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Performance and Calibration
of the ePIC Barrel HCal

Derek Anderson
lowa State University
For the ePIC Collaboration
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Overview | introduction ep|d

o In barrel region (|n| < 1), jets are relatively soft
— Tracker provides best momentum determination
— But hadronic calorimeter would provide HCal
measurement of h°

. The Barrel Hadronic Calorimter (BHCal) will serve Magnet
several roles at ePIC
a) Precise jet energy reconstruction EMCal
b) Additional determination of e~ kinematics

c) Solenoid flux return PID
d) Possible u* identification

Tracking

o Right: schematic diagram of a typical particle
1 1

experiment
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Overview | the sPHENIX Barrel Hadronic Calorimeter ep]d

o ePIC will utilize the (outer) sPHENIX BHCal
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=1 12 [
coms

LIGHT COLLECTION SPACE ~/~ 8.5 TILE GAP

o Consists of alternating steel and scintillating
tile (+ WLS fibers)
- |nl < 1.1, 2m coverage = ]
» 48 towers/sector, 32 sectors " /| el
» 5 tiles/tower A 7, = 7
- An X Ap~0.1 X 0.1
— Uses SiPM readouts
» 1536 channels

R2685.0

R1830.0

o SPHENIX gangs each signal from tile into 1
preamp per tower
<~ ePIC will read out each tile using
HGCROCs
— (same chip as LFHCal)
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Overview | implementation & plans for ePIC ep]d

ePIC simulation [23.01.0] Epar=1GeV e Only BHCal

Test beam configuration | Epar =2 GeV
single D Ep‘ar =3 GeV [IEEE Transactions on Nuc. Sci., Vol. 65, Iss. 12, pp. 2901-2919, Dec. 2018]

* sPHENIX test beam data

| Epe =4 GeV
Eper = 5 GV
[+ ] Eper =6 GoV
Epar = 8 GOV
(0] Eper= 10 GeV
[+ ] Eper =12 GV
[ | Eper = 16 GeV

Eper = 20 GeV

ePIC simulation [23.01.0]
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o BHCal implemented in DD4hep by John Lajoie o Right: calculated resolutions from ePIC
— Left: reconstructed energies in BHCal for simulation vs. SPHENIX test beam

single m™ data
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Calibration

| ® | Tile clusters Tower clusters
4 |Epy=2GeV | v |E,=5GeV
o Energy measured by BHCal degraded for several [*]E=10GeV [ * |E,, =20Gev
reasons - ePIC Simulation
— Inefficiencies in clustering single , 8. (45, 145)
— Fluctuations in hadronic and EM parts of - N Imaging configuration
shower |

— Energy loss in inactive material
— Loss due to nuclear-binding energies
- Etc.

Measured energy has to be calibrated!
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o Right: energy of leading BHCal cluster for single
™~ events with full ePIC simulation
— More on tile vs. tower clusters in following
slides
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Calibration | strategy

o Start at EM Scale:
— EM part of shower corrected for
» i.e. Sampling fraction applied
— Things like nuclear binding energy still need
to be corrected for
<~ Good target for Maching Learning!

o Used TMVA:
— Trained on single particle events
— Regression analysis particle energy as target
— (More details in backup)
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Input:
— Raw BHCal info
— Raw BECal info

ML Model:
— Trained on

single
particles

Output:
— Reconstructed
energy
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Calibration

Tower clusters
par = 2 GeV " | Epar=5GeV
[®|En=10GeV | = E, =20GeV

I Tile clusters
A |E

ePIC Simulation
singlen, 0 e (450, 1450)
Imaging configuration

{II]]]III

R LU A R R (RN
Tower clusters

" | Epar=5GeV

[®]EW=10Gev | = |E,, =20GeV

ePIC Simulation

I Tile clusters
A |Epr=2GeV

single , 8 e (45, 145)
Imaging configuration
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o Left: uncalibrated energy of lead BHCal clusters
in single T~ events
Right: calibrated energy
<~ i.e. particle energy in this scenario

o Calibrated energies still show significant tails
— Under investigation now...
— One source could be (unwanted) cluster
splitting?

July 231, 2023 Derek Anderson (ISU), EIC UGM 2023: Early Career Workshop 7/12



Calibration | using tiles rather than towers

E Tile clusters: reduced param.s (fit)
Tower clusters: nominal param.s (fit)
ETile clusters: reduced param.s (hist.)

Tower clusters: nominal param.s (hist.)
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ePIC simulation [23.05.0]
single , 6 e (45, 135)
Imaging configuration

o How does using tiles vs. towers as readout

impact resolution?
— Left: calculated linearity
— Right: calculated resolution

July 231, 2023

E Tile clusters: reduced param.s (fit)
Tower clusters: nominal param.s (fit)

E Tile clusters: reduced param.s (hist.)

