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TB 2022 Simulations Step by Step

geometry
= complete implementation of all type of sensors — Anton1, Yan1, BeamCal, C72, C74, C75
* re-numbered the pads to correspond to channels from real sensors

* macro with commands for easily geometry change

physics list
* check results with another physics list suggested by Geant4 - QGSP_BERT,
QGSP_BIC and those with electromagnetic options ( EMV, EMX, EMZ..)
= start / stop hadronic processes to investigate their influence on results

* implement specific physics list - one developed by Alina a few years ago for FCal
analysis

* evaluate each pad energy deposition

= fit the energy deposition histograms to get the MPV
= evaluate MPV for different setup configurations

= compare simulation results with data from test beam

* find the longitudinal shower distribution for different configurations (e.g. 1 to 15 W plates in front of sensor)



Simulations: Number of e-h pairs created
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o Physics list used: FTFP_BERT_EMZ ' ' ' " Edep, MeV



= GaAs sensor - Antont
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Simulations: Hit map

Simulation setup
« Primary particle: electron
o Primary particle energy: 5GeV
« Source type:
« squared,
e 12MmX12mm

o Number of simulated events: 1 000 000

Hits registered position
. Centered on pads 64, 65, 74, 75, 84, 85

« Converted to channel number from sensor

Anton1 - GaAs - Hit Map run4484 .
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2022 TestBeam: MeV to ADC

* Channel by channel gain calibration can be done by looking on the response

of sensor directly exposed on MIPs deposition in Si sensor Amplitude per pad 42
: imeframe
= for each pad a (Landau & Gauss) function was fitted to energy spectrum 12000 B Lo
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= GaAs sensor - Antont
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Integrated Hit Map

2022 TestBeam: MeV to ADC

Amplitude per pad 82

Integrated Hit Map
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merged all data from run4459 till run4491

runs with Debug-data-ON or test runs not taken into account

beam energy: 5 GeV

greater number of runs and events for the left side of sensor




2022 TestBeam: MeV to ADC

= 2 cases investigated: [run 4484] & [run 4459 - run 4491]
= fit with (Landau & Gauss) function all channels in [12-64] ADC range
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TB 2022: Simulations

Simulation setup
« € with5GeV
. centered on pads 64, 65, 74, 75, 84, 85
. source type: squared, 12 mm x 12 mm

« Number of simulated events: 1 000 000 2 -
« Similar with run4484
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TB 2022: Simulations vs Data

goal: compare simulations with data

from data, run4484
e« 1MIP=20.26*0.68 [ADC]

e 1MeV =56.77 ADC

from simulations

e 1MIP=0.3569 £0.12 MeV

Energy deposition for Anton1 sensor B Geants

— Data

counts




= Sj sensor

* Energy deposition in Si sensor

Energy deposition in Si sensor

320 um thickness
5 GeV mono-energetic e-

triggered by 3 scintillators

500 um thickness
3 GeV mono-energetic e-

triggered by 3 scintillators

Counts

Counts

Simulations: Number of e-h pairs created
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Physics list used: QGSP_BERT_EMZ




2022 TestBeam: MeV to ADC

Analysis conditions

Data from run4436 - C75 sensor . Keptall timeplanes e . T
. Beam on pads 49, 51, 59, 61 «  Cutonamplitude < 900 a1 iy —
« dead channels masked i o ]
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= Si sensor — C75

Integrated Hit Map

2022 TestBeam: MeV to ADC

Integrated Hit Map
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* merged all data from
rung422 till rung447

* runs with Debug-data-ON
or crashed runs not taken
into account

* beam energy: 5 GeV

* many dead or
unresponsive pads



2022 TestBeam: MeV to ADC
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= Si sensor - C74 TB 2022: Simulations vs Data

Data from run4545
Integrated Hit Map
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= Si sensor - C74 & W TB 2022: Simulations vs Data

