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Scope of this talk ePli&ﬁ

oeBIC overview

edetector requirements, and hybrid calorimeter concept
eKorean R&D contributions
eFocus on ESB / DAQ & readout R&D

el ight guides and optical coupling

eSIPM calibration, irradiation, and light monitoring

¢ SIPM summing-board studies

e Cooling prototype and thermal validation
eSummary

Main references: BIC PDR materials (September 2025) - BIC overview, ESB




Barrel Imaging Calorimeter
in the ePIC detector system
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Barrel Imaging Calorimeter

in the ePIC detector system

Imaging Barrel Electron Direction 1.7T Superconducting Solenoid
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Detector Requirements for BIC

DIS electrons
40 - ,

: ePHENIX e+p 18 GeV = 275 G@ 1' I-. -

https://eic.jlab.org/Requirements/

|dentify scattered electrons and measure their energy, in high Q2
events, also decay electrons, e.g. from vector or heavy flavor
meson decays, and to measure DVCS photons and decay photons 20}

- PYTHIA DIS Q°>1 GeV* ey o " f
u

E (GeV)

eElectron ID up to 50 GeV and down to 1 GeV and below
oEnergy resolution < 10%/\(E) + (2-3)% | E
oHigh power for e/1r separation down to 1 GeV/c e e
ePhoton measurements up to 10 GeV DVCS photons | !

oy/Tr0 separation up to 10 GeV E

oDistinguishing two showers with opening angle down to 30 mrady Barrel

Assist with muon identification ED; !

Sufficient dynamic range to detect MIP signals in all layers ;
10f

EIC Yellow Report,

Nucl. Phys. A 1026, 122447 (2022) o ——=3 o s S



https://eic.jlab.org/Requirements/

Hybrid BIC concept: Pb/SciFi + AstroPix ePIf’\&ﬁ

Combination of a high-performance sampling calorimeter with silicon
sensors for shower profiling

-
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~— L 'NIMA 896, 24 (2018)
F'.':*.:‘" ﬁ_" " i..-: . - o | P—

Fmg o,
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AstroPix silicon pixel sensor,
developed by NASA for space
applications

- 3D electromagnetic shower
information

Pb/SciFi sampling calorimeter, based
on mature technology similar to the
GlueX barrel calorimeter

-> energy measurement




Barrel Imaging Calorimeter
Detector architecture

BIC Geometry

*48 trapezoidal sectors

*Active Length: 435 cm

*Inner Radius: 82 cm

«Sector thickness:~40 cm,
>17.1X0 depending on n

- N Range: -1.71<n<1.31

*Weight: 42.5 US Tons

240 cm

Imaging Layers -
2x2 cm?2 AstroPix chips
~280k chips in BIC

total area: ~112 m?

Pb/SciFi Layers -
QQO fibers between corrugated lead sheets
total length of fibers in BIC: ~4,800 km

Energy resolution - Primarily from Pb/ScFi layers (+ Imaging pixels energy information)
Position resolution - Primarily from Imaging Layers (+ 2-sided Pb/ScFi readout)




BIC Structure: Pb/SciFi Layer
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e Fach sector has 12 Pb/ScFi layers.
e / |layers for large back section
e 5 layers interleaved with imaging layers

e Fach layer: stack of fibers + lead sheets:

Fiber Direction

Bulk e ~17 rows of 1 mm single clad fibers
__ section of e between 0.5 mm corrugated lead sheets
PoiSciFi Layer I N nnn” _ . : : .
sl —— - e At both ends, individual light guides divide
S mmmm | 6slotsfor each layer in 5 readout cells.

M- | AstroPixsensors, o GiPM (Hamamatsu S14161-3050, 4x4 array)

4 instrumented,

_ | interleaved with - =
FIOr0rT b PSP lasarn 5 per layer x 12 layers = 60 per sector end
PbiSciFi Layer B nnn

AsiroPix |Layer




BIC Structure: AstroPix Imaging Layer ePI-i&S

" ! J 4 J L.*.,L.W.L .L l

=0Ty e i i e | AstroPix module
i ""ﬂ test article

ImanLers
e 4 instrumented imaging layers in 6 slots per sector
e 6—3 trays per layer;

<One Sector> 2 staves slide into each tray from opposite ends

e Each stave consists of 12 modules;

e O daisy-chained AstroPix chips per module

Bulk Each chip: 2x2 cm?2 with 500x500 pm? pixels
PbISCIFI

- Stave N
Z-slots for T —

AstroPix sensors,
4 instrumented,

interleaved with
5 Pb/SciFi layers
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0.270]

