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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 Il electron beam

« Simulations goals:
= replicating various experimental configurations
define the primary particle characteristics
verify the physics list influence
collect quantities of interest (eqg. pad hits, energy deposition)
cross-check with experimental data

Resolution: correlate the sensor response to the hit position.
= Ffficiency: 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 ﬁ' 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 6\ GEANT4

challenge: choose/construct physics list, write data to file

« data analysis of the test beam sensors is performed using

ROOT framework 4/‘ RO OT

challenge: extract physical quantities matching experimental data | Do e

Experiment

> raw data > unpacking > mapping multiplicity determination

O reconstruction QO analysis

particle tracking

* event generation <+ MC transport

Monte Carlo simulations
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Monte Carlo simulations and data analysis workflow
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Test beam general setup & FreeCAD
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Telescope planes Telescope planes

Experimental Area (aka TB24)

e 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 pm x 26.88 pm. 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
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e the active area is roughly of the size 3cm x1.5
cm; the thickness of the chip is ~50 pum

* telescope planes position according to the
real measurements during beam time.
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Test Beam configurations @ LUXE

10 setups - 38 different configurations

=Si sensor - (72

= Ga-As sensor — Antont _E

1 setup only with sensor

4 4
‘, I 1 setups only with sensor

Energies: 5 GeV Energies: 5 GeV

= Ga-As sensor - Yan1 =Si sensor - C74

1setup only sensor

Energies: 5 GeV S
1setup [ 5 W plates + sensor ] _EﬁHﬂI Yl X lI

Energies: 1 GeV, 3 GeV, 5 GeV

1 setup only with sensor

Energies: 5 GeV

1setup [ 5 W plates + sensor ]

Energies: 1 GeV, 3 GeV, 5 GeV

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

Energies: 5 GeV Energies: 5 GeV

= Ga-As sensor — BeamcCal
1 setup only with sensor ] - S
Energies: 5 GeV {w xI % I]
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=Si sensor - C75

1 setup only with sensor

Energies: 5 GeV




@syﬁwm 1 1IVE
: Pt LUAE
Investigated layouts

sensors, converter

®Ga-As sensor — Antoni, Yani & BeamCal =Si sensor — C72, C74 & C75 Tungsten plates
= 2> different compositions:
* 7with 93% W
* 8 with 95 W
number of pads: 16 x 8 = Various thickness:
thickness: 320 um * from 3.470t0 3.645 mm

. rectangularshape: 7.47 cm x 4.97 cm . rectangular shape: g cm x 4.5 cm

pad size: 4.7 mm x 4.7 mm pad size: 5.5 mm x 5.5 mm

gap between pads 0.3 mm

. number of pads: 15 x 10

« thickness 500 pm

cene tree, Help, History Stack configuration
. . 7 Useful tips viewer-0 (OpenGLStoredQt) .. ..
Scenetree | Help | History \ beam
Slot 1 Plane "1" tungsten 3,505 abs95
Slot 2 Plane "3" tungsten 3,520 abs95
Slot 3 AS 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 AB tungsten 3,558 abs95
Slot 8 B23 tungsten 3,543 abs95
Slot 9 B21 tungsten
Slot 10 1(A3) tungsten
Slot 11 B19 tungsten
Slot 12 Bl4 tungsten
Slot 13 7 (MGS52) |ungsten 3,521 abs93
Slot 14 10 (MGS5) |tungsten 3,645 abs93
Slot 15 11 (MGS6) |tungsten 3,470 abs93

Slot 16 - a

|

|Slots 18—end |-— empty
I

= complete implementation of all type of sensors — Anton1, Yan1, BeamcCal, C72, C74, C75

* re-numbered the pads to correspond to channels from real sensors

* macro with commands for easily geometry change
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Monte Carlo simulations and data analysis workflow
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Primary particle generation GPS s LUAL
i /control/verbose 1
particleGun, GPS contol jverbe
/run/initialize
Create ‘diverging’ beam e ) rinery particie tpe
/gps/particle e- [/ primary particle type
e when firing an accelerator based beam, the beam will have some divergence and shape rgps/pos/type Beam
. /gps/pos/shape Rectangle // reproduce collimator
e 12 X 12 mm? collimator -> square source /gps/pos/halfx 0.6 cm /7 12 mn
. . . . . /gps/pos/halfy 2.6 cm f/12 mm
o gaUSS|an energy dIStrIbUtlon Wlth 0.1% Spread /gps/pos/centre @. @. -200. cm // distance to sensor position
/gps/direction 2 @ 1
e 0.752 mrad divergence - - |
/gps/ene/type Gauss I i tribution