Tower clusters: nominal param.s (hist.)
ePIC simulation [23.05.0]
single n, 0 e ('45:. 135[}

Imaging configruation

10 12 14 16 18 20 22
Epar [GeV]

o Tower-based cluster resolution a little better
than tile-based using this model
— Under investigation now...
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Performance | neutrons

ePIC simulation [23.06.1] [+ |E,, = 1 GeV
single neutrons, 6 € (45, 135) |+ | E,,, = 2 GeV
Imaging Configuration [ v |E . = 3 GeV

(8] Epe = 4 GeV

% | Epe = 5 GeV

[*]Epa =7 GeV

[4]Ee = 10 GeV

ePIC simulation [23.06.1] [« ] Epe = 1 GeV
single neutrons, 6 € (45, 135) Epar = 2 GeV
Imaging Configuration |+ | Eper = 3 GeV
[m]E, = 4 GeV
| * B, =5GeV
[*]Epu =7 GeV

[4]E. = 10 GeV
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o Now exploring performance of BHCal o Raw lead cluster energies from BECal (left)
— Extending calibration studies to include and BHCal (right) for single neutrons
other particles such as neutrons
< How much h?® energy makes it to the
BHCal?
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Performance | neutrons

ePIC simulation [23.06.1] With BHCal
single neutrons, 0 e (45, 135) [°]Epar = 1 GeV
Imaging configuration | | Epar =2 GeV
Epar = 3 GeV
(0] Eper = 4 GeV
Eper = 5 GeV
Epar = 7 GeV
[o] Epar = 10 GeV

ePIC simulation [23.06.1] With No BHCal
single neutrons, € (45, 135) Epar = 1 GeV
Eper = 2 GV
[¥] Epar = 3 GeV
(O] Epar = 4 GeV
Epor = 5 GeV
Epar = 7 GeV
E,., = 10 GeV

Imaging configuration
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o First attempts at calibrating neutrons: o Needs work!
— Left: calibration with BHCal info — Cluster splitting (see backup) could be
— Right: calibration without BHCal info negatively impacting calibration

— How does BHCal impact measurement
of neutral energy?
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Summary & Next Steps
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Backup | tile and SiPM/chip information ePI&j
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Backup | TMVA parameters
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Backup | dynamic range

o Right: distribution of visible energy deposited in BHCal ; ;
scintillating tiles in DIS events BHCal Sim Hits

- 18x275 GeV, Q% > 1 (10K evt.s) Entries 39031 Entries 68302 || Entries 300479
— Distributions binned in n i Mean 0.005054 | Mean 0.0002591| Mean 0.0002189
| Std Dev 0.001128 || Std Dev 0.001817 || Std Dev 0.001432 |

o How does this compare to sPHENIX? ] ePIC Simulation [23.06.1] — n ¢ (-1, -0.5)
— sPHENIX had 50 GeV total energy/tower PYTHIA-8 DIS, 18x275, @°>1 — 1 € (-0.5, 0.5)
= 300 MeV/tile (correcting for sampling frac.) Imaging Configuration

— SPHENIX sees ~16000 pixels/GeV of visible energy
= ~960 SiPM pixels firing per 300 MeV
= Or about 96 firing for a 1 GeV u (MIP)
Want a range of 20 ~ 10K pixels for ePIC

o Using specs for Hamamatsu $12572-015P-02 (sPHENIX) and
S$14160-3015PS (ePIC):
— Single pixel charge output is 52 fC for ePIC
— (24 fC for SPHENIX)

o In good shape to read out individual tiles with HGCROCs 1
being used for LFHCal will!
< All calculations by John Laloie

0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 0.2
8. [GeV]
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Backup | cluster splitting in neutrons ep]d

Eo=1GeV ePIC simulation [23.06.1] Epa = 1 GeV
Epar = 2 GeV single neutrons, @ € (45, 135) Epar = 2 GeV
[ ] Eper = 3 GeV Imaging Configuration [7] Eper = 3 GeV

(0] Eper = 4 GeV
Eyor = 5 GeV

Eper = 7 GeV

(0] Epar = 4 GeV
|Eper =5 GeV

Epar = 7 GeV

Eya = 10 GeV Epe = 10 GeV

arbitrary units
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ePIC simulation [23.06.1]
single neutrons, 0 e (45, 135)
Imaging Configuration

0.4 0.6 : 0.4 0.6

BECal BECal BHCal BHCal
EIead /L Eclust E[ead 2> Eclust

o Ratio of lead BECal (left) and BHCal clusters (right) energies to
sum of energy in BECal, BHCal respectively
— Note: y-axis ranges differ
— Pretty significant rate of (unwanted) cluster splitting!

July 231, 2023 Derek Anderson (ISU), EIC UGM 2023: Early Career Workshop 16/12



	Slide 1: Performance and Calibration of the ePIC Barrel HCal
	Slide 2: Overview | introduction
	Slide 3: Overview | the sPHENIX Barrel Hadronic Calorimeter
	Slide 4: Overview | implementation & plans for ePIC
	Slide 5: Calibration 
	Slide 6: Calibration | strategy
	Slide 7: Calibration | output
	Slide 8: Calibration | using tiles rather than towers
	Slide 9: Performance | neutrons
	Slide 10: Performance | neutrons
	Slide 11: Summary & Next Steps
	Slide 12: Thanks!
	Slide 13: Backup | tile and SiPM/chip information
	Slide 14: Backup | TMVA parameters
	Slide 15: Backup | dynamic range
	Slide 16: Backup | cluster splitting in neutrons

