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Tipos de detectores



Procesos fisicos de interaccion particula-materia

charged particles
electron—hole Cherenkov
Process ( creatnon ) ( ionisation ) ( excntatlon) Gremsstrahlun) ( - dnatlon )

semiconductor o . threshold
Detector ( AGtEtaTe ) (gas detectors) (scmtnllators) (calonmeters) C: Sy RICH)

low energies medium energies high energies
< 100 keV 100 keV 5MeV = 5MeV
Process ( photoeleciric C°mp‘°“ pair production )
effect scattering

¢ $ %

photomultiplier, semiconductor :
Detector (Kr, Xe detectors) ( datoctons calorimeters




Detectores gaseosos

lonization Chambers-‘ Camara de chispas
® ®

e
o

Radiation %

Meter

Charging Gas

La radiacion ioniza las moléculas del gas produciendo iones y
electrones.

Los electrones son atraidos hacia el electrodo positivo y los iones
con carga positiva hacia el electrodo negativo, produciendo una https://www.youtube.com/watch?v=Uf_0-eODN4Y
corriente eléctrica en el circuito. &ab_channel=PIEUCM



https://www.youtube.com/watch?v=Uf_0-eODN4Y&ab_channel=PIEUCM
https://www.youtube.com/watch?v=Uf_0-eODN4Y&ab_channel=PIEUCM

lonizacion

Atomo neutro + electrdén = ion negativo

Atomo neutro — electrédn = ion positivo

Si una particula cargada posee la
energia minima necesaria para
arrancar un electron de un atomo
neutro, puede ionizar el atomo.

Los rayos cosmicos o radiaciodn
ijonizante son los responsables de
la jonizacidén atmosférica.



Creacion de pares electron-hueco

Banda de conduccion Banda de conduccion Banda de conduccion
- .
v »
E=EG _ S
EG \) Excitacion Recombinacion
A4 ‘.\v- . T
@ @ @ o - @ @ . @ e
Banda de valencia Banda de valencia Banda de valencia
@ Electron O Hueco \) Foton

Figura 1.14. Generacion del par electron-hueco.



Centelladores y fotomultiplicadores

muon

Incident Particle
Aluminum tape
Lost photons

Luminous

Photon Secondary —
/ To PMT or SiPM

High Voltage

-t Source
Photo;l\ectron
‘\ ,""\\\ . p
i ARy ‘ L Pulse discriminator,
T ! " e b ~ | N ) |
Lost ? L A ' W -
\}
photons |

A

digital counter,
multichannel analyser
> or
coincidence curcuit
TLight Screen
CWLS | fib N —TL
optical fiber Photoelectron | High Voltage Divider
Scmnllator & Pulse Amplifier V4
Photo Cathode
Photo multiplier
Light Guard

Optical Contact

Scintillator

Data storage 5
system




Excitacion

Energy

Internal conversion

and

vibrational relaxation

Absorption

Vibrational
relaxation

Intersystem
crossing

Fluorescence

AN

Phosphorescence

AN

k4 Y

T = nsec. - Usec. Fluorescence
T = Usec. - mins Phosphorescence

Fluorescence intensity

Stokes shift

Excitation Emission

450 500 550 600 650 700
Wavelength (nm)



Efecto fotoelectrico

photons beam hotoelect
\ above threshold photoelectrons
La incidencia de fotones

’

sobre un material puede
liberar electrones, siempre y
cuando tengan la energia |

suficiente para arrancarlos. \\\\\ /p
La energia de los electrones \ f
emitidos no depende de la p

intensidad de 1la radiaciédn

que le llega, sino de su o © © o o o o

. o
frecuencia. () ) o © o o o




Calorimetros

https://www.youtube.com/watch?v=pQhbhpU9Wrg&t=28s&ab_channel=CERN

| I 1 I 1 | 1 |
om im 2m im am 5m 6m m
Key:
Muon

Electron

Charged Hadron (e.g. Pion)

— — — - Neutral Hadron (e.g. Neutron)
----- Photon

Silicon
Tracker

Electromagnetic
], " Calorimeter
a4

ALY

......
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i
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https://www.youtube.com/watch?v=pQhbhpU9Wrg&t=28s&ab_channel=CERN

Bremsstrahlung (Radiacion de frenado)

Radiacion electromagnética
producida por la
desaceleracion de una
particula cargada debido al
campo eléctrico producido por
otra particula con carga

11


https://es.wikipedia.org/wiki/Part%C3%ADcula_cargada

Detectores de radiacion Cherenkov



|BEDUBE e

Boums Poue NIIU“IINIJ DEBIRVETIRY

https://www.youtube.com/watch?v=rSwblL2coz Y&
ab channel=lceCubeNeutrinoObservatory

https://www.youtube.com/watch?v=eybbrQVN3F4&
ab channel=lceCubeNeutrinoObservatory

Amundsen-Scot
Pole Station, A

set 125 meters apart A National Science Fou
managed research facili

IceCube Laboratory 86 strings of DOMs,

Data is collected here and
sent by satellite to the data
warehouse at UW-Madison

Digital O t:cal
Module (DOM) 2450 m

5,160 DOMs
deployed in the ice

v-u
I

Antarctic bedrock

cascade signature

track signature double bang signature

e [l patrén en cascada (izquierda) es un patron tipico de un neutrino electrénico.

