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DRC repository

Standalone DRC Key4hep repositories

Currently, all components of DRC simulation belong to = Each component is scattered over multiple repositories

the single repository [HEP-FCC/dual-readout] - Geometry [key4hep/kdgeo]
Geometry (Detector) or [HEP-FCC/FCCDetectors]

=  Full simulation (DRsim) = Full simulation [HEP-FCC/k4SimGeant4]

= Digitization (DRdigi) . Reconstruction [HEP-FCC/k4RecCalorimeter]
Reconstruction (DRreco) = Analysis [HEP-FCC/FCCAnalyses] (based on RdataFrame)
Analysis (analysis) = Configurations [HEP-FCC/FCCSW]

_


https://github.com/HEP-FCC/dual-readout
https://github.com/key4hep/k4geo
https://github.com/HEP-FCC/FCCDetectors
https://github.com/HEP-FCC/k4SimGeant4
https://github.com/HEP-FCC/k4RecCalorimeter
https://github.com/HEP-FCC/FCCAnalyses
https://github.com/HEP-FCC/FCCSW
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Dual-readout calorimeter

Scintillation Cerenkov
= Longitudinally unsegmented fiber-sampling calorimeter
— measure both EM & hadronic components with two different channelsin h/e
— excellent energy resolution for hadrons via event-by-event correction : 3

= Projective geometry with a uniform sampling fraction

— fine unit structure with high granularity

— more fibers in the rear than the front
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https://github.com/HEP-FCC/dual-readout/tree/master/Detector/DRsegmentation

Dual-readout calorimeter

Scintillation
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Dual-readout
calorimeter

= Longitudinally unsegmented fiber-sampling calorimeter

— measure both EM & hadronic components with two differ st -SELISY

— excellent energy resolution for hadrons via event-by-even

= Projective geometry with a uniform sampling fraction
— fine unit structure with high granularity

— more fibers in the rear than the front
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https://github.com/HEP-FCC/dual-readout/tree/master/Detector/DRsegmentation

Optical physics simulation

Timing is crucial for longitudinally unsegmented calorimeter to measure shower depth

Optical physics gives detailed timing information, but at a high cost of CPU
Incorporating modularized G4 Physics Lists to achieve detail & speed simultaneously

k4SimGeant4

EDM

conversions

FTFP_BERT (full simulation)
I: + GEANT4 optical physics [code] (inactive in default G4)
+ Fastsim module applied to optical photons [link][code]
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Physics list

k4run configuration

regionTool = SimG4FastSimOpFiberRegion("fastfiber")
opticalPhysicsTool = SimG4OpticalPhysicsList("opticalPhysics", fullphysics="SimG4FtfpBert")

physicslistTool = SimG4FastSimPhysicsList("Physics", fullphysics=opticalPhysicsTool)

from Configurables import SimG4DRcaloActions
actionTool = SimG4DRcaloActions("SimG4DRcaloActions")

# Name of the tool in GAUDI is "XX/YY" where XX is the tool class name and YY is the given name

geantservice = SimG4svc("SimG4svc"
physicslist = physicslistTool,
regions = ["SimG4FastSimOpFiberRegion/fastfiber"],
actions = actionTool



https://github.com/HEP-FCC/dual-readout/blob/master/DRsim/DRsimG4Full/src/components/SimG4OpticalPhysicsList.cpp
https://indico.cern.ch/event/915715/#2-fast-optical-photon-transpor
https://github.com/HEP-FCC/dual-readout/blob/master/DRsim/DRsimG4Fast/src/FastSimModelOpFiber.cpp

SiPM emulation

== 1 photon equivalent pulse output
M H H ° * o $14160-1310PS
Simulating SiPM response with SimSiPM
1.1 —
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https://github.com/EdoPro98/SimSiPM
https://indico.cern.ch/event/979160/#20-first-sipm-digitization-stu
https://indico.cern.ch/event/979160/contributions/4125110/attachments/2171859/3666888/SiPM%20digitization%20software.pdf

SiPM emulation

== 1 photon equivalent pulse output
° o sl PN NN S14160-1310PS
Slm from Configurables import PodioInput (Typ. Ta=25 °C, Va=Vop)
podioinput = PodioInput("PodioInput", collections = ["RawTimeStructs", "RawCalorimeterHits", t S e
. 10 Datasheet
from Configurables import DigiSiPM 09 |
digi = DigiSiPM("DigiSiPM", 08
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https://github.com/EdoPro98/SimSiPM
https://indico.cern.ch/event/979160/#20-first-sipm-digitization-stu
https://indico.cern.ch/event/979160/contributions/4125110/attachments/2171859/3666888/SiPM%20digitization%20software.pdf

