of
these parameters affected the plasma potential of the ion source.
[1] R. Geller, Electron Cyclotron Resonance Ion Sources and ECR Plasmas, Institute of
Physics Publishing, London (1996), ISBN 0740301074.
[2] A. G. Drentje, Review of Scientific Instruments, Vol. 74, No. 5, (2003), p. 2631.
[3] Z. Q. Xie and C. M. Lyneis, Review of Scientific Instruments, Vol. 65, No. 9,
(1994), p. 2947.
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SENSOR ALIGNMENT BY PRECISION MEASUREMENTS OF CERN CMS
TRACKER ROD FRAMES
H. Katajisto and T. Lampén
Helsinki Institute of Physics, P.O.B. 64, FIN-00014 University of Helsinki, Finland

The particle tracking system for the CMS experiment at the CERN Large Hadron Collider
(LHC) will be by far the largest Silicon tracking system ever built [1]. To reach the physics
goals, the sensor modules are supported by a high-precision and stable structure, which is
also designed to be as light and radiation-transparent as possible. The required alignment
precision of the sensor modules is at the level of 100 m, and it is obtained by precise
manufacturing and measurements.
Helsinki Institute of Physics is responsible for the construction of high-precision
lightweight support structures, rods, for the CMS Tracker. Construction covers assembly
work of 750 rod frames, to which the sensor modules will be attached to. High-precision
milled Aluminium jigs are used for the rod assembly.
To fully exploit the precision of the sensors, the positions of sensor supports and locator
pins are measured for all rods with a precision better than 10 m. Measurements are carried out with a contact measurement system at HUT Laboratory of Machine Design. The
sensor alignment parameters are then evaluated and saved to the CERN Tracker construction database. The measurements are also used for quality control purposes. Currently,
about 60 rods have been manufactured, measured and sent to CERN.
When the CMS is put into operation, these initial alignment parameters will be further
improved with alignment by particle tracks, which allows the CMS Tracker to achieve
best possible momentum resolution.

Figure 1. Contact measurement
system for CMS
Tracker rods.

Figure 2. Probe
measuring sensor
supports and locator pins of rod.

[1] CMS Collaboration, CMS Tracker Project Technical Design Report 5 Addendum 1,
CERN/LHCC 2000-016 (2000).
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EFFICIENT DECOMPOSITION OF QUANTUM GATES
J. Vartiainen M. Möttönen and M. M. Salomaa
Materials Physics Laboratory, POB 2200 (Technical Physics), FIN-02015 HUT, Helsinki
University of Technology, Finland.

Quantum superposition and entanglement is found to be potentially very useful for computing. The quantum circuits [1] provide a method to implement an arbitrary algorithm
on a quantum computer. The building blocks of the quantum circuits are the quantum
gates.
For the purpose of their physical implementation all the gates can be decomposed into
a sequence of elementary gates [2]. The number of the elementary gates involved in
the decomposition governs the approximate execution time of the algorithm. Hence the
complexity of these quantum-circuit constructions is of great interest.
We consider the matrix representation of a general multiqubit gate. By ordering the basis
vectors using the Gray code, we are able to construct the quantum circuit which is optimal
in the sense of controlled single-qubit gates and yet is equivalent with the multiqubit gate.
Furthermore, the circuit involves superfluous control bits which can be eliminated, see
Fig. 1. This eventually results in a smaller total number of the elementary gates. In
our scheme [3] the number of controlled NOT gates is
which coincides with the
theoretical lower bound [4].

 

Figure 1: Decomposition of a general three-qubit gate using the Gray code trick. The
superfluous control bits are marked by black squares and the one-qubit gates
stand
for the Givens rotations.



[1] D. Deutsch, Proc. R. Soc. London A 425 (1989) 73.
[2] A. Barenco, C. H. Bennett, R. Cleve, D. P. DiVincenzo, N. Margolus, P. Shor,
T. Sleator, J. A. Smolin, and H. Weinfurter, Phys. Rev. A 52 (1995) 3457.
[3] J. J. Vartiainen, M. Möttönen, M. M. Salomaa, quant-ph/0312218.
[4] V. V. Shende, I. L. Markov, S. S. Bullock, quant-ph/0308033.
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EMERGENCY PREPAREDNESS: NEW SPECTROMETERS FOR LOCAL
FOOD AND ENVIRONMENTAL LABORATORIES
M. Muikku, J. Koikkalainen, S. Pusa and T. Rahola
STUK-Radiation and Nuclear Safety Authority, P.O.Box. 14, FIN-000881 HELSINKI,
Finland

STUK - Radiation and Nuclear Safety Authority represents the Finnish safety authority
that sets the regulations for the use of radiation and nuclear energy and supervises that
they are followed. STUK is also an expert institute that carries out research on radiation
and its effects, determines risks caused by radiation and monitors the radiation safety of
the Finnish environment.
STUK is constantly prepared for abnormal radiation situations. Emergency preparedness
aims at detecting the danger early and protecting the population effectively against the
hazardous effects on radiation. The continuous monitoring of radioactive substances in
the environment and foodstuffs is part of the emergency preparedness. Sampling and
analysis programmes for assessing the different fallout situations are planned by STUK
together with national food authorities. In addition to STUK, the programme comprises
about 50 local food and environmental laboratories committed to measuring radioactivity of foodstuffs.
The existing radiation monitors have been in use in the local laboratories since the beginning of 1980s. The monitors are suitable for total gamma measurements, but they can
not be used to identify radionuclides. In 2003-2005 the local laboratories will be
equipped with new radiation detectors and analysis equipment. The new measurement
set-up consists of a NaI scintillation detector in a lead shield with wall thickness of 6
cm, high voltage and operational voltage units, multichannel analyser and software for
spectrum analysis. The spectrometers have been purchased from Russia as part payment
of the old Soviet dept to Finland. Unlike the existing monitors, the new spectrometer
can be used for nuclide identification. In addition, when using the new spectrometer
smaller amounts of samples are needed.
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A THERMOELECTRIC COOLER ARRAY FOR LIFETIME STUDIES
OF MICROELECTRONIC COMPONENTS
P. Vihinen1, I. Kassamakov1, Z. Radivojevic2 and M. Oinonen3
1

Electronics Research Unit, Dep. of Phys. Sciences, P.O.B 64, FIN-00014 UNIVERSITY OF
HELSINKI, Finland
2
Nokia Research Center, P.O.Box 407, FIN-00045, Helsinki, Finland
3
Helsinki Institute of Physics, P.O.Box 64, FIN-00014, University of Helsinki, Finland

A power cycling system was built to be used as a test platform for lifetime studies of
microelectronic components [1].
Exposing electronic packages to rapid temperature changes in order to provoke failures
in a controlled way is a standard electronic product reliability testing method. The
customary way to do this has been to place the devices under test (DUT) in a chamber
the temperature of which is cycled between extremes [2]. This, however, does not
emulate the real conditions the DUT experiences in field use, which has led to debate on
the validity of the results and existence of systematic errors. The chamber provides an
isothermal temperature distribution across the DUT, which is unlike the real life of an
electronic assembly. In real use the heat is generated by power dissipation of the
components introducing thermal gradients and anisothermal temperature fields across
the assembly. This situation can be emulated with a power cycling system that provides
localized heating and cooling that can be applied to desired areas of the DUT.
The system was designed and constructed in cooperation between Nokia and the
University of Helsinki. It was realized by using an array of Peltier modules
(Thermoelectric Converters TEC) controlled trough a feedback loop from sensors
attached to them [3]. Each module had a computer operated controller unit that could
drive surface of the module to the desired temperature. This allowed each module to be
able to cycle through an individually defined temperature profile with the only
limitations being the achievable temperature range of –20 °C to 100 °C and a maximum
temperature changing speed of 100 °C per minute. The system was able to follow a
predefined temperature curve with maximum deviance of 3 °C.
The achieved system properties will be discussed including:
- Introduction of controlled anisothermal temperature field across the DUT
- User-definable cycling profiles
- Temperature range of –20 °C to 100 °C
- Large lifetime acceleration factor
- On-line monitoring of DUT failures
- Stand-alone operation with automatic e-mail notifications of DUT statuses
[1] Z. Radivojevic, et al., ”Novel life-time acceleration method for quality assessment of
microelectronic devices”, XXXVIII Annual Conference of the Finnish Physical Society,
2003.
[2] P.L. Martin, ”Electronic Failure Analysis Handbook”, 1999
[3] D.M. Rowe, “CRC Handbook of Thermoelectrics”, CRC Press LLC 1995
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HIGH PENETRATION HEAVY IONS AT THE RADEF TEST SITE
Sasha Pirojenko1), Ari Virtanen1), Kimmo Ranttila1), Hannu Koivisto1) and Reno
Harboe-Sørensen2),
1)
2)

Department of Physics, University of Jyväskylä, P.O.B. 35, FIN-40351 Jyväskylä
European Space Agency-ESTEC, 2200 AG Noordwijk, The Netherlands

Increasing demands for radiation testing at accelerators have already attracted ESA and
European Space Industry to the JYFL/RADEF facility [1]. Initial test campaigns have
shown the facility to be of great importance for future testing as it offers a range of
complementary features not available at the existing radiation test facilities in Europe.
Today many advanced semiconductor IC’s are assembled with central bonding, lead
frames and plastic package hardly larger than the memory die (TSOP package). They
cannot be SEE tested from the front side due to shadowing lead frame and accelerator
ion penetration limitations. Backside irradiation on thinned IC’s with high penetration
ions are the only solution out. Here the JYFL facility has the main advantage since the
new 14 GHz Electron Cyclotron Resonance (ECR) ion-source provides very high charge
state ions for the acceleration resulting in a much deeper ion penetration range, possible
a factor of 2 to 3 improvement, compared to the values attained by using the old 6.4
GHz ECR ion source.
In order to validate the high penetration ions usability for back side irradiation, earlier
and recent test data taken on a thinned Micron 128Mbit SDRAM were compared with
data obtained from both the HIF, Belgium and from the LBNL, Berkeley, USA. In this
paper, SEU results, presented as cross section (cm2/bit) versus ion LET
(MeV/(mg/cm2), will be presented. The HIF data are front irradiated results obtained on
a identical device whereas the LBNL data are from the same device as used at JYFL
(back irradiated). Considering variability in test set-up, tester, ion counting and
calibration, data analysis and interpretation, fairly good correlation can be reported
between the four sets of data.
For probing the upper limits we have started a new development work with the aim to
push the penetration range steadily over 100 micrometers and, with some specific ions
and beam cocktails, obtain still a factor of 1.3 to 1.5 higher penetrations with the desired
LET range. Some preliminary results about it and future plans will also be presented in
the paper.
[1] A. Virtanen, J. Hyvönen, K. Ranttila, I. Rekikoski and J. Tuppurainen, Heavy ion
and proton test site at JYFL-accelerator laboratory, Nucl. Instr. Meth., A426 (1999) 6871
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MAGNETICALLY SHIELDED DETECTOR FOR POSITRON LIFETIME
BEAM
F. Reurings, R. Aavikko, K. Rytsölä, A. Laakso, A. Pelli and K. Saarinen
Laboratory of Physics, Helsinki University of Technology,
P.O.B. 1100, FIN-02015 HUT, Finland

A pulsed positron beam for positron lifetime studies in thin films and surface layers is
under construction at HUT, Laboratory of Physics. A barium fluoride scintillation detector will be used for detection of positron annihilation radiation. We present the design
and test results of the detector system.
A high permeability alloy shield was designed to protect the photomultiplier tube from
the magnetic field generated by the coils of the beam. Finite element method (FEM) was
utilized in the design of the shield. The behaviour of magnetic fields in various shield
casings was simulated with FEM software to find the optimum shield shape and material.
The timing properties of the detector were tested by using a conventional fast coincidence measurement system. An upper bound of 185 ps for full width at half maximum
was determined for the time resolution of the detector. The detector was found to function well and to be suitable for use in the beam.

Fig. 1. The behaviour of an initially homogenic magnetic field in the vicinity of the cylindrical magnetic shield of the pulsed positron beam detector. The symmetry axis is on
the bottom of the plot. The direction of the initial magnetic field is aligned with the
symmetry axis. The calculations were done using finite element method.
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METAL-SUPPORT AND METAL-METAL INTERACTIONS IN ALUMINA
SUPPORTED Pd, Pt AND Rh CATALYSTS
R. Polvinen1, M. Vippola2, M. Honkanen2, M. Valden1, T. Lepistö2, A. Suopanki3 and
M. Härkönen3
1

2

3

Surface Science Laboratory, TAMPERE UNIVERSITY OF TECHNOLOGY, P.O.B.
692, FIN-33101, Tampere, Finland
Centre for Electron Microscopy, TAMPERE UNIVERSITY OF TECHNOLOGY,
P.O.B 589, FIN-33101 Tampere, Finland
Catalyst Research, ECOCAT OY, P.O.B. 171, FIN-90101, Oulu, Finland

The conditions in an automotive catalytic converter are rather demanding; both the oxidation and reduction reactions have to proceed contemporaneously in an atmosphere
with continuously varying gas phase composition and in the temperature of even above
1000°C. Together with ever tightening exhaust gas legislation this pushes the catalyst
research towards better materials and methods to use them. The performance of a catalyst depends strongly on the chemical state of noble metals, which in turn can be modified for example by exploiting the metal-support or metal-metal interactions [1].
In this work the reducibility of commonly used noble metals Pd, Pt and Rh on alumina
support was studied. Also the influence of platinum on the reducibility of rhodium oxides was tested by fixing platinum and rhodium to the same catalyst support. Disposition
of the noble metal oxides towards reduction was investigated by exposing the catalysts
to 400 mbar of H2 at 300°C. The catalysts were studied as fresh and after air-aging. Xray photoelectron spectroscopy (XPS) was used to observe the changes in chemical state
of the noble metals and transmission electron microscopy (TEM) was employed to determine the catalyst composition and morphology.
In the fresh catalysts all the noble metals were in reducible form. After air aging palladium and platinum oxides remained in reducible form, while rhodium oxide showed no
signs of reduction in hydrogen treatment. This phenomenon may be induced by strong
interaction of rhodium oxide with alumina support [2, 3]. However, after air aging of
the Pt-Rh catalyst part of the rhodium oxide was in reducible form. In the aging treatment the noble metal particle size increased in the Pd, Pt and Pt-Rh catalysts, while
small rhodium clusters in Rh-only sample could not be observed from the support by
conventional TEM. In the bimetallic Pt-Rh catalyst the Rh-alumina interaction has
been partly overcame by the stronger interaction between platinum and rhodium.

[1] Hu, Z., Allen, F.M., Wan, C.Z., Heck, R.M., Steger, J.J., Lakis, R.E., Lyman, C.E.,
J. Catal. 174, 13 (1998)
[2] Z. Weng-Sieh, R. Gronsky, and A. T. Bell, J. Catal. 170 (1997) 62.
[3] H. C. Yao, S. Japar, M. Shelef, J. Catal. 50 (1977) 407.
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IMPROVEMENTS IN THE SURFACE CHARACTERISTICS OF
STAINLESS STEEL WORKPIECES BY THE DIAMOND TIP
BURNISHING PROCESS
H. Korhonen, E. Miettinen, J. Laakkonen and R. Lappalainen
Department of Applied Physics, P.O.Box 1627, University of Kuopio, FIN-70201
Kuopio, Finland

In the present work, a special burnishing tool was made by depositing amorphous diamond coating (AD) on a metallic tip. The tool was used to improve the surface roughness and surface hardness of Nitronic 50 stainless steel work piece. The burnishing process was carried out under different burnishing parameters (force, revolution, feed and
number of tool pass). Problems in selecting the optimum burnishing parameters are
discussed. The results show that a remarkable improvement in surface characteristics
can be achieved by the application of this process for surface finishing of stainless steel
work pieces. Also the initial burnishing parameters have significant effect on finishing
process.
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EVALUATION OF WOOD PROPERTIES BY NEW TECHNIQUES
Pekka Miettinen, Markku Tiitta and Reijo Lappalainen
Department of Applied Physics, P.O.B. 1627, FIN-70211 UNIVERSITY OF KUOPIO,
Finland

Wood modification processes are controlled by the parameters of process conditions.
However, temperature and humidity of the air do not give straight information
of drying state of wood. Knowing moisture content during process would mean easy
process control and information of the quality would mean easier grading without the
use of destructive methods. Improvement would be obvious.
Thirty sample pairs, each pair cut from the same board, were tested using destructive
and nondestructive methods. One sample of each pair was compression dried and an
other was normally dried. This allowed comparison between properties of compression
dried and normally dried wood. Moisture content, density, growth ring angle, hardness,
strength properties, moisture properties, ultrasonic velocity, modulus of impedance,
phase angle and parameters of equivalent circuit models were tested. Ultrasonic velocity
and electrical properties depend on density, moisture content and fiber and growth ring
angle of wood. Hardness, ultimate strength, elastic modulus and shrinking and swelling
properties, depend on these same properties. This is the basis for non-destructive quality
control.
Compression dried wood was stronger, more ceramic and harder than normally dried
wood. The swelling was highest radially for compression dried wood and tangentially
for normally dried wood. Temperature stabilizes wood, but compression leaves some
stress in the wood. Very significant correlations were found with log T (parameter of
equivalent circuit) and moisture content. Accuracy using third degree fit function was
0.2–1.1 %. This is enough to give information of the moisture state of wood.
Significant correlations were found with hardness and different electrical properties.
Best parameters were R, Z, and , which had accuracy better than 2 MPa. Scanning
tests at the wood surface showed that knots and pitch pockets could be detected. Electric
an-isotropicity of wood decreased in compression process, which made it possible to
grade wood according to percentage of compression.


The good results with compression dried wood encouraged to start developing portable
prototype for impedance and ultrasonic testing. First prototype is already in test use and
measurements during process are to be done within two months. The scenario is to produce a measuring system that can collect data during the modification process and give
information of the moisture content and the quality of wood. This would make it possible to control processes in real time.
[1] P. Miettinen, Evaluation of compression dried wood properties by new techniques,
Master’s thesis, University of Kuopio, Department of Applied Physics, Autumn 2003.
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EFFECT OF BONE MINERAL DENSITY ON BONE SCREW INSERTION
TORQUE - A STUDY WITH PERIPHERAL QUANTITATIVE COMPUTED
TOMOGRAPHY (PQCT) AND HUMAN FEMORAL BONE
Koistinen, A1, Santavirta, SS, Kröger, H, Töyräs J, Lappalainen, R
1

University of Kuopio, Dept. of Applied Physics, P.O.B. 1627, FIN-70211 Kuopio,
Finland

Aim of the study. One practical problem concerning internal fracture fixation is screw
failures during insertion and removal of the screws. Several factors such as the screw
diameter and length, the thickness of cortices and density of the bone affect the forces
experienced by the screws [1]. Amorphous diamond (AD) is reported to be a very hard,
inert coating with low friction against most of the materials [2]. Therefore, AD coatings
should reduce the number of screw failures during installation and make late removal
easier as less corrosion is expected. In this study, the relation between cortical bone
mineral density (BMD) and screw insertion torque was investigated. Furthermore, the
properties of bone screws were improved by using high quality AD coatings.
Materials and Methods. In the tests, thirty-two 60 mm long stainless steel self-tapping
cortical bone screws (Zimmer Inc., USA) with diameter 2.7 mm and 3.5 mm were installed into human femoral bone. Prior to tests, half of the screws were coated with approximately 1 µm thick AD coating using pulsed arc discharge technique [3]. The insertion torque of the screws during installation was measured using custom-made equipment [4]. The number of human bone samples was eight, i.e. four screws were installed
in each bone from lateral to medial direction. The bone samples were divided into two
groups with a mean age of 33.5 and 75 years, respectively. High-resolution pQCT scanner (model XCT2000; Stratec, Pforzheim, Germany) was used to determine the bone
mineral density. PQCT slice thickness was 2 mm and the voxel size was 0.2 × 0.2 mm2.
Results and Discussion. The mean volumetric BMD for the two subgroups were 1170 ±
50 and 1080 ± 30 mg/cm3 for bones with a mean age of 33.5 and 75 years, respectively.
The BMD was determined exactly at the screw installation site. The whole torque curve
was recorded and maximum torque during insertion was considered as the insertion
torque. The insertion torque is typically 10 – 15 % lower with screws with AD coating.
Furthermore, bone mineral density has a significant effect on screw insertion torque.
Conclusions. Insertion torque of cortical bone screws increases as bone mineral density
increases. High-resolution and volumetric BMD achieved by the pQCT enabled close
investigation of this relation. AD coating is shown to decrease insertion torque; therefore lower torque values are expected with AD-coated screws as BMD increases.
Acknowledgement. Funding of the study is from BioMater Centre. Also Biomaterials
and Tissue Engineering Graduate School is acknowledged. Authors thank also Finnish
Cultural Foundation of Northern Savo for funding and Zimmer for providing the screws.
[1] Kuhn et al. Injury 26 (Suppl. 1) (1995), 12-20.
[2] Lappalainen et al. Diam Relat Mater 7 (1998), 482-485.
[3] Hirvonen et al. Mater Sci Forum 52 & 53 (1989), 197-216.
[4] Koistinen et al. P I Mech Eng H 217 (2003), 503-508.
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MICROFLUIDIC SONICATOR FOR REAL-TIME DISRUPTION
OF EUKARYOTIC CELLS AND BACTERIAL SPORES FOR DNA
ANALYSIS
E. Hæggström†*1, T. C. Marentis† , B. Kusler‡, G. G. Yaralioglu† and B.T. KhuriYakub†
*

Department of Physical Sciences, P.O.B 64, FIN-00014 UNIVERSITY OF
HELSINKI, Finland
†
Edward L. Ginzton Laboratory, Stanford University, California 94305-4088, USA
‡
Biological Sciences, Stanford University, California 94305-4088, USA

The use of biological agents as weapons has motivated the development of portable
biowarfare agent detection systems. Agent screening is a three-step process, which
entails lysis of host and pathogen cell membrane or walls to release of its DNA, PCR to
amplify the genetic material, and an identification procedure for hazardous genetic
signatures. Sonication is a commonly employed disruption method incorporated in a
variety of macrofluidic devices. Here we present a piezoelectric microfluidic
minisonicator and test its performance. Eukaryotic human leukemia HL-60 cells and B.
subtilis vegetative bacterial spores were lysed as they flowed through a micro channel at
50 µl/min and 5 µl/min, respectively, in absence of any chemical denaturants, enzymes,
or micro-particles. We employed FACS flow cytometry and counting chamber
microscopy to measure 77% lysis of HL-60 cells after 3 s of sonication. Real time
polymerase chain reaction (RTPCR) indicated 56% lysis of B. subtilis spores with 30 s
of sonication. Advantages of the minisonicator over macrofluidic sonicators include a
small sample volume (2.5 µl), reduced energy consumption, and compatibilty with other
microfluidic blocks. These features make it an option for lab-on-a-chip applications.
Key Words: Ultrasound, Sonication, Piezoelectric, Bio-effect, Lysis, Microfluidic.
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SAFETY CASE OF A SPENT NUCLEAR FUEL REPOSITORY – A
TECHNICAL MULTIVARIABLE RISK ASSESSMENT
A.T.K. Ikonen and M. Vähänen
Posiva Oy, FIN-27160 OLKILUOTO, Finland

In 2000 the Council of State made, and later the Finnish Parliament ratified, a decisionin-principle on the repository for spent nuclear fuel from the Finnish nuclear power
plants to be built in Olkiluoto on the western coast of Finland. With the decision, the
thorough site investigations around the country began in the late 1970’s were focused to
confirm the suitability of the Olkiluoto site including the construction of an underground
characterisation facility beginning in 2004. The disposal of spent nuclear fuel should
start in 2020 continuing over 2100.
The concept of disposal relies on containment and isolation of fuel placed in copper canisters. The engineered barrier system (EBS), with the canister and bentonite filling of the
deposition hole as main components, is designed long-lasting to contain the radionuclides up to hundreds of thousands of years, whereas the crystalline host rock will provide favourable conditions to the EBS, and a retarding and diluting factor for any releases. In the basic design, KBS-3V, canisters are placed in vertical deposition holes
bored into a deposition tunnel floor. An alternative solution, KBS-3H, with mediumlong horizontal deposition holes and canister-bentonite package inside a perforated steel
tube, to minimize the need of tunnel backfilling, is currently under feasibility studies.
Safety case is a collection of arguments in support of the long-term safety of the repository. It provides a basis for decision-making and must include broad evidence, analyses
arguments, considerations of technical demonstrations and existing experience such that
the whole spectrum of issues of concern to stakeholders is addressed. Safety assessment
with the uncertainty and sensitivity analyses form the cornerstone of any safety case,
providing the means by which quantitative arguments in support of the safety concept
are developed.
The main parts in the safety assessment include a system description, a description of
normal evolution (no releases) and analysis of several release scenarios leading to calculations of radionuclide transport from the waste package through EBS and bedrock to
the ground surface, where the potential detrimental effects can realise, and finally to calculation of doses and other safety indicators and comparison to guideline values. Being
quite obvious, vast amount of both general and site-specific research of practically every
discipline of physical and environmental sciences underlie the safety assessment and
will be summarised and interpreted in the safety case documentation. The main issue are
the physical transport phenomena and the chemical effects at the site from present to
millennia, but the whole set of features, events and processes (FEP) needing to be considered range from microscopic material science to global climate change.
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THE FREEZING AND MELTING PHENOMENA OF ACETONITRILE
CONFINED TO MESOPOROUS MATERIALS AS STUDIED BY 129Xe NMR – A
NEW POSSIBILITY TO DERIVE INFORMATION ABOUT PORE SIZES
V. Telkki, J. Lounila and J. Jokisaari
NMR Research Group, Department of Physical Sciences, P.O.BOX 3000, FIN-90014
UNIVERSITY OF OULU, Finland

Porous materials (rocks, wood, paper, ceramics, bone, skin, fabrics, foodstuff, tissue,
soil…) are ubiquitous in everyday life. The materials are widely used in technological
and scientific applications, and they have important roles in many natural processes.
The pore size distribution is one of the most important features of these materials, and
fast and straightforward methods for its determination are in great demand.
It has been proposed that 1H NMR of organic substances confined in mesoporous
materials (pore diameters between 20 and 500 Å) could be used for the determination of
the distribution [1]. The method is based on the detection of the melting point
temperature distribution through the intensity variation of the 1H resonance of the
confined substance. The substance in a small pore has a lower melting point than the
bulk substance, and the melting point depression is proportional to the inverse pore
radius according to the Gibbs-Thompson equation:
kp
∆T = T0 − T =
.
Rp
Here T0 is the bulk melting temperature, T is the melting point in a pore of radius Rp,
and kp is a constant. [2]
In the present study, we have investigated possibilities to derive information on the pore
size distribution by applying 129Xe NMR of xenon dissolved in acetonitrile and confined
in porous materials (Silica gels from Merck and Controlled Pore Classes from CPG,
inc) with nominal pore diameters varying from 40 to 500 Å. The spectra were recorded
over the temperature range of ~180-250 K, and they revealed plenty of valuable
information about the system. The most important result is that the chemical shift of a
particular signal obtained below the melting point of confined acetonitrile is highly
dependent on the pore size. The signal originates from xenon in the empty voids that
build up in the pores during the freezing of acetonitrile due to the drastic increase of the
density of acetonitrile. The correlation between the shift and pore size has been
determined, and it provides a new possibility to measure the pore sizes without applying
the Gibbs-Thompson equation and the involved intensity vs. temperature curve fitting
procedure.
[1] D. W. Aksnes, K. Førland and L. Kimtys, Phys. Chem. Chem. Phys. 3 (2001) 3203
and references therein.
[2] C. L. Jackson and G. B. McKenna, J. Chem. Phys. 93 (1990) 9002.
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QUADRATIC MAGNETIC-FIELD DEPENDENCE OF NMR PARAMETERS
Pekka Manninen1,2 and J. Vaara1
1

Department of Chemistry, P.O. Box 55 (A.I. Virtasen aukio 1), FIN-00014 University of
Helsinki, Finland
2
NMR Research Group, Department of Physical Sciences, P.O. Box 3000, FIN-90014
University of Oulu, Finland

The magnetic field strengths used in modern nuclear magnetic resonance (NMR) spectroscopy experiments are increasing, particularly in biological applications. Hence, it is
of paramount interest to understand the limits of validity of the conventional assumption
of field-independent NMR parameters.
In 1970, Ramsey [1] proposed the dependence of the nuclear magnetic shielding on, to the
leading order, the square of the external magnetic field as σ = σ (0) + B0 τ B0 , where σ (0)
is the field-independent shielding and τ is a four-index tensor. Bendall and Doddrell [2]
measured the field dependence of 59 Co shielding and observed, in two compounds, a fielddependent chemical shift. Meersmann and Haake [3] measured quadrupole splittings in
the spectra of 131 Xe in gas and isotropic liquid phases as a function of B0 , observing an
increasing splitting. A theory for this phenomenon and quantitative ab initio calculations
were presented in [4].
Theory for the B0 -dependence of nuclear magnetic shielding [5,6], indirect spin-spin
coupling, and quadrupole coupling [4,7] in closed-shell atoms and molecules, based on
a response theory formulation, is presented. The sole experimental observation of the
magnetic-field dependent shielding by Bendall and Doddrell, obtains qualitative support
from our recent calculations [6].
[1]
[2]
[3]
[4]
[5]
[6]
[7]

N. F. Ramsey, Phys. Rev. A 1, 1320 (1970).
M. R. Bendall and D. M. Doddrell, J. Magn. Reson. 33, 659 (1979).
T. Meersmann and M. Haake, Phys. Rev. Lett. 81, 1211 (1998).
J. Vaara and P. Pyykkö, Phys. Rev. Lett. 86, 3268 (2001).
J. Vaara, P. Manninen, and J. Lounila, Chem. Phys. Lett. 372, 750 (2003).
P. Manninen and J. Vaara, Phys. Rev. A in press (2004).
P. Manninen, J. Vaara, and P. Pyykkö, to be published (2004).
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LASER-INDUCED NMR SHIFTS IN THE RARE GASES
R.H. Romero and J. Vaara
Department of Chemistry, P.O. Box 55 (A.I. Virtasen aukio 1), FIN-00014 University of
Helsinki, Finland

Recent experiments gave rise to interest in a possible enhancement of the resolution of the
NMR spectrum of nuclei under the action of circularly polarized light from a laser [1].
Theoretical treatment of the effect showed that atoms and molecules acquire an induced
magnetic moment when they are subjected to a constant circularly polarized beam, such
as from continuous wave lasers, giving rise to a shift in the nuclear magnetic shielding
[2]. Shifts of opposite directions are found for left- and right-circularly polarized light,
and switching rapidly (in the NMR time scale) between the two leads to a splitting of
the spectral lines, proportional to the beam intensity. However, the estimate for the magnitude of the effect in H, C, F, and Tl nuclei, turned out to be too small to be observed
at frequencies well-separated from optical resonances. A more rigorous treatment using
multiconfigurational quadratic response methods for the CS 2 molecule for some typical
laser frequencies reached a similar conclusion [3]. In this work, we present calculations
of both basis set convergence and frequency dependence of the laser-induced NMR shifts
using multiconfigurational quadratic response methods for the rare gas atoms. The shifts
are calculated for both typical laser frequencies and frequencies near the atomic excitation energies, to determine their magnitude in the regions both far from and near to optical
resonance.
[1] W. S. Warren, S. Mayr, D. Goswami, and A. P. West, Jr., Science 255 (1992) 16831685.
[2] A. D. Buckingham and L. C. Parlett, Mol. Phys. 91 (1997) 805-813.
[3] M. Jaszunski and A. Rizzo, Mol. Phys. 96(1999) 855-861.
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HYDROGEN BONDING IN WATER: PROPERTIES OF THE COORDINATION
SHELL




M. Hakala , S. Huotari , K. Hämäläinen , S. Manninen , Ph. Wernet , A. Nilsson , and
L.G.M. Pettersson


Division of X-Ray Physics, Department of Physical Sciences, P.O.B. 64, FIN-00014
University of Helsinki, Finland
Stanford Synchrotron Radiation Laboratory, P.O. Box 20450 Stanford, California 94309
FYSIKUM, Albanova University center, Stockholm University, S-10691 Stocholm, Sweden




Water is a unique substance and of vital importance for human life. Yet its properties in
liquid phase are far from simple and not fully understood. Many of the anomalies of water,
such as the density change upon melting, stem from the properties of the hydrogen bond.
In the liquid phase the hydrogen bonds are able to distort (i.e., break and bend), which
gives a large freedom for the molecular assembly. However, there is a controversy on
the type of the distortion. Molecular-dynamics simulations predict that, on the average,
every eighth hydrogen bond is broken in the liquid phase [1]. In contrast, recent x-ray
absorption measurements suggest that in the extreme case even more than every third
hydrogen bond might be broken [2, 3]. The present work [4] aims to predict theoretically
to which extent this controversy could be resolved by a specific spectroscopic technique,
the x-ray Compton scattering (i.e., inelastic x-ray scattering at high momentum transfer).
The relevant quantity in Compton scattering is the Compton profile, which can be related
to the momentum density of the electrons of the system.
In the simulation we consider water dimers at different separations and water clusters
with the central molecule surrounded by a coordination shell of 1-4 ligands. Densityfunctional methods have been used for calculating the Compton profiles. The model
structures are found to lead to oscillations in the Compton profile when compared with
the results from the corresponding free molecules. The induced oscillation is in essence
the signature of the hydrogen bond. We thus show that x-ray Compton scattering reveals
fundamental information on the local coordination in water: coordination number and
distance of the molecules in the coordination shell. This knowledge will be essential for
a critical testing of the various models for the hydrogen bond distortions in liquid water
against the experimental data.
[1] A. Luzar and D. Chandler, Phys. Rev. Lett. 76, 928 (1996).
[2] S. Myneni, Y. Luo, L.Å. Näslund, M. Cavalleri, L. Ojamäe, H. Ogasawara, A. Pelmenschikov, Ph. Wernet, P. Väterlein, C. Heske, Z. Hussain, L.G.M. Pettersson, and
A. Nilsson, J. Phys.: Condens. Matter 14, L213 (2002).
[3] Ph. Wernet et al. (to be published).
[4] M. Hakala et al. (to be published).
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CALCULATION OF EXCITATIONS IN BOSE-EINSTEIN CONDENSATES
WITHIN SECOND ORDER THEORY
M. Möttönen, S. M. M. Virtanen and M. M. Salomaa
Materials Physics Laboratory, Helsinki University of Technology,
P.O. Box 2200 FIN-02015 HUT, Finland

Being a macroscopic quantum phenomenon, Bose-Einstein condensation of dilute alkali
atom gases provides an interesting testbench for the quantum theories. Mean field theories
have proved to be very useful in describing the properties of the condensates. The zero
temperature treatment of the condensate is usually performed by taking only the zeroth
order quadratic Hamiltonian of the system and diagonalizing it exactly. This so-called
Bogoliubov approximation has been in good agreement with the experiments at low zero
temperatures.
At finite temperatures, the most favoured approximation is the Popov approximation
which takes the thermal gas into account in the spirit of the first order perturbation theory.
This approximation gives an accurate excitation spectrum in most cases. However, it has
been shown that the Popov approximation fails to give the verified Bogoliubov results in
the zero temperature limit provided that a singly quantized vortex is located in the center
of the condensate. This arises the question whether the Popov theory is accurate enough
to investigate the excitation spectrum of the condensate even at finite temperatures.
Lately, a second order theory of excitations in Bose-Einstein condensates was developed [1]. Based on this work eigenenergies of excitations in a spherically symmetric
condensates were calculated and the variation to the Popov results was detectable [2]. We
have reproduced these results in the case of a cylindrically symmetric condensate and and
found them to be in a qualitative agreement. Moreover, we discuss the differences between the results of the ordinary and the self-consistent second order perturbation theory.
[1] S. A. Morgan, Ph.D. Thesis, University of Oxford (1999)
[2] M. Rush, S. A. Morgan, D. A. W. Hutchinson, and K. Burnett, Phys. Rev. Lett. 85
(2000) 4844.
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ATOM TRAP TRACE ANALYSIS OF KRYPTON-81
I.D. Moore, K. Bailey, X. Du, Z.-T. Lu, P. Müller, T.P. O’Connor and L. Young
Physics Division, Argonne National Laboratory, Argonne, IL 60439, USA

Ultrasensitive isotope trace analysis is an established and valuable tool with a wide
range of applications in both commercial and scientific fields. The existing methods
have now been complemented by Atom Trap Trace Analysis (ATTA), an atom-trap
based method developed by our group at Argonne National Laboratory [1]. We report
on the recent success of using ATTA to analyze 81Kr (half-life = 230 thousand years,
isotopic abundance = 0.5 parts per trillion) in both atmospheric and groundwater samples. 81Kr is a cosmogenic isotope, produced in the upper atmosphere by cosmic-ray induced spallation and neutron activation of stable krypton isotopes. As a result of its long
lifetime in the atmosphere, 81Kr is well mixed and distributed over the earth with a homogeneous isotopic abundance. Consequently, 81Kr is an ideal tracer for dating ice and
groundwater whose ages range from fifty thousand to one million years.
In ATTA atoms of the desired krypton isotope are slowed down and selectively trapped
in a magneto-optical trap (MOT). The individual captured atoms are then observed and
counted by measuring their fluorescence. The demonstrated signal to noise ratio of a
single Kr atom is about 40. Additionally, ATTA is completely free from interferences of
the stable Kr isotopes or other species. Kr atoms are trapped in the 5s[3/2]2 – 5p[3/2]3
transition at 811 nm out of a metastable level, which is populated in an RF discharge
source with a probability of 10-4 to 10-3. The Zeeman slowing technique is used to decelerate the thermal beam of Kr* effusing out of the discharge source and allows for efficient trapping in the MOT. With a complete recirculation of the Kr back to the discharge source the achieved system efficiency is 2×10-4. With a required sample size of
below 100 l STP of Kr gas the system has met the requirement to implement 81Krdating of ancient groundwater.
A demonstration of the system capability on quantitative measurements has been performed by analyzing the ratios of 85Kr/81Kr in a group of Kr samples prepared by an Environmental Science group at the University of Bern. Good agreement between the
ATTA results and the low-level counting (LLC) results of Bern demonstrate the validity
of the method. More recently, an expedition team travelled to the Western Desert of
Egypt and successfully extracted ancient groundwater from six deep wells for radiokrypton dating of the Nubian Aquifer. The krypton was successfully extracted from the
groundwater and then analyzed using the ATTA system. Residence times of up to one
million years have been assigned to groundwater from this aquifer.