H /gps/ene/mono 5900. MeV
G4int n_particle = 1; partICIGGun /gps/ene/sigma 50. MeV
fParticleGun = new G4ParticleGun(n_particle); /gps/ang/sigma_r ©.752 deg
G4ParticleTable® particleTable = G4ParticleTable::GetParticleTable(); /run/beamon 5 f/ number of events

G45tring particleMame;
fParticleGun-=>SetParticleDefinition(particleTable-=FindParticle(particleName="e-")};

| Beam Energy

fParticleGun-=SetParticleEnergy(finalEnexgy);
fParticleGun->GeneratePrimaryVertex|ankvent);

Beam

G4double theta, phi; 13(]0: Entries 500000
G4double px, py, pz; - | Mean 5000
Gadouble sigmaAngle = ©.752; 1600 Std Dev 49.95
theta = G4RandGauss::shoot(®.0, (sigmaAngle*pi) / 180.); -

phi = twopi * G4UniformRand(); 1400:?‘

px = -std::sin(theta) * std::cos(phi); -

py = -std::sin(theta) * std::sin(phi); 1200—

pz = -std::cos(theta); -

fParticleGun-=SetParticleMomentumDirection(G4ThreeVector(px, py. pz)); 1000::_

G4double zur = -3270.2*mm, x = 18."mm, y = 12Z.*mm; -

G4double xur = x *(2*G4UniformRand()-1); =

G4double yur = y *(2*G4UniformRand()-1); 300__

fParticleGun-=SetParticlePosition(G4ThreeVector(xur, yur, zur)); n

600 — |

/ fEnergy N

GAddouble beamEnergy = S000.*MeV; 400—

G4double energySigma = ©.01; -

G4double finalEnergy = G4RandGauss: :shoot(beamEnergy, beamEnergy energysSigma) ; 200::_

=

II|IIII|IIII|IIII|IIII|II eI
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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

eName 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
e Extension Pin QGSP/FTFP: Precompound & De-excitation model used to de-excite remnant nucleus

—Intermediate energies: BERT, BIC, INCLXX,

used up to O(10) GeV Energy deposition for (1W + Si sensor) ~ — EEE:SEQ_EMV

— Low energy neutron/particle transport: HP, £ .o Ity

— Various shortcuts to indicate special 3 FTFP_BERT EMZ
variants, like TRV or LEND 4000 " — EE?SEE?E’;’N
3500 FTFP_BERT__GS

eOption of electromagnetic physics: 2000 —

— EMV —use Opt1 EM physics

— EMX —use Opt2 EM physics 2500
— EMY —use Opt3 EM physics
— EMZ — use Opt4 EM physics
— plus specific DNA, GS, Liv, Pen, LE, WVI, SS 1500

2000

, : 1000
*Exceptions to naming scheme are

Shielding, LBE, and NuBeam physics lists 50

€T
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0.9 1
E e, [MeV]

L]

FTF_BIC
FTFP_BERT
FTFP_BERT_HP
FTFP_BERT_TRV
FTFP_BERT_ATL
FTFP_INCLXX
FTFP_INCLXX_HP
FTFP_QGSP_BERT
« LBE

NuBeam
QGSP_BERT

e QGSP_BERT_HP

e QGSP_BIC

e QGSP_BIC_HP

* QGSP_BIC_AlIHP
e QGSP_FTFP_BERT
e QGSP_INCLXX

e QGSP_INCLXX_HP
* QGS_BIC

e Shielding

¢ ShieldingLEND

L]

L]

L]

L]

L]

L]

L]

L]

