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To build and share a useful tool for simulations in:
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South North
King’s Grand
MUON RADIOGRAPHY et Bl Gatary
Queen’s —— X
chamb -
Subterranean chamb T
CEA
detecto
muon detectors
MU

MUON TOMOGRAPHY

DETECTOR CALIBRATION




Nicola Zurlo Muon4Future 2025

Differential flux at different angles

flux as a function of the energy
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EXPERIMENTAL DATA taken as reference
Parametrisation

EcoMug Monte Carlo GENERATOR
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Fig. 2. Definition of the coordinate system used in EcoMug.
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EcoMug Monte Carlo GENERATORS

Planar, horizontal generation (“Flat Sky”)
Cylindrical generation

Half-spherical generation
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~ generated @ distribution

~ @ distribution detected on a 1 m radius circle on the floor
(cosmic generation on a 10 m side square at z=5 m)

- @ distribution detected on a 1 m radius circle on the floor
(cosmic generation on a 20 m side square at z=5 m)
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"~ equivalent @ distribution for generation on a horizontal plane

[ 0 distribution detected on a 1 m radius circle on the floor
(cosmic generation on a 2 m radius cylinder with heigth = 5 m)
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"~ equivalent @ distribution for generation on a horizontal plane

[ 0 distribution detected on a 1 m radius circle on the floor
(cosmic generation on a 2 m radius cylinder with heigth = 5 m)

@ distribution detected on a 1 m radius circle on the floor
(cosmic generation on a 2 m radius cylinder with heigth = 10 m)
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1 equivalent @ distribution for generation on a horizontal plane

w0 distribution detected on a 1 m radius circle at z=4/3 m
(cosmic generation on a 2 m radius sphere)

1 @ distribution detected on a 1 m radius circle at z=4/3 m
(cosmic generation on a 4 m radius sphere)
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Notice that in this case
the density of “muon sources” is not uniform!
(all the angles are coupled but ¢o)

muons generated
per unit area

™~ (A.U.)




Computational time:
it Is between 3 :10°> and 106 muons per second
depending on the generation scheme
on a (fairly old) CPU
2,2 GHz Intel Core i7 (2015)



Conclusions

We have briefly presented a Monte Carlo
generator for secondary cosmic ray muons
(EcoMug)

main EcoMug FEATURES:

written in C++

designed to be included as a header file

fully integrated in Geant4

3 different generation surfaces (SetGenerationMethod())
customisable parametrisation (SetDifferentialFlux())
customisable range of the involved variables, if needed
there is a version compiled and integrated in Mathematica

It can be downloaded at:
https://github.com/dr4kan/EcoMug

under the GPL-3.0 license

see also for documentation
https://drdkan.github.io/EcoMug/class_eco_mug.html



https://github.com/dr4kan/EcoMug
https://dr4kan.github.io/EcoMug/class_eco_mug.html
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DETECTOR CALIBRATION



AEQIS experiment @CERN Antiproton Decelerator
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Calibration with cosmic rays
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hPMT1Fit hPMT2Fit

Mean 539.5 Mean 612.6
Std Dev 468.3 Std Dev 453
Integral  6.452e+04 Integral  6.465e+04

1031 1031

Coincidence rate = 1.5 Hz Coincidence rate = 1.5 Hz
Max at 315.0 QDC counts Max at 475.8 QDC counts




Monte Carlo simulation of cosmic rays

the full apparatus has been implemented in Geant4 via Geant4VMC

Distribution of the energy
released in the slab
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