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Introduction
• Calorimeter R&D projects in Korea: optical fiber-based calorimeter


• FCC-ee (+CEPC) IDEA detector: Dual-Readout Calorimeter


• EIC ePIC detector: Barrel Imaging Calorimeter
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A high luminosity (1033 – 1034 cm-2s-1) 
polarized electron proton/ion collider

The EIC luminosity will be a factor 100 to 1000 higher 
than at HERA.

Both electrons and protons / light nuclei will be highly 
polarized (70%).

Science Program: An EIC can uniquely address three 
profound questions about nucleons - neutrons and 
protons - and how they are assembled to form the 
nuclei of atoms:

o How does the mass of the nucleon arise? 
o How does the spin of the nucleon arise? 
o What are the emergent properties of high-

density systems of gluons? 

The Electron-Ion Collider (EIC) at BNL

Brookhaven National Laboratory (BNL)

FCC-ee FCC-hh
Higgs Factory: 91 - 365 GeV
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ePIC 실험 검출기

ePIC

Figure 1: 3D cutout view of the IDEA baseline detector design with subdetector
labels.

Figure 2: Event display of a sample ZZ event at an e+e→ center of mass energy
of 240GeV with the IDEA baseline design in DD4hep di!erentiable full simulation.
Subdetector hit markers are coded by color and shape. The first 100 simulated tracks
by generation time are shown.

These running conditions are particularly challenging for the detectors at the Z
energy, due to the fast beam-related backgrounds and the rather high rate of interest-
ing physics, which is expected to be in the order of 100 kHz. Limitations also exist in
the current final focus configuration due to the magnetic field of the detector solenoid,

2

IDEA



Dual-Readout Calorimeter (DRC) 
• FCC-ee (+CEPC) IDEA detector: Dual-Readout Calorimeter

4

Figure 29: Barrel region of the dual-readout calorimeter, with a few towers taken
out for visualization purposes (left). Backside of one tower with the assembly of tubes
and the support structure around them, forming one tower (right).

Figure 30: Endcap region of the dual-readout calorimeter, considering 35 ω-towers
and 36-rotations around the beam pipe. The trapezoidal structure (a ε-slice) contain-
ing the ω-towers is displayed in light blue (left). A single ε-slice populated with 35
ω-towers (right).

SK40-1500), and Kuraray (Clear-PS). Scintillating fibers, on the other hand, featured
a polystyrene core with PMMA single or double cladding, emitting in the blue region
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RO Assembly
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RO Assembly

3

S: Kurary SCSF-78 
C: Mitsubishi SK-40



Barrel Imaging Calorimeter (BIC) 
• Korea-EIC group will construct 50% of BIC detector (>$14M) 


• We are very interested in LESA TB facility for the BIC tests!
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Barrel Imaging Calorimeter: Overview
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4(+2) layers of imaging Si sensor interleaved with 5 Pb/SciFi layers
Followed by a bulk section of Pb/SciFi sections
Total radiation thickness ~17.1 X0
Sampling fraction ~10%

Position resolution: Primarily from Imaging layers 
(+2-side Pb/SciFi readout and radial segmentation)

AstroPix tracking layers to capture 3D image of shower development
NASA AMIGO-X mission GlueX Pb/SciFi sampling calorimeter

Energy resolution: Primarily from Pb/SciFi layers 
(+ Imaging pixels energy information)



Test-beam Exp. (2022 - 2025)
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Date Duration 
(week) Facility e Energy 

(GeV)
Detector 

Type
Module 

Size (cm3)
Weight 

(kg)

CERN 08/17 
/2022 1 SPS 10 - 120 DRC 10x20x250 300

07/05 
/2023 1 PS 0.5 - 5 DRC 10x10x50 30

08/07 
/2024 1 PS 0.5 - 3 BIC 15x9x32 15

08/07 
/2024 3 SPS 10 - 120 DRC 30x30x250 1500

07/23 
/2025 1 PS 0.5 - 5 BIC 32x15x24 30

08/06 
/2025 1 SPS 10 - 120 DRC 30x30x250 1500

KEK 03/19

/2025 1 PF-AR 0.5 - 5 BIC 32x12x24 30

06/12

/2025 1 PF-AR 0.5 - 5 BIC 32x15x24 30

Dec.

/2025 (?) 1 PF-AR 0.5 - 5 DRC 15x15x50 70



Team-Korea for Future Collider 
• 9 Institutes,  11 faculties, more than 30 researchers and graduate 

students: most of members are young generation!
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TB 2024
TB 2022

TB 2023

TB 2025



Typical DRC Test-Beam Setup
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Overall�Setup
Experimental�Setup

Cherenkov
Counter 1,2 DWC1 T1,T2,

Veto DWC2 PS Leakage Counter
(LC)

Tail Catcher
(TC)

Muon Counter
(MC)

DRC

z =	0	m	

Oct.�25,�2024

0		0		0		
0		

0		0		 0		 0		

Invisible�Block
(Concrete)

North Area (SPS H8)

CERN provided



Typical BIC Test-Beam SetupT10 week30 EIC Barrel Ecal: Setup complete

Beam

Desy table

DWC DWCTrigger
(15x15mm2)

Fix table+ Al profile

Pb/SciFi Calo
32(w)x15(h)x24(d)cm3 inside

90(w)x40(h)x90(d) cm3 dark box

Silicon Pixel (AstroPix, 20x20mm2)

