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EIC Calorimeter requirements

* EIC Yellow Report requirements for Barrel EM Calorimeter

Detection of electrons/photons to measure energy and position
Require moderate energy resolution (7 — 10)%/NE @ (1 - 3)%

Require electron-pion separation up to 10% at low momenta in combination with

other detectors

Discriminate between n° decays and single y up to ~10 GeV

Low energy photon reconstruction ~100 MeV

SIDIS n°

p (GeV/c)

: Barrel !
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Recent contributions on BIC simulation in Korea

. BIC Software & Simulation Tasks -~ ¢ O 48 4%

* We have formed group in Feb

 PNU: Sanghoon Lim (faculty), Jeongsu

v Increased realism for AstroPix Modules and Sensors BOk (pOStdOC)’ JaehyUK Ryu(Ph'D StUdent)
(© Open detector in geoviewer and inspect the stave-module-sensor stru¢ 3 © () SKKU' Joonsuk Bae (PhD StUdent),

() Modify the design of the structure to add modules holding multiple chips

() Make mockup XML file to show how we construct the new structure H a ri m S u n g ( U n d e rg rad u ate L) CO m p Uti n g )

() Discuss new design

©) Implement changes in C++ plugin and XML file (tracked on GitHub) ¢ G O a I S
e Contribution to TDR in short term

« Continue significant contribution in BIC
and future study

» Offline training session in Feb, Started
B working in March, presentation in KPS
b in April

verlap with other detector systems

(©) Study energy deposited in boundary regions between detector systems 10

(©) Study the sampling fraction of the reconstructed hit energy 1>

(©) Prepare calibration curves 15




SciFi Geometry

N » SciFi geometry update
Y + Clad thickness 0.04 to 0.02 mm
- Confirmed updated thickness in

the viewer

datecior_geometry root/Default; Vworld_volume/EcalBanrelScFi_20/'sector_Dflayer] Ofdice3_2Mber_grid 0_D_0yider_val O/fier_core_ vol O
TGeoTubeSeg
DX=0.04800000 DY=0.04800000 DZ=278 2500

Fhii=0 Ph=340
Emen=0 Rmax=0. 04800000



Xo (Rxy =500.0 cm)

Material Scan

« Scanning detecter material concerning the eta and
interaction length to check possible overlap with other
detectors

« Material scan with most recent geometry

overlaps volume AV_922!fiber_grid_2_0_2#2!fiber_vol_343#343: (G4Tubs)
overlaps volume fiber_core_vol_0:0 (G4Tubs) ... OK!
. i overlaps volume 5 (GATubs)
Py Ch ing overlaps volume fiber_core_vol ... ToK!
eC e Over a S WI a | I laCrO i overlaps volume AV_922!fiber_grid_2_0_2#2!fiber_vol_345#345: (G4Tubs)
i overlaps volume fiber_core_vol_0:0 (G4Tubs) ... OK!
i overlaps volume AV_922!fiber_grid_2_0_2#2!fiber_vol_346#346: (G4Tubs)
overlaps volume fiber_core_vol @ (G4Tubs) ... OK!
overlaps volume AV_922!fiber_grid_2_0_2#2!fiber_vol_347#347: (GA4Tubs)
overlaps volume fiber_core_vol_0:0 (G4Tubs) . 0K!
overlaps volume AV_922!fiber_grid_2_0_2#2!fiber_vol_348#348: (GA4Tubs)
overlaps volume fiber_core_vol_0:0 (G4Tubs) ... OK!
overlaps volume AV_922!fiber_grid_2_0_2#2!fiber_vol_349#349: (G4Tubs)
= i overlaps volume fiber_core_vol G4Tubs) ... OK!
B EcalBarrelScFi 1l Eca|EndcapP I HcalBarrel Others ing overlaps volume AV_922!fiber_grid_2_0_2#2!fiber_vol_350#350:353 (G4Tubs)
S i overlaps volume fiber_core_vol_0:0 (G4Tubs) ... OK!
I EcalEndcapN SolenoidBarrel HcalEndcapN ing overlaps for volume AV 1354 (G4Tubs)
overlaps volume fiber_core_vol_0 "
overlaps volume AV_922!fiber_gri 5 (G4Tubs)
overlaps volume fiber_core_vol . POl
overlaps volume AV_922!fiber_grid_2_0_2#2!fiber_vol_353#353 (G4Tubs)
overlaps volume fiber_core_vol_0:0 (G4Tubs) ... OK!
overlaps volume AV_922!fiber_grid_2_0_2#2!fiber_vol_354#354: (G4Tubs)
overlaps volume fiber_core_vol © (GATubs) ... OK!
overlaps volume AV_922!fiber_grid_2_0_2#2!fiber_vol_355#355: (G4Tubs)
overlaps volume fiber_core_vol_0:0 (G4Tubs) . oK!
overlaps volume AV_922!fiber_grid_2_0_2#2!fiber_vol_356#356: (G4Tubs)
overlaps volume fiber_core_vol_0:0 (G4Tubs) ... OK!
overlaps volume 5 (G4Tubs)
overlaps volume fiber_core_vol
overlaps volume AV_922!fiber_grid_2_0_2#2!fiber_vol_358#358: (GA4Tubs)
overlaps volume fiber_core_vol_0:0 (G4Tubs) ... OK!
overlaps volume AV_922!fiber_grid_2_0_2#2!fiber_vol_359#359: (G4Tubs)
overlaps volume fiber_core_vol_0:0 (G4Tubs) ... OK!
overlaps volume AV_922!fiber_grid_2_0_2#2!fiber_vol_360#360: (GA4Tubs)
overlaps volume fiber_core_vol G4Tubs) . 0oK!
overlaps volume AV_922!fiber_grid_2_0_2#2!fiber_vol_361#361: (G4Tubs)
overlaps volume fiber_core_vol_0:0 (G4Tubs) ... OK!
overlaps volume AV_922!fiber_grid_2_0_2#2!fiber_vol_362#362: (G4Tubs)
overlaps volume fiber_core_vol (G4Tubs) ... OK!
overlaps volume AV_922!fiber_grid_2_0_2#2!fiber_vol_363#363: (GATubs)
overlaps volume fiber_core_vol_0:0 (G4Tubs) . oK!
4 overlaps volume AV_922!fiber_grid_2_0_2#2!fiber_vol_364#364: (G4Tubs)
)5 ; i H i overlaps volume fiber_core_vol_0:0 (G4Tubs) ... OK!
~ T~ oy i overlaps volume AV_922!fiber_grid_2_0_2#2!fiber_vol_365#365: (G4Tubs)
.0—4.5-4.0-3.5-3.0-2.5-2.0-1.5-1.0-0.50.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 45 5.C ing overlaps for volume Tiber_core vol 8:6 (GATubs) ... OK!

