pECal fiber implementations in DD4hep

Zhongling Ji
UCLA

February 8, 2022

Zhongling Ji (UCLA) pECal fiber implementations in DD4hep February 8, 2022 1/10



Problem UCLA

@ Problem: pECal with fibers uses ~6 GB memory in NPSim and ~8.8 GB memory in Juggler. It will
use more memory when other detectors were included.

@ Reason: storing PlacementPath—VolumelD mapping in m_geo.g4Paths uses large memory.
@ Solution: group fibers in each module as a single readout channel.

@ NB: This is the reverse logic of segmentation. In segmentation, we have one physical structure
with many readout channels. However, in pECal fibers, we have many physical structures (fibers)
with a single readout channel (each module).

@ Result: reduce memory usage to <700 MB, which is the same as that without fibers.
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Two methods of implementations UCLA

@ Method I: Change DD4hep to let it only store the VolumelD for each module instead of each fiber.
o Pros: Easy to build fibers.
o Cons: Need a small change in DD4hep.

@ Method II: Set the whole module as a sensitive detector and cover the insensitive areas by daughter
radiators.

e Pros: No need to change DD4hep.
e Cons: Much more coding when building the fibers and runs ~20% slower than method I.

o MethodHH: Use UnionSolid to build the shape for all fibers. In principle, it works. In practical, it
takes infinite time to build the shape for a large number of fibers.

o MethodHV: Use Assembly to group fibers in each module. It doesn't work since DD4hep requires
the sensitive detector to be a real Volume instead of a Assembly.
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Default materials UCLA

e- at 10 GeV in DD4hep e- at 10 GeV in ScFi
@ 500 h_TotalEdep " h_TotalEdep
s e- at 10 GeV in DD4hep Entries 10000 5 500l ©-at 10 GeV in ScFi Entries 10000
i Resol{ition = 0.03224 Mean 214.3 @ | Resolution = 0.p2608 Mean 302.6
5 Std Dev 7.038 5 T Std Dev 8.324
B 400 X2/ ndf 73.52/68 g [ X2/ ndf 767.1/59
E Prob 0.3022 E 400~ Prob 0
z Constant 458.6 +5.6 z L Constant 3745+48
Mean 2143 +0.1 L Mean 302.7£0.1
300 Sigma  6.900 + 0.047 300 Sigma  7.893+ 0.061
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DD4hep: fibers by covering (Method II) Geant4
Polystyrene: CigH»1 Polystyrene: CgHg
Tungsten: W 93Nio.061Feo.000 Tungsten: Wy g7Polystyreneq g3
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Same Geant4 materials UCLA

e- at 10 GeV in DD4hep e- at 10 GeV in ScFi
” i h_TotalEdep " h_TotalEdep
s aoob. &8 10 GeV in PD4hep Entries 10000 S | e-at10GeVin ScFi Entries 10000
a “’F Resolution = 0.§2720 Mean 311 i 490 Resolution = 0.00647 Mean 320.7
5 F Std Dev 8.762 5 [ Std Dev 9.119
3 350 X2/ ndf 134.4186 3 350~ X2/ ndf 702.1/62
E E Prob 0.000654 E L Prob 0
Z 3001~ Constant ~ 3725+4.7 Z 300 Constant 3522 +4.6
E Mean 310.9+0.1 C Mean 320.4 £0.1
2501~ Sigma  8.456 £ 0.065 250/ Sigma  8.482 £ 0.069
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DD4hep: fibers by covering (Method II) Geant4
Geant4 materials Explicitly defined Geant4 materials
Birks = 0 Birks = 0
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Putting fibers directly
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e- at 10 GeV in Dp4hep
Resolution = 0.0p650

h_TotalEdep
Entries 8438
Mean 320.3
Std Dev 8.808
X2/ ndf 100.6 /84
Prob 0.1048
Constant 313.5+4.3
Mean 3204 £0.1
Sigma 8.491+ 0.069
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DD4hep: put fibers directly (Method 1)
Geant4 materials

