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The Electron-lon Collider (EIC)
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Science Goal: How do quarks and gluons make up nearly all of
the visible matter in the universe?

» Precision 3D imaging of protons and nuclei

* Proton spin, mass

* Quarks and gluons in nuclei

Based on RHIC, use the existing hadron storage ring. 41-275
GeV. Add an electron storage ring in the RHIC tunnel. 5-18
GeV
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EIC General Purpose Detector: Concept
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EIC Barrel EMCal 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 with other detectors
Discriminate between 7% decays and single y up to ~10 GeV

Low energy photon reconstruction ~100 MeV
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Barrel Imaging Calorimeter: Overview

4(+2) layers of imaging Si sensor interleaved with 5 Pb/SciFi layers
Followed by a bulk section of Pb/SciFi sections
Silicon layers Total radiation thickness ~17.1 X,

with AstroPix . PP -
500x500 um? pixel size Sampling fraction ~10%
A35 cmn

L 3 %
O
o° Bulk Pb/ScFi
section
40 cm
#l Pb/SciFi layers
4 with two-sided Slots for AstroPix
SiPM readout sensor layers
{ 10.68cm
osition resolution: Primarily from Imaging layers cm Energy resolution: Primarily from Pb/SciFi layers

(+2-side Pb/SciFi readout and radial segmentation) (+ Imaging pixels energy information)
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AstroPix tracking layers to capture 3D image of shower development
NASAAMIGO-X mission

GlueX Pb/SciFi sampling calorimeter
Total number of 2x2 cm? chips for BIC: 249,600 ~100 m? Ping



BIC schedule
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BIC Organization

ePIC Leadership BIC DSC Board
Spokesperson: DSC Leadership (DSL)
« John Lajoie (ORNL =) « Sylvester Joosten (Argonne =)
Deputy Spokesperson and TC: + Hwidong Yoo (Yonsei U i)
« Silvia Dalla Torre (INFN Trieste # 1) « Maria Zurek (Argonne %)

Other Stakeholders
« Zisis Papandreou (U. Regina 1)
« Regina Caputo (NASA-GSFC =)
BIC Project Manager
« Jessica Metcalfe (Argonne ®1)

)

BIC Project Management

EIC Project L3 CAM

L3 CAM for Electromagnetic Calorimetry:
« Alexander Bazilevsky (BNL 1)
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- ePIC Technical Coordination

Technical Coordinator:
« Silvia Dalla Torre (INFN Trieste ¥ 1)
Deputy Technical Coordil S
« Prakhar Garg (Yale U. ®1)
« Oskar Hartbrich (ORNL =)

Project Manager (and DSTC): .
« Jessica Metcalfe (Argonne E) R e e e R H + Matt Posik (Temple U. =)
Deputy Project Manager : A

« Sylvester Joosten (Argonne =)

« Maria Zurek (Argonne ¥%)

AstroPix Wafers [ Modules & Staves

TM: Manoj Jadhav (Argonne #1)
Deputy TM: Sanghoon Lim (PNU ! )

Mechanics i

TM: Sylvester Joosten (Argonne ¥%)
Deputy TM: Beomkyu Kim (SKKU ::)

Sectors

| DAQ &Readout | Software & Sim

Module Design & Assembly Global Design

Chip Support

PoC: Richard Leys PoC: PoC: Tom O'Connor
Sites: « Manoj Jadhav Sites:
o KIT == « Anthony Affolder « Argonne ¥

« NASA-GSFC =1 « Sanghoon Lim -
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Sites: PoC: Andreas Jung
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Sites: -
« PNU =
PoC:
« Kevin Bailey
" . Sites:
BIC: Barrel Imaging Calorimeter . Argonne =2

CAM: Control Account Manager

DSC: Detector Subsystem Collaboration

DSL: Detector Subsystem Lead

DSTC: Detector Subsystem Technical Contact
ESB: End-of-Sector Box

ETC: End-of-Tray Card (AstroPix module RDO)
FEB: Front-End Board

PoC: Point-of-Contact

PM: Project Manager

QC: Quality Control

RDO: Readout board

TBC: To Be Confirmed

TBD: To Be Determined

TM: Technical Manager

« BNL (EIC Project) =4
« ePICBICDSC =2

PoC:

« Kevin Bailey
Sites:
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+ SKKU =

« YonseiU.

. J
Scintillating Fibers

PoC: Zisis Papandreou
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« U.Regina 1
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ESB System Testing |
TM: Zisis Papandreou (U. Regina 1) TM: Maria Zurek (Argonne #1)
Deputy TM: Shinhyung Kim (KNU ) Deputy TM: Hwidong Yoo (Yonsei U. )
PoC: Zisis Papandreou PoC: Regina Caputo PoC: Henry Klest PoC: Maria Zurek
Sites: Sites: Sites: Sites:
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Note: The BIC internal work packages (AstroPix Wafers, Modules & Staves, Mechanics, Sectors, ESB,
DAQ & Readout, and System Testing) are integrated under the EIC Project P6 Work Packages



Silicon pixel chip test and wafer level test

AstroPix single chip setup

/’J" i * | A AR N
AstroPix single chip setup with flexible
cable in the recent beam test

R e N T

AstroPix Module with 9 AstroPix sensors
daisy-chained together on Flex PCB

Wafer testing system for ITS3

Total area of ~100m?2, over 25,000 AstroPix chips
Probe card:

Connection with a flexible cable has been tested for the test beam at
KEK (2025 March)

Test system:
Preparing to establish chip characterization method.