[1] C.Y. Chen, Y.M. Li, K. Bailey, T.P. O’Connor, L. Young and Z.-T. Lu, Science 286
(1999) 1139.
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UNIFIED FRAMEWORK FOR DENSITY FUNCTIONAL THEORIES
S. Majaniemi
Laboratory of Physics, Helsinki University of Technology, P.O.B. 1100, FIN-02015, Finland

Macroscopic characterization of strongly interacting many-body systems consisting of a
huge number microscopic degrees of freedom is a challenging task both in equilibrium
and nonequilibrium. Density functional theory is an important tool in the general coarsegraining formalism, which is considered in this work. It is shown that the ground state [1],
finite temperature [2], and time-dependent [3] density functional theories commonly used
in the first-principles calculations of electronic structure calculations can be conviniently
presented in terms of a single generating functional. The method is by no means restricted
to electronic properties of materials: It can be generalized to composite operators of any
kind leading to a concept of generalized density functional theory. The same formalism
can also be applied to fully classical objects, described by Newton’s equations. Finally,
advantages, disadvantages, and some applications are discussed.
[1] P. Hohenberg and W. Kohn, Phys. Rev. 136 (1964) 864.
[2] N. D. Mermin, Phys. Rev. 137 (1965) 1441.
[3] E. Runge and E. K. U. Gross, Phys. Rev. Lett. 52 (1984) 997.
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NUMERICAL STUDIES OF THE STABILITY OF AN ATTRACTIVELY
INTERACTING BOSE-EINSTEIN CONDENSATE AND STUDIES OF
THE REQUIRED NUMERICAL METHODS
O. Kärki and K.-A. Suominen
Department of Physics, University of Turku, FIN-20014 Turun yliopisto, Finland

We consider an attractively interacting single component Bose-Einstein condensate and
how to solve numerically the corresponding Gross-Pitaevskii equation. As numerical
methods we make use of the split-operator and FFT methods.
What is generally known within the nonlinear phenomena community is that in some
cases special spatial discretization techniques are needed in order to obtain numerical
stability. The issue here is that how to combine these special discretizations techniques
with existing numerical methods.
We examine means to combine a certain kind of discretization with FFT method and we
examine the stability issue in relation to bright soliton solutions and interacting solitons.
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COLLECTIVE OSCILLATION OF VORTEX LATTICES IN ROTATING
BOSE-EINSTEIN CONDENSATES
T. Isoshima1, T. Mizushima2, Y. Kawaguchi3, K. Machida2, T. Ohmi3, and M. M.
Salomaa1
1

Materials Physics Laboratory, Helsinki University of Technology, POB 2200
(Technical Physics), FIN-02015 HUT, Finland
2
Department of Physics, Okayama University, Okayama 700-8530, Japan
3
Department of Physics, Graduate School of Science, Kyoto University, Kyoto 6068502, Japan

Owing to their fundamental significance for superfuidity, quantized vortices have attracted widespread interest in many different physical systems ranging from superconductors, superfuid 3He and 4He, to neutron stars and extending to cosmology. Recently,
vortices have been created in dilute alkali-atom gases using three different methods:
phase imprinting, topological phase engineering and optical spoon stirring. The former
two were first predicted theoretically. Several groups are now able to routinely prepare a
vortex array with hundreds of vortices in a BEC.
The complete low-energy collective-excitation spectrum of vortex lattices is discussed
for rotating Bose-Einstein condensates (BEC) by solving the Bogoliubov-de Gennes
(BdG) equation, yielding, e.g., the Tkachenko mode recently observed at JILA. The totally symmetric subset of these modes includes the transverse shear, common longitudinal, and differential longitudinal modes. We also solve the time-dependent GrossPitaevskii (TDGP) equation to simulate the actual JILA experiment, obtaining the
Tkachenko mode and identifying a pair of breathing modes. Combining both the BdG
and TDGP approaches allows one to unambiguously identify every observed mode.
Acknowledgement: One of the authors (TI) is supported by the bilateral exchange program between the Academy of Finland and the Japan Society for the Promotion of Science (JSPS).

Figure 1: Oscillation patterns for selected collective modes. (a)(b) The Tkachenko
modes. (c) Common longitudinal mode. (d) Differential longitudinal mode.
[1] T. Mizushima, Y. Kawaguchi, K. Machida, T. Ohmi, T. Isoshima, and M. M. Salomaa, cond-mat/0308010 (to appear in Physical Review Letters, 2004).

210

10. Atomic and molecular physics II

10.10

INTERSITE AND IN-SITE EXCITATIONS OF BOSE-EINSTEIN CONDENSATE
IN AN OPTICAL LATTICE
T. Isoshima and M. M. Salomaa
Materials Physics Laboratory, Helsinki University of Technology,
P. O. Box 2200 (Technical Physics), FIN-02015 HUT, Finland

Quantum gases trapped in the periodic potential of an optical lattice have been studied
widely in recent years. The Bose-Hubbard model is often used for theoretical studies.
This work aims at treating intersite excitations that are ignored within the Bose-Hubbard
model. We study the excitation spectra of Bose-Einstein condensates (BEC) confined in
a potential


m
m
z
2 2
2 2
V (r, z) = (2πνr ) r + (2πνz ) z + A cos 2π
2
2
d
that consists of an optical lattice and harmonic confinement potentials. A condensate with
3D geometry is simulated in order to describe the confined geometries in experiments.
Figures 1(a) and 1(b) are excitation spectra of systems with different potential parameters.
There are groups of intersite excitations plotted with open circles while excitations with
the lowest energies are in-site. A gap between intersite and in-site excitations may exist,
depending on the parameters of the potential.
Acknowledgement: One of the authors (TI) is supported by the bilateral exchange program between the Academy of Finland and the Japan Society for the Promotion of Science
(JSPS).
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Figure 1: Bullets (circles) indicate in-site (intersite) excitations whose peaks of intensity
overlap with the bottoms (peaks) of the periodic potential. (a) Frequencies (ν r , νz ) =
(100, 30) and the period d = 1.2µm. Wavenumber kz of in-site excitations ranges between kz0 and π/d, where kz0 is a wavenumber of the condensate. (b) (νr , νz ) = (250, 6),
d = 4.0µm. The dashed curves are spectra of corresponding cylindrical systems without
the periodic potential.
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Topological defects in spinor Bose-Einstein condensates
H. Mäkelä, Y. Zhang and K.-A. Suominen
Department of Physics, University of Turku, FIN-20014 Turun yliopisto, Finland

We study the topological defects of the ground states of spinor Bose-Einstein condensates
with hyperfine spin F=1 or F=2 [1]. The properties of spinor Bose-Einstein condensates
are described by the order-parameter, which is now a 2F+1 component spinor. The existence of defects is deduced by examining the properties of the order-parameter space of
the system. The order-parameter space is identified with the set of ground state spinors.
The type and number of topological defects is found out by calculating the first and second
homotopy group of the order-parameter space. The first homotopy group characterizes
singular vortices and domain walls, which are non-singular defects. The second homotopy
group describes singular point like defects, i.e. monopoles and non-singular line defects.
We calculated these homotopy groups for order-parameter spaces related to different
ground states of F=1 and F=2 Bose-Einstein condensates. Results turned out to be highly
non-trivial, for example in the cyclic phase of F=2 condensate a non-commuting first fundamental group was encountered. Because the structure of the ground state depends on
whether or not there is an external magnetic field applied to the system, also defects can
be sensitive to the magnetic field. In our study we found out that the defects in zero and
non-zero field are very different.
[1] H. Mäkelä, Y. Zhang and K.-A. Suominen, J. Phys. A:Math. Gen. 36 (2003) 8555.
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STABILITY OF VORTICES IN DILUTE BOSE-EINSTEIN CONDENSATES
WITHIN MEAN-FIELD THEORIES
S. M. M. Virtanen, M. Möttönen, and M. M. Salomaa
Materials Physics Laboratory, Helsinki University of Technology,
P.O. Box 2200 (Technical Physics), FIN-02015 HUT, Finland

The trapped, dilute atomic Bose-Einstein condensates are usually theoretically modelled
within the “zeroth-order” Bogoliubov theory and the “first-order” Hartree-Fock-BogoliubovPopov (HFB-Popov) theory. The Bogoliubov approximation neglects the effects of the
thermal gas on the condensate and is thus applicable only in the temperature region
. The HFP-Popov model, on the other hand, takes the static mean-field effect of the thermal gas component into account, but does not treat its dynamics on an
equal footing with the condensate. Generally, the latter has been proven quite successfull
in modelling condensates in the region
.



 

For condensate vortex states, however, the Popov approximation seems to fail even in
the zero-temperature limit. It predicts the vortices to be energetically stable [1], while
experimental observations [2] and the Bogoliubov approximation imply the contrary. We
have argued this failure of the Popov theory to be related to its improper treatment of the
thermal gas dynamics [3].
In order to clarify this puzzle, we study the stability of vortices in trapped single-component
Bose-Einstein condensates within the so-called “second-order” theory for inhomogeneous
condensates developed by S. A. Morgan [4]. This theory extends beyond the Popov approximation in a consistent manner, but is computationally extremely demanding and has
not been used previously to investigate condensate vortex states.
[1] S. M. M. Virtanen, T. P. Simula, and M. M. Salomaa, Phys. Rev. Lett. 86 (2001) 2704;
see also T. Isoshima and K. Machida, Phys. Rev. A 59 (1999) 2203.
[2] B. P. Anderson, P. C. Haljan, C. E. Wieman, and E. A. Cornell, Phys. Rev. Lett. 85
(2000) 2857.
[3] S. M. M. Virtanen and M. M. Salomaa, J. Phys. B: At. Mol. Opt. Phys. 35 (2002)
3967.
[4] S. A. Morgan, J. Phys. B: At. Mol. Opt. Phys. 33 (2000) 3847.

213

10.13

10. Atomic and molecular physics II

LOADING TECHNIQUE FOR SURFACE-MOUNTED MICROSCOPIC ATOM
TRAPS BASED ON A GRAVITO-OPTICAL SURFACE TRAP
T. Lindvall1 , M. Heiliö1 , M. Merimaa1 , A. Shevchenko2 , A. Jaakkola2 , M. Kaivola2 , and
I. Tittonen1
1

Department of Electrical and Communications Engineering, Helsinki University of Technology, P.O.B. 3000, FIN-02150, HUT, Finland
2
Department of Engineering Physics and Mathematics, Helsinki University of Technology P.O.B. 2200, FIN-02150, HUT, Finland

Recent experiments with microscopic atom traps (atom chips) have mostly utilized a mirror MOT (magneto-optical trap) to load the microtraps with atoms. We propose an alternative technique, where the atoms are transferred from a gravito-optical surface trap
(GOST) [1], consisting of an evanescent-wave atom mirror on a prism and a vertical repulsive hollow beam, into transparent microtraps fabricated onto the surface of the prism.
The microtraps can be electro-optical, using transparent conductors, or magneto-optical,
using a transparent magnetic film. The electro-optical traps are spin-independent, whereas
the magneto-optical traps can be made for atoms in either low- or high-field seeking states.
The operation procedure is the following. First, rubidium atoms are cooled in a magnetooptical trap (MOT) located some millimeters above the prism surface. The MOT can
be loaded with atoms using a closely mounted alkali metal dispenser, either as a pulsed
source [2] or utilizing light-induced atom desorption [3]. After cooling in the MOT, the
atoms are transferred downwards to the GOT inside the hollow beam. In the GOT the
atoms are further cooled to a temperature of the order of a few µK. Finally, the microscopic surface trap is turned on.
ion pump
viewport
UHV valve

ionization
gauge

mounting hardware

In addition to the proposed loading scheme,
we describe the experimental realization of the
MOT, including the ultra-high vacuum system
(Figure 1). For cooling, we use a master-slave
configuration, where three diode lasers are injection locked to a transmission grating-based
external-cavity diode laser stabilized to the hyperfine spectrum of rubidium.

titanium sublimation
pump

antiHelmholtz
coils

glass
cell
MOT

turbo
pump

prism

compensation coils

Figure 1. Vacuum system.
[1] M. Hammes, D. Rychtarik, V. Druzhinina, U. Moslener, I. Manek-Hönninger, and
R. Grimm, J. Mod. Opt. 47 (2000) 2755.
[2] J. Fortagh, A. Grossmann, T. W. Hänsch, and C. Zimmermann, J. Appl. Opt. 84
(1998) 6499.
[3] B. P. Anderson and M. A. Kasevich, Phys. Rev. A 63 (2001) 023404.
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Xe NMR SHIELDING AND DIFFUSION IN THE A AND C* PHASES OF A
CHIRAL SMECTIC LIQUID CRYSTAL
J. Saunavaara1, M. Cifelli2, J. Jokisaari1 and C.A. Veracini2
1

NMR Research Group, Department of Physical Sciences, P.O.B. 3000, FIN-90014
UNIVERSITY OF OULU, Finland
2
Department of Chemistry and Industrial Chemistry, UNIVERSITY OF PISA, Italy
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Xe NMR spectroscopy of xenon dissolved in liquid crystals (LC) is a very applicable
means to derive information on phase transitions, orientational order parameters and
mesophase structures of LCs [1]. The 129Xe NMR shielding and diffusion were studied
over the temperature range covering the isotropic, smectic A (SmA) and ferroelectric,
ferrielectric and antiferroelectric smectic C* (SmC*) phases of the chiral liquid crystal
1-methylheptyl 4’-(4-n-decyloxybenzoyloxy)biphenyl-4-carboxylate (10B1M7). The
interest in ferroelectric and antiferroelectric mesophases stems from their polar
properties connected to spontaneous or field induced broken symmetries [2] that can
provide a high impact in technological applications, in particular in the LCD
manufacturing [3].

The 129Xe shielding reveals clearly the isotropic - SmA and SmA – SmC*(ferroelectric)
phase transitions. The SmC* sub-phase transitions can also be detected by smaller but
distinguishable shifts of the shielding accompanied by linewidth changes. A theoretical
model developed earlier is applied to the shielding data [4,5], confirming a negative
anisotropic contribution to the shielding as the SmA phase forms and allowing the
evaluation of the tilt angle in the SmC*. Diffusion experiments were mostly performed
in the direction parallel, D||, to the layer normal, i.e. along the external magnetic field, in
the smectic phases but a few experiments were carried out in the in-plane direction, i.e.
perpendicular to the external magnetic field, D⊥, as well. These experiments indicate
large anisotropy, D⊥/ D||, of the diffusion tensor that increases as the temperature
decreases. Application of the Arrhenius equation to the temperature-dependence of D||
reveals different activation energies for each studied phase. This can be correlated to
changes in the smectic layer structure that occur between the different smectic phases.

[1] J. Jokisaari, Progress in NMR Spectroscopy 26 (1994) 1.
[2] I. Muševi , R Blinc and Žekš, “The Physics of Ferroelectric and Antiferroelectric
Liquid Crystals”, World Scientific Publications (2000).
[3] K. Takatoh, H. Yamaguchi, R. Hasegawa, T. Saishu and R. Fukushima, Polym.
Advan. Technol. 11 (2000) 413.
[4] J. Lounila, O. Münster, J. Jokisaari and P. Diehl, J. Chem. Phys. 97 (1992) 8977.
[5] M. Ylihautala, J. Lounila and J. Jokisaari, J. Chem. Phys. 110 (1999) 6381.
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DEUTERIUM NMR SPECTROSCOPY AND FIELD-INDUCED DIRECTOR
DYNAMICS IN LIQUID CRYSTALS
A. M. Kantola a, G. R. Luckhurst b, A. Sugimura c, and B. A. Timimi b
a

Department of Physical Sciences, P.O.Box 3000, FIN-90014 UNIVERSITY OF
OULU, Finland.
b
Department of Chemistry, UNIVERSITY OF SOUTHAMPTON, UK.
c
Department of Information Systems Engineering, OSAKA SANGYO UNIVERSITY,
Osaka, Japan.

A key quantity in determining the switching speed for a liquid crystal display is the rotational viscosity coefficient, γ1. This can be determined by changing the director orientation via the application of an external field. The time dependence of the angle between
the director and the field then gives γ1.
Deuterium NMR spectroscopy together with spectral simulations have been used to investigate the field-induced director dynamics in a nematic liquid crystal, 4-pentyl-4’cyanobiphenyl (5CB), confined in a slab between two electrodes. The NMR spectra
have been measured when turning the electric field on and turning it off. Measurements
were also made at different temperatures to explore how the temperature effects the director relaxation. At higher temperatures, some complications arise as peculiar oscillations are observed in the spectra. With spectral simulation this phenomena is shown to
result from the relaxation of the director on a timescale comparable to that of the experiment which is the effective spin-spin relaxation time. The simulated spectra are
compared with the experimental spectra for the specifically deuteriated 5CB-d2.
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RELATIVISTIC HEAVY ATOM EFFECT IN HEAVY ATOM SHIELDING
(HAHA) IN XH (X = C, Si, Ge, Sn, Pb)





P. Lantto, J. Vaara, and G. A. Aucar 



NMR Research Group, Department of Physical Sciences, P.O. Box 3000,
FIN-90014 University of Oulu, Finland.



Department of Chemistry, P.O. Box 55 (A.I. Virtasen aukio 1),
FIN-00014 University of Helsinki, Finland.
 Physics Department, Exact Science Faculty, Northeastern University,
Av. Libertad 5500, 3400 Corrientes, Argentina.

The effects of relativity has to be taken into account in theoretical calculations of NMR
observables, such as nuclear shielding  and spin-spin coupling   tensors, already
for fairly light elements [1]. This is due to the large contributions from electrons moving with relativistical velocities near the nuclei. Perturbational formulation and ab initio
calculations of the leading-order relativistic effects in nuclear shielding, arising from the
Breit-Pauli Hamiltonian, have lately been carried out [1, 2, 3].
The relativistic effects for the light atom shielding in the vicinity of a heavy atom (HALA
effects) are mainly due to “passive” third-order spin-orbit (SO) corrections. In contrast,
the heavy atom effects on the shielding of the heavy atom itself (HAHA) [4] are due
to many reasons, particularly the “active” second-order cross-term of the Fermi contact
hyperfine interaction and the kinetic energy correction to the electronic spin-Zeeman interaction (the FC/SZ-KE term). This contribution has been found to be very independent
of the chemical surroundings of the resonating nucleus [5]. In the present project, the
molecular orbital origin of the HAHA-effect on  is investigated in XH  (X = C, Si, Ge,
Sn, Pb) -systems [6].
[1] J. Vaara, P. Manninen, and P. Lantto, Chapter for the book: Quantum Chemical calculation of NMR and EPR parameters, Eds. M. Kaupp, M. Bühl and V. G. Malkin
(Wiley VCH, Weinheim). Accepted.
[2] J. I. Melo, M. C. Ruiz de Azua, C. G. Giribet, G. A. Aucar, and R. H. Romero,
J. Chem. Phys. 118 (2003) 471.
[3] P. Manninen, P. Lantto, J. Vaara, and K. Ruud, J. Chem. Phys. 119 (2003) 2623.
[4] U. Edlund, T. Lejon, P. Pyykkö, T. K. Venkatachalam, and E. Buncel,
J. Am. Chem. Soc. 109 (1987) 5982.
[5] S. S. Gómez, R. H. Romero, and G. A. Aucar, Chem. Phys. Lett. 367 (2003) 265.
[6] P. Lantto, J. Vaara, and G. A. Aucar, in progress.
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APPLICATION
OF
XE
NUCLEAR
MAGNETIC
RESONANCE
SPECTROSCOPY TO STUDY THE SHIELDING TENSORS OF ADSORBED
XENON IN VARIOUS ALUMINOPHOSPHATE MOLECULAR SIEVES

T. Koskelaa), J. Jokisaaria) and C. Satyanarayanab)
a)

NMR Research Group, Department of Physical Sciences, P.O.Box 3000, 90014 University of Oulu, Finland
b)

National Chemical Laboratory, Catalysis Division, Pune 411 008, India

Molecular sieves are a class of microporous (pore diameter < 20 Å) open-framework
solids, which includes aluminosilicates (zeolites), aluminophosphates (AlPO), and related materials. Aluminophosphates consist of linked TO4 tetrahedra, where aluminium
and phosphorus alternate as T atoms to form a framework of high internal surface area
with channels, cages, and cavities of molecular dimensions. Molecular sieves belong to
the most important inorganic compounds, and possess a wide range of practical applications.
Various aluminophosphate (AlPO4-5, -11, -31, and -41) molecular sieves and their silicon-containing counterparts with charge-compensating cations (SAPO-5, -11, -31, and 41) belonging to same framework topology is studied with 129Xe nuclear magnetic resonance (NMR) spectroscopy of adsorbed xenon gas. Recordings are done at variable
temperatures and at two different xenon loading levels, achieved by altering the sealed
xenon gas amount inside the sample tube. Molecular sieves were synthesised in National Chemical Laboratory (Pune, India).
In most of the cases, the 129Xe shielding tensor of the adsorbed gas is anisotropic, which
is observed as an asymmetric powder pattern resonance signal. Furthermore, most of the
shielding tensors have near axial symmetry. Indications of xenon exchange between the
free intercrystallite gas and xenon adsorbed on the external surfaces of the crystallites is
also detected, most notably in high-pressure AlPO4-11 and -31 samples, in which the
intercrystallite space volume can be estimated [1,2].
Lineshape fittings are done for the powder patterns and the correlation between the
shielding tensor components and the molecular sieve properties, such as channel crosssections (axis lengths, circular and elliptical channel shapes), is studied. Shielding tensor anisotropy is found to be a promising indicator of the sieve channel dimensions. The
best correlation is achieved with the smallest channel cross-section axis and the anisotropy span values [2].

[1] T. Koskela, M. Ylihautala, and J. Jokisaari, Micropor. Mesopor. Mat. 46 (2001) 99.
[2] T. Koskela, J. Jokisaari, and C. Satyanarayana, Micropor. Mesopor. Mat. 67 (2004)
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Reactivity of Pd doped Ag surfaces
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3
Department of Physics, University of Turku, FIN-20014 Turku, Finland

2

The electronic structure of a surface can be substantially altered by doping. The changes
in the electronic structure, especially in the local density of states (LDOS) near the Fermi
level, in turn affect the reactivity of the surface. This implies a possibility of obtaining
desired reactivity for a particular surface by alloying it with small amounts of some other
element. For instance, silver is known not to catalyze CO oxidation since the incoming
O2 molecules have a very low dissociation propability and CO molecules have very low
adsorption probability on, e.g., Ag(111). In turn on the (111) surface of the PdAg alloys
where only small amounts of Pd exist due to Ag segregation, O2 dissociation has been
observed [1] and the CO adsorption is stronger [2].
We have performed first principles pseudopotential calculations for catalytic CO oxidation
on Pd doped Ag(111) surface. Our main emphasis is in studying the reaction mechanism
and the role of the catalyst. We discuss the effect of the local density of surface electronic
states on the adsorption and reaction mechanism and provide an interpretation why the
alloy surface works as a better catalyst than the pure elemental Ag surface. The nudged
elastic band method was applied to explore the reaction energetics for CO oxidation.
Comparing adsorption and reaction energetics for Pd doped surfaces and pure Ag surfaces
clearly indicates how small changes in the electronic surface structure may affect the
catalytic properties of surfaces drastically and how Pd acts as an electronic promoter for
the oxidation process in this particular case.
[1] P. T. Wouda et al. Surf. Sci. 423, L229 (1999).
[2] S. Jaatinen et al. Surf. Sci. 529, 403 (2003).
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CHARGE CARRIER TRANSPORT AND RECOMBINATION IN ORGANIC
SOLAR CELLS MEASURED USING TIME-OF-FLIGHT TECHNIQUES
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a
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b

2

The TOF transients have been recorded as a function of load resistance, light intensity, photon energy
and applied external voltage. In Fig. 1
we show the j-TOF transients as a
function of light intensity.

j [A/cm ]

Polymeric solar cells are promising candidates for commercialization due to their cheap,
large area fabrication possibilities. At present the best polymeric solar cells show a
power conversion efficiency of ~3% [1], with limiting factors being absorption, morphology, charge transport through the device, recombination, and stability. Understanding the nature of the charge carrier transport and recombination in polymeric solar cells
is very important for increasing the efficiency. In this work we have studied the transport and recombination processes of photogenerated charge carriers in thin films (thickness of a few hundred nanometers) of working polymeric solar cells by using differential
(j-TOF) and integral (Q-TOF) time-of-flight methods.
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than what can be stored on the electrodes, i.e. Q > CU0. The charge-carrier reservoir extraction time te (see Fig. 1) as a
function of load resistance, light intensity and photon energy has been used to estimate
the bimolecular recombination coefficient according to the theory presented in Ref.
[2]. We found that =2×10-13 cm3/s, which is roughly two-three orders of magnitude
smaller than what is expected from the Langevin recombination mechanism.
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We acknowledge Konarka, Austria (www.konarkatech.com) for providing us with the
solar cell.
[1] C.J. Brabec, N.S. Sariciftci and J.C. Hummelen, Adv. Funct. Materials 11, 15 (2001)
[2] G. Juška et. al. Phys. Rev. B 51, 16668 (1995).
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DENSTIY FUNCTIONAL THEORY OF MULTICOMPONENT QUANTUM
DOTS
K. Kärkkäinen M. Koskinen, M.Manninen and S.M. Reimann
Deparment of Physics, FIN-40014 University of Jyväskylä, Finland

We have extended the simple model of a quantum dot (interacting electrons moving in
a 2D harmonic potential) to a multicomponent system, where the electrons can have in
addition to spin also other internal degrees of freedom. Such systems can be realized in
a double layer quantum dot, where electrons belonging to different layers can be approximated as different fermions, or in a dot of holes, where the heavy and light holes could
be treated as different fermions. The density functional theory then requires an extension
of the normal local spin-density approximation (a two-component system) to a local density approximation of a multicomponent electron gas. We have earlier shown [1] that the
recent parametrization of Attaccalite et al.[2] can be analytically continued to provide an
interpolation formula for a multicomponent 2D electron gas.
We have studied qualitative features of the electronic structure of quantum dots with multicomponent electrons. The increased internal freedom leads to many new features. In
a four-component system (which could approximate a vertical double dot) the additional
internal freedom (isospin) gives results to an extension of the first Hund’s rule: In an
open electron shell the degenerate states are filled with one internal degree of freedom at
a time. In a low electron density the internal symmetry of the multicomponent mean field
could be broken leading to complicated spin and isospin density waves. The increased
number of internal degrees of freedom also makes the formation of Wigner molecules
easier due to the fact that the neighbouring localized electrons could be in different internal states without frustration, like in a normal Heisenberg antiferromagnet. Indeed in low
enough densities the multicomponent local density approximation localizes electrons in
their classical configuration and results in an addition spectrum similar to that of classical
Wigner molecules. A related multicomponent system could be 2D electron gas of Si or
Ge, where the conduction band has four equivalent minima.
The mass difference of heavy and light holes can be taken into account using a simple
approximation in the multicomponent formula for the correlation energy [1]. In small
quantum dots, however, the localization of electrons pushes the electron states of the light
holes up and the lowest energy sates will be filled only by heavy holes. Even if the mass
ratio is only 2 the ligth hole states will be filled only after the dot has more than about ten
electrons.
[1] K. Kärkkäinen, M. Koskinen, S.M. Reimann and M. Manninen, Phys. Rev. B 68
205322 (2003).
[2] C. Attaccalite, S. Moroni, P. Gori-Giorgi and G.B. Bachelet, Phys. Rev. Lett. 88,
256601 (2002).
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ELECTRON TRANSPORT THROUGH QUANTUM WIRES AND
POINT CONTACTS
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Quantum wires are thin nanoscale constrictions between two bulk electrodes. Two-dimensional wires are made into GaAs/AlGaAs interfaces using lithographic techniques and
gate electrodes. If the wire is short compared to its width it is called as a quantum point
contact. Electron transport through quantum wires is ballistic conserving the quantum
mechanical phase coherence. The conductance is quantized, showing a staircase pattern
with steps of conductance quantum (G0 = 2e2 /h) as measured as function of the gate
voltage. The quantum point contacts exhibit also the so-called 0.7-anomaly, which is a
small plateau in conductance around 0.7-0.5 G0 . Several models have been introduced to
explain the phenomenon. Currently, the many-body Kondo model based on the electron
scattering off a dynamic spin appears as the most general one explaining also the zerobias anomaly observed. Models based on the static density-dependent spin polarization
at the constriction have also been presented.
b)

Electrondensity

0.2

0
30
20

y

10
0

10

0

x

30

20

40

Polarization

0.04
0.02

Conductance (2e2/h)

a)

1

0.8

0.6

0.4

0.2

0
30

0K
2K
4K

20

y

10
0

0

10

30

20

x

40

0
0

5

10
15
20
Gate voltage (mV)

25

30

Figure 1: a) Electron density and spin polarization of a short quantum wire. b) Conductance of the wire at different temperatures as function of the gate voltage. The formation
of a plateau around 0.7-0.5 G0 is clearly seen.
We have studied quantum wires using the Green’s function technique and the densityfunctional theory for calculating the electronic structure and the conductance. All the
numerics are implemented using the finite-element method [1]. In our model the spontaneous spin polarization causes the 0.7-anomaly (see Fig. 1 for an example). The model
gives the correct as a function of the temperature and the wire length.
[1] P. Havu, V. Havu, M. J. Puska and R. M.Nieminen, Submitted to Phys. Rev. B,
http://arXiv.org/abs/cond-mat/0308105
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11.5

VARIATION OF THE ELECTRON-PHONON INTERACTION IN SILICON AT
SUB-KELVIN TEMPERATURE
P. Kivinen1 , A. Savin2 , M. Prunnila3 , P. Törmä1 , J. Pekola2 and J. Ahopelto3
1

Department of Physics, University of Jyväskylä, P.O.B. 35, FIN-40014 University of
Jyväskylä, Finland
2
Low Temperature Laboratory, Helsinki University of Technology, P.O.B. 2200, FIN02015 HUT Helsinki, Finland
3
VTT Information Technology, P.O.B. 1208, FIN-02044 VTT, Finland

Electron-phonon interaction in Si with the carrier concentration between 2.0 · 10 19 and
1.6 · 1020 cm−3 has been studied at sub-Kelvin temperature. The heat flow between electrons and the lattice is determined by the electron-phonon interaction and at sub-Kelvin
temperature it becomes comparatively weak. Therefore electrons and the lattice can have
different, but well-defined, temperatures. Although there is no detailed theory for Si, we
have previously shown [1] that the heat transfer in Si between the electron and phonon
systems is comparable with the theory derived for metals [2]. Now we show that this
theory applies for Si in the whole carrier concentration density range mentioned above.
Furthermore, the quantitative value of the electron-phonon interaction increases with the
carrier concentration, but near the degenerate - non-degenerate regime it has a relatively
higher value as would be expected. Compared to Cu or other metals the electron-phonon
interaction in Si has at least two orders of magnitude lower value. In other words this
means that Si is very promising material for low temperature devices such as hot-electron
bolometer or electron refrigerator.

Figure 1: The electron-phonon interaction Σ in Si is represented against the carrier concentration density Nd .
[1] P. Kivinen, A. Savin, M. Zgirski, P. Törmä, J. Pekola, M. Prunnila and J. Ahopelto, J.
Appl. Phys 94 (2003) 3201.
[2] A. Sergeev and V. Mitin, Phys. Rev. B 61 (2000) 6041.
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QUANTUM MANIPULATIONS OF JOSEPHSON QUBITS WITH R.F. PULSES
Gh.-S. Paraoanu
NanoScience Center and Department of Physics, University of Jyväskylä, P.O. Box 35
(YFL), FIN-40014, Finland

Superconducting (Josephson) quantum bits are promising candidates for implementing
quantum algorithms. The recent experimental progress in the field has been breathtaking,
with recent successful demonstration of quantum oscillations in charge, flux, charge-flux,
and multiple-level single qubits. Coupling two qubits and demonstrating two-qubit gates
is the next challenging step for the Josephson-based approach to quantum computing.
I will present a general scheme for the quantum manipulation of two coupled qubits that
uses r.f. pulses instead of d.c. pulses. The scheme allows a better control of the system at
the "magic" points, avoids the errors due to the finite raise time of any fast pulse generator,
and it is a cheaper solution experimentally. The idea is rather general, and can be applied
for any type of coupled superconducting qubits.
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11.7

Electron–phonon interaction in thin copper films
J.T. Karvonen J.M. Kivioja, L.J. Taskinen and I.J. Maasilta
NanoScience Center, Department of Physics, P.O. Box 35, FIN-40014 University of
Jyväskylä, Finland

We have used symmetric normal metal-insulator-superconductor (NIS)tunnel junction
pairs, known as SINIS structures, for ultrasensitive thermometry in the temperature range
50 - 700 mK. By Joule heating the electron gas and measuring both the electron and the
lattice temperatures simultaneously, we show for the first time that the electron-phonon
(e-p) scattering rate in a well studied and common disordered thin-film material (Cu)
 temperature dependence [1]. This power law is indicative e-p coupling mefollows a
 and  laws. In
diated by vibrating disorder, in contrast to the previously observed
 to  law is observed, when the phonon wavevector  is
addition, transition from
increased beyond the  
boundary between disordered and ordered regimes. This
transition was checked for four different samples with varying electron mean free paths  .

Figure 1: Sample:



nm and

   

mK 

     

pW.

