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A starting point

The Muon Telescope
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Muography simulation frameworks

Muon Generation Muon Transport
CORSIKA GEANT4
CRY PHITS
Parametric models
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Detector Simulation
GEANT4
PUMAS
MUSIC




MUographY Simulation Code
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MUYSC: Muon radiography



Topography
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Ray tracing: Cerro Machin

Telescope angular aperture
Telescope angular resolution
e Telescope position

e Telescope elevation angle
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Muon generation: parametric models
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Muon transport: Muon energy loss in standard rock
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Traversing muon flux: Estimation
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Traversing muon flux: Cerro Machin

N ) .
..:_///u/‘ﬁu\w/, _7 Y, f

12

3

EG
¢-azimuth [degree]

[

2

210 7

6 9 12
azimuth [degree]

3

[

L

4

J. Pefia-Rodriguez (BUW-UIS)



MUYSC: Muon tomography




Observation points: Cerro Machin
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Reconstruction: Algebraic Reconstruction Technique
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Reconstruction: Cerro Machin
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MUYSC: Telescope
parameterization




Solid angle and acceptance
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and S(rmn) =

T (rm,n) = S(rm,n) % 0Q(rm.n), where 6Q = tA

rm,n

J. Pefia-Rodriguez (BUW-UIS)

@
/7.1
P
-
4



(=
S
=)
(]
.Z
(9]
)
(V]
=
(]
=
(o]
(=8
(V]
T
=
b

[4s,w>d] @>ueidaddy
o 1w o w o

~ — — © © < ~

3.5

MmN N — — =]

O, [deg]
[deg]

o

by o w s o n o m oo om oo on oo B
Q ? 2 2 ] 7 HEEEE] ? 2 42§ &
[62p] “@ [62p] “0
o _oEu_ :.Mx o o [4sc_01X] 3|bue pijos

Q ©° 0 8 a 8§ & 8 R
il o o — s s S o o
| oeee— |

o5 [deg]
0 5
O, [deg]

5

bapl %0 160p] ‘0

J. Pefa-Rodriguez (BUW-UIS)



Summary & outlook



Python-based code for moun radiography and tomography

Open source and easy to install

Evaluates telescope design parameters: resolution, positioning '\ \:

e Estimates traversing muon flux, observation time, //7\/’-’-‘-‘\?
transmission matrices, detector muon rate... 4 A
e Takes into account muon flux screening é%
e Optimizes minimum number of projections for muon Y 4

tomography reconstruction -
N
e Fast: 50 x 50 pixel muogram in ~ 2min A
%
It doesn't pretend replace MonteCarlo codes as GEANT4, L
CORSIKA for detailed studies. y/\
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What's going on?

‘GRANDES REPRESAS.
Y EBALSES

Grandesrepresas para
eneracen nerosicinea

venszueis

arasic

e Evaluate detector requirements for cracking, \/<

piping, and void inspection
, e Standard STL 3D files /,\
- {
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twitter @geoactivismo <
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Gracias!
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Validation
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Muon transmission and observation time
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Energy loss error
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