e Cuando un neutrino muénico interactua en lceCube crea un muén como particula secundaria, que cruza todo el detector dejando una
traza de luz (centro).

e El patrén de doble explosion (derecha) es producido por un neutrino taudnico, que interactua con el hielo creando una cascada
hadrdnica (la primera cascada de color rojizo) y un tau, el cual decae casi inmediatamente creando una segunda cascada de particulas de

color verdoso.
13


https://www.youtube.com/watch?v=rSwbL2coz_Y&ab_channel=IceCubeNeutrinoObservatory
https://www.youtube.com/watch?v=rSwbL2coz_Y&ab_channel=IceCubeNeutrinoObservatory
https://www.youtube.com/watch?v=eybbrQVN3F4&ab_channel=IceCubeNeutrinoObservatory
https://www.youtube.com/watch?v=eybbrQVN3F4&ab_channel=IceCubeNeutrinoObservatory

Radiacion de Cherenkov

Angulo de emision Cherenkov

o

C

o

)
0

|
1
™~
|
|~

Ocurre cuando una
Flugbahn particula cargada viaja
\ con una velocidad mayor

a la de 1la luz en un
medio dieléctrico.

// Kolanoski, Wermes 2015
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Los Leones

https://www.youtube.com/watch?v=cBgUHPyvjhU&ab_channel=UniverzavNoviGorici%2FUniversityofNovaGorica

https://www.youtube.com/watch?v=1Z0RGubbOes&ab channel=CONICETDialoga
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GEANTA4



GEANT4

A SIMULATION TOOLKIT

Geantd https://geant4.web.cern.ch/node/1

Overview

Geant4 is a toolkit for the simulation of the passage of particles through matter. Its areas of application include high energy, nuclear and
accelerator physics, as well as studies in medical and space science. The three main reference papers for Geant4 are published in Nuclear
Instruments and Methods in Physics Research A 506 (2003) 250-303cF , |IEEE Transactions on Nuclear Science 53 No. 1 (2006) 270-278c7
and Nuclear Instruments and Methods in Physics Research A 835 (2016) 186-22507 .

Publications Collaboration

User Support

technology transfer and and information for results from experiments
other uses of Geant4 users and developers and publications

organization and legal 17
information


https://geant4.web.cern.ch/node/1

¢ Como detectamos particulas?

charged particles

z “\e‘\o Gleciion--faid ionisation excitation bremsstrahlung Chiptenlay
creatlon radlatlon

Modelo estandar o¥
, c\ semiconductor ", . threshold
de partlculas oe‘e Tetanfors gas detectors scintillators calorimeters counters, RICH

charge - 2/3 213 23 0 0 I I
spin = 112 y 12 g 12 3 1 0

up charm top gluon | t';gggﬁ
=4.8 MeVic* =05 MeV/ic* =4.18 GeVic? 0 . . . N .
- " e vl @ low energies medium energies high energies
@@ | < 100keV 100 keV/ — 5 MeV > 5 MeV

N

. @I- @I @ |l pair production

down strange bottom photon _ * ‘
0.511 MeVic? 105.7 MeVic? 1.777 GeVic* 91.2 GeVic*
. - . . ( photoelectric ( Compton >

2 effect scattering

electron muon tau Z boson 8
7)) <2.2eVic* <0.17 MeVic? <15.5 MeVic? 80.4 GeVic* 8 * * ‘
= |o 0 0 1 AR w =y 2
o j M w hotomultiplier, semiconductor :
T Dﬁ 1@ "2 1@ 1 2 P P calorimeters
& electron muon tay Whin | % Kr, Xe detectors detectors
=3 neutrino neutrino neutrino T)
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Aplicaciones

High Energy Physics Space and Radiation Medical Technology Transfer

https://geant4.web.cern.ch/applications

19


https://geant4.web.cern.ch/applications

Medical Applications

Geant4-DNA project

G4MEDo (in Japanese)

Ceant4 Medical Physics in Japan

G4ANAMUG

Geant4 Application for Tomographic Emission

TOPASH
Geant4 Monte Carlo Platform for Medical Applications

https://geant4.web.cern.ch/applications/medical_applications

The human_phantom example model

Skull __ :
T
Thyroid ___

Lungs __
Breasts __
Heart

Liver

Upper Large
Intestine

Uterus

Urinary
Bladder

Not visible:
Brain (inside the skull)

Spine
Esophagus

Arm Bones

Spleen
Pancreas

Stomach
Kidneys
Pelvis

T Ovaries

Lower Large Intestine

Leg Bones

From talk: S. Guatelli et al., “Geant4
Anthropomorphic Phantoms®, IEEE NSS
2006, San Diego, November 2006.

