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INFN Uniformity of response

* Physics
 Physics List for Geant4 FTFP_BERT*
* Delta-ray generation is disabled

e Source

* Proton beam =1 uniformly
fired on tile large surface

« Geometrical parameters

Geometry (S5Smm Tile) :
Tile size (100x100x5) mm3
SiPM (0,1,2) 3x3 mm2 on one side
SiPM (3,4,5) 1x1 mm2 on opposite side
Wrapping (Mylar) Thickness 500 um

s nmm

| = [ ] B | Oneside

R s =] Opposite side

*http://geant4-userdoc.web.cern.ch/geant4-userdoc/UsersGuides/PhysicsListGuide/html/reference PL/FTFP_BERT.html#ftfp-bert



http://geant4-userdoc.web.cern.ch/geant4-userdoc/UsersGuides/PhysicsListGuide/html/reference_PL/FTFP_BERT.html#ftfp-bert

INFN Digitization steps

Look Up Table:
1 element: Segmentation From particle energy
Optical photon nXn: photon hit deposition to detected
tracking in each sub area MPYV and sigma photoelectrons (knowing
0 1 1n each sub area: scintillator light yleld)
. . percentage of
_____________________________________________________ photon generated
________________________________________________________________ Corrections: Electronics
- PDE modeling
N ' * Cross-Talk
B e e e ] - « DCR
* Cell Saturation
3 4 5 .




INFN Generated photons in tile

Photons Generated

. Photons Generated

— Entries 494000
6000 — Mean 1.048e+04

- Std Dev 3743
5000 X2/ ndf 4884 / 1598

- Constant 3.451e+04 + 7.594e+01
4000 — MPV 8937 +1.2

- Sigma 370.5 0.6
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INFN

Gaussian fit for collection response

3 mm Si1PM

Histo_SiPMO_Position_5_3

Histo SiPMO_Position 5 3

- Entries 4090
- Mean 0.02148
- Std Dev 0.001485
= 2/ ndf 199.8/ 86
B Constant 109.3+21
. Mean 0.02149 + 0.00002
- Sigma  0.001494 + 0.000018
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0.00217
0004579
43.8/24
359.7+7.0

_ Histo_SiPM3_Position_ 9 3

= Entries

— Mean

= Std Dev 0.

— x2 / ndf

— Constant

— Mean 0.002166 = 0.000007
— Sigma 0.0004573 £+ 0.0000055
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Shoot PositionY[cm]

Shoot PositionY[cm]
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MPYV collection percentage
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Shoot PositionY[cm]

Shoot PositionY[cm]
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Look Up Table example

DIPARTIMENTO
INTERATENEO DI FISICA

e of fit: - Wrapping and Scintillator
TYP?= MPV '(T}};I:ls Volume= SiPM scintillator size
or sigma Lan d;iu number material
’ Size of sub

areas divisions

LUT Header

N4

Wrapping=Myla aterial=BC-404

0.02113715409715%563 0.021126853017476563

¢V olume=5iPM

0.021086531185800273 0.02100376127156l6%6 0.021094654407121264 0.021025563367304236¢ 0.021085452416866l64
0.0207970587265%86266 0.020971581646411726 0.02114589712459758583 0.021231773716586%4 0.02115852159559542352 0.02100271%6857631 O0.020815555582552185
0.02042431719920667T6 0.021045593331577653 0.0214641027Te556058 0.021e37355T055778  0.021506851874187455 0.02106077el206%6647 0.02046402148534551
0.0201e0517093541137 0.02100774541108367 0.02205527744736483 0.02249002755826021715 0.02201936558615801 0.021036445281100603 0.020185033289374245
0.020052631474539857T 0.020594803555284653 0.022T79559988132555 0.02392756305345945%64 0.022800806639158592 0.020531770182337782 0.0200%4853284712315
0.02000562112695%153 0.020405150619680474 0.022620614552082143 0.027T012454352922817 0.0226030213956082352 0.0204287205528503%9 0.020012109983803834
0.0199255910147754944 0.020436234665242293 0.02150503%683214024¢ 0.029725137631307315 0.0214799958978%6155 0.020417030516686%56 0.015906442669056366

Mean number of photon collected for
a particle in a specific sub position




INEN What next

* Already done:
» Optical photon tracking simulation
* Clustering algorithm
* (Corrections: PDE, DCR, Cross-Talk, cell saturation
Do next:
* Birk’s saturation in core and halo 1onization
« Comparison with experimental data (beam test, %Sr, ...)
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Shoot PositionY[cm]

Shoot PositionY[cm]
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Photon_Detected_SiPM2 Photon_Detected_SiPM0SiPM1SiPM2
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Photon_Detected_SiPMO
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Shoot PositionY[cm]
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Fit Landau
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INFN Timing

SiPM 3 (small) / 26 ns @ 95%

: y
® / Geom 2
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INFN SiPM Broadening

« All the previous plot was made only with absorbed photons

* Next plot will show SiPM PDE and Cross-Talk implementation for a
statistic obtained with random fire position perpendicular to tile.

 PDE was first applied using an average collection value and photons
really detected was calculated individually for each absorbed photon.

 Dark Count Rate can be neglected thanks to fast collection time and
small active S1IPM area.

* Cross-Talk was calculated using a compound gaussian® with:

E[X] — L Varlx] = u- (1 + p) u = Number of detected photons
arlX] = (1 —p)? p = probability = 0.3 in this case

*S. Vinogradov, Analytical models of probability distribution and excess noise factor of Solid State Photomultiplier signals with crosstalk.

15



INFN SiPM Broadening
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Conclusion

« Si1PM strings look generate a better uniformity in light collection.

 Geoemetry 1 and Geometry 2 show, more or less, the same performances

in term of Uniformity

* ~30 ns look enough to collect all the photons for all the configurations.

* We are improving the S1IPM simulation adding PDE, DCR and Cross-Talk

effects, in this specific case DCR can be neglected.

/In this preliminary analysis the SiPM cell segmentation are not\

taken into account:

» Saturation effects and cell positions/dimensions were not
considered.

= We simply consider a statistical approach by using Vinogradov pdf
correction on the whole photons collected on the SiPM area.

» We will better modelize this in future simulations.

_ Y,

MPV
values collection

Absorbed
Proton PDE
PDE+CT
Absorbed
Carbon PDE
PDE+CT
Absorbed
Iron PDE
PDE+CT

SiPM size
Large Small
177 19
65 8
80 5
4778 531
1921 218
2661 287
23080 2583
9146 1040
12880 1429
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