[”](_E‘




BIC O ization Chart
ePIC Leadership BIC DSC Board EIC Project L3 CAM ePIC Technical Coordination

Spokesperson: DSC Leadership (DSL) s L3 CAM for Electromagnetic Calorimetry: || Technical Coordinator:
« John Lajoie (ORNL =) « Sylvester Joosten (Argonne £) : . Alexander Bazilevsky (BNL =) « Silvia Dal!a Torre (IN.FN Trieste 1)
Deputy Spokesperson and TC: « Hwidong Yoo (Yonsei U i) : BIC Project Management A Deputy Technical Coordinators
« Silvia Dalla Torre (INFN Trieste 1) g « Maria Zurek (Argonne £) + Prakhar Garg. (Yale U. =)
b /i | Other Stakeholders Project Manager (and DSTC): : » Oskar Hartbrich (ORNL &)
4 : isi i j anag : + Matt Posik (Temple U. =)
................................... « Zisis Papandreou (U. Regina I+1) . Jessica Metcalfe (Argonne =) DA RRRARRERRLEEELELLLIEEERRRRREREREE \ p )
- Regina Caputo (NASA-GSFC =) Deputy Project Manager : A
BIC Project Manager . Sylvester Joosten (Argonne =)
- Jessica Metcalfe (Argonne ) - Maria Zurek (Argonne =)

DAQ & Readout

TM: Zisis Papandreou (U. Regina I#1)
Deputy TM: Shinhyung Kim (KNU (el )

AstroPix Wafers Modules & Staves Mechanics Sectors System Testing Software & Sim

TM: Manoj Jadhav (Argonne )
Deputy TM: Sanghoon Lim (PNU Ge: )

Chip Support Module Design & Assembly

TM: Maria Zurek (Argonne =)
Deputy TM: Jeongsu Bok (PNU e )

TM: Sylvester Joosten (Argonne )
Deputy TM: Hyon-Suk Jo (KNU ! )

Global Design SiPMs & Light Guides

System Demonstration Rapid Response

PoC: Richard Leys PoC: PoC: Tom O'Connor PoC: PoC: Zisis Papandreou PoC: Regina Caputo PoC: Henry Klest PoC: Maria Zurek
Sites: « Manoj Jadhav Sites: - Kevin Bailey Sites: Sites: Sites: Sites:
« KIT = + Anthony Affolder « Argonne = Sites: « U. Regina i#l « NASA-GSFC = « Argonne = « Argonne =
+ NASA-GSFC = + Sanghoon Lim : « Argonne = « KNU Get : « U.Regina I*l « U. Manitoba 141
~ ; /| Sites: . « SKKU et - : / « PNU Get « PNU e
— Tracker Mechanics N : SiPM FEB & DAQ Integration [ A J
. « Argonne = « Yonsei U. le: . . : :
Wafer Testing — : : Electrical Design .
- UCSC = PoC: Vic Guarino \ . J PoC: Norbert Novitzky
: - . : : Beam Tests Development
PoC: Sanghoon Lim « PNU Ge: Sites: s ; PoC: Aram Teymurazyan Sites:
Sites: - ; / . Argonne = Scintillating Fibers Sites: . ORNL = PoC: Bobae Kim PoC: Chao Peng
« PNU Gt : . Zigi « U. Regina 1“1 « U. Regina 141 Sites: Sites:
Stave Bus PoC: Zisis Papandreou g g
« Argonne = = CF Engineering Sites: P _ « U. Manitoba 141 . Argonr)e = + Argonne =
S : ’ | PoC: Steven Welch . U.Regina I ! . : / + U. Regina I¥1 - U. Manitoba i1
U Sites: PoC: Andreas Jung . Argonne == Cooling . EIC Korea e . U. Regina
AferFTOCUIEInE . Oklahoma State = Sites: L J | PoC: Wouter Deconinck BT ) = - * PNU ke
PoC: Jessica Metcalfe « Purdue = Sites: PoC: TBD - ’

System Calibrations

+ Argonne & Assembly & Install. - Argonne = . Argonne == 78D
« PNU Ge: - : ’ « ORNL =