L]
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Hits collection 7 observables

sensitive detector e Number of hits

_ Hits _ Layer.Layer
10" htemp . 10" htemp
- @ Pads hits ol Fries1097HE
10— Mean 2785 F Mean 0
r SdDov 2132 o : [ St 0
Pag ad - =  Position of hits (x, y, z) o ol Pos pos 1
htemp r C [
E Entrigs 1397448 30_— . L C Enrigs 1397448
0000 - b L e Hits momentum (pX, Py, pZ e - Mean 00038
E Doy 262 r [ E SliDev 1168
E B= : : e : g0 0000
e - e Particle identification C :
oo C a0 oo -
= o i Total energy per event C E
inooo r F
E - 40— e —
oo al » Total energy of hits : -
C L 200 WUUU_—
0000 - F F E
E P T AR Lol . 15W-500k. root i Lo b b 000
mmm:— 0 5 10 15 ] 25VN'3 cjg T 05 0 05 1 1& B 2 F
-3 e - | ResultsTree;1 A g
£ | \ \ nHits oF el IR B B
0 ] 40 [ 100 20 'ﬁ b ) - 0
FadPad _ Ay —_ : ﬁ Layer _ particleld.particleld i
10 htemp 10 htemp
C Enies 1397448 \\ C Erles 1307448
T Pad 1400
8001~ Mean 0008388 F Mean 23830405
E StdDev 3619 C Sid Dev_1.544e+017
3 .. R pos x ol
; Edep.Edep h e B o ; EdepPlan h
temp E L. as L temp
c Ervies 130748 s ﬁ pos_y 10— b Eres 00000
00 Mean 01865 C L Mean 08212
SidDev 01626 500:— ’ ﬁ pos_z sl Std Dev 05126
E F 100
BO0H— 40 .. D-:{ r
5 i s
st W= /’——-—--ﬁ ny C )
200E .- 0z 0
E i / : m
w3 J . ﬁ particleld -
3:\ 11 1 ‘ 111 1 | 11 ‘ 11 ‘ 111 | | 11 . .ﬁ EdED 3_ Il 1 Il | 1 Il 1 ‘ Il 1 Il ‘ Il Il 1 ‘ 1 1 Il | X“}s m
K] 50 0 50 10 - 0 00 a0 o] [0 1000
PR /: H ﬁ EdEl:IFllﬂl'l particield particleld
/ o 2
H a
Illl\ll\l‘\l\llll‘ll\l\\\ 3 |\\I|I\I‘\II‘\II|I\\|
14 ] 2 4 [
Edep.Cdep EdepPlan
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EventAction @ LUAR

= - for (unsigned long i = @; i < luxeHC-=GetSize(); ++1i)
Write data to file

auto hit = static_cast<LuxeHit*:(luxeHC-=GetHit(1i));

g4root, G4An alySISMan ager ifl:hit--:'fEdE‘p == @.) continue;

hitsNb++;

fCalLayer.push_back(hit-=fLayer);
fCalPad. push_back(hit-=fPad);
fCalX push_back({hit-=fX);
fCalY.push_back(hit-=TY);
fCalZ.push_back(hit-=fZ);
fCalPx.push_back(hit-=>fPx) ;
fCalPy.push_back(hit->fPy);
fCalPz.push_back(hit-=fPz);
fCalpID.push_backihit->fpID};
fCalEdep.push_back(hit->fEdep) ;
Edepo += hit-=>fEdep;
RunAction b | ‘ o
analysisManager->FillNtupleIColumn(@, hitsNb);
analysisManager->FillNtupleDColumn(11, Edepo);

' Default settings
analysisManager- >SetVerboselevel (1) ;

analysisManager->SetFileName("ecal-luxe.root"); . ) . .
Gddouble temp=event-:GetPrimaryVertex()->GetPrimary()->GetKineticEnergy();