[1] I.J. Maasilta et. al., cond-mat / 0311031 (2003).
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SODIUM ATOMS AND CLUSTERS ON GRAPHITE: A DENSITY FUNCTIONAL STUDY
K. Rytkönen1 , J. Akola2 , and M. Manninen1
1
2

Department of Physics, FIN-40014 University of Jyväskylä, Finland
Institut für Festkörperforschung, Forschungszentrum Jülich, D-52428 Jülich, Germany

Sodium atoms and clusters (N ≤ 5) on graphite (0001) are studied using the density
functional theory, pseudopotentials and periodic boundary conditions. A single Na atom
is observed to bind at a hollow site 2.45 Å above the surface. The corresponding adsorption energy is 0.51 eV, and the small diffusion barrier of 0.06 eV indicates a flat potential
energy surface. An increased Na coverage results in a decreased adsorbate-substrate interaction, which can be seen as a larger separation from the surface in the cases of Na 3 , Na4 ,
Na5 , and (2×2) Na overlayer. The binding is minimal for Na2 which has a full valence
electron shell. The presence of substrate modifies the structures of Na 3 , Na4 , and Na5
significantly, and both Na4 and Na5 bend away from planarity. The calculated formation
energies suggest that the clustering of atoms is energetically favorable, and that the open
shell clusters (e.g. Na3 and Na5 ) can be more abundant on graphite than in gas phase.
Analysis of the lateral charge density distributions of Na and Na3 shows a charge transfer
of ∼ 0.5 electrons in both cases.
[1] K. Rytkönen, J. Akola, and M. Manninen, to be published
(http://www.phys.jyu.fi/research/clusters/download/kari1.ps)
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11.9

ELECTRONIC AND MAGNETIC PROPERTIES OF BULK, (100), AND (111)
SURFACES OF THE MNPT3: AN AB INITIO STUDY
M.P.J. Punkkinen, L. Vitos, K. Kokko, K. Laaksonen and I.J. Väyrynen
Department of Physics, University of Turku, FIN-20014 Turku, Finland

Electronic and magnetic properties of bulk, (100), and (111) surfaces of the intermetallic
compound MnPt3 have been investigated by means of the exact muffin-tin orbital
(EMTO) method. The present ab initio bulk and surface parameters are compared with
available experimental data. Total energy calculations show that the ground state of the
bulk MnPt3 is ferromagnetic, in perfect agreement with the observation. However, the
ground state is almost degenerate and the next-nearest Mn neighbours show antiferromagnetic interaction. Ferromagnetic configuration is found to be stable on the (111) free
surface, while on the (100) surface an antiferromagnetic state is obtained. Top layer relaxation of the (100) surface has no influence on the magnetic structure. The total energy differences between ferro- and antiferromagnetic structures on the surfaces are significantly smaller than in the bulk, which may have implications concerning the Kerr
effect of the MnPt3. Using the linear muffin-tin orbital (LMTO) method we have also
studied the density of states (DOS) of the MnPt3 surfaces. We identify prominent structures in the DOS of the surface layers.
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GaAs(100)(2x4)

SURFACE
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P. Laukkanena, R. E. Peräläa, M. Kuzminb, J. Sadowskic, R.-L. Vaaraa, and I. J. Väyrynena
a

Laboratory of Surface Physics, Department of Physics, University of Turku, FIN20014 Turku, Finland
b
A. F. Ioffe Physico-Technical Institute, Russian Academy of Sciences, St. Petersburg
194021, Russian Federation
c
MAX-lab, Lund University, SE-221 00 Lund, Sweden

The (2x4)-reconstructed III-V(100) semiconductor surface is interesting from both scientific and technological viewpoints because it is typically observed in molecular-beam
epitaxy (MBE) growth of III-As and III-P semiconductors. Among compound semiconductors, GaAs(100) is the most utilized substrate in device applications. The Asstabilized GaAs(100)(2x4) surface is extensively studied [Ref. 1 for example], and its
three stable phases: alpha, beta-2, and gamma are well established. The alpha phase
consists of two As dimers in the top layer and two second-layer Ga dimers per (2×4)
unit cell, and its surface As coverage is 0.5 monolayer (ML). The beta-2 is a more Asrich phase (0.75 ML of As) showing two As dimers in the top layer and one As dimer in
the third. The GaAs(100) surface structures have been considered as model systems for
many III-V(100) surfaces, however, more recent investigations of InP, InAs, and Sbinduced GaAs(100) surfaces have questioned the generalization of the alpha model and
proposed that so-called (2x4)-delta model, which consists of one group-V dimer in both
the top and third atomic layer and two group-III dimers in the second layer per unit cell
(the group-V coverage of 0.5 ML), is more stable than the alpha one [2-4]. Here, we
have combined core-level and valence-band photoelectron spectroscopy utilizing synchrotron radiation and scanning tunneling microscopy to study GaAs(100)(2x4) surface.
In conjunction with the comparison to previous ab-initio calculations, these results and
good consistency between them support the delta model rather than the alpha one for
the less As-rich (2x4) surface.
o

GaAs(100)(2x4) heated @ 390 C

Normali zed PE intensity

[1]Q.-K. Xue et al., Prog. Surf. Sci. 56 (1997) 1.
[2]N. Esser et al., J. Vac. Sci. Technol. B 17 (1999)
1691.
[3]F. Grosse et al., Phys. Rev. B 66 (2002) 075321.
[4]P. Laukkanen, R. E. Perälä, R.-L. Vaara, I. J. Väyrynen, M. Kuzmin, J. Sadowski, submitted in 2004.
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Figure: As 3d core-level spectra, spin-orbit doublets of systematic fitting, and the result
of the fit (solid line through data points) for GaAs(100)(2x4) surfaces, heated at 390 and
460 oC, at the different emission angles. The deconvolution of the As spectra shows two
surface-shifted components, S1 and S2, which are tentatively connected to two inequivalent As-dimer sites in the unit cell.
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11.11

DFT-SIMULATED STM IMAGES OF GaAs (110) CLEAVAGE SURFACE
Ville Arpiainen, Tapio T. Rantala and Jouko Nieminen
Institute of Physics, Tampere University of Technology, P.O.Box 692, FIN-33101 Tampere, Finland

Using cross sectional scanning tunneling microscopy (XSTM) it is possible to monitor the
growth profile of MBE technique. This involves cleaving the crystal perpendicular to the
growth plane for STM study. Thus, atomic scale simulation of related cleavage surface is
relevant in modelling the experiment.
We present a supercell slab model of GaAs (110) surface and use DFT-GGA[1] method in
linear combination of atomic orbitals (LCAO) approach to calculate electronic structure
of the surface. We use all electron localized basis set of numerical atomic functions and
where possible, compare the results with the usual plane wave pseudopotential (PWPP)
approach.
Relaxation of the cleavage surface is calculated and surface states are separated from bulk
energy bands. We use Tersoff–Hamann approach[2] to simulate STM images within the
surface model. The simulations are run within a range of bias voltage and a comparison
with experimental images and previous calculations is done.
[1] Y. Wang and J.P. Perdew, Phys. Rev. B 44 13298 (1991).
[2] J. Tersoff and D. R. Hamann, Phys. Rev. B 31 805 (1985).
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Electron transport through ferromagnetic resonant tunneling diodes modeled by
Green’s function formalism
R. Väänänen , P. Havu, M.J. Puska, and R. M. Nieminen
Laboratory of Physics, Helsinki University of Technology, P.O.Box 1100, FIN-02015
HUT, Finland

We have modelled layered semiconductor heterostructures under a bias voltage using the
nonequilibrium Green’s function formalism within the density-functional theory. The
effective mass approximation is used and the system is translationally invariant in the
directions perpendicular to the electric current. The model ignores the inelastic scattering.
The scheme is implemented using the finite element method [1, 2].
The resonant tunneling diode (RTD) is a nanoelectronics component with a highly nonlinear current-voltage behaviour. It is a layer structure in which electrons feel, due to a
suitable sequence of materials, two potential barriers, and a quantum well between them.
We have modelled two kinds of RTDs. In the first system (Fig.1) the GaAlAs layers inside GaAs act as the potential barriers. In this structure the GaAlAs barriers, the GaAs
region between them, and wide GaAs regions outside the barriers are undoped, and the
semi-infinite GaAs leads are n-doped. The current-voltage curve for this structure is calculated and the typical RTD feature, the negative differential resistance region, is found.
In the second system [3] the quantum well is made of a ferromagnetic semiconductor material so that the energy levels split into spin-up and spin-down states. The regions near
the electrodes are of ZnSe, the potential barriers are of ZnBeSe and the material inside
the quantum well is of ZnMgSe. Also now the centermost regions including the quantum
well, the potential barriers, and the regions around them are undoped. Beyond the centermost region the doping grows gradually. The calculated current-voltage curve shows
features due to the spin polarization.
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Fig. 1. Self-consistent electron density and
effective potential under a finite bias for the
GaAs/GaAlAs RTD structure described in the
text. The insert shows the current-voltage curve
of the system.
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[1] R. Väänänen, Master’s thesis (2003)
[2] P. Havu et al, cond-mat/0308105
[3] A. Slobodskyy et al, PRL, 90 (2003), 246601.
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11.13

PHASE DIAGRAM OF ELECTRONS MIXED WITH HOLES IN SEMICONDUCTORS AND WITH PROTONS IN GIANT PLANETS
T. Taipaleenmäki ∗ , M. Saarela∗ and F. V. Kusmartsev†
∗
†

Dept. of Physics, P.O. Box 3000, FIN-90014 University of Oulu, Finland
Dept. of Physics, Loughborough University, Loughborough, Leics LE11 3TU, U.K.

Quantum fluids form the basis of the condensed matter physics. The most important examples are electrons in metals, electron-hole and excitonic fluids in semi-metals and semiconductors generated by irradiation of light or by doping and in high pressure and shock
wave experiments performed in search of metallic hydrogen. All these fluids are usually
considered as spatially homogeneous and in all of them the Coulomb potential dominates
the interaction between particles. At high densities this interaction is strongly screened
and the system can be treated in a simple way. When the density decreases the screened
interaction is not any more a monotonic function of the distance between particles. At
intermediate ranges the Coulomb potential is over-screened and as a result the attraction
between particles having different charges becomes repulsion and vice versa. This may
lead to formation of bound clusters of different numbers of particles and charges. Further
more, due to the attractive, effective interaction between clusters and their large effective
masses clusters may condensate into a new type of liquid at low temperatures [1].
Free electrons and holes created in semiconductors under irradiation of light may condense into the electron-hole liquid (EHL) when their density is high enough. At very low
densities free electrons and holes are bound into excitons analogous to hydrogen atoms.
The exciton gas undergoes Mott’s metal-insulator phase transition at much lower density
than needed for the appearance of the metallic EHL. We show that in this density range
a new structural liquid consisting of differently charged clusters of electrons and holes
arises due to the over-screening of the Coulomb interaction. We propose a new phase diagram where two established phases, the gas of free excitons and the electron-hole liquid,
are complemented with a new structural liquid phase consisting of the charged clusters.
Protons and electrons mixed together form a molecular gas at the room temperature and
low pressures. At zero temperature molecules solidify into a quantum crystal, which is
an insulator. By increasing the pressure molecular crystal undergoes a series of phase
transitions and may even melt into clustered liquid before protons form a crystal. Further
increase of the pressure melts the atomic crystal into the liquid metallic hydrogen. In this
work the well known molecular and plasma phases are complemented by the new phase
made of charged clusters similar to the clusters in the mixture of electrons and holes.
These clusters condense into a liquid state which can have an important role in explaining
the order of magnitude difference between magnetic fields in Jupiter and Saturn.
[1] M. Saarela, T. Taipaleenmäki and F.V. Kusmartsev, J. Phys. A 36, 9223 (2003).
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ELECTRONIC STRUCTURE OF MgB2 STUDIED USING INELASTIC X-RAY
SCATTERING
A. Mattila, S. Galambosi, J. A. Soininen, S. Huotari and K. Hämäläinen
Division of X-ray Physics, Department of Physical Sciences, POB 64, FIN-00014 University of Helsinki, Finland

The recent discovery of superconductivity in MgB2 with critical temperature of TC ≈
39 K has sparked a great number of experimental and theoretical studies of the electronic structure and the mechanism behind the high TC. The discovery has also been followed by a fervent activity on other binary metals, as it was hoped that MgB2 would be a
harbinger of a series of novel type of superconductors. So far MgB2 still has the highest
reported TC for a metallic superconductor and a picture of MgB2 as a conventional, phonon-mediated BCS superconductor with two superconducting gaps has emerged. The
large hole density near the Fermi level, provided by the Boron pσ bands has been identified to be the key feature of the electronic structure contributing to the high critical temperature.
In the present study we have used Non-Resonant Inelastic X-ray Scattering (NRIXS) at
the Boron K-edge of single crystal MgB2. With NRIXS we can probe the empty pσ
bands of Boron connected with the superconducting properties. As in polarized X-ray
Absorption Spectroscopy (XAS) with single crystal samples, the spatial orientation of
the excited states in NRIXS can be chosen by changing the direction of the momentum
transfer relative to the crystal orientation. But unlike XAS, NRIXS also offers the
chance to probe the spatial symmetry of the excited states by changing the magnitude of
the momentum transfer. Both of these properties have been used to identify the contributions from different bands.
The experimental results have been compared with ab initio multiple scattering calculations. The features in the spectra corresponding to the large σ band hole density have
been identified. We also note a considerable contribution to the spectra from π band
holes near the Fermi level. This contribution can be traced back to the substantial influence of the core hole potential, suggesting that simple band structure calculations are not
enough for a quantitative interpretation of spectral features. Moreover, we show that the
momentum transfer dependant evolution of the spectra can be understood on the on the
basis of the multiple scattering calculations and the final state density of states.

[1]
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11.15

PHOTOEMISSION STUDY OF Yb ON VICINAL Si(100) SURFACE
R. E. Perälä, M. Kuzmin, P. Laukkanen, S. Mattila, R.-L. Vaara and I.J. Väyrynen
Department of Physics, University of Turku, Vesilinnantie 5, FIN-20014 UNIVERSITY
OF TURKU, Finland

The electronic and structural properties of surface formed by adsorption of rear earth
metal Yb on vicinal, single-domain, Si(100)2×1 substrate were studied by
photoemission using synchrotron radiation and low-energy electron diffraction (LEED).
Experiments were performed at Max-lab, Lund, Sweden. Yb was evaporated from solid
source onto the Si samples miscut 4° towards [011] direction. The coverage range was
0.1–1.0 monolayers (ML).
LEED showed the following surface reconstructions: (2×3) with weak signs of 4×- and
3×- periodicities at 0.1–0.3 ML, (2×9) at 0.4 ML, (1×n) where n = 3,5,9 at 0.5–1.0 ML,
and (3×1) at 0.6–1.0 ML. Previous structural studies [1–3] by scanning tunneling
microscopy (STM) have shown that the 2×3 phase is formed by two Yb protrusions at
different height levels, i.e., ‘up’ and ‘down’ positions and the 2×9 phase is a unique
structure formed only on vicinal surface where terrace width is quantized by unit cell
size while 1×n and 3×1 are striped structures where unresolved rows run parallel and
perpendicular to the step edge direction, respectively.
Si2p core-level spectra (see Figure) reveal two Yb-related components at 0.1–0.3 ML at
binding-energy (BE) shifts –0.4 eV (A) and –0.6 eV (B) (from the bulk peak (b))
indicating two different Yb adsorption sites in the 2×3 cell, which is consistent with
previous STM investigations [1–3]. At 0.4–1.0 ML two new Yb-related peaks at –0.2
and –0.5 eV are observed, which are tentatively connected to bonds between rows and
along the rows, respectively. At 0.7 ML silicide-related peak is proposed at –0.9 eV.
Valence spectra (hν=16 eV) showed Yb-induced Si2p spectra
eV
Clean Si(100)
peaks at 1eV and 2 eV below the Fermi level EF, hν=130
o
b
θe=60
most likely related to striped structures. Emission
close to the EF indicated silicide formation at 0.4 ML
and above 0.6 ML.
[1] M. Kuzmin, R. E. Perälä, P. Laukkanen, R.-L.
Vaara, M. A. Mittsev, I. J. Väyrynen, Appl. Surf.
Sci. 214 (2003) 196.
[2] M. Kuzmin, P. Laukkanen, R. E. Perälä, R.-L.
Vaara, I. J. Väyrynen, Appl. Surf. Sci. 222 (2004)
394.
[3] R. E. Perälä, M. Kuzmin, P. Laukkanen, R.-L.
Vaara, I. J. Väyrynen, to be published in Surf. Sci.
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THERMOPOWER INDUCED BY A SUPERCURRENT IN MESOSCOPIC
SUPERCONDUCTOR–NORMAL-METAL STRUCTURES
Pauli Virtanen and Tero T. Heikkilä
Low Temperature Laboratory, Helsinki University of Technology,
P.O. Box 2200 FIN-02015 HUT, Finland.

   

We examine the thermopower
of a mesoscopic normal-metal (N) wire
in contact to superconducting (S) segments [1] and show that even with electron-hole
symmetry, may become finite due to the presence of supercurrents [2]. Moreover, we
show how the dominant part of can be directly related to the equilibrium supercurrents
in the structure. In general, a finite thermopower appears both between the N reservoirs
and the superconductors, and between the N reservoirs themselves. The latter, however,
strongly depends on the geometrical symmetry of the structure.
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[1] J. Eom, C.-J. Chien, and V. Chandrasekhar, Phys. Rev. Lett. 81, 437 (1998).
D. A. Dikin, S. Jung, and V. Chandrasekhar, Phys. Rev. B 65, 012511 (2002).
A. Parsons, I. A. Sosnin, and V. T. Petrashov, Phys. Rev. B 67, 140502 (2003).
[2] P. Virtanen and T. T. Heikkilä, cond-mat/0401008 (2004).
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11.17

ATOMIC AND ELECTRONIC STRUCTURES OF NITROGEN INTERSTITIALS
IN GAAS
J. Ojanen H.-P. Komsa E. Arola and T. T. Rantala
Tampere University of Technology, Finland

Alloying of N with GaAs has proven to be a challenge for growth techniques, due to low
efficiency of N incorporation combined with a severe miscibility gap in the alloy phase
diagram. Therefore, the nature and energetics of N impurities in GaAs become important
in understanding for growth process. Also it serves as a starting point for studies of the
GaInAsN quaternary, which is expected to have significance in future optoelectronics.
We have carried out electronic structure calculations on GaAsN type dilute nitrides using
the plane-wave pseudopotential (PWPP) method in the framework of density funtional
theory (DFT) with the generalized gradient approximation (GGA). We also compare different computational approaches related to various software (CASTEP[1] and VASP[2])
and pseudopotentials (ultrasoft PP[3] and projector augmented-wave[4]).
We have investigated stabilities and the nature of various types of interstitial N impurities
and found the couples to be one of the most favorable. We present the N impurity effects
on the band gap, charge carrier effective masses and the complex dielectric function for
basic optical properties. Especially we will address the nature of nitrogen impurities: the
defect energy levels and energetics for structural changes. With our analysis we are able
to shed some light onto recent photoluminescence observations of presumably metastable
N impurity structures in GaAs.
[1] M. C. Payne, M. P. Teter, D. C. Allan, T. A. Arias and J. D. Joannopoulous, Rev. Mod.
Phys. 64, 1045 (1992).
[2] G. Kresse and J. Furthmüller, Phys. Rev. B 54, 11169 (1996).
[3] D. Vanderbilt, Phys. Rev. B 41, 7892 (1990).
[4] P. E. Blöchl, Phys. Rev. B 50, 17953 (1994).
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COMPUTATIONAL STUDY OF THE STRUCTURE AND PROPERTIES OF
GaAs1–xNx
Hannu-Pekka Komsa and Tapio T. Rantala
Institute of Physics, P.O. Box 692,
FIN-33101 Tampere University of Technology, Finland.

1

Katri Laaksonen and Risto M. Nieminen
COMP/Laboratory of Physics, P.O. Box 1100
FIN-02015 Helsinki University of Technology, Finland

Compound semiconductors offer an excellent possibility for materials engineering and
development of new materials. Variation of composition is a straightforward way for
tuning the electrical and optical material properties of compound semiconductor materials. On one hand, the GaAsN family covers a large range of material parameters, e.g.
band gap values, but on the other, it also poses real challenges for growth techniques.
Therefore, detailed understanding of underlying relations between composition and
properties becomes important.
Using DFT/GGA methods with the plane-wave basis and pseudopotentials and the projector-augmented wave method [1] we have investigated the GaAs1–xNx alloy, x in the
range 0 < x < 1. We report the associated variation in fundamental materials parameters
and related properties: lattice constant, cohesion energy, band structure and charge carrier effective masses. We also comment on improvements introduced by GGA vs. LDA
in this case, and other aspects in computational methods.
1. G. Kresse and D. Joubert, Phys.Rev. B 59, 1758 (1999).
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11.19

NONLINEAR TRANSPORT PHENOMENA IN THE PENDULUM LIMIT OF
SEMICONDUCTOR SUPERLATTICES
P. Pietiläinen, K. Alekseev and J. Isohätälä
Department of Physical Sciences, P.O.Box 3000, FIN-90014 University of Oulu, Finland

The equation of driven and damped pendulum is revisited in the context of electron transport in semiconductor superlattices. The equation is obtained in specific limiting cases
of the so called balance equation model of the transport in the superlattice. Dynamics
governed by the pendulum equation can lead to such novel transport phenomena as chaos
and symmetry breaking. As a result of symmetry breaking, a generation of a spontaneous
dc voltage across the superlattice is predicted. Although well studied in the past, a few
aspects of the equation relating to the semiconductor superlattice are considered in more
detail, namely the behaviour in the case of strong damping and high frequency external
electric field driving.
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O K-EDGE X-RAY ABSORPTION SPECTROSCOPY OF Ba1-xSrxTiO3 THIN
FILMS
J. Levoska and M. Tyunina
Microelectronics and Materials Physics Laboratories, and EMPART Research Group of
Infotech Oulu, University of Oulu, PL 4500, FIN-90014 Oulun yliopisto, Finland

BaTiO3 (BTO) and SrTiO3 (STO) are paraelectric cubic perovskites at elevated temperatures. On cooling, BTO transforms to a ferroelectric tetragonal phase at Curie temperature Tc = 393 K. STO is an incipient ferroelectric where the ferroelectric transition is
suppressed even at absolute zero by quantum oscillations. In Ba1-xSrxTiO3 alloys
(BSTO), the Curie point decreases almost linearly with increasing x. In thin films, the
equilibrium phase boundaries may change because of epitaxial and thermal misfit
stresses, and the transition may be more relaxor-like. In electronics, BSTO’s are important in RF and microwave applications due to their high permittivity and tunability.
The electronic structure (DOS of conduction band) of Ba1-xSrxTiO3 with x = 0…1 was
studied in thin films by O K-edge absorption spectroscopy using synchrotron radiation.
Epitaxial BSTO (100)/La0.5Sr0.5CoO3 bottom electrode/MgO (100) substrate heterostructures were grown by pulsed laser deposition. The crystal structure and epitaxy were
studied by x-ray diffraction, and the dielectric properties and phase transitions by dielectric spectroscopy. The O 1s near-edge absorption fine-structure (NEXAFS) was studied
at MAX-lab on beamline I411 using partial electron yield. The main features of the
spectra could be explained by calculated conduction band DOS of BTO and STO, and in
BSTO by a continuous change from BTO to STO when Ba 6d states are replaced gradually by Sr 5d states.
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VORTICES IN 2D QUANTUM DOTS IN HIGH MAGNETIC FIELDS
H. Saarikoski, M. J. Puska, and R. M. Nieminen
Laboratory of Physics, Helsinki University of Technology, P.O, Box 1100, FIN02015 HUT, Finland

We have used the spin-density-functional and current-and-spin-functional theories to
study, within the effective mass model, electronic structures of two-dimensional quantum dots in high magnetic fields. In high fields beyond the totally polarized maximum
density droplet (MDD) state we find solutions with spin- and charge-density-waves and
vortex structures. Our numerical calculations are performed in the real-space without
symmetry restrictions. The exchange-correlation effects are taken into account using local approximations for the spin densities and the vorticity.
The beyond MDD-domain shows vortex solutions containing one or more current loops
around density minima. As an example we considered a six electron totally spinpolarized quantum dot with parabolic confinement. Figure 1 shows the electron and the
current densities for three different magnetic field strengths. The MDD density shows a
strong current near the edge and nearly no current in the middle (Fig. 1a). The shift of an
electron from the innermost orbital to the outermost one creates a hole around which the
flow is in the opposite sense (Fig. 1b). Increasing further the magnetic field more vortices appear and the circular symmetry is broken (Fig. 1c). The appearance of a vortex is
accompanied with a decrease in the Coulomb energy. Decreasing the confinement in a
given magnetic field increases the number of current loops. These notions suggest that
the solutions are related to the magnetic-field-induced Wigner crystallization.

Figure 1: Ground state of the totally polarized 6-electron quantum dot in parabolic confinement and external magnetic field. As the magnetic field is increased one or more
vortices appear in the dot.
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The Bloch Oscillating Transistor





R. K. Lindell J. Delahaye , M. S. Sillanpää , J. Hassel , H. Seppä and P. J. Hakonen
Low Temperature Laboratory, Helsinki University of Technology,
P.O.
 Box 2200 FIN-02015 HUT, Finland
VTT Information Technology, Microsensing, P.O. Box 1207, 02044 VTT, Finland

We have developed a new type of low noise amplifier, the Bloch oscillating transistor
(BOT) [1], which is based on the band structure of a mesoscopic Josephson junction. By
taking advantage of the quantum dynamics of a Josephson junction [2], i.e., the interplay
of interlevel transitions and the Coulomb blockade of Cooper pairs, we have achieved
considerable current gain and high input impedance in experiment. In the new transistor,
correlated supercurrent of Cooper pairs is controlled by a small base current made of
single electrons. Our devices reach current and power gains on the order of 30 and 5,
respectively. These devices provide quantum-electronic building blocks that will be useful
in low-noise, intermediate-impedance level circuit applications at low temperatures.
In Fig. 1a the schematics of a BOT is shown. The circuit contains a loop with two aluminum Josephson junctions. The loop configuration gives the possibility to tune the criti to 
cal current of the Josephson junction and thus finding the optimum
ra
tio for current gain. The resistor  , made of chromium, is needed to ensure the Coulomb
blockade in the Josephson junction. The base consists of a superconducting-insulatornormal tunnel junction through which quasiparticles are injected.
Fig. 2a shows an experimental IV-curve for a BOT and the differential current gain
      measured with lock-in technique.
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Figure 1: a) Schematics of a BOT. b) IV curve (thick line) for
current gain (thin line).



= 290 pA and differential

[1] J. Delahaye, J. Hassel, R. Lindell, M. Sillanpää, M. Paalanen, H. Seppä, and P. Hakonen, Science 299 (2003) 1045.
[2] J. Hassel, H. Seppä, IEEE Trans. Appl. Supercond. 11 (2001) 260.
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IMPURITY EFFECTS IN QUANTUM DOTS: A REALISTIC MODEL






E. Räsänen , J. Könemann , R. J. Haug , M. J. Puska , and R. M. Nieminen
Laboratory of Physics, Helsinki University of Technology, P. O. Box 1100, FIN-02015
HUT, Finland
Institute for Solid State Physics, University of Hannover, Appelstrasse 2, D-30167
Hannover, Germany


Theoretical modeling of quantum dots is usually based on the assumption of clean samples,
although in real semiconductor devices the effects due to impurities or donor scattering
centers may be remarkable. Even a relatively weak distortion of the circular symmetry has
a strong influence on the energy spectrum, e.g., by lifting the degeneracies and inducing
level repulsions [1].
In Fig. 1 we present the single-electron transport spectrum measured for a vertical
GaAs/AlGaAs quantum dot. The spectrum has a clear sign of an external impurity that
breaks the circular symmetry. We have fitted to the spectrum the single-electron levels
corresponding to a rounded parabolic confinement potential that includes a repulsive
Gaussian scattering center (dashed lines). The agreement between the experiment and
the model is good.
Furthermore, we use the spin-density-functional theory to predict the many-electron
properties in the distorted system. In particular, we study the stability of the maximumdensity droplet in order to analyze the tendency of the electron-electron interactions
to screen the external impurity. The screening is also shown to preserve the ring-like
properties of the system when the location of the impurity is varied near the dot center.
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Figure 1: Measured transport spectrum of the sample and the computational singleelectron spectrum given by the model potential (dashed lines).
[1] V. Halonen, P. Hyvönen, P. Pietiläinen, and T. Chakraborty, Phys. Rev. B 53, 6971
(1996).
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TURNSTILE BEHAVIOUR OF THE COOPER-PAIR PUMP
J. J. Toppari,† J. M. Kivioja,∗ J. P. Pekola,∗ and M. T. Savolainen †
†

NanoScience Center, Department of Physics, University of Jyväskylä, P.O. Box 35
(YFL), FIN-40014 University of Jyväskylä, FINLAND
∗
Low Temperature Laboratory, P.O. Box 2200, FIN-02015 Helsinki University of Technology, FINLAND

We have experimentally studied the behaviour of the so-called Cooper pair pump (CPP)
i.e. an array of three Josephson junctions, in the limit of small Josephson coupling E J <
EC [1, 2]. These experiments show that the CPP can be operated as a traditional turnstile
device yielding a gate-induced current 2ef in the direction of the bias voltage, by applying
an RF-signal with frequency f to the two gates in phase, while residing at the three-fold
degeneracy node of the gate plane. We have also measured the current pumped through
the array by rotating around the degeneracy node in the gate plane. We show that this
reproduces the turnstile-kind of behaviour.
In the past the single electron pump has been
proposed to close the metrological triangle by
providing the standard for electrical current
[3, 4], but the upper limit of the operating frequency f . 5 MHz has been proven to be
too low to provide enough current. The maximum operating frequency could possibly be
pushed higher by using the CPP. In our experiments the accuracy of the CPP during the
turnstile kind of operation was about 3% and
the fundamental Landau-Zener limit was observed to lie above 20 MHz, which is already
high enough frequency to provide enough current for metrological applications.

Current as a function of the frequency
of the RF signals applied in-phase to
the two gates. The solid line is the fit
predicted by the theory and the dashed
line shows the ideal 2ef dependence.

To overcome the contradiction between the obtained e-periodic DC-modulation and a pure
2e-behaviour in the RF-measurements, we base our observations on a general principle
that the system always minimises its energy. It suggests that if the excess quasiparticles
in the system have a freedom to tunnel, they will organize themselves to the configuration
yielding the highest current.
[1] Turnstile behaviour of the Cooper-pair pump, J. J. Toppari, J. M. Kivioja, J. P. Pekola,
and M. T. Savolainen, Submitted.
[2] L. J. Geerligs et al., Z. Phys. B 85 (1991) 349.
[3] K. K. Likharev and A. B. Zorin, J. Low Temp. Phys. 59 (1985) 347.
[4] M. W. Keller et al., Appl. Phys. Lett. 69 (1996) 1804.
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LASER PROBING SUPERFLUID SIGNATURES OF A FESHBACH RESONANT
FERMI GAS
J. Kinnunen M. Rodríguez and P. Törmä
Department of Physics, P.O.Box 35 (YFL), FIN-40014 University of Jyväskylä, Finland

Novel type of superfluid, a Bose-Einstein condensate of molecules consisting of two
fermionic alkali atoms, has been recently created [1]. Molecules are formed on the repulsive side of a Feshbach resonance, and by tuning magnetic fields the resonance can be
crossed to the attractive side. This scanning of the BCS-BEC crossover from a molecular
BEC to Cooper-paired atoms can now be done adiabatically in temperatures smaller than
the critical temperature throughout the crossover [2]. We consider a method to observe
an explicite signature of the superfluid transition in the BCS- and intermediate regimes of
the crossover in the molecular limit.
[1] M. Greiner, C.A. Regal, and D.S. Jin, cond-mat/0311172.
[2] M. Bartenstein et al., cond-mat/0401109.
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RESONANT INELASTIC X-RAY SCATTERING RELATED TO PHYSICALLY
DIFFERENT SHEETS OF THE FERMI SURFACE OF MAGNESIUM DIBORIDE
K. Kokko , V. Kulmala , J.A. Leiro and W. Hergert



 Department of Physics, University of Turku, FIN-20014 Turku, Finland

Department of Physics, Martin-Luther-University, Friedemann-Bach-Platz 6,
D-06099 Halle, Germany

Utilizing synchrotron radiation, resonant inelastic x-ray scattering (RIXS) is a promising
method to probe element-specific, local momentum-resolved electronic structure of systems that are difficult to investigate using other techniques. The symmetry of the occupied
and unoccupied states is coupled with the polarization and direction of the incoming and
outgoing radiation. Crystal momentum conservation has been observed in many materials
e.g. in hexagonal boron nitride and graphite
The electronic structure calculations were performed using the scalar-relativistic tightbinding linear muffin-tin orbital method in the atomic sphere approximation. The geometry used in the spectrum calculations is the following. The direction of the absorbed

photon makes an angle with respect to the hexagonal  -axis of the MgB  single crystal.
The absorbed photon is linearly polarized and the polarization is in the plane containing
the direction of the photon and the  -axis of the crystal. In this way the component of the
polarization vector of the absorbed photon along the  -axis can be varied from 0 to 1 by

increasing from 0 to 90 . The direction of the emitted
 photon is perpendicular to the
direction of the absorbed photon and makes a 90 
angle with respect to the -axis.
For the emitted photon we have used two different linear polarizations. The polarization
is either in the (   )-plane or along the direction of the absorbed photon.
Our calculations show that the three physically different sheets of the Fermi surface of
MgB induce structures in RIXS spectra which are well separated in energy. This enables
experimental investigation of each of them separately. In addition we predict nonlinear
emission structures related with the excitation of 1s electrons to the unoccupied antibonding band in the neighbourhood of the L–H line in the Brillouin zone.
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AB INITIO SIMULATIONS OF MELTING OF SODIUM CLUSTERS
K. Manninen, H. Häkkinen and M. Manninen
NanoScience Center,
Department of Physics, University of Jyväskylä
PB 35 (YFL)
FIN-40014 University of Jyväskylä
Finland

Ab initio molecular dynamics simulations were performed to study melting of sodium
clusters with up to 93 atoms. The melting temperatures obtained with the ab initio method
+
for Na+
55 and Na93 correlate well with the experimental results.
A recently developed experimental method has been successfully applied to determine the
melting temperatures of sodium clusters with from 55 to 339 atoms [1]. In a pioneering
work Haberland and collaborators deduced the melting temperatures of sodium cluster
cations from caloric curves obtained from photodissociation measurements. The size
dependence of the melting temperature contained features explainable in terms of neither
geometric nor electronic magic numbers. This suggests that the melting temperature of
small metal cluster depends on its geometry and electronic structure in a complicated way.
For selected cluster sizes we have used ab initio molecular dynamics to study melting of
sodium clusters in order to see the effects of the geometric and electronic magic numbers
on the melting temperature as a function of the cluster size. The role of the geometric and
electronic properties of clusters is discussed in light of our results.
[1] M. Schmidt, R. Kusche, W. Kronmüller, B. von Issendorff, and H. Haberland, Phys.
Rev. Lett. 79, 99 (1997); R. Kusche, Th. Hippler, M. Schmidt, B.V. von Issendorff,
and H. Haberland, Eur. Phys. J. D 9, 1 (2000); M. Schmidt et al., in The Physics
and Chemistry of Clusters, Proceedings of Nobel Symposium 117 (World Scientific,
Singapore, 2001), p. 326.
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Ab initio study of surface segregation of PdAg alloy


M. Ropo





, K. Kokko , L. Vitos









and J. Kollár

Graduate School of Materials Research,
Department of Physics, University of Turku, FIN-20014 Turku, Finland
Applied Materials Physics, Department of Materials Science and Engineering, Royal
Institute of Technology, SE-10044 Stockholm,Sweden,
Research Institute for Solid State Physics and Optics, P.O. Box 49, H-1525 Budapest,
Hungary






Palladium is an important metal for various fields of human intrest from dental laboratories to the car industry. Especially it is used as catalysators, sensors and storage of
hydrogen. Many of the applications are raleted to surfaces of palladium. One natural
way to produce a surface with optimal properties is to exploit segregation of the alloy
surfaces. To benifit most from surface segregation one has to understand the foundations
of the surface physics. Experimentally surface concentrations have been measured for
the first layer. Unfortunately, the concentrations of subsurface layers are much harder to
measure, thus accurate theoretical work on the surface segregation is important.
In our research we have used full charge density (FCD) exact muffin-tin orbital (EMTO)
method combined with coherent potential approximation (CPA) to calculate the segregation profile of fcc(111) surface of 50 % PdAg alloy. Within EMTO formalism we can
calculate the one-electron kinetic energy exactly for the optimal overlapping muffin-tin
potential, so it provides an excellent ground for accurate FCD calculations. Combined
with CPA technique the present method is superior to other metods to calculate surface
segregation of substitutionally disordered alloys.
We have used a simple thermodynamical model to investigate segregation profile at finite
temperature. As a result we got the multilayer segregation of 50 % PdAg alloy as a
function of temperature.
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Structure and magnetic properties of adatoms and vacancies in graphite and carbon
nanotubes
P. O. Lehtinen A. S. Foster, A. Ayuela† , Y.Ma, T. T. Vehviläinen and R. M. Nieminen
Laboratory of Physics, Helsinki University of Technology, P.O. Box 1100, 02015, Finland
†
Donostia International Physics Center (DIPC), P. O. Box 1072, 20018 San Sebastian,
Donostia, Spain

As the focus in nanotube studies becomes increasingly atomistic, the importance of defects in nanotube properties is more frequently highlighted. Understanding the properties
of these defects has become an essential part of such diverse processes in carbon materials such as strain , lithium storage in nanotube based batteries , catalytic growth, junctions and quantum dot creation. Studies of radiation effects in graphite and other carbon
nano-structures, and experiments on as-grown nanotubes have demonstrated that intrinsic carbon defects are a common phenomenon in standard samples [1]. One of the most
common intrinsic defects created is the carbon vacancy-adatom pair [2], and therefore it
is important to study the influence this kind of defect will have on the surface physical
and electronic structure.
We use ab initio methods to calculate the physical and electronic properties of carbon
adatoms on graphite and on various nanotubes. We found that for graphite and for every tube the energetically favoured adsorption geometry is a ’bridge-like’ structure between two surface carbons, perpendicular to the long-axis of the tube. In adsorption on a
graphene layer or on a nanotube the calculations show that the adatom is spin-polarized.
On a nanotube the magnetic moment depends mainly on electronic structure of the tube.
We have also calculated the magnetic properties of a carbon vacancy in graphene and in
various nanotubes, demonstrating that in several systems it is also magnetic. We show that
this is dependent on the electronic structure of the system and the linear density of defects.
Finally, we study how adsorbed helium and hydrogen affects the magnetic properties of
vacancies in graphene.
[1] M. Bockrath, W.J. Liang, D. Bozovic, J.H. Hafner, C.M. Lieber, M. Tinkham and H.
Park, Science 291 (2001)
[2] F. Banhart, Rep. Prog. Phys., 62 (1999)
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MIKA: A MULTIGRID-BASED PROGRAM PACKAGE FOR ELECTRONIC
STRUCTURE CALCULATIONS
T. Torsti





J. Ignatius , M. J. Puska and R. M. Nieminen



CSC - Scientific Computing Ltd., P.O. Box 405, FIN-02101 Espoo, Finland



Laboratory of Physics, Helsinki University of Technology,
P.O. Box 1100, FIN-02015 HUT, Finland

MIKA (Multigrid Instead of the K-spAce) [1] is a program package for quantum mechanical simulations of nanostructures [2, 3]. It consists of various applications, which solve
the Kohn-Sham equations of density functional theory [4] (DFT) in different geometries
(1D, 2D, axial symmetry, 3D). The equations are discretized on a real-space mesh, and
solved using multigrid methods [5]. The central numerical techique in MIKA is the novel
Rayleigh-quotient multigrid method [6] (RQMG).
In comparison to the more traditional plane-wave techiques, the real-space approach to
electronic structure has the following advantages: flexible choice of boundary conditions,
parallelization with domain decomposition, and availability of nonuniform grids. In addition, linear-scaling methods [7], where localized orbitals are needed, are most naturally
formulated in real space.
We present an overview of the programs included in MIKA and give some examples of
ongoing work related to the further development of the numerical methods and the
software. We also present examples of research projects, where the MIKA-package is
utilized.
[1]
[2]
[3]
[4]
[5]
[6]
[7]
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DISCRETISED COMPLEX COULOMB PROBLEM - AN EXACTLY SOLVABLE
MODEL
M. Aunola
Defence Forces Technical Research Centre, P.O.B. 10, 11311 Riihimäki, Finland

We present an exact solution to the finite-difference eigenvalue equation [1]
−

ψ(z − w) + ψ(z + w) w 2 ψ(z)
−
= λψ(z),
2
z

z, w ∈ C.