Summary

DRC implementation in Key4hep

The DRC is implemented in DD4hep

— its projective geometry requires an unique DDsegmentation module

= Full simulation of DRC utilizes a detailed simulation of optical physics

— developed fast simulation module to ease intense CPU usage

Emulation of SiPM is implemented in Gaudi module

— processing signal waveform is vital for digitization
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EDM4hep

Migration to EDM4hep

=  EDM4hep is a common EDM that can be used
by all communities in the Key4hep project

— aim to boost synergy between associated SW

(simulation, clustering, event display, .etc)

* Interfaced G4Event/G4VHit of the DRC
simulation to EDM4hep calorimeter hits

MC truth (Edep) edm4hep::SimCalorimeterHit

Readout (# of p.e.) edm4hep::RawCalorimeterHit

Digitization (# of ADC) edm4hep::RawCalorimeterHit

Reco (2D/3D) edm4hep::CalorimeterHit
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‘ EDM4hep DataModel Overview (v0.4) ‘
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Raw Data Digitization

from Configurables import SimG4SaveDRcaloHits, SimG4SaveDRcaloMCTruth
saveDRcaloTool = SimG4SaveDRcaloHits("saveDRcaloTool", readoutNames = ["DRcaloSiPMreadout"])
saveMCTruthTool = SimG4SaveDRcaloMCTruth("saveMCTruthTool") # need SimG4DRcaloActions

geantsim = SimG4Alg("SimG4Alg",
outputs = [
"SimG4SaveDRcaloHits/saveDRcaloTool",
"simG4SaveDRcaloMCTruth/saveMCTruthTool"
1.
eventProvider = edmConverter

)

— #ofp.e.
— MC truth Edep




SiPM emulation
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https://indico.cern.ch/event/979160/contributions/4125110/attachments/2171859/3666888/SiPM%20digitization%20software.pdf

Optical properties in simulation

_ . . . Ta=25 °C (Typ. Ta=25 °C, Vr=Vop)
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https://indico.cern.ch/event/915715/#2-fast-optical-photon-transpor
https://indico.cern.ch/event/915715/#2-fast-optical-photon-transpor

Speeding up optical photon tracking

= Optical photons inside fibers can be tracked |,
efficiently, by skipping intermediate steps

. . Photon arrival time (Cerenkov) e Photon arrival time (scintillation) e S
Fast optical photon tracking . e |
as0 FaStSIm - Std Dev 1.9‘96 zi Fa StSIm - Std Ds?v 3:13
= Tracking optical photons is necessary, - Fullsim = | cime S| wle Fullsim — | tme e
250 Mean 17.62 ; Mean 2062
however it dominates CPU consumption - pvae aomts] L E e 255801

wory) | A1 MR £ e .1

| 20 30 40 50 an n

— developed fastsim for optical photons
(presented at GEANT4 R&D meeting [link])
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https://indico.cern.ch/event/915715/#2-fast-optical-photon-transpor

Calibration

Calibration using 20 GeV e-

= Measure Energy deposit, scintillation p.e. & Cerenkov p.e. at i-th tower (0t - 91st)

= Energy can be expressed as a linear combination with simulations of 92 towers

— Estimate calibration constants

Cerenkov Calibration constants Sinctillation Calibration constants
L) bS] 18
= Uniform calibration constants as a £ 5
20 1.4
function of the tower number = =
" e I e
” SRR L
Energy = ZHitit“ tower X Calibration constant'" ower 0 [
i=0 1 ‘ '
- -0 - 06 [t
Edep Hit) Hit? Hit§y Hitd ] co
Ejep| | Hit? Hit! —  Hitd, Hitd, || ct o | i i i “1 i i,
= : = : : E = Edep ~ Z HZt]X O(feren 0z B E = Edep ~ Z HZt]X Cscini
Egep| |Hits® Hit?®  Hitgg Hitgs ||C* — .
_Egép— Hitgl Hit:?l Hitgg& Hitggll C91 ’ ; ZIO 4‘0 6‘0 BIO 100 ’ l; 2‘0 4‘0 5‘0 810 100
# of tower #of tower
16
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Longitudinal shower shape

Time domain Frequency domain

Shower shape & timing - SiPM waveform

2 Source signal Real part of the FFT

= Unsegmented calorimeter fully depends on the timing to
reconstruct longitudinal shower shape

= IsdV/dt — dE/dx possible?

— very challenging due to many hidden layers

- Magnitude

Aw

™
®
E
“
E
E

= ASiPMyields exponentially decaying waveform to 1 photon

= FFT can be used to mitigate exponential tail, while
preserving time translation & amplitude information
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Longitudinal shower shape

Shower shape & timing - Dispersion

= Waveform is unlikely a shower shape even after FFT processing

= Late-component of the timing is dominated by the modal dispersion

= Mitigate dispersions by using slower phase velocity for late-components

— Tune group velocity as a function of At using EM shower
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3D reconstruction

*hadronic showers often
ruth )
Reconstructed MCt have additional “legs” .
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