/ Creating ntuples analysisManager-=FillH1(@, temp);

if ( fEventAction ) { Browser | File Edit View Options Tools Help

analysisManager->CreateNtuple( "ResultsTree", "Calice simulted data"); analysisManager->AddNtupleRow() ; Files | Canvas_1 [x] | Editor 1 x|
analysisManager->CreateNtupleIColumn| "nHits"); 8y ¥ & Drawopion:[  [v] Pad.Pad
analysisManager->CreateNtuplelColumn| "Layer”, fEventAction-=fCallayer), g 1500k oot - = Emm;mﬂgﬂ“
analysisManager->CreateNtupleIColumn|"Pad”, fEventAction->fCalPad); "ggzxj$:22 80000 e
analysisManager- >CreateNtupleDColumn| "pos_x", fEventAction-=fCal¥); 9 14WS00k 0ot 70000 E-
analysisManager-=CreateNtupleDColumn|("pos_y", fEventAction-=fCaly); & T8 15W-s00kroot co000 -
analysisManager->CreateNtupleDColumn| "pos_z", fEventAction-=fCalZ); Eﬁ%;:ﬂifﬁ' =
analysisManager->CreateNtupleDColumn("px", fEventAction->=fCalPx); - gy Laver > mmn?
analysisManager->CreateNtupleDColumn("py", fEventAction-=fCalPy); - §y Pad =[| o
analysisManager->CreateNtupleDColumn("pz", fEventAction->fCalPz); :gzzj 30000 =
analysisManager-=CreateNtupleIColumn("particleId”, fEventAction-=fCalpID); - Ry pos_z 20000 -
analysisManager->CreateNtupleDColumn("Edep”, fEventAction->fCalEdep); ”%Ei RN
analysisManager->CreateNtupleDColumn("EdepPlan”); - gy 0z oE . |
. §y partcield 2 #0 &0 & 1o Rt Pa
analysisManager->CreateHl("Beam", "Beam Energy",1800,4200"MeV,5200*MeV); :z:zzphn Ve v
analysisManager->FinishMtuple(); 2 TW500K oot Command |
B IW500k raat .| Command (local): | -]
g L »
Filtar: |AH Files (") |Z|
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Hits versus digits

sensitiveDetector, DigitizerModule

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

G4VDigitizerModule

 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 _
Each step generates a new hit or

accumulates in an existing hit

Monte Carlo simulations

End of Event

0O Digits Collection ' aDigi QO Hits Collection

. mem—

read-out ‘signal’ is generated

No digitization has been applied to simulations performed for this task
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Plotting first histograms

.root commands Root macros

finclude "plane

void save_hist_data

RO Ot C O m m an d TFile *file2 = neu;f TFile("TB_FIRE_4436.root"

TTree “tree2 = (TTree”)file2-:Get("TreeOnFire")

TCanvas *c = new TCanvas("c"

Int_t nentries2 = (Int_t)tree2--GetEntries

=
Browser | File Edit VWiew Options Tools Help y 1
. .
Files | Canvas_1 [x] | Editor 1 Plane “plane(3] {}; S " " g g i
for(int iPlane=0; iPlane 3; iPlane++ tree2->SetBranchAddress(Form("Plane_ iPlane), &(plane[iPlane])
8, 5 & Dawopton:|  [7] Edep (Pad == 65}
.
- Enmesﬂlsmn &7 Plane *planePtr

- i 14W-500k o0t
- 7 15W-500k oot
-9 1W-500k raat

TimeFrame singleTimeFrame
StdDev  0.2109

TH1F* histData = new TH1F("histData", "Amplitude from Data", 200, @
for (signed int iEvent = @; iEvent nentries2 iEvent++)

tree2->GetEntry(iEvent
for(signed int iPlane=0; iPlane 1 iPlane++)

planePtr = plane[iPlane]

