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Brookhaven National Lab

5 GeV to 18 GeV41 GeV, 100 to 275 GeV
p/A beam e beam

IR-6, ePIC
Detector

IR-8

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,
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IDEA



R&D on Detector Technologies
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Detector R&D

Roadmap developed under the oversight of the ECFA and completed end 2021:
https://indico.cern.ch/event/1090779/contributions/4592538/attachments/2335809/4036993/ ECFA%20Detector%20R%26D%20Roadmap%20Main%20File.pdf

Implemented through Detector R&D (DRD) collaborations hosted at CERN, with review and oversight provided by 
DRD Committee (DRDC) and ECFA Detector Panel

Courtesy T. Bergauer



Status of Participations in Korea
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Institute PI

DRD1

Osong Medical Innovation Foundation Won-Kyu Lee
DGIST Gain Kim

Hanyang University Tae Jeong Kim
Seoul National University Do Won Kim

University of Seoul Ian Watson
Yonsei Cancer Center Dong Wook Kim

DRD3 Kyungpook National University Chang Seong Moon

DRD6

Kangwon National University-Gangneung Minsuk Kim
Hanyang University Byunggu Chun

Korea University Jae Hyeok Yoo
Kyungpook National University Sehwook Lee

Sungkyunkwan University Beomkyu Kim
Yonsei Cancer Center Dong Wook Kim

Yonsei University
Hwidong Yoo

Jason Lee
Sanghoon Lim



DRDCalo Activities in Korea
• Huge participation in the DRD-Calo 

collaboration from the beginning
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2Proto-CB Meeting – Jan. 2024

DRD Calo - Proposal Team 

Coordinators: Roberto Ferrari, Gabriella Gaudio (INFN-Pavia), R.P. (IJCLab) 

Representative from ECFA Detector R&D Roadmap Coordination Team: Felix Sefkow (DESY)  

WP 1: Sandwich calorimeters with fully embedded Electronics – Main and forward calorimeters
Conveners: Adrian Irles (IFIC, adrian.irles@ific.uv.es), Frank Simon
(KIT, frank.simon@kit.edu), Jim Brau (University of Oregon, jimbrau@uoregon.edu), 
Wataru Ootani (University of Tokyo, wataru@icepp.s.u-tokyo.ac.jp), Imad Laktineh (I2PI, imad.laktineh@in2p3.fr)

WP 2:  Liquified Noble Gas Calorimeters
Conveners: Martin Aleksa (CERN, martin.aleksa@cern.ch), Nicolas
Morange (IJCLab, nicolas.morange@ijclab.in2p3.fr), Marc-Andre Pleier (mpleier@bnl.gov)

WP 3: Optical calorimeters: Scintillating based sampling and homogenous calorimeters
Conveners: Etiennette Auffray (CERN, etiennette.auffray@cern.ch), 
Macro Lucchini (University and INFN Milano-Bicocca, marco.toliman.lucchini@cern.ch), 
Philipp Roloff (CERN, philipp.roloff@cern.ch), Sarah Eno (University of Maryland, eno@umd.edu),  
Hwidong Yoo (Yonsei University,  hdyoo@cern.ch)

WP 4: Electronics and DAQ 
Christophe de la Taille (OMEGA, taille@in2p3.fr) 

Transversal Activitiies
Photodetectors: Alberto Gola (FBK, gola@fbk.eu)

1st collaboration meeting (4/9-11, 2024)



DRDCalo Activities in Korea
• Hwidong Yoo


• Current WP3 coordinator (elected)


• Calorimetry group co-coordinators in FCC Detector Concept Group
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2Collaboration Meeting – April 2026

Current structure 

New

Coord.: B. François,

L. Pezzotti

Chair: R. Ferrari

Chair: R.P., Deputies: M.C. Fouz, M.A. Pleier

Chair:

W. Ootani

Chair:

G. Gaudio

Coordinators:

L. Masetti

A. Irles

Coordinator:

N. Morange

Coordinator: Hwi Dong Yoo

Deputy: M. Lucchini

Coordinator:

C. de la Taille

Coordinators:

B. Francois

L. Pezzotti

Coordinator:

M. Ruzzarin

(tbd)



Part I: Dual-Readout 
Calorimeter for FCC-ee

Prof. Kyeongpil Lee

Prof. Jason S.H. Lee

Prof. Sehwook Lee
Prof. Ian Watson

Prof. Minsuk Kim

All CMS members!