Developing a multi-line single-chip test system. Depending on the test
procedure and time, one chip handler can cover multiple test stations



Pb/SciFi Prototype Module Production

1) Pb plate preparation 3) Cutting fiber

Produced 33 of 32x3x3 cm3 unit modules
for beam test including one for light guide
Details will be introduced by Sangwoo Park
(SKKU)

5) polishing §

or Light Guide + SIPM | &



Successfully collected data from the prototype produced in
Korea using our DAQ system for 0.5,1,2,3 GeV electron beams
17 participants from 5 institutions

0.5 GeV 1GeV
b "
M?‘F /. O : =
< Beam
& sm;— H sof
] 10




Second beam test in Mar 2025 at KEK PF-AR

Detector setup

Wire Chamber
Hodoscope, Trigger
Pb/SciFi Calorimeter

1icm 2.5cm 16.25 cm

— R ——— R
) i : — s —
!  ~59.25cm i 9.15km i 343cm

Program
Horizontal, vertical position scan.
Calibration
Energy response

Position dependent energy response.
Longitudinal (transverse) shower profile along modules
Time (position) resolution by horizontal positions scan




Electron energy response of Pb/SciFi prototype

Energy Resolution
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AstroPix data taking between Pb/SciFi layers

Hodo
scope
mﬂ |:| H ﬂ |:| Pb/SciFi
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First data taking of AstroPix between Pb/Scifi prototype layers for BIC
Data taken using the GECCO + FPGA development board and our DAQ

simultaneously

X (cm)

2nd chip 3rd chip 4th chip

Zl(:m) ) )

1st chip

GEANT4 simulation using 0.5 GeV electron for intervened silicon
pixel between Pb/SciFi prototype modules.

Detailed GEANT4 simulation will be intoduced in the poster by
Changhui Lee (KNU)
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Signal from silicon pixel to DAQ, FPGA
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Signal in the DAQ from the pins
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Hits on AstroPix chip were recorded in our DAQ and ?riwg][:'zlnih(;? g%r/]SFCPF(';)A anaig?:] Iggls(it?(irf c;rtrzlsattriggiifand
: i iFi
GECCO+FPGA development board setup simultaneously drift time at Wire Chamber
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Beam Test Plan

. Barrel 2024 Aug at CERN PS TlO
eP'CB::r‘;'ISg’é‘ ::C'“l CcD-3a cp-23 Installation in BNL
April 23 °2| 2% Q3‘ 25 J“|" % 2024
2022 ‘ 2023 |2oz4 ‘ 2025 ‘ 2026 2027 ‘ 2028 2020
Final Design/PED TN ) ) ] 2025 Mar at KEK PF-AR
pre-production — First piece in May 2024
Scintillating Fiber Fabrication X
Production SciFi/Pb / local support layers and testing -
Production wafer fabrication v5 R
Wafer testing 7 2025
Sectors/Trays production assembly and testing 3
itegraton I
Dolvery —
Sector Assembly in a Barrel and Integration with Si Trays -
July 2025 at CERN PS T10
« 2025 and 2026 are critical years for system testing -
« Beam test plan in 2025 at KEK, CERN
* AstroPix+Pb/SciFi integrated system toward 3D shower imaging
2026

<€

« Electron, Pion, Muon

« Beam test plan in 2026

wog9'0l
woge'Gl

» Short (70cm) BIC sector prototype in full depth in preparation
« HGCROC, Readout Box
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Summary

Barrel Imaging Calorimeter is a crucial detector for ePIC

Korean group is actively working on AstroPix chip test, preparation
for Pb/SciFi sector production, Readout Box, simulation, and
system test.

Korean group built Pb/SciFi prototype and formed a fantastic team
through beam tests at CERN in Aug 2024 and KEK in Mar 2025

Energy response of Pb/SciFi prototype looks good and integrated
data actuisition of AstroPix between Pb/SciFi was succesful. We
expect important progress in future beam tests.

Related presentations
» Talk by Sangwoo Park (SKKU) ‘Production of the prototype Pb/SciFi
calorimeter of the Barrel Imaging Calorimeter for the Electron-lon Collider’

» Poster by Changhui Lee (KNU) ‘Beam test results and simulations of a
prototype detector of the Barrel Imaging Calorimeter for the Electron-lon
Collider’

20 participants from 6 institutions in
March 2025 at KEK PF-AR Testbeam
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