> for(unsigned int iTime = @; iTime (planePtr->time_frame) .size(); iTime++
L -0\2 i HUI4 L ‘H‘ Dlﬂ- T OIB PR 1 -H- e ;ing].eTimeFrame = (planePtr-=time_frame) [iTime]
* g% EdepPlan i : : Edep for(int iSample = @; iSample < singleTimeFrame.nb_of_samples ; iSample ++
,,EZW-SD\]KJOOI ~ >
- 2% 3W-500k.raot Command | std::cout << "event:" << iEvent << std::endl
=~ 4W-500k root Command (iocal): | = if( (iTime 3 iTime == 4) &8 (singleTi e
L 9% SW-500K. oot - . . . . s - .
4 m > histData Fill(singleTimeFrame.amp[iSample]
Filter: [ All Files (") =]
[
File Edit View Options Tools Help
StartViewer seaeta e Amplitude from Data
3 -
=10
X o o TFile result("histData.root”, "UPDATE") C ‘hIStData
File Edit Run Options Help Help histData--Write Entries 1720830
Command | [ option |]Canvas_1 ) | Editor 1 140 Mean 25.55
- |- [Current Folde: [Current Tree : ResullsTreg pos_y.pos_x:pos_z Sid Dev 13.84
C [[[=3TeeLst X:-p0s z  Fposy
[ |-| B #|ResulsT |y, ~pos x Ry pos z 120
| Ziposy  Eyox
|- <L.empty- Iy oy
. ﬁjs«;anlmx oz
- | Ec»>-emply- R particeld 100
- |- E¢>-emply- gy Edep
- |- | gy smoty- gy EdepPlan
- |- E¢3 empty-
HE g 80
- - E¢3 -Smpty-
El |F E¢3 -2mpty-
- |- 5| B> empty- 60
|- ¢y empty- The
|- Ecy empty- Expate S EA ]
- |- Ry nHits
|- oy Layer - < 40
- | 5% Pad Gommand|
. , | Beposx Command (local): | =]
- |-[r= sPier| || 0% 20
Iisi - [~ RESET
- r ' ' Z | | | | |
0 | T B L Ll L1 L1
H ; ihAai 0 100 120 140 160 180 200
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Monte Carlo simulations and data analysis workflow
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Simulations: Number of e-h pairs created
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Www.spacescience.ro I

GaAS sSensor — AntO n 1 . 300um GadAds sensor, 2 Gel” electrons @ 2500 Entries e 78337
;l: 20000 — Pl 0.3455 % : Mean 0.3546
< fi " vamitos| | A
. = 80000 4 : A ORAIH O . Constant  1.208¢+04 + 7.456¢+01
Olga Novgorodova’s Thesis: —— r 2 AR
e energy deposition in GaAs sensor 60000 15001
. 50000/~ -
e 500 pm thickness E B
40000/ 1000|—
e 9°Sr and 2, 4 & 4.5 GeV mono-energetic e- 30000/ -
e triggered by 2/ 3 scintillators e o
10000 J C
Setup | Dep.En.(MeV) | e-hpairs/um | Dep.En.(MeV) | e-hpairs/um 02 03 04 05 06 07 09 1 %z 08 5
Edep, Mel™ Edep, MeV
9°Sr 0.3512 163.4 0.3555 165.34
2 GeV 0.3455 160.7 0.3546 168.86 htemp
2 35000~ Entries 764218
4 GeV 0.3513 163.4 0.3588 170,861 3 - Mean 0.3905
__ Std Dev 01214
4.5 GeV 0.3526 164.0 0.3594 171.14 30000 - 7 I ndf 1833/30
- Constant 1.834e+05 + 3.421e+02
5 &2 05505 RS 25000 — MPV 0.3301 0.0001 « Thickness: 550 pm
N Sigma 0.02401 £ 0.00005
. L ° Ee- =5 GeV
Why differences? 200001~ £ y
. L. C ° i = 4.3 e
« which are the characteristics of 15000 —
triggers: dimensions, positions, etc. - l
. 10000 —
. Landaufit parameters n
50001_ Dep. en. (MeV) o0.3905
- . ) - e-h pairs/um  165.12
Physics list used: FTFP_BERT_EMZ | S pairs/pm 165
- - 0 0.2 0.4 0.6 0.8 1
Edep, MeV
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Space

Simulations: Hit map

GaAs sensor — Antonl

pOS_y:pos_x

POS_y:pOS_X

pos_y

pos_y

20

Hits registered position:

10

e Primary particle energy: 5GeV
e Number of simulated events: 1 000 000
e Centered on pads 64, 65, 74, 75, 84, 85 10

e Converted to channel number from sensor
=20

=]
\II‘II\\|I\II|\II\‘IIII|I\I

Similar with run 4484 = B R Ry

29 10

4% 68 88 108 63 83

=]

[=-]

-

=71

[at]

6 B

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



kS

%)

=
=]

Total Energy deposition

Simulations: Pad Hits

GaAs sensor — Antonl 100

80

Hits registered position:

