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Test Beam @ DESY in 2022
Testing New Sensor Prototypes

• Test beam goal:

▪ Studies of sensor response of Si and GaAs pad sensors prototype, with up-to-date development of FLAXE FE and 
FPGA read-out, to electrons with energy in the range of 1 to 5 GeV in the DESY II electron beam

• Simulations goals:

▪ replicating various experimental configurations
▪ define the primary particle characteristics
▪ verify the physics list influence 
▪ collect quantities of interest (eg. pad hits, energy deposition) 
▪ cross-check with experimental data

▪ Resolution: correlate the sensor response to the hit position. 
▪ Efficiency: the sensors should have registered a hit 

This talk presents the overall simulations.
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Monte Carlo simulations and data analysis workflow
FreeCAD, Geant4, Root

• 30 experimental setups generated and exported using simple 

computer-aided design – FreeCAD

challenge: export to a format readable by simulation tool

• full response of the sensor and the test beam setup with high 

statistics is simulated with Geant4.11.06

challenge: choose/construct physics list, write data to file
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• data analysis of the test beam sensors is performed using 

ROOT framework

challenge: extract physical quantities matching experimental data

➢ raw data

❖ event generation

➢ unpacking ➢ mapping

❑ HITS

❖ MC transport

❑ reconstruction ❑ analysis

Monte Carlo simulations 

Experiment

multiplicity  determination

particle tracking



Monte Carlo simulations and data analysis workflow

Build Geometry

[FreeCADBuilder]

[DetectorConstruction]

Create source

[PrimaryGeneratorAction]

Hits collection

[SensitiveDetector]

Transport Particles

[PhysicsList]

Digitization

[G4VDigitizerModule]

Write Data To File

[RunAction]

[EventAction]
FurtherAnalysis

[Root Macros]

• Detector alignment

• Clustering

• Track reconstruction

• …
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Create histograms

[Root Macros]

Hit map
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Test beam general setup
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Experimental Area (aka TB24)

• telescope consist of 6 parallel planes,
perpendicular to a e- gaussian spread beam.

• each telescope plane consist of 1024 x 512 
pixels, pixel pitch 29.24 μm x 26.88 μm.

• the active area is roughly of the size 3 cm x 1.5 
cm; the thickness of the chip is ~50 μm

• telescope planes position according to the 
real measurements during beam time.

TestBeam box frame
▪ sensors enclosure is simulated as a box with 

an Al foil for entrance window.

▪ W plates with various compositions/thickness
▪ sensors of various types (3 Si & 2 GaAs)

▪ each geometry object is checked for 

misalignment and an alignment correction
for position and orientation is included.
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✕

Test Beam configurations
10 setups  - 38 different configurations 
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▪Ga-As sensor – Anton1

1 setup only with sensor

Energies: 5 GeV

▪Ga-As sensor – Yan1

1 setup only sensor

Energies: 5 GeV

1 setup [ 5 W plates + sensor ]

Energies: 1 GeV, 3 GeV, 5 GeV

1 setup [ 15 -> 1 W plates  + sensor ]

Energies: 5 GeV

▪Ga-As sensor – BeamCal

1 setup only with sensor

Energies: 5 GeV

▪Si sensor – C72

1 setups only with sensor

Energies: 5 GeV

▪Si sensor – C74

1 setup only with sensor

Energies: 5 GeV

1 setup [ 5 W plates + sensor ]

Energies: 1 GeV, 3 GeV, 5 GeV

1 setup [ 15 -> 1 W plates + sensor ]

Energies: 5 GeV

▪Si sensor – C75

1 setup only with sensor

Energies: 5 GeV

✕

✕ ✕ ✕

✕

✕

✕

✕ ✕ ✕

✕

✕

✕

✕

✕ ✕ ✕

✕

✕
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Investigated layouts
sensors, converter
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▪Ga-As sensor – Anton1, Yan1 & BeamCal

⚫ rectangular shape: 7.47 cm x 4.97 cm

⚫ pad size:  4.7 mm x 4.7 mm

⚫ gap between pads 0.3 mm

⚫ number of pads: 15 x 10

⚫ thickness 500 μm

▪Si sensor – C72, C74 & C75

⚫ rectangular shape: 9 cm x 4.5 cm

⚫ pad size: 5.5 mm x 5.5 mm

⚫ number of pads: 16 x 8

⚫ thickness: 320 μm
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Tungsten plates
▪2 different compositions: 

• 7 with 93% W 

• 8 with 95% W

▪Various thickness:

• from 3.470 to 3.645 mm 

▪ 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 



Monte Carlo simulations and data analysis workflow

Build Geometry

[FreeCADBuilder]

[DetectorConstruction]