S. Guatelli, B. Mascialino, M.G. Pia, W.
Pokorski, “Geant4 anthropomorphic
phantoms®, Nuclear Science Symposium
Conference Record, 2006, vol. 3, pp.
1359-1362




LP2iB-CENBG microbeam irradiation of a keratinocyte with alpha particles
from the « microbeam » Geant4 advanced example -
- movie courtesy of L. Garnier (CNRS) -
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Mi experiencia:

Simulacion de los detectores
MuTe y LAGO

Simulacion de minas antipersonas



Simulacion del panel de centelleo del MuTe

1.02 T T T T
Simulated data +————

0.073 exp(-x/44.4) + 0.931 ——
Real data r—e— _

[y

0.099 exp(-x/48.1) + 0.905 ===+

=
©
= £}
c ©
E N
T % 0.8 3
Estimacion de la respuesta del MuTe 3 * z
)
S 0.96 5
c €
O o
Ean_'gculta € 0.94 .g
incigente —_
Respuesta g £
del MuTe £ 0.92 =
s
=2
Respuesta Respuesta 0.2 0 2.0 4[0 éo 80
del CP del WCD Distance from the SiPM (cm)

A. Vasquez-Ramirez et al 2020 JINST 15 P08004
https://iopscience.iop.org/article/10.1088/1748-0221/15/08/P08004/meta

Photons in the fiber



https://iopscience.iop.org/article/10.1088/1748-0221/15/08/P08004/meta

Simulacion del panel de centelleo del MuTe

Estimacion de la respuesta del MuTe

g

Particula TJ
incidente

Respuesta =

del MuTe 2

8

o

=

Respuesta Respuesta
del CP del WCD

0 4 8 12 16 20 24 28 32 36 40 44 48 52 56 60 64 68 72 76 80 84 88 92 96 100104108112116120

A. Vasquez-Ramirez et al 2020 JINST 15 P08004 Hit postion in'y (cm)
https://iopscience.iop.org/article/10.1088/1748-0221/15/08/P08004/meta
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Simulacion del WCD de Mu'le

[ [ I
Real data

i Simulated data ©
: Simulated data of u = *
! <o

Simulated data of y, e*

Flux (particles m™2 s71)

o)
e SO0

gt

-
A O AN O OGO LA IO O
O B I 0 L O e e

250 300
Eq (MeV)

A. Vasquez-Ramirez et al 2020 JINST 15 P08004
https://iopscience.iop.org/article/10.1088/1748-0221/15/08/P08004/meta

PMT

Cherenkov
Photons

PMT

121 cm

Water

Stainless steel container

20.2cm

PMT
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https://iopscience.iop.org/article/10.1088/1748-0221/15/08/P08004/meta

Simulacion de WCDs en varias ubicaciones del Latin American
Giant Observatory (LAGO)

Stable
Deploying
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14 = Huancayo (3370 m) Y 3
15 = Campina Grande (550 m) s 107 |
16 = Riobamba-EPOSCH (2750 m) i
17 = Quito-EPN (2850 m) E 7
18 = Quito-USFQ (2200 m) r 102
19 = Pasto (2530 m) I
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21 = Pico Espejo-ULA (4700 m) 10 |
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C. Sarmiento-Cano et al 2019 PoS ICRC2019 412
https://pos.sissa.it/358/412/pdf
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Improvised Explosive Devices and cosmic rays

A. Vasquez-Ramirez*, M. Ariza-Gomez, M. Carrillo-Moreno, V.G. Baldovino-Medrano, H. Asorey and L.A. Nuinez

*presenter e-mail: adriana2168921@uis.edu.co

About 60 countries and territories are still contaminated
with Improvised Explosive Devices (IEDs)

Monitor, L. et al., Concord (2020)

It is possible
to use cosmic
radiation for the
detection of
IEDs?

1 Dry soil model

Judrez, M. et al., U. de Alicante (2006)

2 Humid soils models

90 wt.% Dry soil + 10 wt.% water
70 wt.% Dry soil + 30 wt.% water

13.62 cm

2 Fertilized soil models

Dry soil + ammonium nitrate
(1 ppm and 2 ppm)

13.62 cm

b) Dry soil + IED

a) Dry soil model ANFO = 94.30/0 + 5.70/0

Using the LAGO-ARTI framework Ammonium - Diesel oil

! ! nitrate No.2
(for WCDs simulation response)
Sarmiento-Cano, C. et al., PoS ICRC2019 (2020).

A. contra minas, Tech. Rep. Ejército Nacional (2011)

E— Humid soil
E= Humid soil + IED

B2 ory soil + IED

TTTTT T TTTTm T T T T T T,
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L B ARLL L IR

\n P.p , Y nn p.P

EEE Fertilized soil + IED

—=— Dry soil —&— Humid soil

—=— Dry soil + IED —— Humid soil + |IED

°
()
—
©
=
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C
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(@)
(V)
<
+
Y—
(e}
>
(@)
st
(V)
C
L

bl spsonpony g,
1 1.5 ; 1.5
Energy (MeV) Energy (MeV)

Conclusions

The interaction between the main chemical compounds of the most
commonly IED found in Colombian soils with the background flux of
cosmic rays at Bucaramanga level generates particles that can be
detected, suggesting a possible IED detection criterion.