60
e Primary particle energy: 5GeV “
e Number of simulated events: 1 000 000

20

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

o=

?_III|I\I|III|III|III|III|I

htemp

Entries
Mean
Std Dev

886867
0.3647
0.1431

e Converted to channel number from sensor

0

Pad hits
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©: LUXE
Simulations: Number of e-h pairs created @ LUXE

Si sensor C74 & others e htemp
g - Entries 999167
o 100 Mean 0.1195 |
B Std Dev 0.06549
sl 22/ ndf 1.3246+04 /99 o Thickness: 320 um
d ] . | Constant  5.708e+05 + 9.068e+02
Energy ep05|t|0n- = MPV 0.09088 + 0.00002 o E..=5GeV
. 601 Sigma 0.007587 +0.000009 |,
e 320 pm thickness s . E=3.62eV
* 5 GeV mono-energetic e- a0l ‘
e triggered by 3 scintillators N \ 78.45 e-h pairs per pm
20
DT' L’pl L T — I I I T
0 0.1 0.2 0.3 0.4 05 0.6 0.7 0.8
Edep, MeV
@ htemp B
S 90000F Entries 998461
.. . N Mean 0.1877 |
Energy deposition: - f S1d Dev 0.08954 '
hick 70000 - X2/ ndi 1.005e+04 /126 o Thickness: 500 um
* 500 pm thickness = Constant  4.7826+05 + 7.6206+02
00 K ] 60000 MPV 0.1464 + 0.0000 « E.=3GeV
* 3 GeV mono-energetic e- 50000; Sigma 0.01126 +0.00001 |. . E=3.62eV
e triggered by 3 scintillators 40000~ \
30000 80.88 e-h pairs per pm
) ) 20000;
Physics list used: FTFP_BERT_EMZ .t
017: \IP 1 1 | L L L L L L |
0 0.2 0.4 0.6 0.8 1
Edep, MeV
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Simulations: Physics list comparison

Si sensor:

« FTF_BIC

« FTFP_BERT

« FTFP_BERT_HP

« FTFP_BERT_TRV
« FTFP_BERT_ATL
« FTFP_INCLXX

« FTFP_INCLXX_HP
 FTFP_QGSP_BERT
* LBE

» NuBeam

* QGSP_BERT

* QGSP_BERT_HP

* QGSP_BIC

* QGSP_BIC_HP

* QGSP_BIC_AIIHP
* QGSP_FTFP_BERT
¢ QGSP_INCLXX

¢ QGSP_INCLXX_HP
* QGS_BIC

¢ Shielding

¢ ShieldingLEND

counts

4500
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3500
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2500

2000
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W + C74

Energy deposition for (1W + Si sensor)

— FTFP_BERT
— FTFP_BERT_EMV

—

— FTFP_BERT_EMX
— FTFP_BERT_EMY
FTFP_BERT EMZ
— FTFP_BERT_LIV
FTFP_BERT PEN
— FTFP_BERT _GS
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Simulations: MeV to ADC

GaAs sensor — Antonl

Energy deposition:

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

Integrated Hit Map

Analysis conditions > 1F
. Kept all timeplanes g ;—
o Cutonamplitude <900 82—
« dead channels masked =
« langaus fit [12-64] ADC gé_
S|
e
-

Data from run4484

« Beamonpads 42, 44, 62, 64 2 4 6 8 10 12

e« Convertedto channel numbei 1iuii sciisu
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2000
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timeframe
Entrios BE0AT
Wean 25.38
Sad Dew 10.98
P 9227 ' 46
Wit 1.84 & 002
MF 2048 = 003
Area 833804 + 2 661 e 02
G3gma 3542 +0.038

Amplitude per pad 42

10000

8000

G000

4000

2000

lrr[r||]111]||r[rrr|111]

timeframe
Entrias 172310
Wean 2568
Sad Dew 10.29
Pl 1118 7 48
Wit 1478 £ 0.012
WP 2147 = D2
Arga 1.722%408 + 420302
G3agma 3841 £ 0.024
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Simulations: MeV to ADC