overlaps volume AV_922!fiber_grid_2_0_2#2!fiber_vol_366#366: (G4Tubs)

n ing overlaps volume fiber core vol 0:0 (GATubs) ... OK!




Sampling Fraction for 250 e-, 3GeV, 0<n<0.5

[ EPIC Thrown Energy | hEthr_copy [ EPIC Energy Deposit | hEsim_copy
A Entries 250 Entries 250
a a
§ Mean 3 § Mean 0.3198
w StdDev 8.429e-08 w TL | stapev 0.01213
1
10
10?
1
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Thrown Energy [GeV] Energy Deposit [GeV]
[ Sampling Fraction | hfsamimg_copy [ Sampling Fraction | hfsamScFi_copy
Entries 250 Entries 250
@0 F rrrTTTeT Mean 0.004786 @0 Fr T "] Mean 0.1018
S E —| Std Dev 0.001514 S 16F I Std Dev 0.00406
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Sampling Fraction

Sampling fraction (Imaging)

Sampling Fraction

Sampling fraction (SciFi)
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[ EPIC Sampling Fraction | hfsam_copy

Entries 250
CRRRRARES LSS LEE Mean 0.1066
- Std Dev 0.004021
= %2 / ndf 48.46 / 38
o Constant 12.94 +1.27
- Mean 0.1072 + 0.0002
E Sigma  0.003128 + 0.000225
C I .
- LT/ 1 E
E L] [1 -

0.09 0.095 0.1

0.105 0.11 0.115 0.12 0.125
Sampling Fraction

Sampling fraction

« Energy deposit / thrown energy -
sampling fraction

« Simulated energy. - changing it to
reconstructed energy




Sampling Fraction for -1.7<n<1.4, 0.5~18 GeV
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« 250 electrons for 0.5~18GeV, -1.7<n<1.4
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 Using script https://eicweb.phy.anl.gov/EIC/benchmarks/detector_benchmarks/-
/blob/master/benchmarks/barrel_ecal/scripts/emcal_barrel _particles _analysis.cxx

* Value is from Gaussian fit. Error is error of fit mean.

* To do : change to reconstructed hit energy from reco + photons



Asymmetic in eta?

| h1_fSam_EQ | h1_fSam_EO
R e e e T : T — Entries 30
- P o A S Mean 15.61
0_104__. e e e e == || 'otd Dov 8.542
0.102]— 4 I 5 s e ePIC fSam, not SciFi
- LT - e 1 GeV electron
Odi==—rr = e 10,000 events
" B i o -1.7<eta<1.4
0.098— ~ —
- ‘_‘:‘
0.096 gRE | e Asymmetry at the edge?
[ B
0.094 = : : ]
1 1 1 fl- 1 1 1 1 ‘I- 1 1 1 1 ‘I- 1 1 E 1 1 -I- 1 1 1 1 -I- 1 1 1 1
n=-13 n=20 n=13

* |t looks symmetric for 10,000 electrons with 1GeV for each 0.1
eta bin width
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Changing to Reconstructed Energy