(1)

This simple equation can be interpreted in several ways which correspond to different
applications. The complex version is the most convenient when explicitly solving the
equation. A solution to Eq. (2), for imaginary values of w, has been obtained by Berezin
in [2]. We choose the name discretised complex Coulomb problem for several reasons.
The second order derivative is given by
lim
w→0

ψ(z − w) − 2ψ(z) + ψ(z + w)
= ψ 00 (z)
2
w

(2)

and in this limit, with z ∈ R and eigenvalue µ = (λ + 1)/w 2 , the problem becomes onedimensional Schrödinger equation for Coulomb potential 1/r. For boundary condition
ψ(0) = 0 the problem also coincides with the radial equation for u(r) := rR(r). Classical
solutions are used for normalisation purposes.
The general solution to Eq. (2) reads
λn =

√

1+

w2,

ψn (z) = e

−zarsinh(w/n)/w

n
X

(n)

αk z k ,

(3)

k=1

where the coefficients can be solved from a finite set of algebraic equations [2,3]. For
w = 0 the coefficient are given by classical associated Laguerre polynomials and correc(n)
(n)
tions αn−k (w)/αn−k (w = 0) can be written as a finite power series in w 2 multiplied by
p
1 + w 2 /n2 for odd values of k(< n). As a by-product we obtain a set of discretised Laguerre polynomials, which are orthogonal on Z+ , and exact diagonalisation of an infinite,
tri-diagonal matrix for real w [2].
[1] M. Aunola, math-ph/0304041 (unpublished); see also M. Aunola, J. Math. Phys. 44
(2003) 1913.
[2] V. Berezin, Phys. Rev. D 55 (2003) 2139.
[3] T. Hytönen, private communications.
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LIMITATIONS IN ELECTRONIC COOLING AND OBSERVATION
OF STRONG ENHANCEMENT OF JOSEPHSON COUPLING BY
QUASIPARTICLE EXTRACTION
J. P. Pekola1 A. M. Savin1 , J. T. Flyktman1 , T. T. Heikkilä1 , A. Anthore1 , F.
Giazotto2 , and F. W. J. Hekking3
1

Low Temperature Laboratory, Helsinki University of Technology, P.O. Box 2200,
02015 HUT, Finland
2
NEST-INFM & Scuola Normale Superiore, I-56126 Pisa, Italy
3
Laboratoire de Physique et Modélisation des Milieux Condensés, CNRS & Université Joseph Fourier, BP 166, 38042 Grenoble-cedex 9, France

We demonstrate two limiting factors in cooling electrons using biased tunnel junctions to extract heat from a normal metal into a superconductor [1]. Firstly, when
the injection rate of electrons exceeds the internal relaxation rate in the metal to
be cooled, the electrons do no more obey the Fermi-Dirac distribution, and the concept of temperature cannot be applied as such. Secondly, at low bath temperatures,
states within the gap induce anomalous heating and yield a theoretical limit of the
achievable minimum temperature.
We have shown for the first time experimentally that the hot quasiparticle extraction
can be used to enhance a critical current of an SNS (superconductor - normal metal
- superconductor) Josephson junction (see Fig. 1) [2]. Our device is a combination
of a SINIS thermoelectric cooler with an SNS weak link.
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Figure 1. Differential resistance
vs. current and current-voltage
characteristics of an SNS junction
under different biasing conditions
of a SINIS cooler. The curves correspond to (1) VSINIS = 0 mV,
(2) 0.194 mV, (3) 0.300 mV, (4)
0.342 mV, (5) 0.355 mV, and (6)
0.938 mV. A clear maximum is
observed around 0.3 mV, which
is near the optimum cooling bias.
These data were taken at 60 mK
bath temperature.
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[1] J. P. Pekola, T. T. Heikkilä, A. M. Savin, J. T. Flyktman, F. Giazotto, and F.
W. J. Hekking, Limitations in cooling electrons using superconductor - normal
metal tunnel junctions, Phys. Rev. Lett. (2004), accepted.
[2] A. M. Savin, J. P. Pekola, J. T. Flyktman, T. T. Heikkilä, A. Anthore, and F.
Giazotto, Strong enhancement of Josephson coupling under quasiparticle extraction, in preparation (2004).
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PACKING, FREE AREA, AND LATERAL DIFFUSION IN
PHOSPHOLIPID / CHOLESTEROL BILAYERS
E. Falck1 , M. Patra2 , M. Karttunen2 , M. T. Hyvönen1,3 , and I. Vattulainen1
1

Laboratory of Physics and Helsinki Institute of Physics,
Helsinki University of Technology, P.O. Box 1100, FIN-02015 HUT, Finland
2
Biophysics and Statistical Mechanics Group, Laboratory of Computational Engineering,
Helsinki University of Technology, P.O. Box 9203, FIN-02015 HUT, Finland
3
Wihuri Research Institute, Kalliolinnantie 4, FIN–00140 Helsinki, Finland

We employ 100 ns atomic-level molecular dynamics simulations to study the influence
of cholesterol on dipalmitoylphosphatidylcholine (DPPC) bilayers in the fluid phase [1].
The effects of the cholesterol content on the structural and dynamic properties of the
bilayer are investigated by varying the cholesterol concentration between 0 and 50 %.
We concentrate on the role of free space in bilayers and investigate quantities that are
likely to be affected by changes in the amount and location of free area or volume. It
is found that cholesterol has a strong impact on free area. The changes in the free area
properties are shown to be intimately related to alterations in molecular packing, ordering
of phospholipid tails, and compressibility. Further, the behavior of the lateral diffusion
of the DPPC and cholesterol molecules with an increasing cholesterol concentration can
at least partially be understood in terms of free area. Summarizing, our results highlight
the central role of free area in comprehending the structural and dynamical properties of
membranes containing cholesterol.
[1] E. Falck, M. Patra, M. Karttunen, M. T. Hyvönen, and I. Vattulainen (submitted to
Biophys. J.).
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BIOPHYSICAL ASPECTS OF SPHINGOMYELIN BILAYERS
P. Niemelä1 , M. T. Hyvönen1,2 and I. Vattulainen1
1

Laboratory of Physics and Helsinki Institute of Physics, Helsinki University of Technology,
P.O.Box 1100, FIN-02015 HUT, Finland
2
Wihuri Research Institute, Kalliolinnantie 4, FIN-00140 Helsinki, Finland

Sphingomyelin molecules form one of the major lipid classes in membranes of eucaryotic organisms, being abundant for example in mammalian erythrocytes, ocular lenses,
peripheral nerve tissues and brain. They function principally as structural components
of biological membranes together with other lipid components such as phospholipids and
cholesterol, but sphingolipids and their metabolites are additionally involved in many vital
biological processes like cell signalling, apoptosis, ageing and development [1]. Sphingomyelin shares many common features with other lipids, although significant differences
arise from a few specific details in molecular structure [2]. This makes them most likely
to interact specifically with cholesterol and perform as important constituents of lateral
domains (rafts) in biomembranes [3].
A number of computer simulation techniques have been applied for different lipid bilayer systems, revealing detailed information on their structural and dynamic properties
on atomic scale [4]. The most recent computational studies have included interactions
between cholesterol and other lipid components [5, 6], but the simulations concerning the
interactions between sphingomyelin and cholesterol are lacking. However, a few simulation studies on pure sphingomyelin bilayers have been carried out recently [7, 8, 9]. The
purpose of this work is to validate a molecular dynamics model for sphingomyelins and
to finally aim at creating combined bilayer models to study sphingomyelins together with
phospholipids and cholesterol.
In the present contribution we will discuss biophysical relevance of sphingomyelin
molecules and especially their role for the structural and dynamic properties of lipid bilayers [10].
[1] Ramstedt B, Slotte JP, FEBS Letters 531 (2002) 33-37
[2] Barenholz Y, Thompson TE, Chemistry and Physics of Lipids 102 (1999) 29-34
[3] Simons K, Ikonen E, Science 290 (2000) 1721-1726
[4] Tielemann DP, Marrink SJ, Berendsen HJC Biochim. Biophys. Acta 1331 (1997) 235-270
[5] Chiu SW, et.al., Biophys. J. 83 (2002) 1842-1853
[6] Hofsäβ C, Lindahl E, Edholm O, Biophys. J. 84 (2003) 2192-2206
[7] Mombelli E, Morris E, Taylor W, Fraternali F, Biophys. J. 84 (2003) 1507-1517
[8] Hyvönen MT, Kovanen PT, J. Phys. Chem. B 107 (2003) 9102-9108
[9] Chiu SW, et.al., Biophys. J. 85 (2003) 3624-3635
[10] Niemelä P, Hyvönen MT, Vattulainen I, manuscript under preparation (2004)
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HAD A DRINK LAST NIGHT? WHAT ALCOHOL DOES TO MEMBRANES
M. Patra1 , E. Salonen2 , E. Terama2 , I. Vattulainen2 , J. M. Holopainen3 and M. Karttunen1
1 Biophysics and

Statistical Mechanics Group, Laboratory of Computational Engineering,
Helsinki University of Technology, Finland
2 Laboratory of Physics and Helsinki Institute of Physics, Helsinki University of
Technology, Finland
3 Department of Ophthalmology, University of Helsinki, Finland
web: www.softsimu.org

The effect of alcohol on humans and other living beings has been studied intensively for
decades. It is therefore rather surprising that relatively little is known of the microscopic
interactions between alcohols and cellular membranes – the lack of computer simulation
and, e. g., NMR studies is quite striking [1]. Here, we assess this problem by detailed
molecular dynamics studies and show how biological membranes are affected by ethanol
and methanol.
We study two different alcohols, ethanol and methanol, and two different lipid
membranes consisting of either pure DPPC (dipalmitoylphosphatidylcholine) or POPC
(palmitoyloleoylphosphatidylcholine). Methanol is a small solute having essentially just
a hydrophilic hydroxyl group whereas ethanol possesses an additional hydrophobic group.
DPPC and POPC share the same headgroup but the tails of POPC are longer, and one of
the two chains is more rigid due to a double bond in it, whereas DPPC has only single
bonds in its chains.
We have simulated fully hydrated lipid bilayers in the presence of alcohol by microscopic
molecular dynamics simulations. 50 ns trajectories for each of the four combinations of
lipid and alcohol allow us to gather good statistics. The simulations show that ethanol is
able to pass through the bilayer much more easily than methanol is. In addition, ethanol
molecules are condensing near the interface region between lipids and surrounding water,
i. e., there is a sharply increased density of alcohol near the interface region. These effects
are very pronounced for DPPC bilayers, and only slightly weaker for POPC bilayers.
This has far reaching implications for the basic properties of bilayers, as well as their
dynamics.
[1] W. R. Klemm, Alcohol 15 (1998) 249.
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ELECTROKINETICS OF BIOLOGICAL CELLS AND COLLOIDS
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web: www.softsimu.org

Being able to identify, separate and analyze (sub)micron particles is vital in a large number
of applications including such diverse fields as cancer research, environmental pollutants
and nanomotors. Using dielectric properties of those particles offers a fruitful approach.
Dielectric properties depend heavily on the nature of the surface, e.g., size, shape, and
charge density; since the composition and shape of, e.g. cancer cells, differ from those of
healthy cells, these variations are reflected in their dielectric characteristics which can be
used in identifying them.
From a practical point of view, electrokinetic methods based on exploiting dielectric
properties, such as dielectrophoresis and electrorotation, have the advantages of short
detection times and high sensitivity. Dielectrophoresis can be defined as the movement
of polarizable particles in a non-uniform applied electric field. In electrorotation an
interaction between a rotating AC electric field and suspended particles leads to a
rotational motion of the particles.
In this study, we present an analytical theory to investigate electrorotation [1] and
dielectrophoresis [2] under alternating current (AC) applied fields. Since colloids and
cells are often inhomogeneous, we treat them as graded ones with physically motivated
model dielectric and conductivity profiles. Differential approximation is used for the
dielectric factor. In addition, multipolar interactions between polarized particles are
taken into account by the multiple images method. In the point-dipole limit, our theory
reproduces the known results [3]. We find that the multipolar interactions as well
as the spatial fluctuations inside the particles can affect the AC electrokinetic spectra
significantly. In a more general context, these are manifestations of correlation effects in
charge-carrying systems [4]. The results compare favorably with recent experiments.
[1] J.P. Huang, K.W. Yu, G.Q. Gu, and M. Karttunen, Phys. Rev. E. vol. 67, 021403
(2003).
[2] J.P. Huang, M. Karttunen, K.W. Yu, and L. Dong, Phys. Rev. E vol. 67, 021403
(2003).
[3] J.P. Huang, M. Karttunen, K.W. Yu, L. Dong, and G.Q. Gu, cond-mat/0306271
[4] M. Patra, M. Patriarca, and M. Karttunen, Phys. Rev. E vol. 67, 031402 (2003).
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DETERMINATION OF FIBER ORIENTATION IN WOOD USING X-RAY
DIFFRACTION AND LASER SCATTERING
M.-P. Sarén1, Y. Tolonen2 and R. Serimaa1
1 Division of X-ray Physics, Department of Physical Sciences, P.O.B. 64, FIN-00014
University of Helsinki, Finland
2 YTI-Research Center, Mikkeli Polytechnic, P.O.B. 181, FIN-50101 Mikkeli, Finland

Wood material of coniferous trees consists mainly of spindle-shaped tracheids, which
are aligned almost parallel to the longitudinal direction of the stem. The orientation of
the tracheids, when viewed in the tangential plane of the stem, is referred to grain angle
(Fig.1, the angle β). An important reason for favouring stems with non-longitudinal tracheids is the increased mechanical stability. It has also been argued that the nonlongitudinal orientation of tracheids has an important role in the conduction of sap, sugars and hormones evenly in a stem. Great grain angles impede sawing and reduce the
strength of sawn timber. [1]
Samples taken from breast height (1.3 m) were from both fast- and slow-grown trees
[2]. The laser scattering method [3] was used to determine the mean orientation of the
tracheids (Fig.1, angles α and β) as a function of the distance from the pith. The orientation of tracheids in radial plane (Fig.1, the angle α) was determined also using the X-ray
diffraction [2]. The 2D diffraction pattern gives information from the helical orientation
of the cellulose microfibrils in the cell walls and from the angle α.
The orientation of tracheids in radial plane determined with the laser and the X-ray
method agreed well. The angle α increased gradually towards the bark. The grain angle
(β) was small (-5°- 5°) near the pith. In slow-grown samples there was only small variation in the grain angle as a function of the distance from the pith, whereas in fast-grown
samples the decrease of the grain angle was higher and the grain angle oscillated with a
period of about one year ring. Behaviour of the angle α differed from the helical orientation of the cellulose microfibrils as a function of the distance from the pith.
Fig.1. Wood sections of 1 mm
in thickness in tangential direction and 15 mm in width in
longitudinal direction were cut
from the pith to the bark. The
beginning of fertilization is indicated with bold line.
[1] J.M. Harris, Spiral Grain and Wave Phenomena in Wood Formation, SpringerVerlag, (1988)
[2] M.-P. Sarén, et al. Trees (2004), in press.
[3] S.-P. Simonaho, et al. Optics and Lasers in Engineering (2004), 41
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MORPHOLOGICAL TRANSITIONS IN TURING SYSTEMS
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In 1952 mathematician Alan Turing proposed that a system of reaction-diffusion equations describing chemical reactions and diffusion could act as plausible simplified model
for morphogenesis, i.e., the development of patterns, shapes and structures found in nature [1]. These complex systems have been shown to possess the ability to imitate natural
patterns, e.g. animal coatings (mammals, fish, butterflies etc.). However, the conclusive
evidence connecting Turing mechanism to biology is still missing.
The recent growth in computing resources has enabled extensive numerical studies, which
have brought a great deal of new insight into Turing systems completing the knowledge
obtained from chemical experiments. We have numerically simulated the evolution of
structures generated by the Turing mechanism in two- and three-dimensional domains [2].
Numerical approach has made possible studying transitions of morphology as the reaction
parameters or the dimensions of the system are altered (see Fig. 1). In addition, we have
studied the effect of random noise on developing structures (melting/stabilization), since
the robustness of the mechanism very important from the point of view of biological
applications [3]. To confirm the results of our numerical simulations we have investigated
the pattern selection in a generic Turing model by using the nonlinear bifurcation analysis.

Figure 1: The structural transition from stripes to spots taking place as one reaction parameter is varied in a numerical simulation of a Turing model.
[1] A.M. Turing: The chemical basis of morhogenesis, Phil. Trans R. Soc. Lond. B237,
37-72 (1952).
[2] T. Leppänen, M. Karttunen, K. Kaski, R.A. Barrio, and L. Zhang: A new dimension
to Turing patterns, Physica D 168-169, 35-44 (2002).
[3] T. Leppänen, M. Karttunen, K. Kaski, and R. A. Barrio: Prog. Theor. Phys. (Suppl.)
150, 367-370 (2003).
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NUMERICAL ASPECTS OF THE DISSIPATIVE PARTICLE DYNAMICS
METHOD


P. Nikunen , and I. Vattulainen , and M. Karttunen,
Biophysics and Statistical Mechanics Group, Laboratory of Computational Engineering,
Helsinki University of Technology, P.O.Box 9203, FIN-02015 HUT, Finland
Laboratory of Physics and Helsinki Institute of Physics, Helsinki University of Technology, P.O.Box 1100, FIN-02015 HUT, Finland
Project home page: http://www.softsimu.org/


Dissipative particle dynamics (DPD) is a particle-based simulation technique which suits
particularly well for studies of soft condensed matter systems [1, 2]. Soft pair potentials
often used in DPD allow for a considerable overlap of the particles, which results in small
equilibration times and high computational efficiency. It has been observed that integration schemes often used in molecular dynamics simulations may give rise to artifacts
when applied as such in DPD simulations (figure below). Due to this, a number of new integrators have been developed although thus far they have not been extensively tested and
compared. Here [3], we consider the quality of various novel integrators through DPD
simulations for a number of physical observables. We find that the integration problems
can be significantly reduced. We demonstrate that anyone planning to use mesoscopic
simulations methods should pay attention to the simulation algorithm. Furthermore, we
show that the DPD method can be used as an effective momentum conserving thermostat
in classical MD simulations.
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Figure 1: If used in DPD, velocity-Verlet algorithm gives too high temperature and systematic error in the radial distribution function (RDF).
[1] I. Vattulainen, M. Karttunen, G. Besold, and J. Polson, J. Chem. Phys. 116 (2002)
3967; G. Besold, I. Vattulainen, M. Karttunen, and J. Polson, Phys. Rev. E 62 (2000)
R7611.
[2] A. P. Lyubartsev, M. Karttunen, I. Vattulainen, A. Laaksonen, Soft Materials 1 (2002)
121.
[3] P. Nikunen, M. Karttunen, and I. Vattulainen, Comp. Phys. Comm. 153 (2003) 407.
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COMPUTER SIMULATIONS OF VESICLE FORMATION AND DIFFUSION


P. Nikunen, I. Vattulainen, and M. Karttunen
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Project home page: http://www.softsimu.org/


We use the dissipative particle dynamics (DPD) method [1, 2] to simulate vesicle formation and diffusion [3]. Starting with a bilayer of amphiphilic molecules in the presence of
water, a spontaneous transition from a flat bilayer to a spherical vesicle is observed.
We study the dynamics of vesicle formation, and once the vesicle is formed, we follow the
motion of its center-of-mass in order to study its dynamics. The figure below shows that
the short time diffusion is rather complicated, an issue that is currently not completely
understood. Further studies are under way to explain these findings.
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Figure 1: Left: Formation of a vesicle starting from a bilayer of amphiphilic molecules.
Right: The center-of-mass velocity autocorrelation function (VACF) as a function of time.
(Note the systematic oscillations.)
[1] P. Nikunen, M. Karttunen, and I. Vattulainen, Comp. Phys. Comm. 153 (2003) 407;
I. Vattulainen, M. Karttunen, G. Besold, and J. Polson, J. Chem. Phys. 116 (2002)
3967;
[2] A. P. Lyubartsev, M. Karttunen, I. Vattulainen, A. Laaksonen, Soft Materials 1 (2002)
121.
[3] P. Nikunen, M. Karttunen, and I. Vattulainen, in preparation (2004).

258

12. Biological matter

12.9

PROBING CHAIN-LIKE MOLECULES USING RESIDUAL DIPOLAR
COUPLINGS
M. Louhivuori1 , K. Fredriksson2 , K. Pääkkönen2 , P. Permi2 and A. Annila1
1
2

Department of Physical Sciences, P.O.B. 64, FIN-00014 University of Helsinki, Finland
Institute of Biotechnology, P.O.B. 56, FIN-00014 University of Helsinki, Finland

Residual dipolar couplings (RDCs) are particularly informative NMR parameters for studies of biological macromolecules in solution. Most notably RDCs relate to orientations
of chemical bonds with respect to a molecular coordinate system. In the study of biological macromolecules RDCs have been succesfully applied to a variety of purposes, from
the determination and refinement of three-dimensional structures to the recognition and
classification of protein folds.
For diamagnetic proteins RDCs are intrinsically small but become readily observable
when anisotropic molecular tumbling is enhanced e.g. by liquid crystal particles. The
enhanced alignment due to the obstruction is a well-understood phenomenon for folded
proteins, but not so for denatured proteins.
Recently RDCs were also recorded from denatured proteins, but the first interpretations
were based on an incorrect implicit assumption that only a molecule with a defined threedimensional architecture may give rise to non-vanishing RDCs [1]. It was subsequently
shown through an analytical calculation that the mere structure of a random-flight chain
is sufficient to yield non-zero RDCs [2]. To progress in interpreting RDCs acquired from
denatured proteins we have formulated a valence chain model to account for steric hindrance between residues and simulated chains of varying flexibility.

Figure 1: A chain model of a denatured protein near an obstructing surface.
[1] D. Shortle and M. S. Ackermann, Science 293 (2001) 487.
[2] M. Louhivuori, K. Pääkkönen, K. Fredriksson, P. Permi, J. Lounila and A. Annila,
J. Am. Chem. Soc. 125 (2003) 15647.
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USE OF FREE AREA THEORY IN EXPLAINING LATERAL DIFFUSION
IN BIOMEMBRANES
E. Falck1 , M. Patra2 , M. T. Hyvönen1,3 , M. Karttunen2 , and I. Vattulainen1
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An increasing cholesterol concentration reduces the amount of free space found in phospholipid / cholesterol bilayers and simultaneously alters the packing of the phospholipid
and cholesterol molecules [1]. Also lateral diffusion of both phospholipid and cholesterol
molecules is affected by changes in the cholesterol content. It is reasonable to expect that
these properties and the observed modifications in them with the cholesterol concentration should be related. Free area theory [2, 3] is a simple and appealing mean-field model
for explaining such dependencies.
We study the dynamics of phospholipid / cholesterol bilayers [4]. Here we concenrate
on verifying the predictions of free area theory in the case of dipalmitoyl phosphatidylcholine (DPPC) / cholesterol bilayers with different cholesterol concentrations. Free area
theory correctly predicts the reduction of the lateral diffusion coefficients with an increasing cholesterol content. However, it is not meaningful to expect free area theory to
yield quantitatively or semi-quantitatively correct predictions. We conclude that instead
of being based on mean-field arguments, a full theoretical description of lateral diffusion
should account for local free volume fluctuations in the vicinity of diffusing molecules.
Atomic-scale MD studies in this direction should be feasible in the near future.
[1] E. Falck, M. Patra, M. Karttunen, M. T. Hyvönen, and I. Vattulainen (submitted to
Biophys. J.).
[2] P. F. F. Almeida, W. L. C Vaz, and T. E. Thompson, Biochemistry 31 (1992) 6739.
[3] H.-J. Galla, W. Hartmann ann U. Theilen, and E. Sackmann, J. Membrane Biol. 48
(1979) 215.
[4] E. Falck, M. Patra, M. Karttunen, M. T. Hyvönen, and I. Vattulainen (unpublished).
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ALCOHOL-INDUCED CHANGES IN THE STRUCTURE AND DYNAMICS OF
LIPID BILAYERS AND THEIR IMPLICATIONS TO INTRINSIC PROTEIN
FUNCTIONING
E. Salonen1 , E. Terama1 , M. Patra2 , M. Karttunen2 , J. M. Holopainen3 , and I. Vattulainen1
1

Laboratory of Physics and Helsinki Institute of Physics, Helsinki University of
Technology, Finland
2
Biophysics and Statistical Mechanics Group, Laboratory of Computational Engineering,
Helsinki University of Technology, Finland
3
Department of Ophthalmology, University of Helsinki, Finland

It is well known that even small changes in the composition of cell membranes can
strongly affect the functioning of intrinsic membrane proteins, such as ion and water
pumps and ion channels, which regulate the chemical and physical balance in cells [1].
Such changes in protein functioning can be obtained via the introduction of certain small
solutes, e.g. alcohols and general anesthetics, at the membrane surfaces. In the case
of alcohols, the well-known narcotic effects are highly important in biology and medical
sciences. However, despite a huge number of experimental studies, the actual microscopic
mechanisms leading to modulated protein functioning by these solutes remain obscure.
As a first step toward understanding the effects of modulated protein functioning due to
alcohols, we have used molecular dynamics simulations to study single-component lipid
bilayers (either dipalmitoylphospatidylcholine, DPPC, or palmitoyloleoylphosphatidylcholine, POPC), immersed in a water-alcohol mixture. We have chosen either methanol
or ethanol as the alcohol species. Although lacking in many important membranesoluble molecules, phospholipid bilayers can be considered as a first approximation to cell
membranes and much information can be extracted from such simple systems already.
The molecular dynamics simulations have provided detailed, atomic scale information on
the structural and dynamic properties of the phospholipid bilayers under the influence
of alcohol. The regions of the bilayer where the alcohols reside are unambiguously
recognized and estimates for their bilayer permeation rates are also obtained. Based
on these results we discuss how such changes could lead to conformational changes of
intrinsic proteins, and hence, their function in cell membranes.
[1] W. R. Klemm, Alcohol 15 (1998) 249.
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FROM A MOLTEN GLOBULE TO A SWOLLEN COIL:
SIMULATIONS OF A LONE POLYMER CHAIN IN AN EXPLICIT SOLVENT
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Polymers are chain-like molecules consisting of repeating chemical sub-units referred to
as monomers. Their chain length greatly exeeds the dimensions of one monomer. Physical properties of polymeric systems are predominantly determined by the conformation
adapted by the chains. Dissolved polymer chains are known to undergo a globule to open
coil transition as the soluting capability of the solvent changes from poor to good. This
has clear effects on the macroscopic properties of the solution. [1]
In this study we concentrate on the effects of solvent quality, i.e., studying the chain properties under varying temperatures and interaction potentials. We map a range of polymer
conformations, starting from molten globules and going via random-walk like chains met
under -conditions into swollen, self-avoiding-walk like coils. To avoid complications
caused by the precipitation of the chains in poor solvents, we are focus on the limit of
extreme dilution: Our systems consists of a single chain floating freely in an explicit
solvent.


The solvent is modeled explicitly by monomers interacting with each other through a
Lennard–Jones type (LJ) potential. The polymer model is made up of a few dozen LJmonomers freely jointed together by finite extensible non-linear elastic springs [2]. The
study has been performed by carrying out Molecular Dynamics simulations in three dimensions [3]. Chain conformation is adjusted by tuning the LJ-interaction coefficients of
the monomer–solvent potential.
In addition to measurements at varying solvent qualities, we have also determined radial
distribution functions, radii of gyration, end-to-end vectors, static structure factors and
diffusion properties of the chain as a function of the temperature.
[1] U. W. Gedde, Polymer Physics, Chapman & Hall (1995).
[2] K. Kremer and G. S. Grest, Journal of Chemical Physics 92 (1990).
[3] M.P. Allen and D.J. Tildesley, Computer Simulation of Liquids, Oxford University
Press (1987).
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HYDROGEN BONDING IN SPHINGOMYELIN BILAYERS
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Sphingomyelin (SM) molecules are, among phosphatidylcholines and cholesterol, most
important components of cellular plasma membranes. Sphingomyelin shares many common features with other lipids and in particular with phosphatidylcholines (PC’s), since
SM and PC molecules are characterized by the same polar headgroup. Yet significant
differences arise from a few specific details in molecular structure [1]. Especially, the
higher hydrogen bonding capacity together with the higher degree of saturation in fatty
acyl chains, as compared with phosphatidylcholines, makes SM molecules most likely
to interact with other polar molecules in lipid membranes. The interaction of SM with
cholesterol is of particular interest and has lead to assumptions of a specific interaction
between SM and cholesterol, and it has also been postulated to be the driving force in the
formation of lateral domains (rafts) in biomembranes [2].
As only few molecular simulation studies have been carried out on sphingomyelin systems [3, 4, 5] and the understanding of their hydrogen bonding properties are weakly
understood, we aim to clarify this issue through large-scale molecular dynamics calculations on atomic level. We show that hydrogen bonding plays a major role in various
structural properties, such as both intra- and intermolecular ordering, and in dynamical
properties such as diffusion. Implications of these observations will be discussed. [6].
[1]
[2]
[3]
[4]
[5]
[6]

Barenholz Y, Thompson TE, Chemistry and Physics of Lipids 102 (1999) 29-34
Ramstedt B, Slotte JP, FEBS Letters 531 (2002) 33-37
Mombelli E, Morris E, Taylor W, Fraternali F, Biophys. J. 84 (2003) 1507-1517
Hyvönen MT, Kovanen PT, J. Phys. Chem. B 107 (2003) 9102-9108
Chiu SW, et.al., Biophys. J. 85 (2003) 3624-3635
Niemela P, Hyvonen MT, Vattulainen I, manuscript under preparation (2004)
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DYNAMICAL SCALING BROKEN IN TWO-DIMENSIONAL
DILUTE POLYMER SOLUTION?

