Snow water equivalent measurement using Muon Radiography
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INTRODUCTION

Our goal is to detect SWE changes in an acceptable time frame and

Muons reach the surface of the earth with an approximately
constant flux and deviate their trajectory when crossing matter.
These deviations can be measured in order to obtain information or

year 2015/2016 simulated by the Snowpack model.

explore if Muon Radiography can provide a successful monitoring
of SWE.

MATERIALS & METHODS

density maps about the inner state of preferably dense and big

RESULTS
The RMS of the muon scattering angle for different simulated

The next step, is to prove these analysis with real data carrying out

samples, have been studied as a function of the SWE (Figure 3). As

snow measurements with the detectors of the company Muon
Systems.

To analyse this problem using Muon Radiography, firstly the snow

expected, the dependency is compatible with a root square

presenting the capacity of Muon Radiography to help in industrial

has been simulated. We have applied the model Snowpack [3],

function, since the SWE represents the equivalent water column

problems can be consulted in [1]. Here we present a new

which uses the ERA5-Land reanalysis as meteorological forcing, in

height, and therefore is proportional to the material thickness. The

application

non-destructive

the Spanish Pyrenees in a location at 2041 meters above sea level

figure indicates that measurements of about 5 hours allow to

measurement of snow water equivalent (SWE), that is, the water

in the Monte Perdido massif. The simulations cover one year with

clearly monitor and estimate the SWE.

content of the snowpack.

a changing number of snow layers, containing information

Muon

Radiography,

the

The detection system is valid to discriminate SWE changes and
allows to model the SWE evolution successfully.

objects. Previous work done by the company Muon Systems,

of

CONCLUSIONS

Future developments to improve the SWE measurement by muon
radiography involve multivariable and advanced models. The
implementation of statistical techniques based on machine
learning, such as neural networks, and algorithms using maximum
likelihood strategy can contribute to improve the precision

including the density, height and the ice, liquid water and air

obtained in this application.

content of each layer (Figure 1).
Other interesting objective related to snowpack non-invasive
Secondly, we have carried out Geant4 simulations to propagate and

measurements, is to determine the inner structure of the snow

measure muons passing through the snow layers previously

layers. This question needs further research, since it is highly

simulated. The simulated detection system is a virtual copy of real

demanding in terms of resolution.

hardware of the company Muon Systems, a hardware based on 2
Improvements in the muon detectors, like the spatial resolution or

mm resolution multiwire proportional chambers (Figure 2). In

muon momentum estimation, also will help to achieve this

addition, it has to be mentioned that the Geant4 simulations take
Figure 1. Simulation of the snow structure in a location
near Monte Perdido, in the Pyrenees (Aragón, Spain)
In this case study, the measurement target is a column of snow

challenges.

into account the location of detection wires and simultaneous hits
produced by the same muon, reconstructing the detection process
in a realistic way.

Figure 3. Relation between the standard deviation of muon
scattering angles and SWE.
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Figure 4. Actual SWE and model SWE in the hydrologic
year 2015/2016
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