ROOT Object Browser

Browssr |File Edit View Options Tools
Files
NTY B Draw Option:
oot
~JPROOF Sessions
Z4ROOT Fies
= W podic_output.roct
= ¥ |events:1
5 AlReconstructedParticles
B ReconstructadPanices. type
¥ ReconstructedParticles. enargy
¥ ReconstructedParticles. momentum.x
B ReconstructedPartices. momentum.y
B ReconstructedParticles. momentum 2
B ReconstructadPanices. relecance Point x
' ReconstructedP anices.referancePoint. y
¥ ReconstructedPartidles.referencePoint.z
B ReconstructedParticles.charge
B ReconstructedPantices. mass
B ReconstructedPanices. goodnessOIPID
P ReconstructedParticles. covMatrie xx
¥ ReconstructedParticles.covMatrocyy
B ReconstructedParticles. covMatroc 2z
W ReconstructedParticles. covMatrix tt
B ReconstructedP anices, covMalric xy
B ReconstructadPanticles, covMatric xz
¥ ReconstructedParticles.covMatroc xt
¥ ReconstructedParticles. covMatrocyz
B ReconstructedPartices. covMatrin yt
B ReconstructedPanices, covMalrix. 2t
P ReconstructedPantices. PDG
¥ ReconstructedPantidles. clustars_bagin
¥ ReconstructedParticdles.clusters_end
B ReconstructedParticles. tracks_begin
B ReconstructedParticles. tracks_end
B ReconstructedPanices. particles_begin
¥ ReconstructedPanticles. particles_end
.

Filter: | All Files (*.*)

B ——. ~ + 200 electrons of 10 GeV

htemp
Entries 226
Mean 8.719

= @ e Script for various eta, energy
IS ready

8

8

* Plan for sampling fraction
» Use reconstructed energy
R e T T R i WA  Various eta, energy

ReconstructedParticles.energy

8 8 8 & 8

Command

|[=" : « Same for photons



Sampling fraction

Recent update : electron sampling fraction
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Sampling fraction
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Recent update : photon sampling fraction
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Status and Outlook

 Status in Korea
« Students are trained, ready to boost.
« Sampling fraction is on track
« Overlap checking is ok.
« Geometry is ongoing

* More interests and capacity in Korea
* PNU group is leading ALICE Run3 flavor tagging using ML.

 Yonsei group made significant contribution in building Dual Readout
Calorimeter simulation.

* Need related topics to ask them to join.
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Real Data

Input events from MC event generators or particle
guns, with optional physics background merging

Geant4 simulations with DD4hep for geometry
description and exchange, output data in the EIC Data
Model (EDM4hep + EDM4eic)

Algorithms to transform the GEANT4 hits to mimic real
detector readout, including background stacking, “pileup”,
DAQ frames

Realistic reconstruction algorithms starting from
raw detector output (from digitization or real data)

User analyses in plain C++/ROOT or Python/uproot,
facilitated by using a flat data model




Backup: Tasks

Task Priority [Difficulty comment
geometry update, benchmark e-pi resolution and position and energy
1 realistic sensor dead areas high medium resolution gamma
geometry update, redo benchmarks, can potentially wait until later
2 realistic CF frames low medium when we are preparing the preliminary design
check if really needed for DIRC reconstruction (needs to be added to
First AstroPix layer in tracking medium (hard ACTS geometry)
4 Impact of incomplete coverage AstroPix medium [medium evaluate metrics on edge calorimeter
key performance metrics, revisit after benchmarks are up (not an
5 Study impact of lowering weight by removing Pb/ScFi |very low |easy entry-point)
6 Move first AstroPix layer to second slot low easy
7 Incorporate attenuation length and NPE in digitization |medium |hard effective light model in reconstruction
8 Add single-cladded material to geometry medium [easy simple geometry update
9 Improved clustering for imaging layers medium [medium Tune to 4 layers
10 |Basic clustering with splitting (proof of concept) medium |hard
11 |Implement clustering with proper splitting in EICrecon |medium |medium
Automized benchmark setup to evaluate geometry
12 |[changes medium [hard
13 |Better energy "calibration" medium |easy-medium |now using constant sampling fraction, does not work for all cases
14 |Revisit overlap with other detector systems high easy
15 |Stand-alone optical simulation for light guides medium |hard
16 |Realistic noise model for readout components medium [hard

15
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Detailed Simulation Study of Barrel Imaging Calorimeter for ePIC at Electron-lon Collider / LIM
SangHoon™, BOK Jeongsu', RYU Jaehyeok!, YOO Hwidong? KIM Beom Kyu3, LEE Hyungjun3? BAE

Joonsuk®, PARK Sangwoo?®, BAE Yunseul®, JO Hyon-Suk?, LEE Changhui4, KIM Minsuk®> ('Physics
Department, Pusan National University, 2Department of Physics, Yonsei University, 3Department of
Physics, Sungkyunkwan University, 4Department of Physics, Kyungpook National University,

*Department of Mathematics and Physics, Gangneung Wonju National University)

 First award with BIC presentation in Korean Physical Society
meeting: Jaehyuk Ryu (PNU) — Simulation Study of BIC
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