Sites: H « U. Manitoba I#1 SiteS: Benchmarks

: : PoC: TBD
« Kevin Bailey \ J : . Argonne =
Glossary - Dan Cacace PoC: PoC: Maria Zurek . U. Manitoba 11
: : Sites: . Zisis Papandreou Sites: « PNU e
BIC: Barrel Imaging Calorimeter . Argonne = . Wouter Deconinck - Argonne = . )
CAM: Control Account Manager - BNL (EIC Project) = . Shinhyung Kim - U. Regina i1
DSC: Detector Subsystem Collaboration . ePIC BIC DSC Sites: . BNL (EIC Project)
DSL: Detector Subsystem Lead % ) . U Reaina kel L y
DSTC: Detector Subsystem Technical Contact - Regi ‘” o
ESB: End-of-Sector Box * U. Manitoba &
ETC: End-of-Tray Card (AstroPix module RDO) * Mt. A”'?°” U.
FEB: Front-End Board » KNU et
PoC: Point-of-Contact - g
PM: Project Manager
QC: Quality Control
RDO: Readout board
TBC: To Be Confirmed BIC ORG Chart v1.0
TBD: To Be Determined Note: The BIC internal work packages (AstroPix Wafers, Modules & Staves, Mechanics, Sectors, ESB, 1 O
k TM: Technical Manager ) DAQ & Readout, and System Testing) are integrated under the EIC Project P6 Work Packages




Korean R&D contributions to the BIC

Team 1: AstroPix Wafers / Modules & Staves | Team 2: Mechanics / Sectors
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scintillating-fiber stacking
AstroPix chip test Shower profile measurement lead-sheet forming 3x3x32 cm? prototype module

Team 3: ESB / DAQ & Readout

Toam 4- Systom Testing 7 & Smulation

Energy Resolution vs. Energy (CERN BS July 2023) ﬂ 1 ‘l ﬂa* ana o
st 7 o S R

# 2025 CERN FS TZO prel=inany

Light Guide Optical summing board SIPM sortace : e
Cookie k e+ R e

Pb/SciFi readout test Optical simulation

cleckran Energy el

KEK PF-AR / CERN PS beam test

= [o-be-submitted « Beam test of a Pb/SciFi prototype for the Barrel Imaging Calorimeter at the Electron—lon Collider
very soon: e Test-Beam Performance of the AstroPix Silicon Sensor for Imaging Calorimetry




Korean R&D contributions to the BIC

Team 1: AstroPix Wafers / Modules & Staves | Team 2: Mechanics / Sectors
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Toam 5 ESB/DAQ 8 Readout | Team 4: System Testing / Software & Simulation

Energy Resolution vs. Energy (CERN PS July 2025) @ . |
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Light Guide Optical summing ':'.n.'.-.:'i:':':' SIPM srisce
Cookie e [

. Pb/SciFi readout test Optical simulation ~ §

cleckran Energy el

KEK PF-AR / CERN PS beam test

= Jo-be-submitted « Beam test of a Pb/SciFi prototype for the Barrel Imaging Calorimeter at the Electron—lon Collider
very soon: e Test-Beam Performance of the AstroPix Silicon Sensor for Imaging Calorimetry




BIC Readout: End-of-Sector Box (ESB)

|

12.00 cm —= L -~ 435 00 cm -
Outer Light guides - - 459.00 cm -
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BIC Readout: End-of-Sector Box (ESB) ePI-i&ﬁ

12.00 cm—= L -435.00 cm !

Outer Light guides - - 459.00 cm -

radius /.|. SiPMs \_ ‘ ]

Fiber Direction ' Wﬂiﬂﬂi—ﬂ O Pti cal
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R[Emms g ° Lightguides
Y WO o wa e Optical cookies
PD/SGFi Layer [ N0 S T i e SiPMs
AstroPix Layer

/I B _ Imaging Layer:

/. e ETC (End-of-Tray) cards
R B for AstroPix readout

. E. ETC cards gp— * , : “ .
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Light Guides wmaterial & length

UV-Vis Spectrophotometer (Cary 100)

— g :
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25 ! f ® —0— CastACryYlmes | & 0.6 o/
| f —~— Extruded Acryl é /
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Wavelength (nm)
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e <400 nm not relevant Lightguide Length (cm)
for fiber emission e >5 cm length
e Cast acrylic chosen e Optical cookie needed

Borosilicate Glass Cast Acrylic Extruded Acrylic




Light Guides shape

Nominal

50 mm cookie S13-BIC NAAD vs. Layer
Layer 1 Layer 12 O o3 T

..................................................................................................................

Layer 1 2 23505 31.806 5 <<E - 1 ::crlm;d-l .
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*SIPM Array: 13 x 13 mm?

e Candidate light-guide shapes are being compared ;- — 8 SR
to optimize both collection efficiency and light- Light Guide Layer

epic-TN-TC-2025-002: Barrel Imaging Calorimeter Light Guide

mixing uniformity. Smstrs

Baatla Tegar (Contact perean) Pspandracu, Ziele (Project laader)’

Teymurazyen, Aram (Project member)! Show ol wicrs 1 6




Light Guides

Cosmic-ray test

Peak ADC Distribution

o
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e Cosmic-ray measurements show comparable MIP response among the

candidate light-guide geometries.