The number of protons with 0.58 MeV in mined soils is around 237 %
greater than protons in dry soil model, 2278% in humid soil
(80wt.\%) and 688% for fertilized soil (2 ppm).

https://pos.sissa.it/395/480/pdf

—=— Fertilized soil

—— Fertilized soil + IED

Counts

1 1.5
Energy (MeV)

There is an excess
of protons around
0.58 MeV in the
presence of the
IED



https://pos.sissa.it/395/480/pdf

Improvised Explosive Devices and cosmic rays || ICRC 2021 ooy

A. Vasquez-Ramirez*, M. Ariza-Gomez, M. Carrillo-Moreno, V.G. Baldovino-Medrano, H. Asorey and L.A. Nuinez r r ' ‘ e
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a) Dry soil model ANFO = 94.3% + 5.7% The number of protons with 0.58 MeV in mined soils is around 237 % IED
. Ammonium  Diesel oil greater than protons in dry soil model, 2278% in humid soil
Using the LAGO-ARTI f k .
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Pasos fundamentales para una simulacion
sencilla



Pasos fundamentales para una simulacion
sencilla

Definir la geometria del sistema fisico
Definir los materiales

Definir los procesos y propiedades fisicas
Escoger las condiciones iniciales
Extraccion de datos

a s b=

https://geant4-userdoc.web.cern.ch/UsersGuides/ForApplicationDeveloper/html/GettingStarted/gettingStarted.html
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Getting Started with Geant4 - Running a
Simple Example

e How to Define the main() Program
A Sample main () Method
G4RunManager
User Initialization and Action Classes
G4UImanager and Ul CommandSubmission
o G4cout and G4cerr
e How to Define a Detector Geometry
Basic Concepts
Create a Simple Volume
Choose a Solid
Create a Logical Volume
Place a Volume
Create a Physical Volume
Coordinate Systems and Rotations
* How to Specify Materials in the Detector
o General Considerations
Define a Simple Material
Define a Molecule
Define a Mixture by Fractional Mass
Define a Material from the Geant4 Material Database
Define a Material from the Base Material

o]

QO O O O O O O c o O

O O YO O O

How to Specify Particles

o Particle Definition

o Range Cuts

How to Specify Physics Processes

o Physics Processes

o Managing Processes

o Specifying Physics Processes

How to Generate a Primary Event

o Generating Primary Events

o G4VPrimaryGenerator

Geant4 General Particle Source

o Introduction

o Configuration

o Macro Commands

o Example Macro File

How to Make an Executable Program

o Using CMake to Build Applications

o Use of Geant4Config.cmake with find_package in CMake
How to Set Up an Interactive Session

o Introduction

o A Short Description of Available Interfaces
o How to Select Interface in Your Applications

https://geant4-userdoc.web.cern.ch/UsersGuides/ForApplicationDeveloper/html/GettingStarted/gettingStarted.html
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Vamos a simular un
Detector de Centelleo



1. Definir la geometria del centellador

a)

Hole

Cladding 1

ﬁTCladding 2

SiPM

1A

1.3 mm

1cm

4 cm

b)

Coating 4 E
$

o

Hole £
@ #5

Scintillator
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1. Definir la geometria del centellador

Coating

'

Hole

0.25 mm

f

Q

Scintillator

<_
1.8 mm

G4VSolid*x solidWorld = new G4Box("World", fWorldSizeX, fWorldSizeY, fWorldSizeZ);

fLogicWorld

fPhysiWorld

o Dimensiones

- Material

T~ Ubicacion

new G4LogicalVolume(solidWorld, Air, "World");

new G4PVPlacement(0,G4ThreeVector(),fLogicWorld,"World",0,false,
0, checkOverlaps);

34



1. Definir la geometria del centellador

Coating i

f

G4VSolid* solidWorld = new G4Box("World", fWorldSizeX, fWorldSizeY, fWorldSizeZ);

0.25 mm

fLogicWorld = new G4LogicalVolume(solidWorld, Air, "World");

fPhysiWorld = new G4PVPlacement(0,G4ThreeVector(),fLogicWorld,"World",0,false,
0, checkOverlaps);

Q

1.8 mm
~.
~
i
|
|
|
I
|
|
|
I
|
|
|
|
|
I
|
|
|
|

G4VSolid* solidExtrusion =
new G4Box("Extrusion'",fBarBase,4xfBarBase,fBarLength);

G4LogicalVolumex logicExtrusionl =
Scintillator new G4LogicalVolume(solidExtrusion,

Coating,
"Extrusionl");
new G4PVPlacement(0,G4ThreeVector(0.*cm, ©.*cm, 0.%*cm),logicExtrusionl,
"Extrusionl",flLogicWorld,false,®, checkOverlaps);

|
|
\
|
|
|
|
|
|
: : Hole l
|
|
|
\
|
|
|
|



1. Definir la geometria del centellador

Coating l

G4VSolid* solidWorld = new G4Box("World", fWorldSizeX, fWorldSizeY, fWorldSizeZ);

—
0.25 mm

fLogicWorld = new G4LogicalVolume(solidWorld, Air, "World");

fPhysiWorld = new G4PVPlacement(0,G4ThreeVector(),fLogicWorld,"World",0,false,
0, checkOverlaps);

Hole l
Q

1.8 mm
~
~.
:

]
|
|
|
|
|
]
|
|
|
|
]
I
|
|
]
]
|

G4VSolidx solidExtrusion =
new G4Box("Extrusion",fBarBase,4*fBarBase,fBarLength);

G4LogicalVolumex logicExtrusionl =
new G4LogicalVolume(solidExtrusion,
Scintillator Coating,
| "Extrusionl");
new G4PVPlacement(0,G4ThreeVector(0.*cm, 0.*cm, 0.*cm),logicExtrusionl,
rid,false,®, checkOverlaps);

- !