GaAs sensor — Antonl , merged runs

Energy deposition: | 14000
e merged all data from rung4s9 till rung491 12600
 runs with Debug-data-ON or test runs not taken into account 10000

e beam energy: 5GeV

e greater number of runs and events for the left side of sensor .
Integrated Hit Map o0
> 10 x10° 2000
9= %
8—
75_ Emoo -
— 80000 -
6— 70000 E—
55_ ﬁDO[]DE—
= 50000 -
4;_ 40000 5_
3:_ :moooz—
= 20000
22_ 100005—
= 6 8 10 12 14 i6 %
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@ 11Ive
S RAAR

Amplitude per pad 82

20 30 40 60

timeframe
Entries 202739
Mean 2368
Sud Dev 11.06
*F 1 ndf 486.2 / 25
Width 1.504 +0.013
MP 20088 £ 0.01
Area 1.7962405 + 4.T142402
GSigma 2 688 + 0,030

0 80 80 100

Amplitude per pad 31

10

20 30 40 50 60

Amp [ADC]
timeframe
Entries 1333325
Mean 242
Std Dev 10.98
x* ! ndf 3.293e+04 1 25
Width 1.369 = 0.006
MP 2136 = 0.01
Area 1e+06 = 3.5e+00
GSigma 2994 =0.013

1 sl s a sy
70 80 a0 100
Amp [ADC]
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Simulations: MeV to ADC

GaAs sensor — Antonl , merged runs Data from run4484
Beam on pads 42, 44, 62, 64
« MPV=20.26 * 0.68 [ADC]

Energy deposition:

e 2 cases investigated: [run 4484] & [run 4459 —run 4491]

e fit with (Landau & Gauss) function all channels in [12-64] ADC range
Data from merged runs

« MPV=2134 % 0.42 [ADC]

MP
htemp

7—_ Entries 123

- Mean 20.26 MP

- StdDev  0.678 htemp
6— 8l _ Entries 123

C C v Mean 21.34

~ C Std Dev 0.4153
5— / =
4 6—
sE 51—

- 4—
2_— C

: o

11— C
C._I | | | 1 | | 1 | | | 1 | | | | | | | | | | | | :

17 18 19 21 22 Nl
=1 U | | I | | | Lol | |

202 204 206 208 21 212 214 216 218 22 222 224
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@ LUME
Simulations vs Data
GaAs sensor — Antonl, run 4484

« 1MeV =56.77 ADC

— Geant4
— Data

entries

Energy deposition:

e Goal: compare simulations with data

.....................................................................................................................................................................

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

..................................................................................................................................................................

...............................................................................................................................................................

from simulations
« 1MIP=0.3569 * 0.12 MeV

.............................................................................................................................................................

120 140
ADC
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Simulations: MeV to ADC

Si sensor — C75
Amplitude per pad 49

. timeframe 3 & 4
E d .t. t 20000 |-~ Enrios 200616
nergy deposition: ' soonf e s
e for each pad a (Landau & Gauss) function was fitted to energy spectrum 16000 - ! Lo aoms
. 14000 - MF 2207 + 000
* alot of channels are dead or unresponsive : Mes 2030105+ as2tes02
12000 — GiSegma 1.762 = LM E
Integrated Hit Map 10000 £~
8000 :—
> -
BO00 —
4000 -
2000 F-
L] L] L] n |
Analysis conditions o 36 o
« Keptall timeplanes
« Cutonamplitude < 900 Amplitude per pad 71
« dead channels masked - 8 —hmelame 3 &4 ___
fi ~ E 1800~ Wean 24.98
o _ — = S Dow L
Iangaus It [12 64] ADC - 1E-IZID-:— o 125.:5:
— 1_10&-_ Wit 1,487 + 0.008
= - MP 20.16 = L0
12‘|:ID_— Area 1859804 & 1,41 1esD2
C G8gma 1.714 + 0048
1000 —
Data from run4436 800
2 2 “of-
« Beamonpads 49, 51, 59, 61 wok-
o Converted to channel number from sensor 200
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. . . Integrated Hit Map W WU NR
Simulations: MeV to ADC
Si sensor — C75 7
L] [ 6:_
Energy deposition: -
* merged all data from rung422 till rung447 °E
 runs with Debug-data-ON or test runs not taken a-
into account -
3_
e beam energy: 5GeV -
e many dead or unresponsive pads 2=
1 '
X
Integrated Hit Map
8 %107
- i Amplitude per pad 86 Amplitude per pad 99 R
7:_ | 45000 o imehane YT E:].L’-,an:.— Entrios 453210
[ , E WMean 25.01 ; C Mezn 228
61— 40000 E'_ Sad Dew 10,86 30000 :._ f’d :: ‘2‘2?: ::
- 35000 :.'d:-'-.m |Lz;2;g-:t:: - widin 1.586 £ 0.007
— C :' _' A . <] 1.8+
i s I biod B
4 f— 25000 E— GSigma 1688  0.011 20000 ;— Bgra L2600
- EWDUE— 150nn:
31— =
- 15000 -
- E 10000
2= 10000 -
= E 5000
1o 5000
of 0,