17



Light Guides Light mixing test using LED epl&

3 mm Optical cookie
Nominal Hexagonal Trapezoidal

NAAD : 0.7072 NAAD :0.6773 NAAD : 0.7114

1 mm QOptical cookie
Nomlnal Hexagonal Trapezoidal

=8
7.8%
8.4% 2.0%

Y (mm)

Optical cookie
nghtgwde

A A ' l ' 'l e l Bt e l 5
6 8 10 12

NAAD 06534 NAZAD Yy R ONA;D:B.SGQ
. The corner-injection LED test |ndlcates that the 3-mm optical cookie
gives better light-mixing uniformity, while the light-guide geometries

show comparable performance.




SIPM Gain Calibration

SiPM bias voltage controller

Function Function Generator @ BIC HV 192 168.0.4

Generator |- Frequency : 1kHz

- Pulse width : 20 ns loadHVFile = M SaveChanges |  + Runset BIC_HV_s1d.exe | .oaded: s14_25CERN_0.7ADC.tx
- LED volt : 1.65 V BIC DAQ e e

Common 35 0
Chi Ch2 Chd C Ch5 Che Ch7 Ch8 Ch® Chl0 Chll Chli2 Chl3 Chl4 ChlS Chlé

SOl 5.92£ 6.10<45.97%5.99¢ 5.965/5.94€/5.91(|5.96%/5.875/5.896/5.93¢/5.86¢ 5.87% 5.87% 5.73¢ 5.86¢
SIZ  5.94( 5.9625.8575.9655.887/5.762/5.975|5.92£/5.804/5.752/5.84(/5.84( 5.81(/5.76¢€ 5.722 5.79¢
S8 00 00 00 0O 0O 0O 0O |00 |00 (00 (0O 00 00 00 00 0.0

So¥ 00 00 00O 00 00 0O 0O 0O 0O 0O 0O 00 00 0.0 00 0.0
j S5 00 00 00 00 0O 00 0O 00 0O 00 0O 00 00 00 00 0.0

B ’ 4 Slo 00 00 00 00 00 00 0O (00 |00 00 00 00 00 0.0 00 0.0

Power N cht |
&D (450 nm) kil by
- Ch3

Chd

ChS
Chb
Ch7
Ch8
Cho
Ch10
Chit
Chi2
Chi3
Chi4
Chis
Ch16

2

BiasV:41V = Bias V/ : 42 V

SPE [ADC ch]

=

25%0

Single PE | | -

50 |-

100

DOUb'e pE 0 i 0 1 | | 1
T bninglos —y i~y W A R 395 40.0 405 41.0 415 42.0 425

’ —— T .(l » - v v — __ L A, 1 . J - -‘ ." 'y
0 200 400 600 [ . (‘J, 200 400 800 800 1000 0 é — ;& 400 &0 ROC 1000
Bias voltage [V]

e Channel-by-channel SPE calibration provides the basis for stable SIPM
gain control.
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Light Monitoring System (LMS)

60 X both ends X 48 sectors = 5,760 SiPM arrays (4x4 ch)
92,160 channels in total

Test ongoing

‘ ﬂex cable w/ 10 LED 'mini boardq
‘mounted on 10 acrylic LGS (8 cm lon

JBCAL “Wedge” (end o ’mr)

e | ight monitoring system is belng prototyped to track gain stability across

a total of 92,160 SiPM channels in BIC -
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SiPM neutron irradiation test

e Maximum neutron fluence e Neutron Irradiation Test at KOMAC, Korea
at the BIC SiPM location

for a 6-month run:
1010 MeV neqg/cm?

10x275GeV e+p, top luminosity, 1 run period (~6 months)

® 104n/cm?2in a 100-us pulse

~ 300 1 A0
g e 10" ‘E
" 250k e
E [ il
2005' bHCAL .7 g
- Backward Forward 6 2
150 SiPMs Ll
Rrysis — = — = 510" 3
~ w
100':—| §10° >
L el 10° =
SOEnECAL 10
L 10
E, . 8 . . . .
Y00 200 ‘ ® Monitor gain, DCR, baseline