G4VSolidx solidScintillator = new G4Box("Scintillator",
fBarBase-fCoatingThickness,
4xfBarBase-fCoatingThickness,
fHoleLength);

G4LogicalVolumex logicScintillatorl =
new G4LogicalVolume(solidScintillator,
Polystyrene,
"Scintillatori");

new G4PVPlacement(®, G4ThreeVector(), logicScintillatorl,"Scintillatorl”,
logicExtrusionl,false,8, checkOverlaps);




1. Definir la geometria del centellador

' b) [[-=—==mmmmm e
‘ . £ // World (air)
1cm | Coating lE [ [~===mmmmm -
::::‘ \ Tga G4VSolid* solidWorld = new G4Box("World", fWorldSizeX, fWorldSizeY, fWorldSizeZ);
\ o
\ fLogicWorld = new G4LogicalVolume(solidWorld, Air, "World");
5
g‘ fPhysiWorld = new G4PVPlacement(0,G4ThreeVector(),fLogicWorld,"World",0,false,
| 0, checkOverlaps);
| R
v Hole l £ B >// Hole (air)
77 S e 07 PO SO DOvory VIO Ui SO

| = Tf // Extrusion (Ti02) /1

| e e s e e

| G4VSolidx solidExtrusion =
i}g S ‘ new G4Box("Extrusion",fBarBase,4*fBarBase,fBarLength);
R Q

RV ‘ G4LogicalVolumex logicExtrusionl =

\ new G4LogicalVolume(solidExtrusion,

\ Scintillator Coating, %

| "Extrusionl"); rlegzcliolet

‘ new G4PVPlacement(0,G4ThreeVector(0.*cm, 0.*cm, 0.*cm),logicExtrusi

"Extrusionl",flLogicWorld,false,0, checkOverlaps);
fPhysiHolel

e
// Scintillator (Polystyrene)
e e e e e e e e e e

G4VSolid*x solidScintillator = new G4Box("Scintillator",
fBarBase-fCoatingThickness,
4xfBarBase-fCoatingThickness,
fHoleLength) ;

G4LogicalVolume* logicScintillatorl =
new G4LogicalVolume(solidScintillator,
Polystyrene,
"Scintillatorli");

new G4PVPlacement(@, G4ThreeVector(), logicScintillatorl,"Scintillatorl”,
logicExtrusionl,false,0, checkOverlaps);

G4VSolid* solidHole = new G4Tubs("Hole",

0.0xcm,
fHoleRad1us,
fHoleLength,
0.xdeg,
360.xdeg) ;

new G4LogicalVolume(solidHole, Air,
"Holel");

new G4PVPlacement (0,
G4ThreeVector(0.0,0.0,0.0),
flLogicHolel,

"Holel",
logicScintillatoril,
false,

0, checkOverlaps);
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1. Definir la geometria del centellador

' b) [[-=—==mmmmm e
‘ . £ // World (air)
1cm | Coating lE [ [~===mmmmm -
- \ 9 G4VSolid* solidWorld = new G4Box("World", fWorldSizeX, fWorldSizeY, fWorldSizeZ);
| 13
| fLogicWorld = new G4LogicalVolume(solidWorld, Air, "World");
5
g‘ fPhysiWorld = new G4PVPlacement(0,G4ThreeVector(),fLogicWorld,"World",0,false,
| 0, checkOverlaps);
| // __________________________________
Hole l £ // Hole (air)

| a LEIT s = e

| i // Extrusion (Ti02) G4VSolid* solidHole = new G4Tubs("Hole",

| N e 0.0%cm,

‘ G4VSolid* solidExtrusion = fHoleRadius,

Q& new G4Box("Extrusion",fBarBase,4*fBarBase,fBarLength); fHoleLength,
A Qo I 0.xdeg,
RV ‘ icalVolumex logicExtrusionl = =68 kHaw);

! L new G4Log1calVo'Lume(so'l.'lc-IExtrus1on, fLogicHolel = new G4LogicalVolume(solidHole, Air,

| Scintillator Coating, "Holel")

| "Extrusionl");

i new G4PVPlacement 4ThreeVector (0.*cm, ©.xcm, 0.xcm),logicExtrusionl,

"Extrysionl", fLogicWorld,false,0, checkOverlaps); fPhysiHolel = new G4PVPlacement (0,
G4ThreeVector(0.0,0.0,0.0),
N fLogicHolel,
//__--__T ___________________________________________ "Holel",