Create source

[PrimaryGeneratorAction]

Hits collection

[SensitiveDetector]

Transport Particles

[PhysicsList]

Digitization

[G4VDigitizerModule]

Write Data To File

[RunAction]

[EventAction]
FurtherAnalysis

[Root Macros]

• Detector alignment

• Clustering

• Track reconstruction

• …
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Create histograms

[Root Macros]

Hit map
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Primary particle generation
particleGun, GPS

Create ‘diverging’ beam

• when firing an accelerator based beam, the beam will have some divergence and shape

• 12 x 12 mm2 collimator -> square source

• gaussian energy distribution with 0.1% spread 

• 0.752 mrad divergence
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GPS

particleGun



Monte Carlo simulations and data analysis workflow
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Create histograms

[Root Macros]

Hit map
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Physics list 
G4VUserPhysicsListPhysics, G4VModularPhysicsList
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Name of most physics list follows name of physics constructor for hadronic inelastic, optionally followed by EM option
•Name of this hadronic physics constructor indicates models in use from high to low energies

– High energy /string model: QGS or FTF, used above few (tens) of GeV
• Extension Pin QGSP/FTFP: Precompound & De-excitation model used to de-excite remnant nucleus

•Option of electromagnetic physics:
– EMV – use Opt1 EM physics
– EMX – use Opt2 EM physics
– EMY – use Opt3 EM physics
– EMZ – use Opt4 EM physics
– plus specific DNA, GS, Liv, Pen, LE, WVI, SS

•Exceptions to naming scheme are 
Shielding, LBE, and NuBeam physics lists

– Intermediate energies: BERT, BIC, INCLXX, 
used up to O(10) GeV 
– Low energy neutron/particle transport: HP, 
– Various shortcuts to indicate special 
variants, like TRV or LEND



Monte Carlo simulations and data analysis workflow

Build Geometry
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Hits collection
sensitive detector
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7 observables

• Number of hits

• Pads hits

• Position of hits (x, y, z)

• Hits momentum (px, py, pz)

• Particle identification

• Total energy per event

• Total energy of hits



Monte Carlo simulations and data analysis workflow
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Write data to file
g4root, G4AnalysisManager
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RunAction

EventAction



Monte Carlo simulations and data analysis workflow
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Create histograms

[Root Macros]

Hit map



Hits versus digits
sensitiveDetector, DigitizerModule
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G4VDigitizerModule

G4VHit
• Hits are a “snapshot” of the physical interaction of a track (step) or an accumulation of interactions of tracks in the sensitive region of 

the detector, thus hits represent the “true” energy deposited in the detector

• Digits are instead intended to be used to simulate the process of reading-out of the signal: for example “true” energy is transformed 
into collected charge, electronic noise can be applied together with all instrumental effects

➢ Event
❖ Track

Monte Carlo simulations 

Each step generates a new hit or 

accumulates in an existing hit

End of Event

❖ Track
❖ Track
❖ Track
❖ Track

❖ Step
❖ Step
❖ Step
❖ Step
❖ Step

❑ Hits Collection❑ Digits Collection

read-out ‘signal’ is generated

No digitization has been applied to simulations performed for this task



Monte Carlo simulations and data analysis workflow
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Plotting first histograms
.root commands
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StartViewer

Root command

Root macros



Monte Carlo simulations and data analysis workflow
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Simulations: Number of e-h pairs created
GaAs sensor – Anton1
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Physics list used: FTFP_BERT_EMZ

⚫ Thickness: 550 μm

⚫ Ee- = 5 GeV

⚫ Ei = 4.3 eV

Dep. en. (MeV)    0.3905

e-h pairs / μm 165.12 

Setup Dep. En. (MeV) e-h pairs / μm Dep. En. (MeV) e-h pairs / μm

90Sr 0.3512 163.4 0.3555 165.34

2 GeV 0.3455 160.7 0.3546 168.86

4 GeV 0.3513 163.4 0.3588 170,86

4.5 GeV 0.3526 164.0 0.3594 171.14

5 GeV 0.3608 171.66

Why differences? 

⚫ which are the characteristics of 
triggers: dimensions, positions, etc.