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

38

RO Assembly

4

RO Assembly

3

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



Dual-Readout Calorimeter (DRC)
• DRC offers high-quality energy measurement for both EM particles and hadrons


• DRC consists of two different optical fibers (S, C) in a single component


• The main culprit of poor hadronic energy resolution is fluctuations of the 
EM shower components of hadron showers (fem)


• fem can be determined using the measured values of  
scintillation and Cerenkov signals


• Excellent hadron energy resolution can be achieved by 
correcting the energy of hadron event-by-event
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EM particles

hadronic  
particles

CERN RD52 experiment



World-Wide Collaboration
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US HG-DREAM

Korea FC-DREAM

EU HiDra

2023.May, DRC barbecue party



What Team Korea has done since 2020
• All aspects of the DRC R&D toward FCC-ee detector design (TDR)
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Cu forming

Module building

Readout/DAQ

GEANT4 simulation / 
data analysis

Training  
next generation

Test-beam  
experiment

12

Single charged pion – Energy Resolution
Simulation Result

Energy resolution of pion, 
5~110 GeV, 𝜃, 𝜙 = (1.5°, 1.0°)

Resolution = σ/Mean

• Used mean & RMS of distribution of reconstructed energy – Scintillation Cherenkov, and gaussain fit for DR corrected ch.

• Energy resolution of pions, 5, 10, 20, 30, 50, 70, 90, 110 GeV.

• Low Z absorbers show stochastic term of corrected channel under 30%, for copper – 25.8%/ 𝑬
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Cu π− Brass π− Fe π−

Pb π− W π−

C : 87.8%/ 𝐸+5.9%
S : 27.5%/ 𝐸+2.2%
DR : 25.8%/ 𝐸+1.0%

C : 85.8%/ 𝐸+6.1%
S : 26.5%/ 𝐸+2.7%
DR : 26.9%/ 𝐸+1.0%

C : 84.7%/ 𝐸+5.9%
S : 27.7%/ 𝐸+2.9%
DR : 28.9%/ 𝐸+1.1%

C : 112.9%/ 𝐸+5.8%
S : 31.5%/ 𝐸+1.6%
DR : 32.5%/ 𝐸+0.8%

C : 107.1%/ 𝐸+6.6%
S : 29.1%/ 𝐸+0.3%
DR : 26.4%/ 𝐸+0.5%

𝐒, 𝐂, 𝐃𝐮𝐚𝐥 𝐑𝐞𝐚𝐝𝐨𝐮𝐭 𝐜𝐨𝐫𝐫𝐞𝐜𝐭𝐞𝐝



Initial Contributions for CDR
• Dual-readout calorimeter R&D team has contributed major role for 

CDRs of both CEPC and FCC projects (published in 2018)
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Module Building
๏ Dual-readout calorimeter (DRC) from Korea DRC group: 

Two optical fibers (S and C) with Cu absorber
• Various Cu forming was studied and tested for the last few years
• Test beam experiment has been performed at CERN SPS or PS since 

2022
TB2022

EM Performance Study  
Cu Plate  

~3.5 , > 30  
PMT, SiPM 

10 ~ 120 GeV  
@SPS H8

ρM X0

e+

Cu Plate

TB2023

Low Energy  
EM Performance Study  

3D-Printed Module,  
SFHS, Lego-Like  

~3 , ~17  
PMT, MCP-PMT 
0.5 ~ 5 GeV  

@PS T9

ρM X0

e+

3D-Printed 
Module

Lego-Like

TB2024

EM&Hadron Performance Study  
SFHS, Cu Plate  

~90% lateral hadron deposit, ~10  
PMT, MCP-PMT, SiPM 

10~120 GeV , 20~120 GeV  
@SPS H8

λint

e+ π+

Semi-Full Size 
Hadron Deposit

Skived Fin Heat Sink

TB2025

EM&Hadron Performance Study  
SFHS, Cu Plate  

~90% lateral hadron deposit, ~10  
PMT, MCP-PMT 

Frame & DAQ upgrade from TB2024  
10~120 GeV , 20~120 GeV /p  

@SPS H8

λint

e+ π+

Skived Fin Heat Sink

Seimi-Full Size 
Hadron Deposit
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Module Building
๏ Dual-readout calorimeter (DRC) from Korea DRC group: 

Two optical fibers (S and C) with Cu absorber
• Various Cu forming was studied and tested for the last few years
• Test beam experiment has been performed at CERN SPS or PS since 

2022
TB2022

EM Performance Study  
Cu Plate  

~3.5 , > 30  
PMT, SiPM 

10 ~ 120 GeV  
@SPS H8

ρM X0

e+

Cu Plate

TB2023

Low Energy  
EM Performance Study  

3D-Printed Module,  
SFHS, Lego-Like  

~3 , ~17  
PMT, MCP-PMT 
0.5 ~ 5 GeV  

@PS T9

ρM X0

e+

3D-Printed 
Module

Lego-Like

TB2024

EM&Hadron Performance Study  
SFHS, Cu Plate  

~90% lateral hadron deposit, ~10  
PMT, MCP-PMT, SiPM 

10~120 GeV , 20~120 GeV  
@SPS H8

λint

e+ π+

Full Size 
Hadron Deposit

Skived Fin Heat Sink

TB2025

EM&Hadron Performance Study  
SFHS, Cu Plate  

~90% lateral hadron deposit, ~10  
PMT, MCP-PMT 

Frame & DAQ upgrade from TB2024  
10~120 GeV , 20~120 GeV /p  

@SPS H8

λint

e+ π+

Skived Fin Heat Sink

Full Size 
Hadron Deposit
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Latest result: 
TB2026@CERN SPS 