//___T___. ___________________________________________ LWL Tinet logicScintillatorl,
// Scintillator (Polystyrene) [ e e e e e e e e false,
[ = e e G4VSolid* solidWLSf1iber; 0, checkOverlaps);

G4VSolid*x solidScintillator = new G4Box("Scintillator",
fBarBase-fCoatingThickness,
4xfBarBase-fCoatingThickness,

fHoleLength); G4lLogicalVolume*x logicWLSfiberl = new G4LogicalVolume(solidWLSfiber, PMMA, Y faltan IOS 2
"WLSFiberi")

solidWLSfiber = 5
new G4Tubs("WLSFiber",0.,fWLSfiberRX, fWLSfiberZ,0.0%xrad,twopixrad);

G4LogicalVolume* logicScintillatorl = . .
new G4LogicalVolume(solidScintillator, G4VPhysicalVolumex physiWLSfiberl = new G4PVPlacement(0, recu brl m Ientos de
Polystyrene, G4ThreeVector(0.0,0.0,fWLSfiberOrigin), . .
"Scintillatori"); logicWLSfiberl, Ia flbra y el SIPM
"WLSFiberl",
new G4PVPlacement(®, G4ThreeVector(), TlogicScintillatorl,"Scintillatorl", flogicHolel,
logicExtrusionl,false,0, checkOverlaps); false, 38

0, checkOverlaps);




1. Definir la geometria del centellador

\
\ b)
\ Coati E
1cm oaung y g
::::‘ \ Y G4VSolidx solidWorld = new G4Box( , fWorldSizeX, fWorldSizeY, fWorldSizeZ);
| I3
\ fLogicWorld = new G4LogicalVolume(solidWorld, Air, Y's
5
:‘ fPhysiWorld = new G4PVPlacement(®,G4ThreeVector(),fLogicWorld,
| 0, checkOverlaps);
\
Y Hole ¢ £
\ S
Q ©
| T i new G4Tubs( 5
‘ 0.0*cm,
‘ G4VSolid* solidExtrusion = fHoleRadius,
Q& new G4Box( ; fHoleLength,
] QC: \ 0.*deg,
RV ‘ G4LogicalVolume* logicE 368 teg) ;
! Lo fLogicHolel = new G4LogicalVolume(solidHole, Air,
| Scintillator )3
| 73
i ©.%*cm),logicExtrusionl,
,0, checkOverlaps); fPhysiHolel = new G4PVPlacement (0,
G4ThreeVector(0.0,0.0,0.0),
fLogicHolel,
logicScintillatoril,
b
. . . . 0©, checkOverlaps);
GaVSolidx solidScints G4VSolid* solidWLSfiber; ) 3
s 5 solidWLSfiber =
PoatingThickness, new G4Tubs ( ,0.,fWLSfiberRX, fWLSfiberZ,0.0%rad,twopi*rad);

G4LogicalVolume* logicScWrcillatorl =

new G4LogicalVolume(solidScintillator,

Polystyrene,

new G4PVPlacement(®, G4ThreeVector(), TlogicScintillatorl,
logicExtrusionl, ,0, checkOverlaps);

)

G4LogicalVolume* logicWLSfiberl = new G4LogicalVolume(solidWLSfiber, PMMA,

)

G4VPhysicalVolume* physiWLSfiberl =

new G4PVPlacement (0,

G4ThreeVector(0.0,0.0,fWLSfiberOrigin),

logicWLSfiberl,

0, checkOverlaps);

’
fLogicHolel,



2. Definir los materiales

e

/] *** Elements x*x

-

G4double a, z, density, fractionmass;

//N = new G4Element("Nitrogen", "N", z = 7 , a = 14.01*xg/mole);
C = new G4Element("Carbon" , "C", z =6 , a = 12.01xg/mole);
0 = new G4Element("Oxygen" , "0", z = 8 , a = 16.00xg/mole);
H = new G4Element("Hydrogen", "H", z=1 , a = 1.01xg/mole);
z

3
Ti = new G4Element("Titanium", "Ti", 2z=22 , a = 47.867*g/mole);
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2. Definir los materiales

Materiales a partir de elementos

.

// // Polystyrene Material base del centellador

________________ //_____.___..__.___._______.______...._.._..________.____.___.._
/] **x Elements xxx Polystyrene = new G4Material("Polystyrene", density= 1.050*g/cm3, 2);
b oo ) X Polystyrene->AddElement(C, 8);
//N = new G4Element("Nitrogen", "N", z = 7 , a = 14.01*xg/mole);
C = new G4Element("Carbon" , "C", z = 6 , a = 12.01*xg/mole); e e
0 = new G4Element("Oxygen" , "0", z = 8 , a = 16.00xg/mole); /] Ti02
H = new G4Element("Hydrogen", "H", z=1 , a = 1.01*g/mole); S S S S —
Ti = new G4Element("Titanium", "Ti", 2=22 , a = 47.867*g/mole); Ti02 = new G4Material("Ti02", density= 4.26%g/cm3, 2);

Ti02->AddElement(Ti, 1);

Ti02->AddElement (0, 2);
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2. Definir los materiales

e

/] *** Elements x*x

[~

G4double a, z, density, fractionmass;