⚫ Landau fit parameters

Olga Novgorodova’s Thesis:

• energy deposition in GaAs sensor

• 500 μm thickness

• 90Sr, and  2, 4 & 4.5 GeV mono-energetic e-

• triggered by 2 / 3 scintillators  
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Simulations: Hit map
GaAs sensor – Anton1
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Similar with run 4484

Hits registered position:

• Primary particle energy: 5GeV

• Number of simulated events: 1 000 000

• Centered on pads 64, 65, 74, 75 , 84, 85 

• Converted to channel number from sensor



Total Energy deposition

Simulations: Pad Hits
GaAs sensor – Anton1
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Hits registered position:

• Primary particle energy: 5GeV

• Number of simulated events: 1 000 000

• Centered on pads 64, 65, 74, 75 , 84, 85 

• Converted to channel number from sensor

Pad hits

Energy deposition in central pads
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Simulations: Number of e-h pairs created
Si sensor C74 & others
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Physics list used: FTFP_BERT_EMZ

Energy deposition:

• 500 μm thickness

• 3 GeV mono-energetic e-

• triggered by 3 scintillators

⚫ Thickness: 320 μm

⚫ Ee- = 5 GeV

⚫ Ei = 3.62 eV

78.45 e-h pairs per μm 

⚫ Thickness: 500 μm

⚫ Ee- = 3 GeV

⚫ Ei = 3.62 eV

80.88 e-h pairs per μm 

Energy deposition:

• 320 μm thickness

• 5 GeV mono-energetic e-

• triggered by 3 scintillators



Simulations: Physics list comparison
Si sensor:  W + C74
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Simulations: MeV to ADC
GaAs sensor – Anton1 
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Energy deposition:

• for each pad a (Landau & Gauss) function was fitted to energy spectrum

Data from run4484

⚫ Beam on pads 42, 44, 62, 64 

⚫ Converted to channel number from sensor

Analysis conditions

⚫ Kept all timeplanes

⚫ Cut on amplitude < 900

⚫ dead channels masked

⚫ langaus fit [12-64] ADC



Simulations: MeV to ADC
GaAs sensor – Anton1 , merged runs
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Energy deposition:

• 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



Simulations: MeV to ADC
GaAs sensor – Anton1 , merged runs
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Energy deposition:

• 2 cases investigated:  [run 4484]  &  [run 4459 – run 4491]

• fit with (Landau & Gauss) function all channels in [12-64] ADC range

Data from run4484 

⚫ Beam on pads 42, 44, 62, 64 

⚫ MPV = 20.26 ± 0.68 [ADC]

Data from merged runs 

⚫ MPV = 21.34 ± 0.42 [ADC]



Simulations vs Data
GaAs sensor – Anton1, run 4484

ECAL-p LUXE Workshop | Monte Carlo simulations for 2022 Test Beam | Mihai Potlog, 14-02-2024 29

Energy deposition:

• Goal: compare simulations with data

⚫ 1 MeV = 56.77 ADC

from data, run4484 

⚫ 1 MIP = 20.26 ± 0.68 [ADC]

from simulations 

⚫ 1 MIP = 0.3569 ± 0.12 MeV



Simulations: MeV to ADC
Si sensor – C75 
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Energy deposition:

• for each pad a (Landau & Gauss) function was fitted to energy spectrum

• a lot of channels are dead or unresponsive

Analysis conditions

⚫ Kept all timeplanes

⚫ Cut on amplitude < 900

⚫ dead channels masked

⚫ langaus fit [12-64] ADC

Data from run4436

⚫ Beam on pads 49, 51, 59, 61 

⚫ Converted to channel number from sensor
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Energy deposition:

• merged all data from run4422 till run4447

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

• beam energy:  5 GeV

• many dead or unresponsive pads

Simulations: MeV to ADC
Si sensor – C75 
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Simulations: MeV to ADC
Si sensor – C75 

⚫ 1 MeV = 228.79 ADC

Data from run4436

⚫ Beam on pads 49, 51, 59, 61 

⚫ MPV = 20.79 ± 1.07 [ADC]
Energy deposition:

• 2 cases investigated:  [run 4436]  &  [run 4422 – run 4447]

• fit with (Landau & Gauss) function all channels in [12-64] ADC range
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Simulations vs Data
Si sensor – C74 + W

Energy deposition:

• experimental data:  [run 4749]

• C74 sensor with 1 tungsten plate in front

Physics list used: FTFP_BERT_EMZ
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Simulations vs Data
Si sensor – C74 + nW

Energy deposition:

• C74 sensor with tungsten plates in front

• experimental data:  [run 4748] – 2W

[run 4742] – 8W

[run 4735] – 15W

Physics list used: FTFP_BERT_EMZ
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Simulations vs Data
Si sensor – C74 + nW

Energy deposition:

• C74 sensor with tungsten plates in front

• experimental data:  [run 4748 - run 4735]

Physics list used: 

FTFP_BERT_EMZ

⚫ Geant4

⚫ Data
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Analysis - done and to be done

• 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)

• move beam position on x-y directions to compare with different runs

• add digitization of the signal 

• telescope is only 1.5 cm height (compared to 4.5 cm Si or 5 cm GaAs) -> is this an explanation of empty events?

Thank you!
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