68.35
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Polymer dynamics in 3D is very well understood, and numerical results for dynamical
scaling agree with theoretical predictions [1]. However, 2D polymer dynamics has turned
out to be much more complicated and it has been suggested that dynamical scaling for a
dilute polymer solution is broken [2]. However, we have been able to show both numerically and analytically that dynamical scaling holds in 2D when finite-size dependencies
are properly accounted for [3]. More specifically, we have shown through large-scale
simulations in 2D with full hydrodynamics that the observed dynamical scaling complies
with scaling theory. In the present contribution we extend this work analytically [4]. In
particular, we show that the existence of the solution for the Stoke’s equation is closely
related to the logarithmic divergence of the diffusion coefficient.
[1] M. Doi and S. F. Edwards, The Theory of Polymer Dynamics (Clarendon Press, Oxford, 1986).
[2] S. R. Shannon and T. C. Choy, Phys. Rev. Lett. 79, 1455 (1997).
[3] E. Falck, O. Punkkinen, I. Vattulainen, and T. Ala-Nissila, Phys. Rev. E Rapid Comm.
68, 050102(R)(2003).
[4] O. Punkkinen, E. Falck, T. Ala-Nissilä, and I. Vattulainen (unpublished).
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Fusidic acid is an antibiotic used against bacterial infections. It affects by blocking
amino acid transfer and thereby preventing protein synthesis. In particular, it has been
used against infections caused by Staphylococcus aureus which is one of the most common bacteria causing food poisoning. Staphylococcus aureus also causes other diseases
such as meningitis, pneumonia, and the so-called hospital acquired infection after, e. g.,
surgery [1].
As a first step, it is essential to know how fusidic acid behaves close to membranes –
after all, that is where proteins operate as well. To that end, we present a study of DPPC
(dipalmitoylphosphatidylcholine) bilayers with 15 % molar fraction of fusidic acid by
microscopic molecular dynamics. For DPPC a well establish description is used, whereas
we have developed a new force field to model fusidic acid. The simulations were done
with the program package Gromacs in the NpT ensemble, allowing the membrane to find
its equilibrium structure in a natural way. For simulational efficiency, rigid SPC water
was used, and all bond lengths of the lipids and antibiotic molecules were constrained by
the LINCS algorithm.
Structurally, fusidic acid is close to steroids and it has two different states related to the
charge of its carboxyl group. To allow for a comparison, we have simulated two separate
bilayers – corresponding to the two activation states – for 50 ns each. The computational
cost is significant (approximately 10,000 hours of cpu time on a supercomputer) but such
a long trajectory allows us to characterise well the properties of the membrane upon introduction of fusidic acid. To our knowledge, this is the first simulational study of fusidic
acid.
[1] I. Nagaev, J. Björkman, D. I. Andersson and D. Hughes, Mol. Microbiol. 40, 433
(2001).
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SURPRISES IN MICROSCOPIC SIMULATIONS OF AQUEOUS SOLUTIONS
Michael Patra and Mikko Karttunen
Biophysics and Statistical Mechanics Group, Laboratory of Computational Engineering,
Helsinki University of Technology, Finland
web: www.softsimu.org

Any microscopic simulation can only be as good as its underlying force field. When developing empirical force fields, one matches chosen experimental quantities with their
counterparts as determined by a numerical simulation. The choice of the quantities used
in fitting is determined by the availability of high quality experimental data and physical significance. The parameters of a force field thus depend critically on the choice of
quantities that are being compared.
The classical domain of force field development is proteins. There, a large amount of high
quality experimental data is available. The problem is that the force field does not allow
enough freedom to reproduce all experimental data, i. e., there is too much experimental
data, and the force field parameters are overdetermined. Typically, force fields differ in
their choice of penalty function, resulting in differences between force fields.
Here, we focus on sodium chloride in aqueous solution. Although sodium chloride is
present in almost all biophysical systems, it is surprising that the amount of experimental
data describing it is very limited. This seems counterintuitive but has an easy explanation:
The concentration of the ions in water is small, and the behaviour of the system is dominated by the water molecules. For this reason, no experimental data on properties directly
related to ion–ion interaction is available.
We compare various commonly used force fields in combination with different commonly
used water models. For NaCl we used Gromacs, Charmm-22/x-Plor, Charmm-27, Amber1999 and OPLS-AA force fields, and the parameterisation by Smith and Dang. The water
models used for the aqueous solution were SPC, SPC/E, TIP3P and TIP4P.
We show that the experimentally known properties are reproduced sufficiently well by all
force fields [1]. Usually it is hoped during force field development that not only the quantities used in the fitting process but rather most important properties are described well.
We found, however, that all quantities related directly to ion–ion interaction show great
quantitative, and sometimes even qualitative, differences between the compared force
fields. The average lifetime of ion pairs, for example, differs by more than one order
of magnitude. Thus, care is needed when using microscopic ionic simulations for any
quantitative predictions.
[1] Michael Patra and Mikko Karttunen, Systematic comparison of force fields for microscopic simulations of NaCl in aqueous solutions: Diffusion, free energy of hydration
and structural properties, J. Comp. Chem. 25 (2004).
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Hydrophobins are small fungal proteins, which have remarkable surface-chemical properties. They lower the surface tension of water and work as adhesive agents and coatings. Hydrophobins have diverse functions in fungal growth and development. They selfassemble at hydrophilic-hydrophobic (e.g. water-air) interface forming an amphipatic
layer. This layer helps the fungus to grow into the air, as it firstly lowers the surface tension of water and secondly forms a protective coating on the aerial structures and spores.
[1] The structure of this layer is very interesting from the biological point of view, as it
helps to explain the mechanism of fungal growth. Understanding the functional mechanisms (versus structure) also allows for possible applications in the field of nanostructured
materials.
We have studied the hydrophobins HFBI and HFBII from Trichoderma reesei at the synchrotron radiation facility Hasylab using grazing-incidence x-ray diffraction (GID). Previously the proteins have been found to exist as monomers and dimers in dilute solution,
and to form tetramers in more concentrated solutions [2]. Direct measurements from the
hydrophobins at water-air interface reveal no surface-induced assembly or crystallization.
Still the proteins seem to maintain their folded states, as shown by comparison with calculated intensity curves based on protein crystallography results of HFBII [3].
In dry conditions on solid substrates, however, the hydrophobins form highly crystalline
structures. AFM studies of hydrophobin monolayers, prepared by Langmuir-Blodgett
deposition [4] and by simple drop evaporation -techniques [3] show both similar crystal
structure. 16-layer multilayers of HFBI and HFBII, studied by GID, are also both ordered.
Their structure is compared to that obtained using protein crystallography.
[1] H. A. B. Wösten, Annual Review of Microbiology 55 (2001) 625.
[2] M. Torkkeli, R. Serimaa, O. Ikkala and M. B. Linder, Biophysical Journal 83 (2002)
2240.
[3] J. Hakanpää, A. Paananen, S. Askolin, T. Nakari-Setälä, T. Parkkinen, M. Penttilä,
M. B. Linder and J. Rouvinen, Journal of Biological Chemistry 279 (2004) 534.
[4] A. Paananen, E. Vuorimaa, M. Torkkeli, M. Penttilä, M. Kauranen, O. Ikkala, H.
Lemmetyinen, R. Serimaa and M. B. Linder, Biochemistry 42 (2003) 5253.
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MODELING LIPOPROTEIN CORE THROUGH MOLECULAR DYNAMICS
SIMULATIONS
M. Heikelä,1 I. Vattulainen,1 and M. T. Hyvönen,1,2
1

Laboratory of Physics and Helsinki Institute of Physics, Helsinki University of Technology, P.O. Box 1100, FIN-02015 HUT, Finland
2
Wihuri Research Institute, Kalliolinnantie 4, FIN-00140 Helsinki, Finland

Cholesterol is transported in the blood circulation of the body in esterified form inside low
density lipoprotein (LDL) particles. In the process of atherogenesis, LDL particles enter
the inner layer of arteries and become modified, which leads to their fusion and aggregation and formation of small extracellular lipid droplets [1]. An LDL particle consists
of a hydrophobic core composed of nonpolar lipids (cholesteryl esters, and also some
triacylglycerols and unesterified cholesterol), and a surface monolayer of amphiphilic
phospholipids, unesterified cholesterol and protein [2, 3].
We use computer simulations to complement experimentally obtained knowledge about
the structure of LDL particles. The main challenges in this work are the compositional
complexity of the LDL particles (especially the protein part) and the size of the particles (22 nm in average), which makes atomic-level molecular dynamics of whole LDL
particles not feasible with present resources.
As an initial step we have constructed an atomic level model of a system that mimicks
the composition of an LDL lipoprotein core: A system of cholesteryl oleate molecules
is modeled in a liquid-like, isotropic phase using classical molecular dynamics. In the
present work, we discuss structural and dynamic aspects of the system. As for structural
properties, we concentrate on conformational issues of the oleate tail as well as shortrange intermolecular ordering. On the dynamical side, we discuss the diffusion of the
cholesteryl oleate molecules and their conformational changes [4].
[1] K. Öörni, M. O. Pentikäinen, M. Ala-Korpela, and P. T. Kovanen, J. Lipid Res. 41
(2000) 1703.
[2] T. Hevonoja, M. O. Pentikäinen, M. T. Hyvönen, P. T. Kovanen, and M. Ala-Korpela,
Biochim. Biophys. Acta 1488 (2000) 189.
[3] J. P. Segrest, M. K. Jones, H. De Loof, and N. Dashti, J. Lipid Res, 42 (2001) 1346.
[4] M. Heikelä, I. Vattulainen, and M. T. Hyvönen, unpublished (2004).
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A COMPUTATIONAL PERSPECTIVE OF HYDROPHOBINS THROUGH
MOLECULAR DYNAMICS SIMULATIONS
M. Patra1 , N. Munck2 , A. Paananen2 , K. Tappura3 , M. Karttunen1 , and I. Vattulainen4
1

Biophysics and Statistical Mechanics Group, Laboratory of Computational Engineering,
Helsinki University of Technology, P.O. Box 9203, FIN-02015 HUT, Finland
2
VTT Biotechnology, P.O. Box 1500, FIN-02044 VTT, Finland
3
VTT Information Technology, P.O. Box 12071, FIN-33101 Tampere, Finland
4
Laboratory of Physics and Helsinki Institute of Physics, Helsinki University of Technology, P.O. Box 1100, FIN-02015 HUT, Finland

Hydrophobins are small (amphiphilic) proteins specific to filamentous fungi (∼100 amino
acids residues). They are among the most surface active molecules, being responsible for
the formation of hydrophobic surfaces found in spores and fruiting bodies [1], for example. Hydrophobins are further highly intriguing as form foaming agents, a property
which has been recognized by the beer industry. Their ability to self-assemble on the surfaces further offers new ideas for many applications in the field of nanostructured surface
materials.
In the present work [2], we employ extensive molecular dynamics simulations to examine
structural aspects of the HFBII hydrophobin, whose crystal structure has been determined
very recently [3]. We investigate how the structure of HFBII depends on the conditions
used, including both hydrophilic and hydrophobic environments as well as cases where
the hydrophobin has placed itself to a water-oil interface. Further, we study the selfassembly process that is expected to be rather different from previous suggestions due to
the disulfide bridge network found in Ref. [3]. Implications of our findings are discussed.
[1] H. A. B. Wösten and M. L. de Vocht, Biochim. Biophys. Acta 1469 (2000) 79.
[2] M. Patra, N. Munck, A. Paananen, K. Tappura, M. Karttunen, and I. Vattulainen (to
be submitted).
[3] J. Hakanpää, A. Paananen, S. Askolin, T. Nakari-Setälä, T. Parkkinen, M. Penttilä,
M. B. Linder, and J. Rouvinen, J. Biol. Chem. 279 (2004) 534.
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STUDIES OF CRYSTALLINITY OF SCOTS PINE AND NORWAY SPRUCE
CELLULOSE
S. Andersson1, H. Wikberg2, S.L. Maunu2 and R. Serimaa1
1

Division of X-ray Physics, Department of Physical Sciences, P.O.B. 64, FIN-00014
UNIVERSITY OF HELSINKI, Finland
2
Laboratory of Polymer Chemistry, Department of Chemistry, P.O.B. 55, FIN-00014
UNIVERSITY OF HELSINKI, Finland

The walls of wood cells consist mainly of cellulose, hemicellulose and lignin. Hemicellulose and lignin are amorphous, but cellulose has both amorphous and crystalline regions. The portion of crystalline cellulose has effect on mechanical properties of wood.
For instance, Young’s modulus and the hardness increase and flexibility decreases with
increasing the portion of crystalline cellulose.
The variation in the mass fraction of crystalline cellulose (crystallinity of wood), the intrinsic crystallinity of cellulose, and the thickness of cellulose crystallites in early wood
of Norway spruce (Picea abies (L.) Karst.), and Scots pine (Pinus sylvestris L.) grown
in Finland were studied using wide angle X-ray scattering and nuclear magnetic resonance spectroscopy [1]. The crystallinity of wood increased slightly with the distance
from the pith for both species (Fig. 1). The crystallinity of cellulose (Fig. 1) and the
thickness of cellulose crystallites were almost constant for both species. The average
thickness of the cellulose crystallites was 32 ± 1 Å and 31 ± 1 Å for Norway spruce and
Scots pine, respectively. The mass fraction of cellulose in wood, calculated from the
crystallinity values, increased with the distance from the pith for both species (Fig. 2).

Fig. 1 The crystallinity of cellulose (NMR)
and the crystallinity of wood (WAXS) for
Norway spruce and Scots pine.

Fig. 2 The mass fraction of cellulose for
Norway spruce and Scots pine.

[1] S. Andersson, H. Wikberg, E. Pesonen, S.L. Maunu and R. Serimaa, Trees (2004) in
press.
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HOSTS AND PARASITES ON SCALEFREE GRAPHS
M. Peltomäki1 , V. Vuorinen1 , M. Rost2 and M. Alava1
1

Laboratory of Physics, Helsinki University of Technology, P. O. Box 1100, 02150 HUT,
Finland
2
Abteilung Theoretische Biologie, IZMB, Universität Bonn, 53012 Bonn, Germany

In this work, the two-state susceptible-infected-susceptible (SIS) -model (or the Contact
Process) [1, 2] is extended to a three-state model of susceptible (0), hosts free of parasites
(H), and parasitized (P) sites, called the host-parasite (HP) -model. Here, the epidemic
spreads through a population modelled on a graph in a stochastic manner, while individual
nodes go through the cycle 0 ↔ H(→ P ) → 0. Both host and parasite populations spread
only in nearest-neighbour contact according to the rates chosen.
As underlying graphs for the epidemic we consider scalefree networks [3], i.e. ones with
a power-law degree distribution P (k) ∼ k −γ . In the interesting range of γ lies in (2, 3)
(with a divergent second moment of P (k)) there are recent results concerning the SISmodel [4]; the epidemic threshold becomes zero in the thermodynamic limit. The focus
of this study is on the new component P , i.e. the parasites. We find that the parasites also
have a zero threshold in a scalefree graph. An essential ingredient of this result are the
correlations induced by the nearest-neighbour spreading rule.
The HP and SIS -models can be applied to metapopulation ecology. A particular example
is the Granville Fritillary butterfly on the archipelago of Åland, which only inhabits distinct patches. For a certain range of ecological parameters, the network of the patches is
scalefree [5].
[1]
[2]
[3]
[4]
[5]

R. Pemantle, Ann. Prob. 20, 2089 (1992).
R. Pastor-Satorras and A. Vespignani, Phys. Rev. Lett 86, 3200 (2001).
A.-L. Barabási and R. Albert, Nature 286, 509 (1999).
M. Boguñá, R. Pastor-Satorras and A. Vespignani, Phys. Rev. Lett 90, 028701 (2003).
V. Vuorinen, M. Peltomäki, M. Rost and M. Alava, to be published in Eur. Phys. J. B.
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SIMULATION OF DIELECTROPHORESIS OF COLLOIDAL PARTICLES
E. Terama1, E. Salonen1, I. Vattulainen1 and M. Karttunen2
1

Helsinki Institute of Physics and Laboratory of Physics, Helsinki Unversity of
Technology, P.O.B. 1100, FIN-02015 HUT, Finland
2
Biophysics & Statistical Physics Group, Laboratory of Computational Engineering ,
Helsinki University of Technology, P.O.B. 9203, FIN-02015 HUT, Finland

Dielectrophoresis, the motion of polarizable particles under a non-uniform electric field,
is a phenomenon that has been known for several decades. It has been widely used in the
field of biological research to separate large entities based on their electric properties.
For example, the phenomenon has been used in micromanipulation and separation of
viruses, latex spheres and polyelectrolytes such as segments of DNA. Viable applictions
include medicine and nanotechnology.
The direction of the dielectrophoretic particle movement can be either toward or against
the electric field gradient, depending on the polarizability
of the particle with respect to that of the medium. In the
case of an AC electric field, the magnitude and direction
of the dielectric force is frequency dependent. Although
the response of a single microparticle to an applied electric field can be quite accurately described by theory, the
presence of many particles in a small region of the medium leads to intricate couplings between the particles.
This does not only affect the mobility of the particles, but
also changes the frequency dependence of the dielectrophoretic force and can even reverse the direction of movemovement of the particles.
We have investigated computationally the dielectrophoresis of colloidal particles in a
stationary liquid medium and compared the results to analytical ones [1,2,3]. We show
how a modified response of the particles to the applied electric field frequency, in reference to the case of an isolated particle, arises from the particle-particle interactions. We
further demonstrate how the dielectrophoretic mobility of the particles is significantly
affected by their aggregation. Finally, the implications of these findings on experiments
and practical applications are discussed.

[1] J.P. Huang et al., PRE 67 (2003) 021403.
[2] J.P. Huang et al., submitted (2003).
[3] E. Terama et al., unpublished (2004).
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TOWARDS AN UNDERSTANDING OF CATIONIC LIPID
BILAYERS FROM ATOMISTIC MOLECULAR DYNAMICS SIMULATIONS
A. Gurtovenko1 , M. Patra2 , M. Karttunen2 , and I. Vattulainen1
Laboratory of Physics and Helsinki Institute of Physics, Helsinki University of Technology, P.O. Box 1100, FIN-02015 HUT, Finland
b
Biophysics and Statistical Mechanics Group, Laboratory of Computational Engineering,
Helsinki University of Technology, P.O. Box 9203, FIN-02015 HUT, Finland
a

Cationic lipids are able to form compact complexes with DNA and are demonstrated to be
effective as nonviral vectors for gene delivery both in vitro and in vivo. Here we employ
molecular dynamics simulations for a detailed atomistic study of lipid bilayers consisting
of a mixture of cationic dimyristoyltrimethylammonium propane (DMTAP) and neutral
(zwitterionic) dimyristoylphosphatidylcholine (DMPC) [1]. Our main objective in this
work is to understand how the composition of the cationic lipid bilayers affects their
structural and electrostatic properties in the liquid-crystalline phase. By varying the mole
fraction of DMTAP, we have found that the area per lipid has a non-monotonic dependence on the DMTAP concentration, with a pronounced minimum around the point of
equimolar mixture. This behavior has an electrostatic origin and is driven by the interplay
between positively charged TAP headgroups and the zwitterionic PC heads. Remarkably,
this interplay leads to a considerable re-orientation of PC headgroups for an increasing
DMTAP mole fraction and to major changes in the electrostatic properties of the bilayer,
such as an increase of total dipole potential across the membrane and prominent changes
in the ordering of water in the vicinity of the bilayer. Moreover, we have found that
screening of PC heads by Cl counter-ions is stronger compared to that for TAP headgroups. The present work represents a significant step toward a highly topical issue of
understanding the properties of cationic lipid – DNA complexes.
[1] A. A. Gurtovenko, M. Patra, M. Karttunen, and I. Vattulainen, Cationic
DMPC / DMTAP Lipid Bilayers:
Molecular Dynamics Study, submitted
(http://arxiv.org/abs/cond-mat/0312400).
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COARSE-GRAINED MODEL FOR PHOSPHOLIPID / CHOLESTEROL
BILAYERS
T. Murtola1 , E. Falck1 , M. Patra2 , M. Karttunen2 , and I. Vattulainen1
1

Laboratory of Physics and Helsinki Institute of Physics, Helsinki University of Technology, P.O. Box 1100, FIN-02015 HUT, Finland
2
Biophysics and Statistical Mechanics Group, Laboratory of Computational Engineering,
Helsinki University of Technology, P.O. Box 9203, FIN-02015 HUT, Finland

Biological cell membranes are examples of complex systems with a large number of degrees of freedom. This complexity together with the broad time and length scales associated with membranes imply that molecular modeling is very challenging: atomic-scale
techniques such as molecular dynamics are usually limited to relatively small systems.
For studies of membranes over scales beyond the microscopic regime, coarse-grained
approaches are therefore needed.
We have constructed a simple coarse-grained model where each macromolecule is described by a single point-like particle [1]. To find the effective interactions between the
particles, we have first employed detailed molecular dynamics simulations for a bilayer
consisting of dipalmitoylphosphatidylcholine (DPPC) and cholesterol at various cholesterol concentrations [2]. We have then applied the Inverse Monte Carlo method [3, 4]
to find pairwise effective interactions between the point-like particles. The effective interactions yield pair correlation properties that are identical to those calculated from the
molecular dynamics simulations.
Using the coarse-grained model, we have performed Monte Carlo simulations to study
large-scale structural properties of DPPC / cholesterol bilayer systems over a wide range
of cholesterol concentrations. We find evidence of separation into cholesterol-rich and
cholesterol-poor domains at intermediate cholesterol concentrations. This is plausible,
since DPPC and cholesterol are partially immiscible. Observations on shorter scales include dimer formation of DPPC and cholesterol molecules, and the formation of stringlike structures by cholesterol molecules. These observations support the view that coarse
graining can provide qualitative predictions for structural properties of lipid bilayer systems at length scales much larger than those accessible by atomic-level molecular dynamics. The approach used here can rather easily be applied to other systems, making it
a useful tool for large-scale studies of other membrane systems.
[1]
[2]
[3]
[4]
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E. Falck, M. Patra, M. Karttunen, M. T. Hyvönen, and I. Vattulainen (submitted).
A. P. Lyubartsev and A. Laaksonen, Phys. Rev. E 52 (1995) 3730.
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We provide strong evidence that different treatments of electrostatic interactions may dramatically affect dynamical properties of lipid bilayers [1]. To this end, we consider a fully
hydrated pure dipalmitoylphosphatidylcholine (DPPC) bilayer through 50 ns molecular
dynamics simulations. Simulations in which the electrostatic interactions were truncated
are compared to similar studies using the Particle-Mesh Ewald (PME) technique. We find
that all examined truncation distances (1.8 to 2.5 nm) lead to major effects on dynamic
properties of lipid bilayers, such as reduced lateral and rotational diffusion coefficients.
The results obtained using PME, on the other hand, are consistent with experiments. The
artifacts are interpreted in terms of radial distribution functions (RDFs) of molecules and
molecular groups in the plane of the bilayer [1, 2]. They indicate that the truncation gives
rise to substantial artificial ordering between the polar phosphatidyl and choline groups
of the DPPC molecules. In systems described using PME, such artificial ordering is not
present.
[1] M. Patra, M. Karttunen, M. T. Hyvönen, E. Falck, and I. Vattulainen (submitted).
[2] M. Patra, M. Karttunen, M. T. Hyvönen, E. Falck, P. Lindqvist, and I. Vattulainen,
Biophys. J. 84 (2003) 3636.
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HOW TO EFFICIENTLY DEAL WITH ELECTROSTATIC INTERACTIONS IN
SOFT MATTER SIMULATIONS: THE REACTION-FIELD APPROACH
M. Patra1 , M. Karttunen1 , E. Falck2 , M. T. Hyvönen2,3 , and I. Vattulainen2
1
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The properties of biological molecules such as water, proteins and DNA are strongly influenced by long-range electrostatic interactions. This is a crucial issue in computational
modeling, as techniques such as classical molecular dynamics (MD) have become a common tool for studies of macromolecular systems at an atomic level. An accurate treatment
of electrostatics is therefore crucial, yet the computational burden should be as minor as
possible to allow studies of biological systems over large time and length scales.
Recent work has shown [1, 2] that while the truncation of Coulombic interactions is a
highly efficient technique in lipid membrane simulations, this approach may lead to substantial artifacts that are entirely unphysical. Techniques such as the Ewald summation
and the Particle-Mesh Ewald technique, in turn, perform much better, but they are troubled by a notable computational cost.
In the present work, we consider an approach that is both efficient and reasonably accurate: the reaction-field scheme. Work based on large-scale MD simulations of phospholipid bilayer systems indicate [3] that the reaction-field technique is remarkably more
accurate than the truncation techniques, thus allowing one to calculate electrostatic interactions to a reasonable degree of accuracy. Most notably, it seems to avoid the artifacts
that are typical for truncation methods. At the same time, the reaction-field technique
is found to be considerably more efficient than techniques based on the Ewald summation. Our findings support the view that the reaction-field scheme could be the method of
choice for large-scale simulations where the computational load is a major issue.
[1] M. Patra, M. Karttunen, M. T. Hyvönen, E. Falck, P. Lindqvist, and I. Vattulainen,
Biophys. J. 84 (2003) 3636.
[2] M. Patra, M. Karttunen, M. T. Hyvönen, E. Falck, and I. Vattulainen (submitted).
[3] M. Patra, M. Karttunen, M. T. Hyvönen, E. Falck, and I. Vattulainen (to be submitted).
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THE EFFECT OF FERTILISATION ON THE STRUCTURE AND CHEMICAL
COMPOSITION OF WOOD
M. Peura1, J. Laukkanen1, K. Nygård1, S. Andersson1, P. Saranpää2 and R. Serimaa1
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2 The Finnish Forest Research Institute (METLA), P.O.B. 18, FIN-01301 Vantaa,
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Fertilisation has long been used to enhance the volume production of wood in harsh climates. By applying a suitable fertilisation scheme the volume growth of wood can be
significantly increased. For Norway spruce (Picea abies [L.] Karst.), for example, it has
been shown that up to four-fold increase can be achieved compared to normally grown
trees from the same area [1]. The aim of this work was to study whether this kind of
boost in the growth rate results in differences either in the structure or in the chemical
composition of wood. The sample material originated from a nutrient optimisation experiment of Norway spruce in Flakaliden, situated in northern Sweden. Comparisons
were made between trees from irrigated-fertilised and normally grown control plots.
Samples were made from several trees at breast height (1.3 m) containing only earlywood from every 3rd annual ring. The effect of fertilisation was assessed by x-ray diffraction (XRD) and x-ray fluorescence (XRF) measurements. XRD was used to determine the average orientation of partially crystalline cellulose microfibrils and the average shape of the cross-section of the cells [2]. The measurements were done using a
Bragg-Brentano diffractometer equipped with a copper anode x-ray tube. XRF was used
to study the relative amount of trace elements, mainly K and Ca, in the samples. Since
the K-edge fluorescence energies of these elements are relatively low, in the soft x-ray
regime, the radiation is rapidly attenuated in air. Therefore a sophisticated setup utilising
a titanium anode x-ray tube with a specially designed Si-pin detector all enclosed in a
vacuum chamber was used. The vacuum chamber and detector design allowed the entire
beam bath and sample environment to be evacuated down to 4 mbar.
The results from x-ray diffraction experiments show that the average orientation of cellulose microfibrils or the average shape of the cell cross-section did not change appreciably due to fertilisation. The XRF measurements revealed a difference caused by fertilisation. Fertilised samples contained more trace elements than the controls. The differences in the relative amounts of the nutrient elements were in accordance with the
nutrient mixture. A more detailed analysis of the phenomenon is in progress.
[1] H. Mäkinen, P. Saranpää and S. Linder, Holzforschung 56 (2002) 449-460.
[2] M. Peura, R. Serimaa, M.-P. Sarén, P. Saranpää and M. Müller. IAWA Journal, in
press.
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MICROVILLAR MEMBRANE AND ELECTRICAL PROPERTIES OF INSECT
PHOTORECEPTORS

M. Weckström, M. Vähäsöyrinki, K. Heimonen and M. Kauranen
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P.O.B. 3000, FIN-90014 UNIVERSITY OF OULU, Finland

Absorption of light quanta by rhodopsin molecules and the following phototransduction
takes place in a highly convoluted membrane structure, the microvilli, in insect photoreceptors. Phototransduction leads to opening of mainly Ca2+ and Na+ permeable TRP and
TRPL channels located in the microvilli [1]. This means that, in effect, light causes current to be injected into the non-microvillar part of the photoreceptor, creating changes
in the membrane voltage, which are subsequently conducted to the output part of the
cell, the axon. The large membrane area of the microvilli forms a large capacitor, increasing the time constant of the photoreceptor, and effectively low-pass filters the signals [2].
The electrical coupling between the microvilli and the essentially isopotential nonmicrovillar membrane was studied by intracellular recordings and single-electrode
clamp techniques. The small dimensions of the single microvillus, and the large total
area of all the microvilli may be expected to lead to an asymmetrical situation, where
light-gated currents are well conducted to the non-microvillar membrane, but currents
injected via the recording electrode reach the microvilli only partially. This was also
found to be the case. The reversal potential of the light-gated conductance was much too
positive in current and voltage-clamp experiments to be compatible with the known
properties of the phototransductive channels and the ionic composition of the fluids. The
same effect is also seen in measurements of the cell impedance, where the contribution
of the light-gated conductance is much too small to cause the recorded depolarizing responses. On the basis of the experimental results we constructed a mathematical model
of the photoreceptor soma, including the microvillus. With the model we were able to
quantify the connection between the microvillar and non-microvillar parts of the photoreceptor.
[1] Hardie RC, Raghu P. Visual transduction in Drosophila. Nature. 2001, 413: 186-93.
[2] Weckstrom M, Hardie RC, Laughlin SB. Voltage-activated potassium channels in
blowfly photoreceptors and their role in light adaptation. J Physiol. 1991, 440: 635-57.
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HODGKIN-HUXLEY TYPE COMPARTMENTAL
COCKROACH PHOTORECEPTORS

12.29

MODELLING

OF

Salmela I, Heimonen K, Weckström M
Department of Physical Sciences, Division of Biophysics, University of Oulu
P.O.B. 3000, FIN-90014 UNIVERSITY OF OULU, Finland

Cockroach photoreceptors have been supposed to have evolved to cope especially with
low light intensity conditions. They show morphological and functional adaptations to
dim environment, with slow type dynamic characteristics (temporal corner frequency of
about 10 Hz), green and UV sensitivity in different photoreceptors, and large spatial
pooling of signals in visual neuropiles. Earlier [1] we have shown that the photoreceptors also produce miniature action potentials in their axons, one or a few on the raising
phase of the graded potential responses. The photoreceptor axons are thin (~ 1µm) and
long (250-1500 µm), and we have estimated the less than 30 % of the amplitude of the
graded responses ever enter the receptor terminal [1].
“Spikelets” (small action potentials) are found in intracellular recordings in proximal
somata and they are somewhat larger in initial axon segment locations. In the present
work we have determined the impedance of the cells in soma recordings using white
noise modulated current injections, and formulated a compartmental model of the cell.
The voltage-dependent properties of the cells were investigated using the (switched
mode) single-electrode voltage clamp (SEVC), whereby we could derive the parameters
for Hodgkin-Huxley type modelling of the voltage-dependent potassium conductance.
The constructed mathematical model (in MatLab environment) contains several soma
and axon segments, the high capacitance area of the phototransductive microvillus, passive (non-voltage dependent) leak conductance, and the voltage-dependent potassium
conductance, in addition to the action potential generating sodium conductance. The
impedance functions and the model were used to predict the conduction of light responses from the somata to the axons, and the backward propagation of the action potentials from various hypothetical generation sites in the axons.
Main results show that the decrement of graded voltage responses elicited by light is
more dramatic than we have estimated earlier, with only less than 10 % reaching the
output sites in the axon terminals. The backward conducted action potentials are attenuated even more, and the spike remnants in proximal soma closely correspond to the experimental results. The spike initiation zone may be identified to the axon. The study
thus provides further evidence that the cockroach photoreceptors send signals to higher
visual centers in the form of sparse action potential coding.
[1] Weckström, M, Heimonen K, Järvilehto M, 1993. Spike-like potentials in the axons
of nonspiking photoreceptors. J Neurophysiol 69:293-296.
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REASSESMENT OF RUSHTON’S PRINCIPLE OF UNIVARIANCE

Heimonen K, Salmela I, Weckström M
Department of Physical Sciences, Division of Biophysics, University of Oulu
P.O.B. 3000, FIN-90014 UNIVERSITY OF OULU, Finland

Photoreceptors are able to generate electrical (voltage) responses to light stimulation on
the basis of absorption of single photons by photopigment molecules called rhodopsins.
Rushton [1,2] formulated the principle of univariance, which means that the effect of the
photons in the excitation process is independent of the properties of the photons once
they have been absorbed. However, there may be several processes affecting this, including dynamic pigment screening and extracellular influences or feedbacks.
We have constructed a new method to directly estimate this well accepted proposition in
cockroach (Periplaneta americana) and blowfly (Calliphora vicina) compound eyes.
The method includes a set of high-intensity LEDs of different wave-lengths, from 350
nm to 639 nm, which are controlled by a linearized voltage-current converter and a
computer program. The stimulation procedure involves scanning the whole intensity dependence of intracellularly recorded photoreceptor responses at each wave-length in
dark adapted state. The principle of univariance requires that in this situation the thereby
determined intensity-response functions should be running strictly parallel. The wavelength (energy) dependence of the rhodopsin molecules should only define the position
of the functions in relation to the wave-length axis. This position in function of the
wave-length would then constitute the spectral sensitivity function of the phtoreceptor.
In addition to this we also investigated the linear dynamics of the photoreceptors with
various stimulation wave-lengths using white noise modulated light intensities and FFTbased estimation of the frequency response and coherence functions.

[1] Naka, K.-I. and Rushton, WAH., 1966. S-potentials from colour units in the retina of
fish (Cyprinidae). J. Physiol. 192: 437–461.
[2] Rushton WAH. 1972. Visual pigments in man. In Handbook of Sensory Physiology,
Vol. VII/1. Photochemistry of Vision, ed. HJA Dartnall, pp. 364-94. New York:
Springer Verlag.
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MEASUREMENT AND ANALYSIS OF INSECT OLFACTORY SENSORS
M. Huotari and V. Lantto
University of Oulu, P.O.B. 4500, FIN-90014 UNIVERSITY OF OULU, Finland

Electrophysiological responses of insect olfactory receptor neurons (ORN) can be easily
measured from the insect antenna. However, the odour exposures are rather difficult to
apply accurately to these sensors. We used an odour sequence with 1 s exposure, e.g., to
hexanol odour between 2 min interstimulus interval. Test chemicals were used as a possible stimulative compound. Among test chemicals, we found alcohols, such as ethanol,
hexanol (HX), alkane hexane, amine 1,4-diaminobutane (14DAB) and organic acids
such as butyric acid (BA). As a mechanical exposure reference we used a clean carrier
air pulse to find out effects of mechanical exposures. In the case of odour stimulation,
the same clean air pulse was also used to carry a test chemical compound. All responses,
e.g. action potentials (AP), were measured with etched tungsten microelectrodes. The
olfactory responses compose of AP sequences caused by a proper exposure odorant.
Many different configurations have been used for the olfactory response measurements
[1].
Measured APs in an action potential sequence can be separated at most from three different sources in off-line analysis and the AP rates can be classified into three groups
depending on the shape of APs. A multi spike detector (MSD) collects the data of action
potentials either on-line or off-line. When the best fit to the measured AP and its template is reached, the detector reports this event both to the host PC and to an external
instrument, for example to a time to voltage converter (TVC) [2].
In these measurements, AP data were obtained at most from blowflies (Calliphora
vicina), but also from mosquitoes (Culex pipiens), fruitflies (Drosphila virilis), homefly
(Musca domestica) and large pine weevil (Hylobius abietis) [3].
In the case of the Calliphora antenna, its ORNs are sensitive to and specific for14DAB,
BA and HX, but not sensitive to the other odour chemicals tested. The lowest concentrations of about 1 ppb for 14DAB, 20 ppm for BA and 8 ppm for HX, caused the AP rates
to increase from the spontaneous level to distinct levels that were very suitable for both
signal analysis and concentration measurement purposes. A more sensitive ORN could
detect even lower test concentrations, which can be also delivered by the olfactory
stimulator in its exposure sequences, and adjusted to the ORN and recorded by the
measurement setup.
[1] K. Park, S. Ochieng, J. Zhu and T. Baker, Chemical Senses 27 (2002) 343-352.
[2] M. Huotari, Sensors and Actuators B 71 (2000) 212-22.
[3] M. Huotari, M. Jaskari, E. Annila and V. Lantto, Silva Fennica 37 (2003) 149–156.
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DNA AS A TEMPLATE FOR SELFORGANIZED NANOSTRUCTURES




T. Laitinen , U. Vainio , R. Serimaa , and O. Ikkala
Department of Engineering Physics and Mathematics, P.O.B. 2200, FIN-02015 Helsinki
University of Technology, Finland


Department of Physical Sciences, P.O.B. 64, FIN-00014 University of Helsinki, Finland

For the purposes of gene therapy DNA-lipid complexes are studied actively in order to
transfer genes safely into the cells of living organisms. However, during the recent years
DNA has been adopted also to materials science. Stable and optically promising films
have been manufactured by making DNA-surfactant complexes, where the counter ions
of the highly charged DNA have been changed to be cationic surfactans, which neutralize
the structure. [1,2]
We study here the self-organization of the DNA-surfactant complexes in which dodecyltrimethyl (C12), tetradecyltrimethyl (C14), and hexadecyltrimethyl (C16) ammonium
chlorides act as the surfactants and DNA is either single stranded or double stranded. By
varying the surfactants alkyl chain length (from 12 to 16) we can modify the structure and
the period within the samples (fig. 1). The structure was studied using small-angle x-ray
scattering (SAXS), which can be easily used to quantify the extent of order in the material. The repeting period of the structure was identified by multiplying the intensity by the
square of the length of the scattering vector and by determining the position of the first
reflection. Structural order was enhanced, when the samples were wet and the increase in
the period by water addition was the same for all alkyl chain lengths. We expect to use
the self-organized double and single stranded DNA as a template for functional materials.
50

Fig. 1. The period characteristic to the
double stranded DNA-surfactant complex
as a function of the surfactant alkyl chain
length.
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[1] L. Wang, J. Yoshida and N. Ogata, Chemistry of Materials 13 (2001) 1273.
[2] K. Tanaka and Y. Okahata, Journal of Americal Chemical Society 118 (1996) 10679.
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COUPLING AND DECOUPLING OF WAVEGUIDES IN TWO-DIMENSIONAL
PHOTONIC CRYSTALS


T. Koponen , A. Huttunen and P. Törmä
Department of Physics, University of Jyväskylä,
PB 35(YFL), FIN-40014 Jyväskylä, Finland
Lab. of Computational Engineering, Helsinki University of Technology,
P.O.Box 9203, FIN-02015 HUT, Finland


Photonic crystals and photonic crystal waveguides may become an important tool in optical communication hardware and in constructing integrated optics. When designing
optical circuits, the coupling of two waveguides in close proximity is an important issue. To achieve clear transmission in two independent waveguides, the guides should be
sufficiently decoupled. On the other hand, by designing the coupling elements carefully,
wavelength selective coupling can be achieved.
We study the coupling of two parallel photonic crystal waveguides numerically. The
coupling strength is analyzed as a function of the distance between the guides and as
a function of the input wavelength. We use the finite difference time domain method
[1] to simulate the behavior of electromagnetic fields in our structures and an iterative
eigensolver [2] to study the eigenmodes and -frequencies of our waveguide systems. The
behavior of the coupling strength as a function of distance is nontrivial and in suitable
geometries even complete decoupling is possible (figure 1).
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Figure 1: Distance traveled ( ) in the waveguide system for a complete tunneling from the
primary guide to the secondary guide and back in two different geometries, as a function
of input wavelength ( ). The singularity in the first picture shows the decoupling of the
waveguides. In the other geometry, the decoupling is not seen.