1 1
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ECAL-p LUXE Workshop | Monte Carlo simulations for 2022 Test Beam | Mihai Potlog, 14-02-2024 31



Simulations: MeV to ADC

Si sensor — C75

Energy deposition:

e 2 cases investigated: [run 4436] & [run 4422 —run 4447]
e fit with (Landau & Gauss) function all channels in [12-64] ADC range

MP

htemp
Entries 98
Mean 20.79
Std Dav 1.006

| ~

(]
——
—

o i

17 20 21 22 23

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

entries

12000

10000

8000

6000

4000

2000

‘ INSTITUTE o I I I v I
SPACE SCIENCE
\ R acescicoce.ro I ‘ ' " I

Data from run4436
Beam on pads 49, 51, 59, 61
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Simulations vs Data |

Sisensor—-C74 +W

Energy deposition for sensor with 1W

@ = — Geant4
€ 5000 —
8 B — Data
Energy deposition: -
gy aep 4000 —
e experimental data: [run 4749] -
e C74 sensor with 1 tungsten plate in front B
3000
: : 2000 |
Physics list used: FTFP_BERT_EMZ i
1000
0<|: | ] | | ] ] ] | ] ] | | | ] | | ] ] ] | | ] | | | ] | | | ] | | | ] | | ] |
0 20 40 60 80 100 120 140 160 180 200
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Simulations vs Data
Si sensor - C74 + nW

counts

6000

Energy deposition: 5000

e C74 sensor with tungsten plates in front 4000
e experimental data: [run 4748] - 2W
[run 4742] - 8W

2000
[run 4735] —15W

- 1000

Energy deposition for sensor with 8W — Geant4
£ = — Data 0
516000 L =
14000 —

12000

10000

8000

6000

4000

2000

1 1 L L 1 1 1 1 ‘ |
0 50 100

150 200 250 300
ADC

Physics list used: FTFP_BERT _EMZ
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Energy deposition for sensor with 2W

“ I!i INSTITUTE or

— Geant4

3000 —

counts

9000

8000

7000

6000

5000

4000

3000

2000

1000

ADC

Energy deposition for sensor with 15W

— Data

1 1T VVE
RLRUAL

— Geant4

— Data

o

50

100

150

200

—l
250

300
ADC



Simulations vs Data
Si sensor — C74 + nW

Energy deposition:

e C74 sensor with tungsten plates in front
e experimental data: [run 4748 - run 4735]

Longitudinal shower development

Physics list used:
FTFP_BERT_EMZ

27

MPV [ADC]

26

25

24

23

22

21

0 1 2 3 4 5 6 7 8

9 i0 11 12 13 14 15 16
No of W
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*2 { ndt

25000

20000

15000
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Constant

MPW
Sigma

228/ 20

1.302e+05 + 2.543e+02
31.49+ 0.05

7.604 £ 0.041

« Data

140

%2/ ndf

12000

10000

8000
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2000
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MPV
Sigma

144.2 / 20

6.704e+04 + 1.922e+02
29.95 + 0.04

5.905 + 0.033
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Analysis - done and to be done
 evaluate each pad energy deposition
e fit the energy deposition histograms to get the MPV
e evaluate MPV for different setup configurations
e compare simulation results with data from test beam
e find the longitudinal shower distribution for different configurations (e.g. 1 to 15 W plates in front of sensor)
e move beam position on x-y directions to compare with different runs
 add digitization of the signal
e 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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