Birks = 0
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e- at 10 GeV in ScFi

e-at 10 GeVin

Fi

Resolution = 0.0p647

T T T

h_TotalEdep
Entries 10000
Mean 320.7
Std Dev 9.119
X2/ ndf 702.1/62
Prob 0
Constant 352.2+4.6
Mean 320.4 £0.1
Sigma 8.482 + 0.069
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Explicitly defined Geant4 materials
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Grouping fibers in each layer
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e- at 10 GeV in DD4hep
Resolution = 0.42739

T R i

h_TotalEdep
Entries 10000
Mean 313.9
Std Dev 8.861
X2/ ndf 103.1/87
Prob 0.1142
Constant 367.4£4.6
Mean 313.9+0.1
Sigma 8.598 + 0.064
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DD4hep: group fibers in each layer (Method 1)
Geant4 materials
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e- at 10 GeV in ScFi

e-at 10 GeVin

Resolution = 0.

S$cFi
2735

h_TotalEdep
Entries 8000
Mean 314.3
Std Dev 9.019
X2/ ndf 429.4163
Prob 0
Constant 2825+4.2
Mean 314.1+£0.1
Sigma 8.593 + 0.085
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Geant4: group fibers in each layer
Explicitly defined Geant4 materials

Birks = 0




Adding Birks constant UCLA

e- at 10 GeV in DD4hep e- at 10 GeV in ScFi
” 7 h_TotalEdep " _ h_TotalEdep
S I e-at10GeVinDD4hep Entries 10000 § a0l © at 10 GeV inScFi Entries 10000
@ %% Resolution = 002693 Mean 2986 @ [ Resolution = 0j02691 Mean 2987
5 F Std Dev 8.219 5 4000 Std Dev 8.295
& 3501 X2/ ndf 71.66/75 3 r X2/ ndf 606.4 /57
€ n Prob 0.5878 £ 350 Prob 0
=3 F =3 E
Z 300 Constant 394.3 +4.9 z r Constant 3748 +4.9
C Mean 298.6 +0.1 300 Mean 298.5+0.1
250 Sigma 8041+ 0.058 E Sigma  8.033 +0.068
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Edep (MeV) Edep (MeV)
DD4hep: group fibers in each layer (Method 1) Geant4: group fibers in each layer
Geant4 materials Explicitly defined Geant4 materials
Birks = 0.126*mm/MeV Birks = 0.126*mm/MeV
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Final result
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e- at 10 GeV in DD4hep

h_TotalEdep
e- at 10 GeV in DD4hep Entries 10000
Resolution = 02692 Mean 295.7
Std Dev 8.177
X2/ ndf 76.15/79
Prob 0.57
Constant ~ 398.1% 4.9
Mean 295.7+0.1
Sigma  7.959 +0.058
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DD4hep: fibers by covering (Method II)

Geant4 materials
Birks = 0.126*mm/MeV
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e- at 10 GeV in ScFi

e-at 10 GeV in ScFi
Resolution = 0.p2608

h_TotalEdep
Entries 10000
Mean 302.6
Std Dev 8.324
X2/ ndf 767.1/59
Prob 0
Constant 3745+48
Mean 302.7£0.1
Sigma 7.893 + 0.061
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Implicitly defined Geant4 materials
Birks = 0.126*mm/MeV




Summary UCLA

@ The default materials are different in Geant4 and DD4hep. It is important to use the correct one
though they have the same name.

@ The default range cuts are different in Geant4 and DD4hep.

@ The default implementation of birks' law in DD4hep, which is implemented in Geant4, is slightly
different from Ryan’s implementation. However, it doesn't change the result when using the single
electron beam.

@ Grouping fibers in each layer by a volume will slightly change the results. When tuning the
simulation by the test beam data, we should keep this in mind.
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