[1] In collaboration with K. Kataja and J. Aikio, VTT Electronics.
[2] Steven G. Johnson and J. D. Joannopoulos, Optics Express 8, (2001), 173
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BAND STRUCTURES OF PHOTONIC CRYSTAL SLABS
A. Huttunen and P. Törmä

42.70



Laboratory of Computational Engineering, Helsinki University of Technology,
P.O.Box
9203, FIN-02015 HUT, Finland

Department of Physics, P.O.Box 35, FIN-40014 University of Jyväskylä, Finland

Photonic crystals are dielectric structures, where the dielectric constant varies periodically. The periodicity can be in one-, two-, or three-dimensions. Due to interference, light
propagation in the direction of the periodicity is forbidden for certain frequencies. The
band structure of a photonic crystal is the relation between the wave vector and the frequency of light inside the photonic crystal. The forbidden frequencies appear as band gaps
in the band structure. Photonic crystal slabs are thin layers of one- or two-dimensional
photonic crystals. In the vertical direction refractive index contrast provides light confinement as in planar waveguides. We study effects of finite height and surrounding material
to one- and two-dimensional photonic crystals.
Band structures for photonic crystal slabs depend strongly on the surrounding material.
This means that the same photonic crystal slab has a band gap at different frequencies for
different surrounding materials. We suggest that this effect can be utilized for reflecting
light by changing the surrounding material of a one-dimensional photonic crystal (see
figure) [1]. In two-dimensional photonic crystals, the same effect could probably be used
for guiding of light by patterning the surrounding material. We use a Fourier-method [2]
and a finite difference time domain (FDTD) method [3].
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In figure (a) a Gaussian pulse
propagates to the right. Its frequency falls into a band gap
after the surrounding material
changes. This can be seen from
the intensity profile as the pulse
is reflected. In figure (b) the
reflected fraction of a Gaussian
pulse is shown as a function of
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[1] A. Huttunen, K. Varis, K. Kataja, J. Aikio, and P. Törmä, submitted 2003.
[2] A. Huttunen and P. Törmä, J. Appl. Phys. 91, 3988 (2002).
[3] in collaboration with K. Kataja and J. Aikio, VTT Electronics.
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CASCADING, SWITCHING AND CHAOS IN NONLINEAR PHOTONIC CRYSTALS
K.N. Alekseev1 A.V. Ponomarev2 and V.V. Konotop3
1

Department of Physical Sciences, University of Oulu.
Max-Planck-Institute für Physik komplexer Systeme, Dresden, Germany
and Kirensky Institute of Physics, Krasnoyarsk, Russia.
3
Universidade de Lisboa, Complexo Interdisciplinar, Lisbon, Portugal
2

Wave-mixing in nonlinear optical materials is a basis of modern optical sciences and technologies. Cascading several wave-mixing processes in the same low-loss material one can
in principle achieve a high efficiency using a large value of the lowest-order optical nonlinearity. For example, employing simultaneously a second harmonic generation (SHG)
and a sum-frequency mixing (SFM) in the same material, it is possible to generate a third
harmonic in the medium with quadratic nonlinearity. Recently new optical superstructures termed nonlinear photonic crystals were fabricated. In these engineering nonlinear
materials a phase mismatch between the interacting lightwaves could be compensated by
the Bragg vector of superlattice (the quasi-phase-matching (QPM) method) [1]. Importantly, the conditions for QPM may be fulfilled in nonlinear photonic crystals for several
wave-mixing processes simultaneously; the QPM also has an advantage as using of largest
nonlinear coefficient. Nowadays there are several experiments on observation of third and
fourth harmonics in the different types of nonlinear photonic crystals with χ (2) nonlinearity [2]. These experiments clearly demonstrate an importance of multiple-mixing in
nonlinear photonic crystals for potential applications.
In this theoretical work we describe the effects of switching [3] and optical chaos [4]
in nonlinear photonic crystals. Namely, we show that a spatial evolution of three light
waves, participating simultaneously in SHG and SFM in the conditions of QPM, can be
controlled by a variation of an amplitude of one of the waves at the boundary of the crystal.
For some particular values of phases of the lightwaves this switching dynamics is regular.
However, for many other combinations of phases, nonlinear dynamics of lightwaves is
chaotic. These effects should be be taken into an account in realization of compact laser
multicolor sources for printers, scanners, and color displays based on the quasi-phasematched harmonics generation.
[1] R. L. Byer, J. Nonl. Opt. Phys. Mater. 6 (1997) 549; Y.Y. Zhu and N. B. Ming, Opt.
Quant. Electr. 31 (1999) 1093.
[2] P. Baldi et al., Electron. Lett. 31 (1995) 1350; O. Pfister et al., Opt. Lett. 22 (1997)
1211; S.-N. Zhu et al., Science 278 (1997) 843; V. V. Volkov et al., Quant. Electr. 28
(1998) 1020; G. Z. Luo et al., Appl. Phys. Lett. 78 (2001) 3006.
[3] V. V. Konotop and V. Kuzmiak, J. Opt. Soc. Amer. B 17 (2000) 1874.
[4] K.N. Alekseev and A.V. Ponomarev, JETP Lett. 75 (2002) 174; 76 (2002) 401.
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DEGREE OF POLARIZATION IN TIGHTLY FOCUSED OPTICAL FIELDS


K. Lindfors , T. Setälä , A. T. Friberg , and M. Kaivola
Optics and Molecular Materials, Helsinki University of Technology,
P.O.B 2200, FIN-02015 HUT, Finland


Department of Microelectronics and Information Technology,
Royal Institute of Technology, SE-100 44 Stockholm, Sweden

We have studied the state of partial polarization of random, statistically stationary electromagnetic fields at the focus of an optical imaging system having a high numerical
aperture. The field distribution for focused linearly polarized monochromatic light was
calculated already quite some time ago by Richards and Wolf who found that the rotational symmetry of the light field is broken in the focal region [1]. The studies dealing
with focusing of fluctuating fields, however, have attracted much less attention. Previous studies on the subject matter have commonly been performed within the framework
of scalar theory of optical coherence, therefore omitting the vectorial nature of light [2].
In this work we study the focusing of partially polarized electromagnetic field and in
particular the polarization properties of the light in the focal region. We employ the definition for the degree of polarization of Ref. [3] which is suitable for dealing with threedimensional, non-paraxial fields such as those encountered in the image space of a high
numerical-aperture imaging system.
We find marked changes in the degree of polarization as the light field is focused. For
a 2D-unpolarized incident beam, the field may be locally fully polarized in the focus
region. For such an incident field the focus is surrounded by rings of full polarization,
which are explained by considering the distribution of correlation coefficients in the focal
region. When the components of the incident beam are not completely correlated, the
phase of the complex correlation coefficient has a strong effect on the shape of distribution of the 3D degree of polarization in the focal plane. In all cases, as the degree of
correlation between the incident field components is increased, the image-space field, on
average, gradually becomes fully polarized. The observed behaviors are a consequence
of the focusing geometry which may lead to local full correlation between the three field
components.
[1] B. Richards and E. Wolf, Proc. Roy. Soc. A 253, 358 (1959).
[2] L.A. Chernov, Wave Propagation in Random Medium (McGraw-Hill, New York,
1960), Part III.
[3] T. Setälä, A. Shevchenko, M. Kaivola, and A.T. Friberg, Phys. Rev. E 66, 016615
(2002).

286

13. Optics

OBSERVATION OF THE
NANOCARBON FILMS

13.5

OPTICAL

RECTIFICATION
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3
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2

We report on the in the first to our knowledge observation of the optical rectification
effect in the nanocarbon film grown by CVD technique. The effective second order susceptibility of the film is found to be 2×10-5 CGSE, which is two orders higher than that
of the conventional nonlinear crystals.
The nanocarbon films (thickness 3 µm, size 25×25
mm2) are grown by the chemical vapour deposition
(CVD) process [1] on the Si substrate. In the nonlinear optical experiment, we measure change of the
potential difference between two electrodes when he
intense light pulse (τ = 22 ns and τ = 16 ns at λ =
1064 nm and λ = 532 nm, respectively) interacts
with the film (Fig.1).

α

β

Fig.1

U ∝ W sin 2α cos β
The electric pulse is observed only at oblique
incidence (α ≠ 0 in
Fig.1), while its amplitude strongly depends
on the polarization on
the incident light wave.
The maximum transformation coefficient of
Fig.3. Dependence of the effect
Fig.2. Amplitude of the gener500 mV/MW at λ =
on the plane of incidence β for
ated electric pulse as a function
1064 nm (Fig.2) and
linear- (1) and circular- (2) poof the light pulse energy W at
650 mV/MW at λ = 532
larized light pulse at α= +500
β=0 and α= +500 and α= -500
nm is observed for pand W =1.7 mJ.
(2), λ = 1064 nm.
polarized light wave at
the incidence angle of about 50o. The dependence of U on the light pulse energy and polarization (Fig.2,3) indicates that the observed effect originates from the strong secondorder nonlinearity [2,3] of the nanocarbon film.

This work is partially supported by INTAS (grant #01-254)
[1]
[2]
[3]

A. N. Obraztsov, A. A. Zolotukhin et al,. Carbon 41, 836 (2003).
Y. R. Shen. Principles of Nonlinear Optics (Wiley, 1984).
H. Tuovinen, M. Kaurabnen et al, Journ. Non. Opt. Phys. Mater. 11, 421 (2002)
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SPECTROSCOPIC STUDY OF COMPRESSED PAPER
A. Oksman1, R. Silvennoinen1, K.-E. Peiponen1, M. Avikainen2 and H. Komulainen3
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Department of Physics, University of Joensuu, P.O.B. 111, FIN-80101 JOENSUU,
Finland
2
Metso Paper, P.O.B. 587, FIN-40101 JYVÄSKYLÄ, Finland
3
Metso Automation, Paper Automation Division, P.O.B. 231, FIN-87101 KAJAANI,
Finland

Reflectance of three paper grades (fine, super-calendered (SC), and black paper) was
investigated using a pressure gauge, an imaging system, and a spectrophotometer. Previously, compressed paper has been studied using a traditional Chapman’s device [1]
and its modifications, which are based on use of the phenomenon of the total reflection
of light. This investigation [2] is merely based on different illumination and imaging
systems and pressure induced spectroscopic changes.
It was observed that under high-pressure dark-colored areas appear in paper when using
the imaging system. The area of the dark A
B
pattern increases while the pressure is raised.
The development of dark areas on the surface
of the fine paper is shown in the figures when
applied pressure is A) 1.2 MPa and B) 2.4
MPa.
Reflectance measurements show that all spectral properties share the common feature
that the reflectance is decreasing as a function of the applied pressure, although there are
differences in the properties of different paper grades. This confirms that the dark patterns appear due to the contact of the paper and the probe window of the pressure gauge.
Based on results by other researchers the amount and the nature of optical contact observed depends on structural properties of paper such as surface roughness, formation,
and compressibility. An empiric result for the fine and the SC paper samples measured
is that they both have an exponential dependence of total reflectance as a function of the
applied pressure when the illumination wavelength is kept constant.
Thus, the pressure gauge along with the imaging systems can be used to study the
amount and the nature of optical contact of the paper sample and the probe window. The
coupling of the pressure gauge and the spectrophotometer offers a means to investigate
how the decreasing of total reflectance occurs for different paper sample.

[1] S. M. Chapman, Pulp Paper Magazine, Canada, 55 (1954) 88.
[2] A. Oksman, R. Silvennoinen, K.-E. Peiponen, M. Avikainen and H. Komulainen,
“Reflectance Study of Compressed Paper”, Applied Spectroscopy 58 4 (2004) (in press).
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CREATION OF A HOLLOW LASER BEAM USING SELFPHASE MODULATION IN A NEMATIC LIQUID CRYSTAL
A. Shevchenko, S. C. Buchter, and M. Kaivola
Department of Engineering Physics and Mathematics, Helsinki
University of Technology, P.O.Box 2200, FIN-02015 HUT, Finland

Laser beams with ring-shaped transverse cross section have found a variety of
applications in science and technology, including trapping of atoms, manipulation of
microscopic objects by light, laser writing and drilling, and materials testing with laserexcited acoustic waves. The most frequently used beams in these applications are the
TEM01* modes of laser resonators. For purposes, where the light power has to be
concentrated within a narrow ring, one usually applies a lens-axicon system [1] that can
produce a thin ring-shaped focal spot.

I/I0

In this work, we describe an alternative and more flexible technique to generate a thinwalled hollow laser beam [2]. The beam is created from a Gaussian beam that
undergoes self-phase modulation in a nematic liquid crystal. The experimental setup is
shown in Fig. 1a). Lens L1, which focuses the beam from a CW laser (Spectra-Physics
Millennia Xs, λ = 532 nm), is to control the beam diameter at the input of the liquid
crystal LC. The beam is self-phase
LC L 2
L1
modulated in the crystal and then
Laser
CCD
collimated with lens L2 (a 10× a)
microscope objective). Examples of
intensity profiles created with the
setup are shown in Fig. 1b). They
have sub-millimeter diameters and
widths of a few tens of µm for a
1.5
1.5
1
propagation distance of ~10 mm. The
1
1
0.5
method allows beams of different
0.5
0.5
sizes and peak intensities to be
0
0
0
produced with an optical system that
-800 -400 0 400 800 -800 -400 0 400 800
-800 -400 0 400 800
b)
x (µm)
x (µm)
x (µm)
is 1) simple, 2) not sensitive to
alignment of optical elements, and 3) Fig. 1. a) Experimental setup, and b) transverse
able to produce non-diverging hollow cross sections of three different hollow beams
beams (as well as diverging or together with intensity profiles along a line crossing
converging ones). The experimental the beam axis (I0 is the peak intensity of the incident
results agree well with calculations Gaussian beam in the CCD plane).
based on Fresnel diffraction theory.

[1] I. Manek, Yu. B. Ovchinnikov, and R. Grimm, Opt. Commun. 147 (1997) 67.
[2] A. Shevchenko, S. C. Buchter, N. V. Tabiryan, and M. Kaivola, to appear in Opt.
Commun. (2004).
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GENERATION OF SPATIALLY SMOOTH EVANESCENT-WAVE PROFILES IN
A MULTIMODE HOLLOW OPTICAL FIBER FOR ATOM GUIDING
M. Hautakorpi, A. Shevchenko, and M. Kaivola
Optics and Molecular Materials, Helsinki University of Technology
P.O.Box 2200, FIN-02015 HUT, Finland

Hollow optical fiber constitutes a waveguide for neutral atoms, if the light of a propagating
fiber mode is detuned towards the blue from the atomic resonance. The repulsive dipole
interaction between the atoms and the evanescent wave on the fiber wall will then confine
the atoms in the dark near the fiber axis. For efficient atom guiding, the spatial evanescentwave profile should be smooth. This is difficult to achieve in a multimode fiber due to
interference between fiber modes, although such a fiber would otherwise be more practical
in many respects than a single-mode one. In this work, we present two methods that allow
a smooth evanescent-wave profile to be created in a multimode fiber.
The first method is based on the excitation of fiber modes with a beam that possesses
orbital angular momentum. The helical phase front of such a beam, directed to the fiber
entrance, can give rise only to fiber modes that have the same helicity as the incident beam.
We show that from a low number of such modes in the fiber, a Laguerre-Gaussian beam
can efficiently be used to excite one particular mode, yielding a cylindrical evanescentwave profile.
The second method, which lends itself well for fibers supporting an abundance of modes,
is based on rapid dithering of the incident angle of a laser beam coupled to the fiber.
The consequential, lively fluctuating speckle field will then appear as a quasistatic, timeaveraged field for slow atoms. The optimal dithering configuration is found by considering the intensity on the fiber wall. Figure 1 shows an example of the effect of smoothing.
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Figure 1: Calculated evanescent-wave intensity profiles on the fiber wall (θz-surface),
when a Gaussian beam is a) at normal incidence, and b) when dithering is performed.
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NONLINEAR PHOTONIC CRYSTALS FABRICATED WITH ELECTRIC FIELD
POLING IN LITHIUM NIOBATE
O. Kimmelma1 , S. Buchter2 , M. Kaivola2 and I. Tittonen1
1

Metrology Research Institute, Helsinki University of Technology, P.O.Box 2200,
FIN-02015 HUT, Finland
2
Optics and Molecular Materials, Helsinki University of Technology, P.O.Box 2200,
FIN-02015 HUT, Finland

The light that is induced by a nonlinear process can be summed up constructively by
phasematching the input laser field with the one propagating in a medium. One method to
perform this is to periodically change the sign of the nonlinear coefficient by physically
altering the crystal orientation. This is called quasi-phase-matching (QPM). One dimensionally this poling is already a commercially established technique. Two-dimensional
QPM structures were first proposed by Berger [1]. Such structures, referred to as nonlinear photonic crystals (NLPCs), can be created by two dimensional electrical field periodical poling in which the crystal orientation of a ferroelectric crystal is reversed by external
electric field.
The NLP crystals can support multiple conversions in one crystal structure. For example,
second, third and fourth harmonic generation have been demonstrated in a single crystal
[2].
Nonlinear photonic crystals offer a variety of possibilities but just a few practical demonstrations have been reported. We present our results on the fabrication of two dimensional
structures in lithium niobate for different frequency conversion applications.
[1] V. Berger, "Nonlinear Photonic Crystals", Phys. Rev. Lett. 81, 4136-4139 (1998).
[2] N.G.R. Broderick, R.T. Bratfalean, T.M. Monro, D.J. Richardson, C.M. de Sterke,
"Temperature and wavelength tuning of second-, third-, and fourth-harmonic generation in a two-dimensional hexagonally poled nonlinear crystal", J. Opt. Soc. Am. B
19, 2263-2272 (2002).
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NONLINEAR OPTICAL PROPERTIES OF SELF-ORGANIZED POLYMERIC
SYSTEMS
A. Priimägi1, S. Cattaneo1, H. Kosonen2, S. Valkama2, R. Mäki-Ontto2, O. Ikkala2, and
M. Kauranen1
1

Optics Laboratory, P.O.B. 692, FIN-33101 Tampere University of Technology, Finland
Optics and Molecular Materials, P.O.B. 2200, FIN-02015 Helsinki University of Technology, Finland

2

Second-order nonlinear optical processes have applications in electro-optics and frequency conversion of light. In the dipole approximation, such processes can only occur
in materials that lack a center of symmetry. Conventional second-order materials are
based on conjugated dipolar molecules. For a macroscopic second-order response, the
molecules must be organized in noncentrosymmetric arrangements, such as crystals,
poled polymer films and Langmuir-Blodgett films.
Self-organization of polymeric macromolecules yields functional materials with macroscopic hierarchical structures [1]. When nonlinear optical molecules are incorporated in
the polymeric matrix, such systems may also lead to applications in second-order
nonlinear optics. Axial ordering of the molecules, however, is not sufficient for a second-order response, which requires a net orientation of the dipolar molecules (polar order).
To investigate the potential of self-organized polymeric materials for second-order
nonlinear optics, we prepared thin films doped with nonlinear molecules using both
traditional host polymers and polymers with ionic bonding sites along their backbones.
The films were investigated by linear absorption and second-harmonic generation
(SHG) to gain insight into their structural properties. For polymers with bonding sites,
we observed a clear enhancement of the SHG signal. However, more detailed
investigations showed that no SHG response arises from the bulk of the film, indicating
the absence of bulk polar order. Instead, the SHG signal is generated by the polaroriented molecules at the polymer-substrate interface. This is mainly due to the strong
interactions between the molecules and the glass substrate. However, the polymer
matrix seems to play an important role in the degree of ordering at the interface.
Polar order in the bulk of the film can be achieved with electrical poling. Traditional
guest-host polymer systems suffer from relatively low solubility of the dye in the matrix
and from the relaxation of the orientational ordering. The aggregation tendency of the
molecules can be reduced in polymers with bonding sites, which allow high concentrations of molecules to be achieved without phase separation and possibly increasing the
temporal stability. An alternative way of improving the present systems is to replace the
dipolar molecules with chiral ones. With such molecules, axial ordering would be sufficient for a second-order response.
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EFFECTS OF POLARIZATION AND GRATING PERIOD ON SECONDHARMONIC GENERATION FROM ARRAYS OF ANISOTROPIC GOLD
NANOPARTICLES
Sami Kujala 1 , Brian K. Canfield1 , Martti Kauranen1 , Konstantins Jefimovs2 , and Jari
Turunen2
1

Tampere University of Technology, Institute of Physics, Optics Laboratory,
P.O. Box 692, FIN-33101 Tampere, Finland; 2 University of Joensuu, Department of
Physics, P.O. Box 111, FIN-80101 Joensuu, Finland

Optical properties of metal nanoparticles depend on particle size and shape. In twodimensional arrays of such particles, the array structure can modify the single particle
response. For example, the array period influences the linear extinction spectrum [1].
In fixed arrays of anisotropic particles, the orientation of the particles affects both linear
absorption and the second-harmonic generation (SHG) efficiency [2]. Gratings can also
enhance the SHG efficiency in sub-wavelength apertures [3]. We investigate the influence
of polarization and grating period on the linear extinction spectra and the SHG response
from arrays of non-centrosymmetric gold nanoparticles.
Sub-wavelength arrays of identical gold nanoparticles were
fabricated using electron-beam lithography, and three different grating periods (300 nm, 400 nm, and 500 nm) were
studied. To address variations on the fundamental level of
individual particles, the measurement results were normalized with respect to relevant particle density ρ (the number
of particles per unit area): for linear extinction (an incoherent process), ρ; and for SHG (a coherent process), ρ2 .

100 nm

Measurement results show that linear extinction resonances
for the two orthogonal polarizations red-shift with increasing
grating period with the Y-polarized shift being greater than
the X-polarized. The SHG response for X-polarized input
remains essentially constant, while for Y-polarized input the
response grows as the grating period increases.

Fig. 1: Scanning electron micrograph of an actual sample, with the polarization directions used.

Y

X

[1] W. Gotschy, K. Vonmetz, A. Leitner, and F. R. Aussenegg, Appl. Phys. B-Lasers O. 63,
(1996) 381.
[2] H. Tuovinen, M. Kauranen, K. Jefimovs, P. Vahimaa, T. Vallius, J. Turunen, N. V. Tkachenko,
and H. Lemmetyinen, J. Nonlinear Opt. Phys. 11, (2002) 412.
[3] A. Nahata, R. A. Linke, T. Ishi, and K. Ohashi, Opt. Lett. 28, (2003) 423.

293

13.12

13. Optics

ON SOFT X-RAY AND ULTRAVIOLET OPTICAL PROPERTIES OF METALLIC GRATINGS
T. Vallius, P. Vahimaa, and J. Turunen
University of Joensuu, Department of Physics, P.O. Box 111, FIN-80101 Joensuu, Finland

In deep ultraviolet and soft X-ray region the complex refractive indices of metals differ
substantially from their values in the visible region of the spectrum. The implications
of this fact are analyzed for metallic gratings illuminated by electromagnetic fields with
wavelengths ranging from soft X-rays to near infrared. In particular, we study metalstripe gratings by rigorous diffraction theory to determine the low-wavelength region in
which a combination of the geometrical thin-element approximation and the theory of
single-layer films can be applied. Then we study inductive grid filters used for protection
of X-ray detectors from infrared radiation in space applications.

 
The adjoining figure presents the transmitted
zero order diffraction efficiency of a wiregrid polarizer as a function of the height of
the grating. The used material is gold and the
wavelengths in Figs. (a) and (b) are 1 nm and
5 nm. The transmittance is analyzed by using both rigorous diffraction theory (—) and
the thin element approximation (– –). Even
though the thickness of the structure is orders
of magnitude bigger than the wavelength,
the thin element approximation (TEA) provides reliable results, which is inconsistent
with classical limits for the TEA [1]. Further analysis reveals that this is attributable
to the fact that the refractive index of metals is close to the unity within the X-ray region [2].










 






















 





 

[1] J. Turunen, M. Kuittinen, and F. Wyrowski, “Diffractive optics: electromagnetic approach,” Progr. Opt. 40, E. Wolf, ed. (Elsevier, Amsterdam, 2000), pp. 341–387.
[2] T. Vallius, P. Vahimaa, and J. Turunen, “ X-ray and ultraviolet optical properties of
metallic gratings,” J. Mod. Opt. (to be published 2004).
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RIGOROUS JUSTIFICATION OF THE THIN ELEMENT APPROXIMATION
T. Vallius, P. Vahimaa, and J. Turunen
University of Joensuu, Department of Physics, P.O. Box 111, FIN-80101 Joensuu, Finland

The simplest approach to studying the behavior of light in diffractive components is to
calculate the optical path through the structure, i.e., the method known as the thin element approximation [1]. It has several attractive properties such as simple mathematical
formulation, numerical feasibility, and the wide range of applicability to volume- and surface relief gratings. The incident field is modelled as a pencil of rays. Considering the
optical paths along the rays between the input and output planes and neglecting the effect
of refraction on the propagation, we obtain the phase and amplitude of the output field.
Consider the upper figure that illustrates the propagation constants of a dielectric binary
grating analyzed by the rigorous fourier modal method (FMM). The grating region con  
tains two areas with refractive indices 1 and 1.5. The grating period is
. Evidently,
the coefficients can be divided into three sets: one represents the values of the region
where the refractive index in the grating is 1, set two represents correspondingly the
region there the refractive index is 1.5, and the set three contains the transition terms
between these two values.
The amplitude of the modes of the set 1 is plotted in the lower figure. We notice that the field
is located to the region where the refractive index is 1, whereas the amplitude in the other region with the refractive index 1.5 is negligible.
Similarly the modes from the second set have
noteworthy amplitude only where the refractive
index is 1.5. Therefore the problem is divided
into two independent set: one field with constant amplitude propagates in the first region
with effective refractive index 1, and the other
field propagates in the second region with the
effective refractive index 1.5. This formalism is
equal to the traditional thin element approximation.
When the grating height is increased, the
small differences in the propagation coefficients
causes destructive inteference and the amplitude is not anymore constant in the regions.
Therefore the thin element approximation is not
valid with optically thick structures.
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[1] Goodman, J. W., 1968, Introduction to Fourier Optics (McGraw-Hill, New York)
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HIGH-RESOLUTION IMAGING OPTICS NEEDING NO ASSEMBLY-PHASE
OPTICAL ADJUSTMENTS
J. Aikio*, C. Edström#, P. Suopajärvi*, H. Vasama+, T. Seppänen*, M. Tannemyr#,
and M. Aikio*
* VTT Electronics, P.O.B 1100, 90571 Oulu, Finland
# Beacon AB, Förrådsvägen 10, SE-901 32, Umeå, Sweden
+ Suomen Optomekaniikka, Jokelantie 1 40270 Palokka, Finland
The use of modern computer numerical control (CNC) machining tools have opened
new possibilities for the optical and optomechanical designs. The fusion of optics and
optomechanics has been earlier demonstrated by the integration of optical functions directly to the high-accuracy optomechanical parts of various non-imaging optical systems. The increased accuracy of the manufacturing of complex-shaped mechanical parts
has also lead to the possibility of using the CNC machining in the reformation of the
optomechanics for the imaging optical systems. The high-accuracy of the CNCmachined optomechanical parts gives a lot of freedom for the optical design. In this paper we will give an example of the high-resolution imaging optics taking advantage of
the use of CNC machining.
We have designed and manufactured a 2.7 times de-magnifying imaging optical system
capable of resolving features smaller than 5 µm in the image plane. The modulation
transfer function (MTF) of the system is over 30 % at 200 linepairs/mm. The optical
system is a double-telecentric catadioptric system consisting of the total of 13 optical
elements: 9 lenses, 1 mirror, 2 polarising beam splitters and 1 quarter wave plate. The
numerical aperture (NA) is 0.18 on the object side and 0.44 on the image side. The distortion of the lens is less than 0.01%. The field size is 23 mm in diameter on the object
side and 8.6 mm in the image side. The optomechanics are composed of 2 larger pieces
and several smaller parts, all made using CNC machining. One of the large pieces provides a 90 degree angle in the optical path with less than 0.5' accuracy. The overall accuracy of the mechanics is 0.01 mm and the dimension 300 x 150 x 70. Because of the use
of the high-accuracy CNC machining of the optomechanics, the lens can be manufactured without any optical adjustments or testing in the assembly phase.
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FDTD SIMULATIONS OF SUPER RESOLUTION OPTICAL DATA STORAGE
SYSTEMS
K Katajaa, J. Olkkonena,b, J. Aikioa and D. Howeb
a

VTT Electronics, P.O.B. 1100, FIN-90571 Oulu, Finland
Optical Sciences Center, University of Arizona, Tucson AZ 85721-0094

b

The data density of the conventional optical disk is limited by diffraction. To overcome
this limit, several different techniques have been studied and suggested. One of these
techniques is a super resolution (SR) structure [1] which is comprised of a nonlinear
material layer that is sandwiched between two dielectric films and this three layer stack
is deposited directly on the phase change (PC) data layer of the (RW-type) optical disk.
In the SR optical disk, readout signal from the marks smaller than diffraction limit can
be observe. In this work we have studied two aperture geometries which have bee suggested to be the mechanism responsible for SR readout namely light scattering center
(LSC) and donut shaped aperture geometries.
We have used a finite difference time domain (FDTD) model to compute the optical
fields that occur at the PC layer of an optical data storage medium that incorporates a
SR structure which has a AgOx active layer. The writing performance of the system was
estimated by studying the absorption profile inside the PC data layer. The readout performance was modelled by calculating the playback signal produced by reading a track
of periodic amorphous data marks of varying length in the PC data layer which initially
has crystalline phase. This signal is obtained from the far-field intensity distribution of
light reflected from the disc; it is proportional to the modulation of the total far-field
power falling on the readout detector
as the marks are scanned beneath the
spot focused on the disk.
Fig. 1 shows some examples of
calculated readout signal modulation
curves when the focused playback spot
has λ = 650 nm and NA = 0.6. The
diameter of the two SR apertures is
200
nm.
Improved
readout
performance over the conventional
disk (DVD) at high storage densities
(recorded mark size < 350 nm) is
clearly shown.

Fig. 1. Readout signal as a function of mark size with
different aperture geometries.

[1] J. Tominaga, T. Nakano and N. Atoda, Appl. Phys. Lett. 73 (1998) 2078.
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REWRITABLE MAGNETIC-FIELD PATTERNS ABOVE A TRANSPARENT
FERRIMAGNETIC FILM FOR TRAPPING NEUTRAL ATOMS
A. Jaakkola, A. Shevchenko, T. Lindvall1 , I. Tittonen1, and M. Kaivola
Department of Engineering Physics and Mathematics, Helsinki University of Technology,
P.O.B. 2200, FIN-02015 HUT, Finland
1

Department of Electrical and Communications Engineering, Helsinki University of
Technology, P.O.B. 3000, FIN-02150, HUT, Finland

We have studied a novel way of creating microscopic trapping potentials for neutral atoms
based on the magnetic domain patterns in a transparent ferrimagnetic garnet film. Domains of any 2D topology, having the magnetization direction perpendicular to the film
surface, can be patterned into the film. Hence, various trapping potentials, such as the
ones needed in atomic beam splitters and ring interferometers, can be created.
Use of permanent magnets for creating the magnetic fields instead of current-carrying
wires is motivated by (1) the absence of thermal and technical noise in the magnetic
field, (2) the possibility to reach high magnetic-field gradients without ohmic heat dissipation, and (3) the opportunity to create trapping potentials topologically unrealizable
with current-carrying wires. Our concept also has the following advantages over the previous approaches based on permanent magnets [1]: (4) The film does not have to be
patterned with lithographic means, since the magnetic domains themselves constitute the
patterns creating the desired magnetic fields, (5) the patterns can be erased and re-written
at will, and (6) as the material is essentially transparent, optical methods of manipulation
can easily be combined with the design.
We have made preliminary experiments to magnetize patterns in a 3-micron-thick garnet
film. With a simple setup based on the use of a magnetized needle, we were able to
create patterns having a linewidth smaller than 10 microns (Figure 1). We are developing
a magneto-optical recording system to reach a better accuracy and a finer resolution. In
addition, we are exploring the use of a gravito-optical surface trap (GOST) [2] for loading
ultralow-temperature atoms into the trapping potentials above the ferrimagnetic garnet
film.

Figure 1: A micrograph of
a magnetized line taken with
a polarization microscope.

[1] E.A. Hinds and I.G. Hughes J. Phys. D 32 199 (1999).
[2] M. Hammes, D. Rychtarik, H.-C. Nägerl, and R. Grimm, Phys. Rev. A 66 051401
(2002).
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SPECTRAL ANALYSIS OF RESONANT LIGHT TRANSMISSION THROUGH A
SUB-WAVELENGTH SLIT
J. Lindberg1 , K. Lindfors1 , T. Setälä1 , M. Kaivola1 , and A. T. Friberg2
1

Optics and Molecular Materials, Helsinki University of Technology,
P.O.B. 2200, FIN-02015 HUT, Finland
2

Department of Microelectronics and Information Technology,
Royal Institute of Technology, SE-100 44 Stockholm, Sweden

Enhanced optical transmission through nanostructured metal films has been observed for a
wide variety of hole and slit structures [1, 2]. Nanostructured metal films and their transmission properties are important for developing novel photonic devices based on plasmons. We have characterized the optical properties of a sub-wavelength slit in a metal
film using the boundary-integral method. The analysis shows that there exists a strong
resonance in the transmission spectrum for TM-polarized light in the near-infrared spectral region (Fig. 1). The enhanced transmission can be understood in terms of interfering
surface plasmon waves propagating along the slit walls.
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Our analysis indicates that the shape and wavelength of the resonance can be adjusted by
changing the geometrical parameters of the slit, which enables the tuning of transmission
spectrum for different applications. Furthermore, the position of the resonance peak depends strongly on the refractive index of the material within the slit (see Fig. 2). This
effect may be utilized, for instance, in the detection of biomolecules.
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Figure 1: Transmittance spectrum of a 40 nm
wide slit in a gold film with a thickness of
200 nm.
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Figure 2: Transmittance spectra for a 15 nm
wide slit in a 200 nm thick gold film as the
material within the slit is varied.

[1] T. W. Ebbesen, H. J. Lezec, H. F. Ghaemi, T. Thio, and P. A. Wolff, Nature 391 (1998)
667.
[2] P.-K. Wei, H.-L. Chou, and W.-S. Fann, Opt. Express 10, (2002) 1418.
[3] J. Lindberg, K. Lindfors, T. Setälä, M. Kaivola, and A. T. Friberg, Opt. Express,
submitted.
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MODELLING OF THE LOCAL ELECTRIC FIELD OF SILVER PARTICLES IN
SURFACE-ENHANCED RAMAN SCATTERING BY FDTD METHOD



A.-J. Mattila , K. Kataja , S. Alanko , M. Känsäkoski and P. Niemelä
 Departmet of Physical Sciences, P.O. Box 3000, FIN-90014 University of Oulu, Finland
VTT Electronics, P.O. Box 1100, FIN-90571 Oulu, Finland

Surface-enhanced Raman scattering (SERS) refers to phenomenon, where the Raman signal from certain molecules adsorbed on the roughened metal surfaces is enhanced typi   
cally by factor
–
[1]. Thus, SERS is a promising tool for obtaining information
about molecular structure, orientation or interaction with neighboring species from chemical as well as biological samples. Although the phenomenon has been known over 30
years, the details of enhancement mechanisms are still obscure.
Enhancement mechanims can be roughly divided into two groups. The chemical “first
layer” effects include i.e. electronic coupling between the sample molecule and the metal.
Usually much stronger electromagnetic effects arise from the enhanced local electromagnetic fields near the metal surface due to excitation of surface plasmon resonance.
Finite difference time domain (FDTD) is one of the most popular simulation method for
electromagnetic problems. The method is based on 2nd order accurate approximations
of Maxwell’s equations in space and time. The relevance of the FDTD method has been
confirmed in the SERS system [2]. In this study we used FDTD method to simulate the
effect of some parameters, e.g. wavelength of the excitation laser on the electromagnetic
fields near the silver nanoparticles.
[1] M. Moskovits, Reviews of Modern Physics 57 (1985) 783.
[2] M. Futamata et. al, Journal of Physical Chemistry 107 (2003) 7607.
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OPTICAL ACTIVITY OF CHIRAL METALLIC NANOPARTICLES
K. Jefimovs1, T. Vallius1, P. Vahimaa1, J. Turunen1, Yu. Svirko1,
N. Saito2, R. Shimano2, and M. Kuwata-Gonokami2
1

Department of Physics, University of Joensuu, P.O.Box 111, 80101 Joensuu, Finland
Department of Applied Physics, University of Tokyo, 7-3-1 Hongo, Bunkyo-ku, Tokyo
113-8656, Japan

2

Planar and quasi-planar structures and nanostructured interfaces have recently been
found to show promising polarization characteristics. In our recent work we reported on
the first observation of polarization azimuth rotation of the light wave transmitted
through the chiral nanostructured interface at normal incidence in zeroth diffraction
order [1]. Here, the spectral behavior of chiral elements with opposite sense of chirality
was analyzed experimentally using polarization modulation technique.
Elements, containing gold nanoparticles on top of silica substrates, were manufactured
using electron beam lithography, lift-off and argon sputter etching process. The
measured spectral dependencies of chirality-induced azimuth rotation (Fig. 1) and
chirality-induced ellipticity of incident linearly polarized light show qualitatively similar
behaviour, but with opposite signs. (Some difference in absolute values is caused by
different thickness of gratings.) Obtained results and developed theory reveals that these
effects are due to excitation of waveguide modes at the nanostructured metal-silica
interface.