Signal in 3x8 array of prototype unit modules

CERN provided



Expected Test-beam Programs at LESA
• Typical performance study on prototype:


• Energy scan/resolution, position resolution, timing resolution


• Small-size prototype of DRC detector


• Small-size prototype and full-size sectors of BIC detector


• Needs


• High intensity 


• Variety of beam energy sets


• Narrow beam size


• Minimize electricity noise
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Followed by a bulk section of Pb/SciFi sections
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AstroPix tracking layers to capture 3D image of shower development
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Energy resolution: Primarily from Pb/SciFi layers 
(+ Imaging pixels energy information)



Desired Beam Parameters
• In general, we are very happy to have a similar beam conditions as 

KEK PF-AR


• Beam energy: 0.5 - 8 GeV


• Very welcome to expand the beam range (both minimum and 
maximum)


• Very welcome for various beam types if possible (pion, hadron, 
muon beams like CERN)


• Beam energy spread: 1~2 %


• Beam rate: ~350 Hz at 3 GeV (KEK)


• Beam intensity: single bunch 50 mA (KEK)
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We satisfy the rate 
and intensity



Instruments from LESA We Need
• Moving table


• Beam position detector


• Particle Identification


• Electronics equipments
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KEK

CERN SPS

CERN PS
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CERN SPS



Instruments from LESA We Need
• Moving table


• Beam position detector


• Particle Identification


• In case we have different 
type of particles


• Electronics equipments
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CERN PS



Instruments from LESA We Need
• Moving table


• Beam position detector


• Particle Identification


• Electronics equipments
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power supply test

• After investigation by Eo Yun, HV 
power supply looks like an inactive 
status (locked) according to ECH224 
manual, so we reported it

• We need to find another one from 
ourselves or rent one from another 
group/person for future KEK beam 
test

Trigger setup

• 2 Trigger signals into Discriminator 
(length?)

• Two output to AND logic in the logic unit

• Injection VETO 포함

• Two output to TCB board (length?), Scaler

• SiPM pedestal run은waveform 
generator에서나온 TTL을NIM으로바꿔서
넣고기존트리거는OFF

Trg1

Trg2

AND

→TCB

→Scaler
Veto in

Injection Veto

• (1) Injection Veto
• (2) Attenuator를거쳐서
• (3) NIM→TTL로전환
• (4) Gate에서width 조절

• 1s로하면충분함을확인. 그러지
않았을때는 burst가들어오는
경우도.

• Logic의 VETO 로연결

•아래의오실로스코프로확인

1

2

3
4

KEK

CERN



Special Request
• Once we construct full-size module (BIC single sector), we need to 

test the performance of the sector!


• Large experimental area 


• Very large supporting table
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위치 분해능:
실리콘 검출기 영역
AstroPix
500x500 !"# pixel size

Pb/ScFi 열량계 영역

AstroPix 실리콘 검출기를 위한 슬롯

435 cm

14.9 cm

40 cm

10.3 cm

Fiber direction

o Barrel Imaging Calorimeter
o 4(+2) layers of imaging Si sensors 

interleaved with 5 Pb/SciFi layers 
o Followed by a bulk section of Pb/SciFi
o Total radiation thickness ~17.1 $%
o Sampling fraction ~10%

에너지 분해능:
열량계 검출기 영역
Pb/SciFi
Two-sided SiPM readout

d

d

d

d

d

CERN SPS

Expect to 
deliver first 

sector at 2027



Summary
• We need a beam-test facility in US, particularly for successful 

construction of EIC project!


• Our BIC collaboration:
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Korean institutions for the BIC 
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Pb/SciFi layers
with two-sided
SiPM readout

Silicon layers
with AstroPix
500x500 !"! pixel size



Back Up
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Electronics R&D
• High granularity solutions: MCP-PMT (128 ch) vs SiPM (400 ch)
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T1 T2

T3 T4
M1 M2 M3

M4

M7

M5

M8

M6

M9

M10 M11

MCP
Twr

29.0	cm

29
.9	
cm

Oct.�25,�2024

R11265-100

XP85012 (S)
XP85112 (C)

• The DRC module is divided to ‘tower’ unit, each tower is bundled to
single readout channel. (Square type PMT, Hamamatsu R11265-100)

• On M5-T3, MCP-PMT is attached, which provides high granularity,
dividing single tower into 64 channels. (XP85012, XP85112)

MCP-PMT	(	talk	J2.07)

ScintillationCherenkov

Readout
Dual-Readout�Calorimeter

SiPM

S-ch: 200 
C-ch: 200 

on the center of M10

MCP-PMT



DAQ R&D
• Customized DAQ system is designed: 20 DAQ boards and 1 TCB board (to control multi DAQ boards)


• DAQ board is based on DRS4 chip for fast timing resolution (32 channel / board)


• Very powerful performance during test-beam experiments


• Upgrade plan is under discussion for faster timing resolution
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DAQ�system
Experimental�Setup

Oct.�25,�2024

• The readout channels of auxiliary detectors and DRC module were connected to single DAQ system.

• The whole system is consist of 30 DAQ boards and 1 TCB board, which each DAQ board provides 32 channels.

• Detailed setup will be shown in next talk. (J2.08)

DAQ Board

TCB Board

DRS4 chip
200-400 ps with MCP-PMTs


