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Muography is an imaging technique that uses the attenuation of a natural radiation: the flux 
of atmospheric muons. It is particularly well suited to the study of large structures such as 
volcanoes. The integrated density map of the target [1] is inferred through an inversion 
procedure from the count of muons transmitted across a target. Building a 3D tomographic 
image from several radiographic maps is non-trivial because of the limited number of 
radiographies that can be taken. In other words, the tomographic problem is mathematically 
ill-posed because it is under-determined. Three-dimensional imaging is therefore inferred 
either through a regularisation procedure [2], or by combining muographic data with those 
obtained from standard geophysical measurements, such as gravimetry [3][4] or seismicity. 
 
After imaging the puy de Dôme vulcano, the LPC's muography team is now studying an 
active hydrothermal system, Vulcano, in the Aeolian Islands, Italy. The 2D reconstruction 
algorithms developed for puy de Dôme need to be transposed to the study of this new 
target and optimised by considering its favourable characteristics (smaller size, presence of 
a well-defined crater allowing, in principle, good calibration of the muon telescope). The 
potential of measurements using two telescopes to identify substructures in the volcano 
needs to be quantified as a function of the duration of data collection and the performance 
of the telescopes (e.g. spatial resolution, background rejection power, effective detection 
area). 
 
Another fundamental question that the Vulcano study should make it possible to answer 
concerns the length of time it takes to collect the data needed to highlight structural changes 
in the volcano, once its internal structure is known. Deep learning algorithms should 
significantly increase the speed of anomaly recognition in the data. The integration of 
muography into active volcano monitoring systems will depend on this speed of anomaly 
identification. 
 
Advanced knowledge of particle physics is required for this internship. The muons used in 
muography undergo stochastic interactions as they propagate through the volcano and 
must be identified in a background that exceeds them by several orders of magnitude. The 
simulation, reconstruction and analysis chain in C/C++ is complex and relies on software 
such as PUMAS [5], GEANT4 [6] and ROOT [7].  A good knowledge of C/C++ and 
Python is required. 
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A successful  internship can be continued be continued by a PhD. 
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