4

2

ο

B

3

∆ c,

∆ c,

ο

A
0

2
-2

1
-4

0
-6

-1
300

400

500

600

700

800

900

1000

λ, nm

1100

1200

-8
300

400

500

600

700

800

900

1000

1100

1200

λ, nm

Fig. 1. The measured dependencies of the chirality induced rotation (∆c) for samples,
consisting of gold nanoparticles with opposite sense of chirality (A and B). Period of the
grating – 500 nm, thickness A – 100 nm, B – 130 nm. Fragments of SEM-images are shown
on top of corresponding figures.

[1] T. Vallius, K. Jefimovs, J. Turunen, P. Vahimaa, and Yu. Svirko, Appl. Phys. Lett.
83 (2003) 234.
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FABRICATION OF SURFACE RELIEF SPECTROGRAPH GRATINGS WITH
UV-CASTING METHOD
J. Pietarinena , S. Siitonena, P. Laakkonena , J. Lehtomaab and E. Herralab
a

Department of Physics, University of Joensuu, P.O.Box 111,
FIN-80110 Joensuu, Finland
b

Specim Ltd, P.O.Box 110, FIN-90571, Oulu, Finland

Recently, UV-casting has emerged as a promising low-cost replication technique for the
fabrication of micro- and nanostructures with a potential for high throughput. Diffractive
optics is a part of optics that controls the propagation of light with microstructures [1, 2].
In our approach, a transparent SiO2 master is pressed softly into a low viscosity UVcurable liquid polymer on SiO2 substrate. After exposure with ultraviolet light through
the SiO2 master the mold is separated from the substrate, leaving a replica behind of the
master relief structure. Spectrograph applications requires high diffraction efficiency in
wide operating wavelength range, which can be achieved by using high aspect ratio of
surface relief gratings. Investigation has shown that the resolution of UV-replication is
limited by the size of the structure created on the master.
The design of diffractive element and polarization dependence of light is discussed theoretically. Fabrication of high quality replicas requires well controlled mastering and UVmolding processes. Replication of large area gratings with line width under few micrometers also requires an antiadhesion treatment for the master element [3]. Manufacturing
process is demonstrated considering fabrication of SiO2 master, deposition of separation
layer and replication by UV-molding. Good quality of molded grating is obtained.

Fig. 1. SEM image of UV-replicated
spectrograph grating with aspect ratio 3.
Grating period d = 1000 nm, groove
width c = 400 nm and groove depth
h = 1200 nm.

[1] M. T. Gale, Microelectron. Eng., 34, 321 (1997).
[2] J. Lautanen, PhD thesis (University of Joensuu) (2000).
[3] T. Bailey et al., J. Vac. Sci. Technol., B 18(6), (1997).
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ELECTROLUMINESCENCE
FROM
PATTERNED SILICON WAFERS

Si/SiO2

MICRODEVICES

ON

M. Meretoja, H-P. Hedman, L. Heikkilä, P. Werner a, M. Hirvonen and R. Punkkinen
Department of Information Technology, FIN-20014 UNIVERSITY OF TURKU,
Finland
a
Max Planck Institute of Microstructure Physics, D-06120 HALLE, Germany

The driving force of studying electroluminescence (EL) from silicon-based materials is
the possibility to manufacture optoelectronic components on silicon using industrial IC
processes. Silicon is known as a poor light emitter due to the indirect band gap, but in
Si/SiO2 nanolayers the light generation efficiency can be much higher due to quantum
confinement. The origin of light is still unknown although several models for light
emission have been proposed [1-3]. Considering these facts, silicon optoelectronics and
even silicon lasers might be possible in future.
In order to localize the light emission and to increase the current density the Si/SiO2
layer structure was grown over micro-sized square openings in a thermal oxide layer on
a silicon wafer. By using a semitransparent gold electrode on the top, current was passed
through the active layers to the backside contact. At the initial state after connecting the
driving voltage the whole square opening was illuminating. Within some minutes however, the structure was evidently changed and some distinct bright light spots appeared
in the opening. Visible luminescence was achieved typically with 100 µA and 7 V. The
spectra were wide and the peak wavelength depended both on various defect centers and
on the mean size of silicon particles embedded in the oxide layers. TEM analysis of the
active layers revealed silicon nanocrystals typically in the range of 1.5 - 6 nm.

Electrode

4 x Si/SiO2
Oxide

Intensity in a.u.

In the following figures are shown the schematic cross-section of the sample structure
and the EL spectra of two differently processed Si/SiO2 nanolayer samples.
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[1] D.J. DiMaria, J.R. Kirtley, E.J. Pakulis, D.W. Dong, T.S. Kuan, F.L. Pesavento,
T.N. Theis, J.A. Cutro and S.D. Bronson, J. Appl. Phys. 56 (1984) 401.
[2] L. Rebohle, J. von Borany, H. Fröb and W. Skorupa, Appl. Phys. B 71 (2000) 131.
[3] L. Pavesi, J. Phys.: Condens. Matter 15 (2003) R1169.
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MEASUREMENTS OF ABSORPTION LINE INTENSITIES USING FTIR
SPECTROMETER
J. Lehtomaa, V.-M. Horneman, S. Alanko and H. Sarkkinen

Department of Physical Sciences, P.O.Box 3000, FIN-90014
University of Oulu, Finland

Knowledge of the experimental intensity parameters is very important in the evaluation
of abundances and temperatures of gaseous species in the terrestrial, planetary and stellar atmospheres and in the interstellar medium. Line intensities are also important for
the understanding of the molecular dipole moment variation while line shape depends
on molecular interactions.
The accurate determination of line intensity of individual rovibrational transition requires careful measurements on absorption path length, particle density and sample
temperature. In addition, the instrumental error sources distorting for example the line
shape and the proper determination of transmittance should be eliminated. In our laboratory a multi reflection sample cell used in connection with a commercial high resolution
Fourier transform spectrometer Bruker IFS120HR is being modified for intensity measurements.
The absorption path length of our White type cell can be adjusted up to 41.6 m in steps
of 3.2 m. The exact path length is determined using the interferences caused by the cell
mirrors and windows. The cell is temperature stabilized and the sample temperature is
measured using six Pt-100 resistance thermometers (±0.03 K) mounted into the inner
walls of the cell. For stable compounds the particle density can be deduced from simple
pressure measurement. The cell is equipped with a pair of MKS type 690A capacitance
manometers covering the regions 0.01–1 Torr and 1 – 100 Torr. To maintain the absolute accuracy 0.05% the pressure transducers are calibrated yearly.
In this contribution the factors limiting the absolute accuracy in determining line intensities from FTIR spectra are discussed and some test measurements for example of the
nonlinearity correction of the MCT detector and the stability of the sample temperature
will be presented.

304

14. Applied physics and instrumentation II

14.1

Phase sensitive absolute amplitude measurements of surface waves
using heterodyne interferometry
K. Kokkonen1, J.V. Knuuttila1, O. Holmgren1, J. Schoeller2, and M.M. Salomaa1
1

Materials Physics Laboratory, Helsinki University of Technology,
P.O.Box 2200, FIN-02015 HUT, Finland.
2
Computer Engineering, University of Washington, USA

Optical probing has proven to be effective tool for studying vibrating surfaces and surface waves [1, 2]. Since 1995 we have developed a homodyne laser interferometer for
detailed imaging of the surface-acoustic wave (SAW) field distribution in SAW filters
[2]. Recently, a new heterodyne interferometer has been constructed to acquire more
complete data of the surface vibrations, enabling detailed analysis.
A scanning interferometer utilizing optical heterodyning is described. This new interferometer features a tightly focused probe beam, a high-frequency optical detector with a
flat frequency response, and a high-resolution x-y-z sample translation stage, with a minimum stepsize of 0.055 µm. The optical heterodyning is realized using an acoustooptic modulator on the optical path. The lateral in-plane resolution of the interferometer
is determined by the size, < 1 µm, of the focused spot. At the present stage, the minimum detectable vertical amplitude of the surface waves is 0.003 nm. The interferometer
has a wide frequency range limited to 6 GHz, owing to the electronics used. By comparing the amplitude of the modulation peak with the frequency-shifted signal peak, the
heterodyne detection enables the calculation of the absolute amplitude for the measured
surface wave without any calibration or normalization. In designing the detection electronics scheme, care has been exercised to simultaneously extract the phase information
of the wave motion from the detector signal. Absolute amplitude and phase information
is recorded for surface motion in the selected scan. Such data allows for accurate and
thorough quantitative analyses of SAW devices, such as determining the wave components propagating to different directions by applying FFT methods, obtaining reflection coefficients and acquiring the dispersion relation of the substrate material. In addition the wave motion can be animated to develop intuitive understanding of the surface
wave behaviour. The interferometer has been tested at 167 MHz by measuring a SPUDT
-filter and at 374 MHz by probing a fan -shaped filter. These first results will be presented.
This work has been carried out in the framework of Eureka project E! 2442 SUMO.

[1]
[2]

G.G. Fattinger, P.T. Tikka, Appl. Phys. Lett. 79 (2001) 290
J.V. Knuuttila, P.T. Tikka, and M.M. Salomaa, Opt. Lett. 25 (2000) 613.
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IMAGING OF ACOUSTIC FIELDS GENERATED IN A LONGITUDINAL
LEAKY SAW RESONATOR
O. Holmgren1, J. V. Knuuttila1, T. Makkonen1, K. Kokkonen1, V. P. Plessky1,2, W.
Steichen3, and M. M. Salomaa1
1

Materials Physics Laboratory, Helsinki University of Technology, P.O. Box 2200, FIN02015 HUT, Finland, 2GVR Trade SA, Rue du Château 9, CH-2022 Bevaix,
Switzerland, 3Temex Microsonics, P.O. Box 232, 06904 Sophia-Antipolis, France

Among surface-acoustic-wave (SAW) RF bandpass filters, and in general among
wireless communication, the current trend is towards higher frequencies. Longitudinal
leaky SAWs (LLSAW) have been recently proposed to be applied in bandpass filters
operating in 2.5 – 5 GHz range [1]. By employing LLSAWs in the filters, it is possible
to fabricate them with conventional optical lithography since LLSAWs feature relatively
high velocity of approximately 6100 m/s on YZ-LiNbO3 substrate.
We have utilized a scanning homodyne laser-interferometer [2] to map the spatial
distribution of the acoustic field inside a one-port synchronous LLSAW resonator on
YZ-LiNbO3 substrate. The resonance frequency of the LLSAW resonator is 1.54 GHz.
However, around 820 MHz the structure also excites Rayleigh waves, featuring velocity
of approximately 3300 m/s. Therefore, the resonator was probed both in the Rayleigh
and LLSAW frequency ranges, i.e. at 790 – 900 MHz and 1.4 – 1.9 GHz, respectively.
The measurements show that below the LLSAW resonance frequency the longitudinal
profile does not feature the beating pattern typically observed for leaky SAW resonators,
which are currently widely used in filters operating at 1–2 GHz. Above the resonance
frequency, strong attenuation of the LLSAWs is observed in the reflectors. The
transverse LLSAW profile within the IDT features two, three, four etc. antinodes as the
frequency increase. Furthermore, oblique Rayleigh wave beams are observed to radiate
from the sides of the IDT in the LLSAW range. In the Rayleigh range, both the
longitudinal and the transversal profiles possess antinodes at different frequencies below
and above the Rayleigh resonance frequency of 823 MHz.
[1] T. Makkonen, V. P. Plessky, W. Steichen and M. M. Salomaa, Appl. Phys. Lett. 82
(2003) 3351.
[2] J. V. Knuuttila, P. T. Tikka and M. M. Salomaa, Opt. Lett. 25 (2000) 613.
Acknowledgments: OH thanks the Research Council of HUT for a scholarship. This
research has been supported by the Academy of Finland through the Programme EMMA
(Electronics Materials and Microsystems). We are grateful to Marc Solal and Stéphane
Chamaly for useful discussions. This research has been performed within the Eureka
project E! 2442 SUMO: “New Surface Acoustic Wave Filter Generation for Mobile
Telecommunications”.
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LONG-TERM STABILITY OF SOI-MICRORESONATORS
M. Koskenvuori1, T. Mattila2, A. Häärä2, J. Kiihamäki2, P. Rantakari1, A. Oja2, H.
Seppä2 and I. Tittonen1
1
2

Metrology Research Institute, HUT, P.O.B. 3500, FIN-02015 HUT, Finland
VTT Information Technology, P.O.B 1207, FIN-02044 VTT, Finland

Stable frequency reference is a fundamental requirement for every wireless transceiver.
Conventionally, the reference is created by using a quartz crystal, which has a drawback
of being a bulky discrete component in otherwise highly integrated environment. Micromechanical resonators can offer an alternative for quartz crystals as a central component of the oscillator and reduce the circuit board area and manufacturing costs of the
oscillator significantly. Our previous work has shown that silicon microresonators can
compete with quartz crystals in short-term stability [1]. Figure below shows the measurement result of the long-term stability of encapsulated micromechanical resonators.
The measurements indicate that a reference quality (ppm-level) long-term stability can
be achieved with properly encapsulating the resonators [2]. This is an important corner
stone in demonstrating that micromechanical resonators provide a serious alternative for
conventional quartz crystals.
The measured resonators vibrate in a length-extensional
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[1] Ville Kaajakari et al., Square-Extensional Mode Single-Crystal Silicon Micromechanical Resonator for Low Phase Noise Oscillator Applications, IEEE Electron Device
Letters (Accepted for publication).
[2] M. Koskenvuori et al. Long-term stability of single-crystal silicon microresonators,
Sensors and Actuators A (Submitted).
[3] T. Mattila et al., Sensors and Actuators A 101 (2002) 1.
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DRAG REDUCTION EFFECT IN PIPE FLOW OF POLYMER SUSPENSIONS
J. Maaranen, M. Tilli, J. Timonen, M. Kataja, T. Korppi-Tommola
Department of Physics
P.O. Box 35 (YFL)
FIN-40014 UNIVERSITY OF JYVÄSKYLÄ
Finland

Reduction of fluid flow resistance due to polymers added even with a low concentration
in the fluid, the so-called drag reduction (DR) effect, has been a well-known and widely
studied phenomenon. The actual mechanism of this effect, involving the combined dynamics of fluid and the polymer, has however remained largely unresolved. It is a challenging problem as it involves turbulence. The DR effect and the related problem of turbulence are of interest from both an academic and a practical point of view. Reducing
the flow resistance in e.g. the pipe floe of raw oil is a major economical problem.
This study concentrates on clarifying the fundamental mechanisms of the DR effect.
New experimental methods were developed for the measurement of the spatial distribution of the DR polymer. With accurate measurements we can e.g. resolve one of the
open problems in this field, i.e. whether networking of the DR polymers is needed for
the effect. We found that the spatial distribution of these molecules is homogeneous,
and that there is no threshold concentration for the DR effect to set in. These results
strongly imply that the DR mechanism should be primarily related to the influence of
individual DR polymers on the local stability of the flow field. We were also able to deduce that the spatial scale relevant to this effect is the Taylor scale. This length scale and
the corresponding time scale are related to generation of turbulence in the flow. The results achieved form an important step forward in our understanding of the DR effect,
and they have consequences which can be directly tested by simple experiments.
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ADHESION MEASUREMENTS OF NANO-PARTICLES ON ALUMINA AND
SILICA SURFACES
M. Paajanen, J. Katainen, J. Lahtinen, and P. Hautojärvi
Laboratory of Physics, Helsinki University of Technology
P.O.B. 1100, FIN-02015 TKK, Finland

Both wanted and unwanted deposition of small particles onto surfaces are of significant
importance in many industrial processes. Small particle deposition is needed, e.g. in
manufacturing thick film structures for sensor applications. On the other hand, in energy
production via combustion of solid and liquid fuels, the ash particles formed are likely to
deposit onto heat exchanger surfaces reducing the efficiency and shortening the lifetime
of the exchanger. Improving the understanding of the particle–surface system would open
new possibilities to control the deposition and the removal of the deposited particles.
The particle surface system was studied by measuring directly the force needed to remove
attached particles from the surface by atomic force microscope. The measurements were
done in ambient pressure both in dry and humid conditions. In model systems we have
used atomic layer deposited silica and alumina films as surfaces with RMS roughness up
to 3 nm. Eroded silicon AFM tips were used as blunt silica model particles.
The adhesion pressures of blunt silica particles was found to be independent of the particle
size with the 20–500 nm diameters used. The adhesion pressures on rather smooth surfaces were 20 to 40 times the atmospheric pressure. Roughness of surfaces was modelled
by adding spherical segments on planar surfaces.
The adhesion strength of blunt particles increased with increasing humidity until maximum at around 80 % RH. With high humidities (> 80 % RH) the adhesion strength
decreased from maximum value due to condensed water layer between the particle and
the surface. The increase in adhesion strength was about 15 % which was also calculated
using equilibrium conditions of liquid–vapour interface of condensed water layer.
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MEASUREMENT OF THE BROWNIAN MOTION IN A MICRO-CANTILEVER
V. Koskinen and J. Kauppinen
Department of Physics, FIN-20014 University of Turku, Finland

We present direct displacement measurements of a micromachined cantilever due to
molecular collisions from the surrounding gas, i.e. the cantilever’s Brownian motion.
The first resonance of the investigated silicon cantilever is at 370 – 460 Hz (depending on
the pressure) and its mechanical quality factor (Q-value) is about 5. Because of the low
Q-value, the noise power is not concentrated around the resonance frequency as in earlier
observations of the Brownian motion, but on the contrary, it has a wide spectral distribution. As far as we know, this is the first presentation of measured broad-band spectrum
of the Brownian motion in a cantilever. Measured noise spectrums agree with theoretical
noise level within few percents.
The cantilever was originally designed to a new microphone for photoacoustic spectroscopy. Because of its remarkable sensitivity, we have obtained a detection limit in
the sub-ppb range for methane gas using a black body radiation source. The limit is very
near the best results achieved with very powerful laser sources and orders of magnitude
better than any other measurement with a black body radiation source.
The measured spectrum of the Brownian motion is presented and the other noise sources,
such as acoustical noise from surroundings and electrical noise, are analyzed. These
measurements show that the Brownian noise can be the dominant noise source in micromechanical devices, and it should not be neglected in design and analysis of miniature
sensors.
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A continuum model for the paper-air-toner system
J. Kallunki, M. Alava and E. Hellen?
Laboratory of Physics, Helsinki University of Technology,
P.O.Box 1100, FIN-02015 HUT, Finland

Oy Keskuslaboratorio - Centrallaboratorium Ab, KCL Science and Consulting,
P.O.BOX 70, FIN-02151 Espoo, Finland

?

We present a continuum model of the paper-air-toner system in the transfer gap in electrophotographic printing. The model allows the calculation of the static electric field in
the transfer gap, which causes the charged toner particles to be transfered from the photoconductor to the paper.
Variations in the paper thickness and dielectric permittivity cause spatial variations in
the local transfer field. Also the micro-scale surface roughness of the paper surface lead
to significant variations in the electric field since it causes formation of air gaps in the
paper-toner interface. Numerical results for the electric field are in fair agreement with the
simple 1-D capacitor model. The distribution of the field components perpendicular to the
interface scales according to the prediction of the 1-D model, also the scaling parameters
and the scaling function are in reasonable agreement with the simple model.
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INDUCTION HEATING AND AUTOMATED TEMPERATURE CONTROL FOR
ELECTRON SPECTROSCOPIC MEASUREMENTS
A. Mäkinen, P. Kovala, E. Kukk and S. Aksela
Department of Physical Sciences, P.O.B. 3000, FIN-90014 University of Oulu, Finland

Solid samples have to be vaporized in a high-vacuum camber for electron spectroscopic
measurements of free atoms or molecules. It is possible to use induction heating for vaporizing samples. Induction heating is a direct heating method, which uses fast alternating
magnetic field and the heat is generated by resistive losses of induced current in the target,
which is the crucible containing the sample. The advantages of the induction heating over
the normal resistive heating of the samples are fast and direct heating and the possibility
to reach higher temperatures (up to 2000 ◦ C).
The heating process has to be controlled accurately and the power must be pulsed, because
the RF -field of the heating process generates electrical noise to the sensitive measuring
electronics and also influences the paths of the electrons emitted by the sample atoms. For
these reasons a computer program was made for controlling the heating power of the RF
-generator. The program is designed for rapid heating of the sample to the final working
temperature, keeping constant temperature during the measurements and shut-down in
case of a system failure.
The program monitors the temperature of the crucible which contains the sample. Because temperature measurement is done by a thermocouple that is not direct contact with
the sample, there is some temporal delay between real and measured temperature when
temperature is changing. This effect is taken into account by developing a predicative
algorithm that adjusts the heating parameters according to the response of the crucible to
the induction current. This automated control system enables faster and accurate control
over the vaporizing process and the higher melting point samples can be used.
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SCANNING WHITE-LIGHT INTERFEROMETER AND ITS APPLICATIONS
J. Aaltonen¹, I. Kassamakov¹, P. Vihinen¹, E. Hæggström¹, and R. Kakanakov²
¹Dept. of Phys. Sciences and HIP, P.O.B. 64, FIN-00014 University of Helsinki, Finland
²Inst. of Appl. Phys., Academy of Sci., 59 St. Petersburg Blvd 4000 Plovdiv, Bulgaria

A scanning white-light interferometer was designed to meet the demands of mechanical
and electrical industry for high precision repeatability and vibration insensitivity.
The white-light interference phenomenon can be used in measuring the quality i.e. the
precision of the surfaces and dimensions of mechanical and electrical components [1].
The most important property of a white-light interferometer is that its broadband source
removes the phase ambiguity problem experienced with laser interferometers. The introduction of new types of light sources, CCD cameras, high precision scanning devices
and especially the increased calculation power of microcomputers has encouraged to
develop automated, white-light interference based profilometers which have both high
resolution and fast measurement.
Different algorithms to detect the peak of the envelope generated from the interference
signal were studied and tested [2, 3]. Based on these, a new algorithm was developed
and used in the designed instrument. The repeatability of the system is currently better
than +/-20 nm. At the moment the interferometer is used in real measurements to gain
more experience with the functionality of the instrument and the developed software.
Scanning white-light interferometer has many potential applications e.g. surface quality
measurement with roughness information of mechanical components, aging tests of
electronic devices, and quality control of transparent samples, fig.1.

Figure 1. Examples of measured samples: a) the profile of an aluminium bond and b)
the interferogram from a polymer film with the cross section.
[1] T. Dresel, G. Häusler, and H. Venzke, Applied Optics 31 (1992) 919.
[2] K. Larkin, J. Opt. Soc. Am. A 13 (1996) 832.
[3] A. Harasaki, J. Schmit, and J. Wyant, Applied Optics 77 (2000) 2107.
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MECHANICAL CHARACTERIZATION OF MOLECULAR MOTORS USING
OPTICAL TWEEZERS
A. Wallin1, J. Lisal2 and R. Tuma2
1)

Department of Physical Sciences, P.O.B. 64, FIN-00014 UNIVERSITY OF
HELSINKI, Finland. 2)Institute of Biotechnology, P.O.B. 65, 00014 UNIVERSITY OF
HELSINKI, Finland.

Molecular motors are protein molecules that convert chemical energy, usually in the
form of adenosine triphosphate (ATP) into motion and generate mechanical force [1].
Many reactions in biological systems are governed by diffusion and proceed stochastically. Thus, synchronization of all molecules within the ensemble can be rarely achieved
even if the reaction is initiated by rapid mixing. Consequently many intermediate reaction steps are not observable in ensemble-averaged measurements. Observing and manipulating single molecules circumvents this problem and allows their dynamic behavior
to be directly measured.
Optical tweezers, the spatially harmonic trapping force produced by a focused laser
beam on a dielectric particle, provide a non-contact method for manipulation of particles
of 0.025 µm to 25 µm in diameter. Quantitative time-resolved measurements of the displacement of the trapped particle with ∼0,1 nm resolution and of the forces acting on
the particle with ∼1 pN resolution can be made. Optical tweezers are thus suitable for
mechanical characterization of single molecular motors [2].
We have constructed an optical tweezers instrument capable of nanomanipulation and
quantitative measurements of displacement and force. Here we present preliminary results showing in-vitro translocation of bacteriophage φ6 RNA polymerase. Our results
agree with previous ensemble measurements [3] of polymerization rate and confirm the
suitability of our instrument for the study of motor proteins.
Our instrument will be used to elucidate force generation mechanism of the RNA polymerase and the RNA-translocating motor P4. Single molecule fluorescence will also be
incorporated into the instrument enabling us to study the mechanochemistry of motor
proteins [4].
[1] Bustamante C. et al., The Physics of Molecular Motors, Acc. Chem. Res., 34, 412-420
(2001).
[2] Svoboda K. and Block S.M., Biological Applications of Optical Forces, Annu. Rev.
Biphys. Biomol. Struct., 23, 247-285 (1994).
[3] Makeyev E.V. and Bamford D.H., The polymerase subunit of a dsRNA virus plays a central role in the regulation of viral RNA metabolism, EMBO J., 15, 6275-84 (2000).
[4] Lang M.J. et al., Combined optical trapping and single-molecule fluorescence, J. Biol., 2,
6 (2003).
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Damage mechanism in paper via acoustic emission


J. Rosti , L. Salminen , M. Alava , R. Wathén



Laboratory of Physics, P.O.B. 1100, HUT, FIN-02015
KCL, P.O.B. 70, FIN-02151

The fracture properties of a paper sheet are due to properties of fibers, fiber-fiber bonds
and the network structure of the paper sheet. Fracture in paper arises from bond ruptures
and the corresponding fiber pull-out and fiber failure. During the fracture process elastic
energy is released, which causes mechanical oscillations i.e. acoustic emission.
We analyze damage accumulation in paper during in-plane tensile tests by using acoustic
emission measurements in combination with the load-elongation curve. The fiber strength
in paper is varied by treating samples with an acid. This reduces fiber strength, but leaves
fiber-fiber bonds and the network structure intact.
We note that load-elongation behaviour of samples becomes eventually perfectly linearly
elastic, when degree of the acid treatment is increased. We observe that acoustic emission
energy and the waiting times between events follow known power law distributions [1]
despite the change in the plasticity of the samples.
[1] Salminen, L., Tolvanen, A., Alava, M, Acoustic Emission from Paper Fracture, Physical Review Letters 89, 185503 (2002)
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CRYOGENIC MM-WAVE AND RF INSTRUMENTATION FOR
ELECTRON-SPIN RESONANCE IN ATOMIC HYDROGEN
J. Järvinen1, S. Vasilyev1, T. Häkkilä2, E. Tjukanoff 2 and S. Jaakkola1
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We have designed and constructed a 2-mm wave (128 GHz) electron-spin resonance
(ESR) spectrometer [1], which has been employed in measurements of bulk (3D) and
surface-adsorbed (2D) spin-polarized atomic hydrogen gas at temperatures of order
100 mK [2,3]. The spectrometer is based on heterodyne detection with double
frequency conversion utilizing cryogenic Schottky-diode mixers. The mixers, together
with other mm-wave components, constitute a bridge operating at 1.5 K when
mounted into a dilution refrigerator cryostat. The sensitivity of the spectrometer is
about 2·109 spins/gauss at an ESR excitation power of 20 pW. Absorption and
dispersion signals are detected simultaneously.
The ESR resonator used in our experiments is a semi-confocal Fabry-Perot resonator
[1] operating in the TEM002 mode. It is made of an R = 6.5 mm hemispherical mirror
and a planar mirror yielding the loaded Q ~ 2700. The mirrors are coated with a
superfluid 4He film and the 2D hydrogen sample is detected on a 1.5 mm diameter
“cold spot” in the center of the flat mirror where the diameter of the Gaussian beam
waist is 3.1 mm.
The sensitivity of the spectrometer has recently been increased by installing the
oversized waveguide, that transfers the mm-wave power from room temperature to
the dilution refrigerator, in a vacuum shield to avoid disturbances due to the He
vapour fluctuations. We have improved the spectrometer performance also by
constructing a low-noise and low-power L-band amplifier using common commercial
GaAs HEMTs. It is used as the spectrometer’s first intermediate frequency amplifier
cooled down to 1 K where its power dissipation is 1 mW. At 4.2 K and 1 GHz the
gain of the amplifier is 24 dB and the noise temperature 3.8 K.

[1] S. Vasilyev, J. Järvinen, E. Tjukanoff, A.A. Kharitonov, and S. Jaakkola, Rev.
Sci. Instr. 75 (2004) 94.
[2] S.A. Vasilyev, J. Järvinen, A.I. Safonov, A.A. Kharitonov, I.I. Lukashevich, and
S. Jaakkola, Phys. Rev. Lett. 89 (2002) 153002.
[3] S. Vasilyev, J. Järvinen, A.I. Safonov, and S. Jaakkola, Phys. Rev. A 69 (2004),
accepted for publication.
.
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MECHANICAL PROPERTIES OF NORWAY SPRUCE AS A FUNCTION OF
YEAR RING BY ULTRASONIC TESTING
T. Koponen1, T. Karppinen2, M. Peura1, P. Saranpää3, R. Serimaa1,
1
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The excellent mechanical properties of wood are based on its cellular structure. The
helical orientation of cellulose microfibrils in the cell wall plays a crucial role in determining the stiffness of wood. In situ deformation and x-ray diffraction studies have
shown [1] that when the pitch of this helix is large, the cell acts like a spring in tensile
tests. Our results for Norway spruce (Picea abies [L.] Karst.), where the pitch is small,
indicate that no change in this helical angle is observed but the unit cell of crystalline
cellulose is elongated.
We have also determined the modulus of elasticity (MOE) using ultrasonic testing. It
allows us to determine MOE nondestructively as a function of the year ring from small
samples fast and in three directions: longitudinal, tangential and radial. Even though the
ultrasound setup was quite simple it provided satisfying results. The transit time of ultrasonic pulse through the sample was measured and the MOE was calculated using the
simplified formula [3]
MOE = ρcl2 ,
where cl is the speed of the longitudinal wave and is the density of the sample.
Samples were prepared from three stems. Two of them were normally and one was fast
grown [2]. All samples were 1mm thick strips. The tangential cuts consisted only of earlywood from one year ring but radial and longitudinal cuts were made over many year
rings.
For normally grown wood MOE was on average (7.1±1.3) GPa in the longitudinal direction, (1.0±0.2) GPa in the radial direction, and (0.35±0.04) GPa in the tangential direction. Similar results in longitudinal direction were obtained earlier for Norway spruce
[4]. For fast grown wood with larger helical angles MOE in longitudinal direction was
only (4.6±1.9) GPa. In the longitudinal direction MOE increases as a function of year
ring for both normally and fast grown wood. This kind of behaviour is due to a change
in helical angle [1]. In the other two directions MOE decreases.
[1] Keckes, J. et al. Nature Materials vol 2 (2003) 810
[2] Sarén, M.P. et al., Trees- Structure and Function (2003), in press
[3] Lindström, H. et al., Holz als Roh- und Werkstoff 60 (2002) 165
[4] Verkasalo, E. et al., Paperi ja Puu – Paper and Timber vol. 84/5 (2002) 332
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ULTRASONIC SHEAR WAVE MEASUREMENT OF COATING LAYER
FORMATION
I. Lassila, T. Karppinen and E. Hæggström
Department of Physical Sciences, Electronics Research Unit, P.O.B 64, FIN-00014
UNIVERSITY OF HELSINKI, Finland

When high quality coated products are manufactured, understanding the formation of
coating layer is essential. However the layer formation process is not fully understood.
At present, there is a lack of methods to fully analyze and measure this phenomenon.
Existing methods are based on measuring the viscous properties of the material before
coating or measuring of structural properties of the prepared and dry layer. A few methods exist for dynamic measurement of the formation process of a coating layer. They are
based on measuring the gloss of the coating layer [1] or the tension induced to a beam
on which sample layer is drying [2]. Drying of latex film has been studied with ultrasonic measurement techniques [3].
Ultrasound is mechanical wave motion, whose behavior depends on the properties of the
medium in which it travels. When a wave is reflected from the interface of a sample and
a reference medium part of its energy is transferred to the sample and a part of it is reflected back. If the acoustical properties of the reference material are known, the mechanical properties of the sample can be calculated from the amplitude and phase
change of the reflected wave. A well-known measurement technique is based on the reflection of shear waves [4]. Ultrasonic shear wave transducers are attached to the ends
of a fused quartz bar. The ends of the bar are sloped so that the transmitted wave reflects
from the side of the bar where a sample layer is applied.
Our results showed that it was possible to measure the mechanical parameters of a claylatex mixture during drying by this shear wave reflection method. Other possible areas
of application for this technique could be measuring the drying of glues and paints as
well as measuring viscoelastic properties of different films and coatings. The main
benefits of the presented technique are its simplicity, low price and non-destructiveness.
Moreover, the formation of coating layer is unaffected by the measuring process.
[1] J. Watanabe and P. Lepoutre, A Mechanism for the Consolidation of the Structure of
Clay-Latex Coatings, Journal of Applied Polymer Science, 27 (1982), p. 4207-4219.
[2] G.M. Laudone et. al., Coating Shrinkage during Evaporation: Observation, Measurement and Modelling within a Network Structure. 2003 Tappi Advanced Coating
Fundamentals Symposium.
[3] N. Willenbacher, V. Schädler, H. Kröner, T. Wirth, A. Pfau, Impact of Ink Components and Fountain Solution on the Mechanical Strength of Polymer Binders. 20th
PTS coating symposium, Munich, Germany, Sept. 1999, 13pp.
[4] W.P. Mason et. al. Phys. Rev. 1949, 75, 936-946.
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Design of a new high resolution time-of-flight electron spectrometer
Enrico Loos and Seppo Aksela
Department of Physical Sciences, University of Oulu, P.O.B. 3000, FIN-90014
UNIVERSITY OF OULU, Finland

In the electron spectroscopy group of Oulu a project has started to build a time-offlight (TOF) type electron spectrometer to complete the present dispersive electron
spectrometer. Special advantages of a time-of-flight spectrometer are the capability to
register simultaneously the whole electron spectrum and better performance for low or
very low kinetic energies. Since relative accuracy of the timing signal is crucial in
electron TOF due to the high velocity and short flight times of light electrons,
compared e.g. to ions, the presented design incorporates a retarding electron lens
system. This lens system is capable of retarding incoming electrons to a few percent
of their initial kinetic energy and because of the focusing properties of the electron
lenses the loss of transmission is kept at a minimum (e.g. 62% Transmission @ 90%
Retardation). Due to the possible retardation of the fast electrons a wide energy range
can be analyzed. The spectrometers angle of acceptance is 3,4º with a 20 mm distance
between the entrance aperture and the source region. The detector unit of the
spectrometer employs a two stage microchannel plate setup, which allows electron
multiplication by a factor of about 109.

Simulated trajectories of randomized electrons in the electric field of the retarding lens system
showing the focussing properties (SIMION7)

References:
[1] O. Hemmers, S. B. Whitfield, P. Glans, H. Wang, D. W. Lindle, R. Wehlitz and
I. A. Sellin, Rev. Sci. Instrum. 69(11), 3809 (1998)
[2] M. G. White, R. A. Rosenberg, G. Gabor, E. D. Poliakoff, G. Thornton,
S. H. Southworth and D. A. Shirley, Rev. Sci. Instrum. 50(10), 1268 (1979)
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NOISE AND MATERIAL CHARACTERIZATION FOR TRANSITION-EDGE
SENSOR ARRAYS
C. Bae, K. Kinnunen, I. Maasilta, A. Nuottajärvi and A. Luukanen*
University of Jyväskylä, NanoScience Center, Dept. of Physics,
P.O. Box 35 (YFL) FIN-40014 University of Jyväskylä, Finland
* National Institute of Standards and Technology, 325 Broadway, MC 814.00,
Boulder, Colorado 80305-3328 U.S.A.

Microcalorimeters based on transition-edge sensors (TES) are presently the most sensitive energy-dispersive X-ray detectors. Cryogenic imaging spectrometers for missions
such as ESA’s XEUS are currently being developed. Even though the TES devices show
excellent energy resolution, most groups developing the TES calorimeters still observe
excess noise that is not predicted by the present theoretical models.
Recently we have studied the noise properties of a TES in the so-called Corbino disk
geometry and we have developed a model based on the Ginzburg-Landau theory where
the observed excess noise can be explained as fluctuation-induced superconductivity
above TC near the normal metal – superconductor boundary [1]. Currently we are building a new measurement setup and processing TES devices in different geometries to further study the noise mechanism.