//N = new G4Element("Nitrogen", "N", z = 7 , a = 14.01*xg/mole);
C = new G4Element("Carbon" , "C", z = 6 , a = 12.01*xg/mole);

0 = new G4Element("Oxygen" , "0", z = 8 , a = 16.00xg/mole);

H = new G4Element("Hydrogen", "H", z=1 , a = 1.01xg/mole);

Ti = new G4Element("Titanium", "Ti", z=22 , a = 47.867*g/mole);

Materiales a partir de elementos

Polystyrene = new G4Material('"Polystyrene", density= 1.050xg/cm3, 2);
Polystyrene->AddElement(C, 8);
Polystyrene->AddElement(H, 8);

Ti02 = new G4Material("Ti02", density= 4.26%xg/cm3, 2);
Ti02->AddElement(Ti, 1);
Ti02->AddElement (0, 2);

Materiales a partir de otros materiales

Coating = new G4Material("Coating", density = 1.52%xg/cm3, 2);
Coating->AddMaterial(Ti02, fractionmass = 15.0xperCent);
Coating->AddMaterial(Polystyrene, fractionmass = 85.0%perCent);
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@2. Deftinir los materiales

e

/] *** Elements x*x

[~

G4double a, z, density, fractionmass;

//N = new G4Element("Nitrogen", "N", z = 7 , a = 14.01*xg/mole);
C = new G4Element("Carbon" , "C", z = 6 , a = 12.01*xg/mole);

0 = new G4Element("Oxygen" , "0", z = 8 , a = 16.00*xg/mole);

H = new G4Element("Hydrogen", "H", z=1 , a = 1.01xg/mole);

Ti = new G4Element("Titanium", "Ti", z=22 , a = 47.867*g/mole);

Algunos materiales ya estan definidos en Geant4

[] **%x Air *xx%
Air = nist->FindOrBuildMaterial("G4_AIR");

/] **%x Aluminio *%x
Aluminio = nist->FindOrBuildMaterial("G4_Al");

Materiales a partir de elementos

Polystyrene = new G4Material('"Polystyrene", density= 1.050xg/cm3, 2);
Polystyrene->AddElement(C, 8);
Polystyrene->AddElement(H, 8);

Ti02 = new G4Material("Ti02", density= 4.26%xg/cm3, 2);
Ti02->AddElement(Ti, 1);
Ti02->AddElement (0, 2);

Materiales a partir de otros materiales

Coating = new G4Material("Coating", density = 1.52%xg/cm3, 2);
Coating->AddMaterial(Ti02, fractionmass = 15.0xperCent);
Coating->AddMaterial(Polystyrene, fractionmass = 85.0%perCent);
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3. Definir los procesos y propiedades fisicas

Lost photons

muon

Aluminum tape

/ To PMT or SiPM

f

Lost
photons

~

1
]
)
I
|
T
)
I
I
]
|
|
I
|
I
I

1
1
[}
I
|
T
T
|
|
|
|
|
|
|
|
|
|
|
|
J

|
Scintillator

WLS optical fiber

Activar procesos fisicos segun el detector

fOpticalPhysics->GetCerenkovProcess()->SetVerboselLevel (verbose) ;
fOpticalPhysics->GetScintillationProcess()->SetVerboselLevel(verbose);
fOpticalPhysics->GetAbsorptionProcess()->SetVerboselLevel (verbose);
fOpticalPhysics->GetRayleighScatteringProcess()->SetVerboselLevel(verbose);
fOpticalPhysics->GetMieHGScatteringProcess()->SetVerboselLevel (verbose) ;
fOpticalPhysics->GetBoundaryProcess()->SetVerboselLevel(verbose);
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@3. Definir los procesos y propiedades fisicas

muon
Aluminum tape
Lost photons / To PMT or SiPM
|  — L
I i Y |
Lost !
photons |
\:\‘ |
I / I WLS optical fiber
Scintillator

Activar procesos fisicos segun el detector

a)

Hole Cladding 1 1cm

Cladding 2

4 cm

SiPM

1.3 mm

// Add entries 1into properties table
G4MaterialPropertiesTable* mptWLSfiber

= new G4MaterialPropertiesTable();
mptWLSfiber->AddProperty ("RINDEX" ,photonEnergy,

Propiedades |refract1'veIndexwLSf1' ber,nEntries);
L. mptWLSfiber->AddProperty ("WLSABSLENGTH",
fisicas de los photonEnergy,absWLSfiber,nEntries);
’ mptWLSfiber->AddProperty ("WLSCOMPONENT",
VOIumeneS photonEnergy,emissionFib,nEntries);

mptWLSfiber->AddConstProperty ("WLSTIMECONSTANT", ©.5%ns);

PMMA->SetMaterialPropertiesTable (mptWLSfiber);
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4. Escoger las condiciones 1niciales

Particulas incidentes

Fotones por Tipo: Mudn
centelleo N particulas: 10*
Energia: 1 GeV
Posicion inicial: x_=(2 +4n) cm
y =1cm
z =2cm
Direccion: (0, -1, 0)