100 MeV proton beam dump by taking LED data
Neutron energy: <90 MeV with 500 MHz FADC




SIPM neutron irradiation test
a 32-ys Single Waveform with Neutron Fluence

Before

Q = Exposed to 1.8x10°[MeV-eq-n/cm?]
 asE— g 300 —
310 = E
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5000 0000 5000 20000 25000 30000 35000
6 2
O x ed-
: Exposed to 9.0x10° [MeV-eq-n/cm’] Exposed to 1.998 x 10® [MeV-eq-n/cm?]
<  s0f— 8 40—
— 460 =—
330 b— —
= ol
a0 [ 400 |— \ , -
300 360 & | k [ [ ' | .
320 —
280 — -
U EP S R U R SR RSP S PTRER e e e e g e e e R i e S S SR S i s e i S
5000 0000 5000 20000 25000 30000 T?"S‘gf(bm) 0 5000 0000 5000 20000 25000 30000 T350((x)

e As neutron fluence increases, the dark current rate keeps rising, making
the baseline indistinguishable.




SiPM neutron irradiation test
Overlaid Waveforms and Peak ADC Distributions
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SIPM neutron irradiation test
Current Monitoring of S14 during Irradiation

Current during beam irradiation on June 20

30 -

20

l—) l—/ l—  L—)
0 " 1 L. 1 ; . A ' il 1
0 15 30 45 60 75

Tl Time (min)
Beam (1Hz, S5Smin)

e The current iIncreases when the beam is on, and when the beam
stops, It slowly recovers.




SIPM array summing board

. arallel sum * hybrid sum
¢ 1_Ch IndIVIduaI p S;rn:]naeld y Sggnmaeld
Y O— Bias ~40V o— Bias ~40V
Bias ~40V 4 Signal o o o o o o
Q O O O O O
' SiPM IR IR SiPM
R R
S S RS S CFOWCH*M

* SIPM summing board test setup > Wik

- SiPM KCU105
- summing FPGA board [ "=,
" board "f . -

* 1 light guide -> 16-ch SiPM array
SIPM signal summing can reduce the ASIC channel count by x16.




SIPM array summing board
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* Parallel sum: larger effective capacitance — broader pulse
 Hybrid sum: parallel bias + series sighal sum — pulse width close to individual

readout
« KEK PF-AR electron beam test is scheduled on May 14 - 22




Cooling epéb

- Side 2: CALOROC and ETC
Design dimensions:

- Cu cooling lines 74" OD
- Aluminum plate thickness %’

1=
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* Thermal simulation at Manitoba Univ. * Prototype at KNU
o olde 1 Side 2
ﬂ 1 Aluminum cold plate, I-;;; s e H
PCBs on both sides: i—i
I I - Side 1: ESB PCB with SiPMs [+ E:E
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Boundary conditions for CFD:

- Water 5°C, flow rate: 0.3 gal/min
- Heat flux per SIPM: 0.046 W/cm®  gimyjation shows AT ~0.5 °C at the SiPM side
- Total power from CALOROC: 5 W  and a peak of ~3 °C at the CALOROC side.

- ESB metal core; CALOROC FR4

 The KNU cooling prototype translates the CFD-guided cold-plate
design into hardware for validation.




Cooling

 Water chiller . Temperature monltorlng

Data logger @
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Chiller (7 °C, 1.1 L/min)

* Water temperature: -25 ~ 150 °C
* flow rate: 0.006 ~ 3400 mL/min

* Ongoing: development and construction of PCB (thermal) test articles for
validation of CFD calculations
» resistive element array distributed at locations of SIPMs




Overall BIC Project Phases em@

PED: Preliminary Design P%z:s:;'r?al Preproduction

Preliminary Design Review  Final Design Review Need CD3 approval to start Ready f
Sept 2025 Goal: Late 2026 production articles . e,? ”y t'o '
2027/2028 Production nstatiation

Readiness Review ~Dec 2031

Preliminary Design Review, 60% AstroPix v5 e AstroPix v6

design completion One full sector e 48 sectors
AstroPix v3 (and v4) Final designs (90%)
BabyBCal & Lanky BCal Production style

Individual components procedures
First (second) test articles AstroPix vo validation
tests




ePIE)

= The ePIC BIC is a hybrid Pb/SciFi + AstroPix imaging calorimeter
designed for barrel electromagnetic calorimetry and 3D shower profiling.

= Korean groups contribute across the main BIC R&D areas, including
AstroPix testing, Pb/SciFi prototypes, ESB/readout, and system testing.

= KNU-centered ESB R&D is validating key readout-service
components: light guides, optical cookies, SIPM response, LED
monitoring, summing boards, and cooling.

= This workshop is a good opportunity to connect BIC experience with ZDC
calorimetry, electronics, calibration, and test-beam discussions.

Summary

Thank you!
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