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Cosmic-ray muography: a new method for imaging and monitoring density variations in
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Atmospheric muons are short-living elementary particles generated in the upper atmosphere by
primary cosmic radiation. The deep penetrative power of muons in geological materials is
exploited in muography to reconstruct density maps of the object of interest. We propose this
novel passive astroparticle geophysical method called muography offers new opportunities for
researchers of the Arctic environment. Muography is reminiscent of medical X-raying in that the
attenuation of radiation forms the basis of imaging. However, muography operates in scales of
hundreds of metres instead of just a few metres, like with X-rays. Another significant difference
is that muons are natural, and one does not need to generate radiation like in X-ray-based methods.
In fact, generating muons is possible only in large particle accelerators.
Mineral grain sizes and shapes are important factors influencing soil porosities and their density
profiles. Hence, muography may be useful in determining soil packing, porosity and structure.
We propose that muography is not only suitable for imaging Arctic soils and landforms for these
parameters but also for long-term monitoring of processes that are capable of changing soil bulk
densities (Holma et al., 2022). Optimal environments include, for example, steep
geomorphological landforms experiencing thawing permafrost. Such objects of interest can be
found, for instance, in some Arctic coastal regions. The benefits of applying muography in these
and other suitable Arctic environments include at least: improved and confirmed estimates on
permafrost thawing rates, an improved understanding of the melting process and internal structure
of the target volume, detection of high-porosity soil layers, and monitoring of water table levels.
Our assumptions are based on the idea that thawed Arctic soil has, on average, a lower density
than that under permafrost and the general notion that saturated soils are adequately denser than
their dry counterparts. However, some moisture loss is required for the former to be true.
The actual possibilities of muography for research of processes and palaeo-environmental
changes in the Arctic require a more profound analysis of the scale of local density contrasts and
the nature of the given scientific object. We look forward to collaborating with any research
projects interested in piloting muography in their respective case studies.
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