©T ©

O™

Fotones reemitidos

por la Fibra WLS




4. Escoger las condiciones 1niciales

Particulas incidentes

Tipo: Muén
N particulas: 10* AND
Fotones por Energia: 1 GeV
centelleo Posicion inicial: X = (2+4n)cm CHOOSE
| J,=Tom WISELY
z =2cm

Direccion: (0, -1, 0)

MaS partI'CuIas

Fotones reemitidos

por la Fibra WLS

ThinK
GREEN Mas energia

Mas tiempo de
computo!!!
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5. Extraccion de datos

@ apont where a physics l

=t |

Stop: zero energy

/7"3'

start point
geometry boundary geometry boundary

https://indico.cern.ch/event/472305/contributions/1982331/attachments/1223729/1790331/Tracking.pdf

Los datos de salida se muestran en cada interaccién de la particula:

>>> Start event: 49

Skeok sk ok ok ok ok ok ok ok ok ok ok o ok ok ok ok ok ok sk ok ok sk ok ok o sk ok ok ok ok ok ok ok ok ok ok ok sk o ok ok ok sk o ok ok sk ok ok sk o sk ok sk sk ok ok sk ok ok sk ok ok o sk ok sk ok ok ok ok sk ok sk ok ok sk ok sk ok ok sk ok ok ok sk ok ok sk ok sk ok sk ok
% G4Track Information: Particle = proton, Track ID = 1, Parent ID = 0
skeokk ok sk ok ok ok ok ok ok ok ok ok ok ok sk ok ok o ok ok sk sk ok o ok ke sk sk sk ok sk sk sk sk sk sk sk sk sk sk sk ok ke sk ok k sk sk ke sk sk sk sk o sk ok sk sk ok ok s sk sk sk sk sk ok ok sk sk sk sk sk sk ok sk ke sk sk sk sk sk ok sk sk sk ok sk sk ok

Y (mm) Z(mm) KinE(MeV) dE(MeV) StepLeng TrackLeng NextVolume ProcName
-0.439 -150 100 0 0 0 World initStep

-0.439 =5 100 1.59e-23 145 145 Cube Transportation
-0.439 2.81 94.4 5.49 7.81 153 Cube hIoni

-0.442 3.19 93.9 0.342 0.384 153 Cube hIoni

-0.45 Iyl 93.1 0.71 0.913 154 Cube hIoni

-0.453 4.35 92.8 0.16 0.249 154 Cube hIoni
-0.461 5 92.4 0.434 0.647 155 World Transportation
-31 2e+03 92.4 2.32e-22 2e+03 2.15e+03 OutOfWorld Transportation

Tipo de particula

Primaria o secundaria
Posicion

Energia actual

Cambio de energia

Distancia recorrida

Volumen donde esta

Tipo de interaccién / Proceso
Fisico
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https://indico.cern.ch/event/472305/contributions/1982331/attachments/1223729/1790331/Tracking.pdf

5. Extraccion de datos

Pérdida de sefial debido a un mal acople
entre la fibray el SiPM

(2]
€ 1400L , — 1.0 mm distance
5 B
[=] C JJTI{.’ —&— 0.5 mm distance
O 200t

C Ll-‘ —=— 0.0 mm distance

NN W,

“\ —

AN RIS 2001 ‘
M|s\s|n§ photons OEN] [ ., e,
Photo-electrons (pe)

A. Vasquez-Ramirez et al 2020 JINST 15 P08004
https://iopscience.iop.org/article/10.1088/1748-0221/15/08/P08004/meta

Normalized mean photoelectrons (a.u)

1.02

0.98

0.96

0.94

0.92

s
©

Atenuacion del numero de fotones
respecto a la posicion de impacto del
muon en el centellador

T I T T
Simulated data +=—+—

0.073 exp(-x/44.4) + 0.931 ——
Real data +=—e—

0.099 exp(-x/48.1) + 0.905 = —=~—-

~
e S
-
-
-~
-‘{

Normalized mean charge (a.u)

0 20

40 60 80 100
Distance from the SiPM (cm)

120
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Acabamos de simular la respuesta de una barra
centelladora del MuTe!!

Scintillator panels PMT housing
Water Cherenkov

\ / detector

A

=
Frontend 5

electronics box

Y

2.5m o‘ > ‘\ Elevation angle

support

Telescope
base

50



Practica en Geant4

https://github.com/adrianacvr/geant4-class



https://github.com/adrianacvr/geant4-class

Tarea:

1. Lanzar las siguientes particulas:
a. 1000 gammas de 2 MeV
b. 1000 gammas de 4 MeV
c. 1000 mu- de 100 MeV
Para eso deben maodificar el archivo run2.mac

2. Analizar los histogramas del archivo .root de cada caso
3. Guardar una foto del calorimetro con una particula

4. Repetir pero con un “absorber” de agua: cambiar en el DetectorContruction.cc
el material “G4 _Pb por “G4_WATER” y compilar en una carpeta nueva



(Preguntas?

Proxima clase:

Simulacion de la barra
centelladora de MuTe

@& GEANT4

A SIMULATION TOOLKIT




Muchas gracias por su atencion