« 1MeV =228.79 ADC Geant4: FTFP_BERT EMZ

Energy deposition for sensor with 1W
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= Si sensor - C74 & W TB 2022: Simulations vs Data

case scenario: Si sensor with W in front

Energy deposition for sensor with 1W — Geant4
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= Si sensor - C74 & W
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TB 2022: Simulations vs Data
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= Si sensor - C74 & W

Energy deposition for sensor with 8W

TB 2022: Simulations vs Data
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= Si sensor - C74 & W
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TB 2022: Simulations vs Data
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TB 2022: Geant4 Physics Lists

FTF_BIC Energy deposition for (1W + Si sensor) | — FTFP_BERT
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= Sisensor - C74 & W
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TB 2022: Geant4 Physics Lists

Energy deposition for (1W + Si sensor) — FTFP_BERT
—— FTFP_BERT TRV

e
=

Fmas R i s B

—— FTFP_BERT ATL
b —— FTFP_BERT_HP
Il FTFQGSP_BERT
il —— FTFP_INCLXX

| 5 FTFP_INCLXX_HP
] FTF_BIC

W

0 TR ot o s i

o =
T8

0.1 02 03 04 05 06 07 08 09 1
., MeV]



= Sisensor - C74 & W
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TB 2022: Geant4 Physics Lists
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= Sisensor - C74 & W
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TB 2022: Geant4 Physics Lists
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= Sisensor - C74 & W
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TB 2022: Geant4 Physics Lists
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TB 2022: Geant4 Physics Lists
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= Si sensor - C74 & W
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TB 2022: Simulations vs Data
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TB 2022: Geant4 vs Data

Longitudinal shower development = Data
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TB 2022 Simulations - update

Energy deposition on (W + C74 sensor)

= placed all tungsten plates in the same position as in test-beam
taking into account that the plates where removed one by one
starting with the one placed further of the sensor - no
noticeable influence!

* checked the composition of each tungsten plate and
implemented in Geant4 simulations — no noticeable influence!

* modified the beam profile using a Gaussian shape of the energy
distribution for the incoming electrons - no noticeable influence!

* modify the physics list to include / exclude some process - work
in progress.

Stack configuration

Slots 18--end

\/ beam V

Slot 1 Plane "1"  |tungsten 3,505 abs95
Slot 2 Plane "3"  |tungsten 3,520 abs95
Slot 3 A5 tungsten 3,528 abs95
Slot 4 A2 tungsten 3,550 abs95
Slot 5 Plane "4" tungsten 3,475 abs95
Slot 6 B12 tungsten 3,550 abs95
Slot 7 Al tungsten 3,558 abs95
Slot 8 B23 tungsten 3,543 abs95
Slot 9 B21 tungsten

Slot 10 1 (A tungsten

Slot 11 B19 tungsten

Slot 12 Bl4 tungsten

Slot 13 7 (MGS2) |tungsten ekl abs93
Slot 14 10 (MGS5) |tungsten 3,645 abs93
Slot 15 11 (MGSE) |tungsten 3,470 abs93
Slot 16




TB 2022: Configurations

« Geometryimplementation in Geant4 - 10 experimental setups - 38 different configurations
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Telescope Telescope Collimator
DUT (Planes 3-5) (Planes 0-2)
= Ga-As sensor — Antont = Si sensor - C72
1 exp. setups without any W plates 1 exp. setups without any W plates
Energies: 5 GeV ¢ Energies: 5 GeV
= Ga-As sensor - Yan1 = Si sensor - C74
1 exp. setup without W plates 1 exp. setups without any W plates
Energies: 5 GeV Energies: 5 GeV
1 exp. setup with 5 W plates 1 exp. setup with 5 W plates
Energies: 1 GeV, 3 GeV, 5 GeV Energies: 1 GeV, 3 GeV, 5 GeV
1 exp. setups with decreased no of plates 15->1W 1 exp. setups with decreased no of plates 15->1W
Energies: 5 GeV Energies: 5 GeV
= Ga-As sensor - BeamCal = Si sensor - C72
1 exp. setups without any W plates 1 exp. setups without any W plates

Energies: 5 GeV Energies: 5 GeV