Important factor in designing a large array of TES devices are the material properties,
such as thermal conductance, of the underlying support structure at low temperatures.
We will present results from various characterization measurements.
[1] A. Luukanen, K.M. Kinnunen, A.K. Nuottajärvi, H.F.C. Hoevers, W.M. Bergmann
Tiest, and J.P. Pekola, Fluctuation-limited noise in a superconducting transition-edge
sensor. Phys. Rev. Lett. 90 (2003), 238306
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15.1

USE OF HOUSEHOLD MATERIALS AND GARBAGE ITEMS IN PHYSICS
– HOW TO DEMONSTRATE PHYSICS AT UPPER SECONDARY SCHOOL
LEVEL BY USING EQUIPMENTS OF EVERYDAY LIFE?
Jarmo Sirviö
The Upper Secondary School of Kastelli, Kajaanintie 54, 90230 Oulu, Finland

Students in upper secondary schools feel that physics is one of the most difficult subjects
at school. If the lessons are only theoretical and only a few demonstrations are made
most of students are not interested in physics. They have a lot of difficulties to learn and
understand it. They do not get the real ideas of the theory of physics.
I am a member of the team which has written four demonstration books: mechanics, electricity/magnetism, waves and thermodynamics. This project has been done possible by
The Fin-nish Association of Teachers of Mathematics, Physics, Chemistry and Informatics (MAOL ry). These books help teachers to plan and perform their demonstrations. You
do not need expensive materials in your classroom. You can find all equipments from
your kitchen and garage. Students can also use books, when they perform their experimental homework. In spite of the household materials and garbage you teach and learn
real physics by making quantity measurements.
These experiments can also be found in website
http://www.maol.fi/mfka/fysiikkapaavalikko.htm.
At my presentation I will give some examples and make experiments to show, how I use
these books in my physics lessons. My motto is: ”The life is physics and the physics is
life!”
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”GEOPHYSICAL FIELD THEORY” - AN EXAMPLE OF TEACHING PHYSICAL PRINCIPLES AT UNIVERSITY LEVEL
E. Eloranta
Radiation and Nuclear Safety Authority (STUK), P.O. Box 14, FIN-00881 Helsinki, Finland (also part-time at Helsinki University of Technology, Department of Materials Science and Rock Engineering, and at University of Helsinki, Division of Geophysics)

Classical field theories deal with macroscopic systems in deterministic way. The field
theories are based on conservation laws, like the laws of mass, charge, energy, momentum, and moment of momentum conservation in closed systems. The governing partial
differential equations can be derived from these conservation principles. However, also
the characteristics of a medium must be transferred to the final field equations. This is
done by means of constitutive equations. The constitutive equations are not general laws
of physics but only approximate descriptions of real material behavior under different
fields. Solid Earth geophysics is mainly based on (i) electromagnetism, (ii) continuum
mechanics, and (iii) potential theory. The principles of electromagnetism can be formulated in a famous compact form called Maxwell’s equations. Continuum mechanics is
directly based on the conservation laws. Potential theory belongs in fact to mathematics,
but it has strong applications especially in the theory of Earth’s gravity field, and thus it is
considered as the third branch of physical principles underlying geophysical phenomena.
Teaching of geophysics and especially field theories applied in geophysics, briefly geophysical field theory [1] is a challenge. The study of the subject requires strong mathematical skills in vector and tensor analysis, some insights into partial differential equations,
and of course, into multidimensional differential and integral calculus. The students of
geophysics at university level have some background knowledge in these issues but due
to the lack of time most of them have not received enough routine to use mathematics.
The teaching must start by rehearsing and hopefully only refreshing mathematical skills.
The first field theory dealt with is electrostatics, then stationary electric current, magnetostatics and finally electrodynamics are presented. After this electromagnetic package
the theory of gravity can be mostly presented as an analogy to electrostatics. Continuum
mechanics is traditionally divided into solid mechanics and fluid mechanics. Solid mechanics form the basis to understand the theory of seismic elastic waves, and stress and
strain phenomena in rocks. In solid Earth geophysics one application of fluid mechanics is the theory of groundwater flow or geohydrology in fractured rock mass. From the
pedagogical point of view it is better at first to deal with electromagnetism and after that
continuum mechanics. The reason is that in electromagnetism traditional vector analysis
is needed whereas in continuum mechanics also tensors and dyadics must be employed.
[1] E. Eloranta, Geofysiikan kenttäteoria (Geophysical Field Theory), STUK-A198
(2003), 424 p. (in Finnish). Radiation and Nuclear Safety Authority.

322

15. Teaching of physics

15.3

eEDUSER - eLEARNING WITHOUT BORDERS
P. Granholm
Turku Polytechnic, Sepänkatu 1 20700 Turku, Finland

The eLearning initiative “eLearning: Designing tomorrow’s education”, adopted by the
European commission on 24 May 2000, places emphases on creating appropriate conditions for the development of content, services and learning environments relevant to
education [1].
Goals for the eEDUSER project are:
To choose, design and realize a suitable administrative model for a virtual educational infrastructure.
To specify of various Internet based services offered in the pilot consortium network.
To develop pedagogical methodologies and technical solutions linked with implementation of ICT in education.
To develop a education portal www.eeduser.com.
To develop synchronous and asynchronous modules for the portal. e.g. module #10
“Basics of Environmental Physics”.
To organize training sessions.
The project finds its target groups in administrators, teachers and students at High-school
and university level as well as home learners.
The eEDUSER project is a cooperation between ten different European partner’s with
the coordinator at the Faculty of Electrical engineering and Informatics at the Technical
University of Košitce in Slovakia.
The project (number SK/02/B/F/PP142256) is carried out with support from the European
Community in framework of Leonardo da Vinci II Programme.
[1] COM(2001)172 final 28.3.2001
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THE BOLOGNA PROCESS
K. Kaila
Department of Physical Sciences, P.O.Box 3000, 90014 University of Oulu, Finland

The university level studies are changing in 2005. The Bologna process is under developing in different universities and colleges in Finland. Where we are going now and what
will be during 2005? Every university and department should decide their programs. In
a good case they could follow the national program of different physical departments.
What the candidate studies will be and how to proceed to master program? Also the
bridge studies for candidates from different fields will be thought before September 2005.
This lecture will be an initialization of the present situation and the audience is welcome
to discuss about this topic.

324

LIST OF AUTHORS

Aaltonen J., 313
Aavikko R., 195
Ahlgren T., 31
Ahopelto J., 223
Aikio A., 174, 175
Aikio J., 296, 297
Aikio M., 296
Aittola M., 94
Akola J., 226
Aksela H., 36, 37, 39, 41, 43–51
Aksela S., 36, 39, 41, 43–51, 188, 312, 319
Ala-Nissilä T., 22, 264
Alanko K., 184, 185
Alanko S., 52, 53, 300, 304
Alatalo M., 11, 20, 219
Alava M., 21, 271, 311, 315
Alekseev K.N., 119, 237, 285
Alfthan S. von, 13
Alha L., 91, 167
Alles H., 33
Andersson H., 81, 91, 167
Andersson S., 270, 277
Ankudinov A.L., 42
Annila A., 259
Anthore A., 250
Anttila R., 52
Araki T., 15
Arola E., 235
Aronen H.J., 105
Aronniemi M., 19
Arpiainen V., 229
Arutyunov K.Yu., 133–135
Asikainen T., 166
Aucar G.A., 217
Aunola M., 249
Auterinen I., 102
Autrey D., 56
Avati V., 143
Avgoulea M., 73
Avikainen M., 288
Ayuela A., 247
Babkovskaia N., 80
Bae C., 320
Bailey K., 207
Barraclough B.L., 181
Barrio R.A., 256
Baskakov O.I., 55
Bayat S., 101

Beauvivre S., 89
Bergholm V., 155
Berrah N., 47
Berruyer G., 101
Beusang C., 60
Billowes J., 65, 73
Blaauwgeers R., 15
Blomberg L., 168
Boehm J. von, 141
Boyarchuk K., 81
Brander T., 150
Brinke G. ten, 114, 126, 128, 129
Buchter S., 289, 291
Buta R., 85
Bäcklund T.G., 113, 140
Caló A., 36, 44
Campbell P., 65, 73
Canfield B.K., 293
Carmeli C., 40
Cattaneo S., 292
Cerny J., 58
Chankova R., 64
Cheal B., 73
Chorkendorff I., 18
Chvoj Z., 22
Cifelli M., 215
Collan J., 103
Collier M., 179
Cramariuc O., 121
Daly P., 166
Damtie B., 165
Danielides M.A., 178
Delahaye J., 116, 240
Dendooven P., 65
Dewald A., 60
Dong L., 254
Du X., 207
Eberhardt W., 4
Edström C., 296
Eeckhaudt S., 60, 62, 69
Elgarøy Ø., 75
Elo A.-M., 92, 162
Elomaa V.-V., 65
Eloranta E., 322
Eltsov V.B., 15

325

LIST OF AUTHORS

Enell C.-F., 169
Enqvist T., 161, 162
Eremin V., 187
Ernst R.R., 1
Eronen T., 57, 63, 65
Escoubet C.P., 168
Eskola K.J., 149, 158–160
Falck E., 251, 260, 264, 274–276
Fernandez M., 104
Fiedler S., 104
Finne A.P., 15
Flanagan K.T., 73
Flyktman J.T., 250
Forest D.H., 73
Foster A.S., 11, 112, 247
Fraile L.M., 58
Frantz J., 12
Fraser G., 81
Fredriksson K., 259
Friberg A.T., 286, 299
Friedel R., 166
Fritzsche S., 41
Galambosi S., 232
García F., 150
Gardener M., 73
Giazotto F., 250
Gladysheva O.G., 163, 170
Golovanov V.V., 24
Goussev E., 143
Grahn T., 60, 69
Granholm P., 323
Granqvist C.G., 123
Granvik M., 79, 93
Grard R., 168
Green A.M., 147
Greenlees P., 60, 69
Gu G.Q., 254
Gurtovenko A., 273
Guttormsen M., 64
Hager U., 57, 63
Hagert U., 65
Hakala J., 57, 63, 65, 68
Hakala M., 205
Hakala P., 81, 83
Hakonen P.J., 116, 240

326

Hakulinen M., 98, 107
Halvari A., 142
Hannikainen D., 83
Harboe-Sørensen R., 194
Harju A., 132
Harlin A., 114
Hassel J., 240
Haug R.J., 241
Hautakorpi M., 290
Hautojärvi P., 19, 309
Havu P., 222, 230
Havu V., 222
Hedman H-P., 303
Heikelä M., 268
Heikkilä L., 303
Heikkilä P., 114, 187
Heikkilä T.T., 234, 250
Heikkinen A., 150, 151
Heikkinen S., 103
Heilimo J., 91
Heiliö M., 214
Heimonen K., 278–280
Heinola K., 31
Heinonen M., 25, 26
Heinonen T., 40
Heinäsmäki S., 37, 41, 43, 46, 47, 49, 50
Hekking F.W.J., 250
Hellen E., 311
Helminen H.J., 131
Hergert W., 244
Herrala E., 302
Heszler P., 123
Hiltula T., 182
Hiltunen J., 122
Hippeläinen E., 102
Hirsimäki M., 10, 16–18
Hirvonen M., 303
Hjalmarsdotter L., 83
Hoel A., 123
Holma H., 164, 173, 174
Holmgren O., 305, 306
Holopainen J.M., 253, 261, 265
Honkanen H., 159, 160
Honkanen M., 196
Horneman V.-M., 52–54, 304
Howe D., 297
Hu Z.F., 36, 44
Huang J.P., 254
Huhtinen H., 28

LIST OF AUTHORS

Huikari J., 57, 65, 68, 73
Huitti T., 103
Hukka T.I., 121
Huotari M., 281
Huotari S., 205, 232
Huovelin J., 81, 82, 91, 167
Huttula M., 39, 43, 48, 49, 51
Huttula S.-M., 41, 43, 50
Huttunen A., 283, 284
Huttunen E., 179
Hyttinen J., 111
Hytönen V.P., 115
Hyväluoma J., 14
Hyvönen M.T., 251, 252, 260, 263, 268,
275, 276
Häkkilä T., 316
Häkkinen A.-M., 103
Häkkinen H., 245
Hämäläinen K., 91, 167, 205, 232
Hänninen R., 15
Härkönen J., 187
Härkönen M., 196
Häärä A., 307
Hæggström E., 200, 313, 318
Ignatius J., 248
Ikkala O., 114, 126–129, 267, 282, 292
Ikonen A.T.K., 201
Isohätälä J., 237
ISOLDE Collaboration The, 58
Isoshima T., 210, 211
Ispolatov I., 84
Jaakkola A., 214, 298
Jaakkola S., 316
Jaatinen J.J.P., 131
Jaatinen S., 219
Jalkanen P., 135
Janhunen P., 95
Jefimovs K., 293, 301
Joensuu H., 103
Johlander B., 168
Jokinen A., 57, 58, 63, 65, 68
Jokisaari J., 202, 215, 218
Jonauskas V., 39
Jones P., 60, 69
Josset J.-L., 89
Joutsenvaara J., 161, 162
Julin R., 60, 69

Junell P., 10
Junes H.J., 33
Jurvansuu M., 45
Jurvelin J.S., 98, 100, 106, 107
Juska G., 220
Jussila J., 173, 174, 178
Jussila S., 125
Juutinen S., 60, 69
Jämsen T., 92, 161, 162
Järvinen J., 316
Järvinen M., 143, 156
Jäsberg A., 14
Jääskeläinen J., 103
Kaasalainen M., 90
Kaila K., 164, 173, 324
Kaivola M., 214, 286, 289–291, 298, 299
Kakanakov R., 313
Kalantar A., 139
Kallio E., 95, 96
Kalliopuska J., 143, 155
Kallunki J., 311
Kamanin D.V., 71
Kangasmäki A., 103
Kankaanranta L., 103
Kankainen A., 58, 65, 68
Kantola A.M., 216
Karhu H., 139
Karinen A., 180, 183
Karjalainen R., 87
Karjalainen S., 103
Karjalainen-Lindsberg M-L., 104
Karppinen T., 317, 318
Karttunen M., 84, 251, 253, 254, 256–258,
260–262, 265, 266,
269, 272–276
Karvonen J.T., 225
Karvonen P., 65, 68
Kaski K., 13, 256
Kassamakov I., 193, 313
Katainen J., 309
Kataja K., 297, 300
Kataja M., 14
Katajisto H., 150, 190
Kaukoniemi O-V., 130
Kauppinen J., 310
Kauranen M., 278, 292, 293
Kawaguchi Y., 210
Keinonen J., 31, 32

327

LIST OF AUTHORS

Kero A., 176
Keränen P., 77
Kettunen H., 60, 69
Keyriläinen J., 104
Kholkin A., 117
Khuri-Yakub B.T., 200
Kiihamäki J., 307
Kimmelma O., 291
Kimmich R., 3
Kinnunen J., 243
Kinnunen K., 320
Kiri K., 130
Kisko K., 267
Kivimäki A., 51
Kivinen P., 124, 223
Kivioja J.M., 186, 225, 242
Kiviranta I., 100
Knaapila M., 267
Knuuttila J.V., 305, 306
Koikkalainen J., 192
Koistinen A., 199
Koivisto H., 135, 189, 194
Kokko K., 219, 227, 244, 246
Kokkonen K., 305, 306
Kolhinen V.J., 158
Kolhinen V.S., 57
Kollar J., 246
Komsa H.-P., 235, 236
Komulainen H., 288
Konotop V.V., 285
Kopecky S., 57, 63, 65
Kopnin N., 15
Koponen A., 14
Koponen I., 12
Koponen J., 147
Koponen T., 283, 317
Koppinen P., 133
Kopu J., 15
Korhonen H., 131, 197
Korhonen R.K., 106, 131
Korpela S., 81, 91
Korpelainen V., 137
Kortelainen M., 59
Korteniemi J., 94
Kortesniemi M., 103
Korth A., 178
Kosch M., 164
Koskela T., 218
Koskenvuori M., 307

328

Koskinen H., 91, 179
Koskinen M., 136, 221
Koskinen P., 136
Koskinen V., 310
Kosonen H., 128, 129, 292
Kostama V.-P., 94
Kotiluoto P., 102
Kouri M., 103
Kovala P., 312
Kovaltsov G.A., 163, 170
Kozelov B., 178
Kozelova T., 178
Krasheninnikov A.V., 138
Krusius M., 15
Kröger H., 107, 131, 199
Kröll T., 60
Kujala S., 293
Kukk E., 36, 41, 43, 44, 47–51, 312
Kulju T., 161, 162
Kulmala V., 244
Kulomaa M.S., 115
Kundzinsh K., 117
Kurki-Suonio H., 8
Kuronen A., 13
Kurvinen K., 81, 143
Kusler B., 200
Kusmartsev F.V., 119, 231
Kuwata-Gonokami M., 301
Kuzmin M., 228, 233
Kyllönen K., 53
Kyrölä E., 171
Känsäkoski M., 300
Kärki O., 209
Kärkkäinen K., 221
Könemann J., 241
Köster U., 58
Kövér Á., 45
Laakkonen J., 197
Laakkonen P., 302
Laakso A., 195
Laakso H., 168
Laaksonen K., 227, 236
Laane J., 56
Laasanen M.S., 100
Laasonen K., 11
Lagerkvist C.-I., 91
Lahtela H., 94
Lahtinen J., 19, 309

LIST OF AUTHORS

Lahtonen K., 16, 17
Laiho T., 26
Laitinen P., 187
Laitinen T., 114, 282
Lampen T., 190
Lampimäki M., 16, 17
Lantto P., 217
Lantto V., 122, 123, 281
Lappalainen J., 122, 123
Lappalainen R., 97, 98, 106, 108, 109, 131,
197–199
Lassila A., 137
Lassila I., 318
Lassila-Perini K., 154, 187
Lauhakangas R., 143
Laukkanen J., 91, 167, 277
Laukkanen P., 228, 233
Laurikainen E., 86
Laurson L., 21
Lazutin L., 178
Lebreton J.P., 168
Lehtinen M., 165, 172
Lehtinen P.O., 247
Lehtola M., 92, 161, 162
Lehtomaa J., 302, 304
Leidenius M., 104
Leino M., 60, 69, 120
Leinonen J., 103
Leiro J.A., 25, 26, 244
Lepistö T., 17, 196
Leppänen A.-P., 60, 69, 72
Leppänen T., 256
Levoska J., 117, 238
Li Z., 187
Likonen J., 31
Lindberg J., 299
Lindell R.K., 116, 240
Linder M.B., 267
Lindfors K., 286, 299
Lindvall T., 214, 298
Lisal J., 314
Lohilahti J., 53–55
Loo K., 161
Loos E., 319
Louhivuori M., 259
Lounila J., 202
Lu Z.-T., 207
Luckhurst G.R., 216
Lundbom N., 103

Luukanen A., 320
Luukka P., 144, 187
Lyapin V., 67
Lönngren A., 103
Lönnroth T., 64, 70
Ma Y., 247
Maalampi J., 77
Maaranen J., 308
Maasilta I., 225, 320
Machida K., 210
Maierbeck P., 60
Maisala S., 82
Majaniemi S., 208
Makkonen T., 306
Malkiewicz T., 67
Malmivuo J., 111
Mannila V., 102
Manninen J., 177
Manninen K., 245
Manninen M., 136, 221, 226, 245
Manninen P., 203
Manninen S., 205
Marentis T.C., 200
Markkanen M., 172
Marklund G., 168
Markov I.A., 55
Marola N., 155
Marsh B.A., 73
Marsh N., 163
Martini D., 183
Masin M., 22
Mattila A., 232
Mattila A.-J., 300
Mattila H., 54
Mattila S., 25, 26, 233
Mattila T., 307
Maunu S.L., 270
McNeile C., 147
Meinander N., 56
Meredith N., 178
Meretoja M., 303
Merikoski J., 30
Merimaa M., 214
MEX HRSC Science Team, 94
Meyer D., 60
Michael C., 147
Miettinen E., 197
Miettinen L., 30

329

LIST OF AUTHORS

Miettinen M.S., 262
Miettinen P., 198
Mikheev G.P., 287
Mikkonen M., 132
Militaru O., 144
Mizushima T., 210
Monfraix S., 101
Moore I.D., 73, 207
Moore R., 73
Morishima R., 88
Mozer A., 220
Muhli P., 83
Muhonen V., 74
Muikku M., 192
Muinonen K., 79, 89–91, 93
Muller P., 207
Multamäki T., 75
Munck N., 269
Mursula K., 92, 95, 163, 166, 180–185
Murtola T., 274
Murzin D.Yu., 139
Mutanen M., 92, 161, 162
Myllys M., 30
Myyryläinen M., 77
Mårtensson N., 2
Mäenpää T., 152
Mäkelä H., 212
Mäkelä M., 96
Mäkelä T., 125, 130
Mäki T., 155
Mäki-Jaskari M.A., 24
Mäki-Ontto R., 129, 292
Mäkinen A., 312
Mälkki A., 168
Määttä M., 50
Möller O., 60
Möttönen M., 191, 206, 213
Narkilahti J., 161, 162
Nemoz C., 101
Nenonen S., 81, 91
Neuvonen T., 99
Niemelä K., 132
Niemelä P., 252, 263, 300
Niemi E., 23
Niemi H., 149, 159
Nieminen A., 57, 63, 65, 68, 73
Nieminen J., 23, 229
Nieminen M.T., 100

330

Nieminen P., 60, 69
Nieminen R.M., 112, 141, 222, 230, 236,
239, 241, 247, 248
Niinimäki K., 109
Nikkinen J., 44, 45, 47, 50, 51
Nikunen P., 257, 258
Nilsson A., 205
Niskanen A.O., 186
Nissi M.J., 100
Nordlund K., 12, 32, 138
Nuottajärvi A., 320
Nurmenniemi S., 92, 161, 162
Nygrén T., 165, 172, 175
Nygård K., 167, 277
Nykänen A., 114, 129
Nyman M., 60, 61, 69
O’Connor T.P., 207
Obraztsov A.N., 287
Ochvinnikov V., 187
Ohmi T., 210
Oikarinen A., 177
Oinonen M., 145, 153, 193
Oja A., 307
Ojala I., 27
Ojanen J., 235
Oksman A., 288
Oljemark F., 143
Olkkonen J., 297
Orava R., 143, 155
Osmekhin S., 50, 51
Ottela M., 155
Paajanen M., 309
Paananen A., 269
Pakarinen J., 60, 69
Palmieri V.G., 143
Paraoanu Gh.-S., 142, 224
Paraoanu S., 124
Parshin A.Ya., 33
Partanen L., 39, 51
Pasanen L., 161
Patra M., 251, 253, 260–262, 265, 266, 269,
273–276
Paturi P., 27–29
Peiponen K.-E., 288
Pekola J., 142, 223
Pekola J.P., 186, 242, 250
Pelli A., 195

LIST OF AUTHORS

Peltomäki M., 271
Peltoniemi J., 92, 161, 162
Pelttari A., 131
Pelttari L., 86
Pentti E., 34
Penttilä A., 37, 46, 51
Penttilä H., 65, 68, 73
Perea Solano B., 144
Perkiö J., 105
Perkowski J., 67
Permi P., 259
Peräjärvi K., 58
Perälä R.E., 228, 233
Pettersson L.G.M., 205
Peura M., 277, 317
Peurla M., 28
Pietarinen J., 302
Pietiläinen P., 118, 119, 237
Piipponen K., 110
Piirola P., 148
Pirojenko A., 187
Pirojenko S., 194
Pitkänen H., 20
Pivrikas A., 220
Plessky V.P., 306
Polvinen R., 196
Pomoell J., 138
Ponomarev A., 285
Popov A., 65, 68
Porra L., 101
Poutanen J., 76, 80
Priimägi A., 292
Prunnila M., 223
Puisto A., 11, 20
Punkkinen M.P.J., 227
Punkkinen O., 264
Punkkinen R., 303
Pusa S., 192
Puska M.J., 222, 230, 239, 241, 248
Puurtinen M., 111
Pyatkov Yu.V., 71
Pääkkö M., 114
Pääkkönen K., 259
Pöyry P., 102
Radivojevic Z., 145, 153, 193
Raebiger H., 141
Rahkila P., 60, 69
Rahola T., 192

Raiskinmäki P., 14
Raita T., 172
Raitala J., 94
Raittila J., 27–29
Ramaswamy S., 14
Rantakari P., 307
Rantala T.T., 24, 120, 121, 229, 235, 236
Ranttila K., 194
Rasilainen M., 103
Rautiainen P., 85
Rehr J.J., 42
Reimann S.M., 136, 221
Reurings F., 195
Reyes L.F., 123
Ricsoka T., 45
Ricz S., 45
Rieder K.-H., 23
Rieppo J., 100, 106
Rietveld M., 164
Riihelä P., 96
Riihimäki I., 187
Riikonen K.-P., 133, 134
Riittinen J., 77
Rinta-Antila S., 57, 63, 65, 68
Ritala J., 91
Rius i Riu J., 48, 50, 51
Rodríguez M., 243
Romero R.H., 204
Ropo M., 246
Rost M., 271
Rosti J., 315
Rouby X., 144
Ruohoniemi M., 175
Ruokolainen J., 114, 128, 129
Ruotsalainen T., 114
Rusanen M., 12
Ruuskanen P.V., 149, 159
Rydman W., 31
Rytkönen K., 226
Rytsölä K., 195
Räsänen E., 241
Räsänen S.S., 149, 159
Saarela M., 231
Saarikko H., 143
Saarikoski H., 239
Saarinen K., 195
Sadowski J., 228
Saha B., 60

331

LIST OF AUTHORS

Saijets J., 125
Saito N., 301
Salgado C.A., 160
Salli E., 99
Salmela I., 279, 280
Salmi T., 139
Salminen L., 315
Salo H., 78, 85–88
Salo J., 38
Salo P., 219
Salomaa M.M., 191, 206, 210, 211, 213,
305, 306
Salonen E., 253, 261, 272
Sandberg H.G.O., 113, 140
Sankari R., 45, 46, 50, 51, 188
Santavirta S., 108
Santavirta S.S., 199
Sarén M.-P., 255
Saranpää P., 277, 317
Sariciftci N.S., 220
Sarkamo J., 161, 162
Sarkkinen H., 304
Satyanarayana C., 218
Saukko S., 123
Saunavaara J., 215
Savin A.M., 223, 250
Savolainen M., 133, 134, 242
Savolainen S., 102, 103, 105
Scheffler M., 5
Schiller A., 64
Schmidt W., 95, 96, 168
Schoeller J., 305
Scholey C., 60, 69
Schultz J., 82, 83
Schüssler M., 184
Selenius M., 108
Sepponen R., 110
Seppä H., 186, 240, 307
Seppälä T., 102
Seppänen H., 145, 153
Seppänen T., 296
Serén T., 102
Serimaa R., 104, 126–129, 255, 267, 270,
277, 282, 317
Setälä T., 286, 299
Shen C., 161, 162
Shevchenko A., 214, 289, 290, 298
Shimano R., 301
Shirley E.L., 42

332

Shvartsman V., 117
Sierpowska J., 98, 109
Siitonen S., 302
Siljamäki S., 132
Sillanpää I., 95
Sillanpää M.S., 116, 240
Silvennoinen R., 288
Sirviö J., 321
Skrbek L., 15
Slavin J., 179
Smitten K., von, 104
Soininen J.A., 42, 232
Solanki S.K., 184
Sonin E., 116
Sovijärvi A.R.A., 101
Stavenga D., 7
Steichen W., 306
Stenberg J., 81, 91
Stenholm S., 38
Stubb H., 113, 140, 220
Sugimura A., 216
Suhonen H., 104
Suhonen J., 59, 66
Sulzer M.P., 6
Sunde A.C., 64
Suominen K.-A., 209, 212
Suominen P., 189
Suopajärvi P., 296
Suopanki A., 196
Suortti P., 101, 104
Sutton A., 13
Svensson S., 188
Sverdlov V., 132
Svirko Yu., 287, 301
Szabo A., 179
Säles T., 96
Taipaleenmäki T., 231
Tannemyr M., 296
Tanskanen P.J., 95, 181
Tapprogge S., 143, 155
Tappura K., 269
Tarvainen O., 189
Taskinen L.J., 225
Tchaplyguine M., 188
Telkki V., 202
Tenhu H., 129
Terama E., 253, 261, 272
Thomlinson W., 101

LIST OF AUTHORS

Thompson G., 147
Thuneberg E., 9, 35
Tiitta M., 198
Tiitu M., 126
Tilli M., 308
Timimi B.A., 216
Timonen J., 14, 30
Timonen M., 103
Tittonen I., 214, 291, 298, 307
Tjukanoff E., 316
Todoshchenko I.A., 33
Toigo A., 40
Toivanen J., 66
Tolonen Y., 255
Toppari J., 142, 242
Toppinen A., 143
Torkkeli M., 126–129, 267
Toropainen A., 97
Torppa J., 90
Torsti T., 248
TOTEM Collaboration, 143
Touboltsev V., 133, 135
Trzaska W., 67, 71, 145, 153
Träskelin P., 32
Tsepelin V., 33
Tsubota M., 15
Tuma R., 314
Tungate G., 73
Tuominen E., 187
Tuominen T., 105
Tuoriniemi J., 34
Tuovinen E., 187
Tuppurainen J., 97
Turku J., 114
Turunen E., 169, 171
Turunen J., 81, 293–295, 301
Turunen S., 109
Turunen T., 176, 177
Tuukkanen S., 115
Tyunina M., 117, 238
Törmä P., 115, 124, 223, 243, 283, 284
Töyräs J., 100, 107, 199
Ulich Th., 169, 171
Ungaro D., 187
Usoskin I.G., 92, 163, 170, 184, 185
Uusi-Simola J., 103
Uusitalo J., 60, 69

Vaara J., 203, 204, 217
Vaara R.-L., 228, 233
Vahimaa P., 294, 295, 301
Vainio U., 267, 282
Vainonen-Ahlgren E., 31
Valden M., 10, 16–18, 196
Valkama J., 130
Valkama S., 128, 129, 292
Vallius T., 294, 295, 301
Varga D., 45
Vartiainen J., 191
Vasama H., 296
Vasilyev S., 316
Vattulainen I., 22, 251–253, 257, 258,
260–265, 268, 269,
272–276
Vehviläinen T.T., 247
Vepsäläinen M., 157
Veracini C.A., 215
Verbitskaya E., 187
Verronen P., 169, 171
Viefers S., 136
Vihinen P., 193, 313
Vilppola J., 95, 181
Vippola M., 17, 196
Virtanen A., 187, 194
Virtanen H., 97
Virtanen J., 79, 93
Virtanen J.A., 115
Virtanen P., 234
Virtanen S.M.M., 206, 213
Virtanen T., 35
Vitos L., 227, 246
Vogt R., 158
Voiculescu M., 175
Voinov A., 64
Volk N., 126, 127
Volovik G.E., 15
Voutilainen M.A., 154
Vuorimaa E., 267
Vuorinen A., 146
Vuorinen V., 271
Vähänen M., 201
Vähäsöyrinki M., 278
Välikangas J., 29
Väyrynen I.J., 139, 227, 228, 233
Väänänen M., 167
Väänänen R., 230

333

LIST OF AUTHORS

Wahlund J.E., 168
Wallin A., 314
Wang Y., 65, 68
Warell J., 91
Wathen R., 315
Weckström M., 278–280
Werner P., 303
Wernet Ph., 205
Wiedemann U.A., 160
Wikberg H., 270
Wu C.H., 32
Yamaletdinov S.R., 71
Yaralioglu G.G., 200
Yli-Koski M., 187
Young D., 181
Young L., 207
Yu K.W., 254
Zaratiegui García J., 118
Zauls V., 117
Zengfa H., 51
Zgirski M., 134
Zhang Y., 212
Zonov R.G., 287
Äystö J., 57, 58, 63, 65, 68, 73, 145, 153
Österbacka R., 113, 140, 220
Österberg K., 143, 155

334

LIST OF AUTHORS

NÄYTTEILLEASETTAJAT
Laitenäyttely sijaitsee Linnanmaa keskiaulassa ja on avoinna päivien ajan.

Advanced Vacuum Finland Oy
www.advanced-vacuum.fi

Cheos Oy
www.cheos.fi

CSC Oy
www.csc.fi

Gammadata Finland Oy
www.gammadatafinland.fi

Terra Cognita Oy
www.terracognita.fi

YTM-Industrial Oy
www.ytm.fi

SPONSORIT
Franco Corradi
corradi@staff.it

Cheos Oy
www.cheos.fi

CSC Oy
www.csc.fi

Gammadata
www.gammadata.se/finland/

Melles Griot
www.mellesgriot.com

Nokia Research
www.nokia.com/research/

Oulun kaupunki
http://www.oulu.ouka.fi

Outokumpu Stainless Oy
www.outokumpu.com/stainless/

Pfeiffer Vacuum Scandinavia Ab
www.pfeiffer-vacuum.net

Hotelli Ramada
http://www.hi-helsinkicity.com
/hotelli.cfm?id=raoulu

Specim
www.specim.fi

Vacuumservice Oy
www.pp.song.fi/vacserv/

YTM-Industrial Oy
www.ytm.fi

335

franco Corradi
BULLETINS & TECHNICAL NOTES

METAL WIRES
7102 Fine wires
7102-1 Bonding wires and ribbons
38 Ceramo Insulated wires
7102-15 Chamber wires
7700 Platinum wire for resistance
thermometers
7102-2 Insulated wire for microelectrodes
7725 W
eaving wire clothes
METALS VATIOUS SHAPES
7000 High purity metals
7001 Rare earths
7002 Single crystals
7050 Indium alloy products
7060 High density
Tungsten based Metals
7100-B Evaporation materials
7002-P Metal powders
7102-16 Ultra thin metal foils
7103-T Miniature and precision tubes
7111 V
acuum Evaporation Sources
325-M Laboratory crucibles: Inconel 601,
Molybdenum, Nickel,
Tantalum,
Zirconium, Niobium, V
anadium, etc..
FIBROUS QUARTZ & CERAMICS
8001 Astroquartz cloths
8002-A Braided sleeving
200-300 Fibrous Ceramics
LENSES, PRISMS WINDOWS & SUBSTRATES
7772 Element for laser
, optic and electronic
applications
7803 Single crystals
7804 Optical crystals
80.000 Properties of diamond
THERMOCOUPLES
5035 Fine diameters thermocouple wires
5035-15 Unsheathed fine gage thermocouples
5036 Thermocouple miniature wires
5037 Metal sheathed Insulated cables
5039-1 Chromel/Alumel insulated
thermocouple wire and extension cable
5039-4 Special Insulated and calibrated
Copper/Constantan thermocouple
wire and cable
724-E Practical advice for measuring the
surface temperature of metals not
crossed by electrical current and for
measuring the ambient temperature
5500 Insulated thermocouple / extension wire

PRJECT AND REALIZATION OF TEMPERATURE
MEASUREMENTSYSTEMS WITH ACCURACY
BETTER THAN 10 MILLIKELVIN
20005/3 The RP 7000 Temperature Analyzer.
Input sensors: Platinum resistance thermometers 4
wire connection and shield in quantity of 6, 12, ...
Ro: 25,5 and 100 Ohm
TCR (Alpha): 0,003850, 0,003925 and calibrated
thermometers
Visualization: Degree (°C), (°F), (K)
Temperature range
Accuracy
0°C +50
°C
0,001
°C
-200°C +200
°C
0,005
°C
-200°C +600
°C
0,01
°C
Minimization of the self-heating error in the
thermometers.
Insensitivity to the cable resistance up to 100
Ohm/wire.
High Stability: Autocalibration through internal
reference resistors.
Measurement sequence: free running operation on a
single thermometer or temperature difference
between two thermometers.
Operation: LOCAL with control keys, REMOTE
computer operated, through RS 232 or IEEE 488
CRYOGENIC TEMPERATURE SENSORS
GA300 GaAs Diode thermometers
Range; 1,5 K - 450,0 K
3002 Germanium resistance thermometers
Range: 0,05 K - 100,0 K
RO105 Ruthenium Oxide Sensors
Range: 0,05 K - 273 K
Si 410 Silicon Diode
Thermometers
Range: 1,5 K - 450 K
CRYOGENIC DIGITAL TEMPERATURE
INDICATORS & CONTROLLERS
1900-1901 Input Sensor: Si 410
Alarm setpoint - RS232 Interface
Analog Output
9300-9350 Input Sensor: n. 4 or 8 Si 410
Alarm setpoint - RS232 Interface
Analog Output
9600 Series Controller
. Input Sensor: Si 410 or
Gold 0,07 at%Fe/Chromel P
Thermocouple
9650 Series Controller
Input Sensor:
- 1 Si 410 Silicon Diode
- 1,5K-600K
- 2 Pt Resistance Thermometers - 50K-600K
- 3 Ge Resistance Thermometers - 1,5 K-60K
- 5 Au0,07 at%Fe/Chromel P TC - 1,5K- 550K
- 6 GaAs Diode thermometers
- 1,5K-450K
- 7 Ruthenium Oxide Sensors
- 1,5K-273K
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