(27 July - 03 August, 2026)

◎ Module: Skived Fin Heat Sink (SFHS) Module 
  - Depth: 2.5 m (~10 )
  - Effective radius: 17 cm 
◎ Readout & DAQ: PMT, MCP-PMT with custom DAQ boards (DRS4) 
◎ Program: EM & hadronic performance 
  - e+: 6 - 120 GeV beams 
  - hadron (𝝅+,p): 20 - 120 GeV beams

λint

Side view
Front view

2.5 m

30
 c

m

30 cm

B x x xxx



Cu Forming R&D
• Try to find a solution for mass production with local mechanical engineering 

experts and manufacturers


• Skiving fin heatsink, 3D metal printing, drilling, etc. 
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Scintillating fiber

Cerenkov fiber

Copper

1mm 1mm 0.5mm

0.5mm

Structure of 3D-Printed Module

- 3D-Printed module is made using 3D metal printing technology.

- It has projective geometry as a prototype of 4𝜋 geometry aiming

on FCC IDEA detector.

- Total 812 (S 406, C 406) fibers are implemented in copper.

- Fibers are implemented on side of the module, following the

projective slope by varying length.

30mm

30mm

Front Side Projective geometry

45mm

45mm

500mm

Module Setup : 3D-Printed Module
DRC Module of TB2023

Pin: ~0.4mm

gap: ~1.1mm

~12m
m

~12.5m
m

45mm (pin to pin)

gap

3D metal printing Drilling

Skiving fin heatsink

TB2023

TB2024-2026

Prototype at 2026



3D Metal Printing
• 1st projective DRC module!
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with



Drilling Module
• “Drilling” might be another good option for copper forming to build 

full 4pi detector


• Prototype has been tested at KEK PF-AR

18
5KPS Fall, Seokyong Yoon, 2026.10.22

Module for 2026 KEK TB
Brass-Drilling Module

Trying drilling-based fabrication instead of SFHS — 
for better uniformity


Drilling module built with brass absorber for easier 
machining


Machined 900 holes of 1.1 mm diameter in a 30 × 30 
array


Machining was performed at Changwon National 
University

1.1 mm

0.5 mm45 mm

45 mm

Geometry 10 mm

50 Brass-drilling plate

Brass-drilling module



Readout R&D
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๏ Readout detectors
• Usual towers: PMT for each S and C fiber type

‣ 35 towers × 2 fiber type = 70 channels

• M5T3: high-granularity MCP-PMT -> 8 fibers / channel (64 channels per fiber type)
‣ (64 channels + 1 sum channel) × 2 fiber type = 130 channels

• Total 70 + 130 = 200 channels

(all towers except for M5T3)

PMT (R11265-100)

Naming convention for each module & tower

MCP-PMT



DAQ R&D
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๏ DAQ system
• Customized DAQ system based on DRS4 chip  

-> fast sampling rate (5GS/s) & excellent timing resolution
• Total 13 DAQ boards (32 channels / board) and 1 TCB board

DRS4 chip

DAQ Board (32 ch.)

TCB board

Trigger & calorimeter (200 ns window)

Ancillary Detectors (800 ns window)

Typical detector signals from DAQ



Customized MCP-PMT R&D
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Customized MCP-PMT

1

Plan

- Front side of two MCP-PMTs - - Pixel array (ceramic pad) -

▪ Customization Objectives 

▪ Achieve readout dimensions comparable to the module front face → compact design 

▪ Enable evaluation of smaller pixel sizes with alternative pixel geometries (e.g., rectangular shapes) 

▪ Optimized Design 

▪ Bundle 8 fibers (1 mm diameter) into one pixel, with a pixel size of 4.5 × 2.2 mm. 

▪ Develop rectangular MCP-PMTs (~46 × 27 mm) for both Cherenkov and Scintillation.

- MCP-PMT Fabrication Facility @ANL -

8 pixels

8 pixels

45.6 mm

27.2 mm
for Cherenkov signal

for Scintillation signal

4.5 mm

2.2 mm

0.4 mm

• SiPM based high granularity system R&D: DRC-EU, DRC-US teams


• MCP-PMT based high granularity system R&D: DRC-Korea


• Collaborating with Argonne Nat. Lab. Medium Energy team


• Achieve readout dimensions comparable to the module  
front face -> compact design


• Enable evaluation of smaller pixel sizes with alternative  
pixel geometries (e.g. rectangular shapes)

Photonis



Test-beam Experiments at SPS
• Experimental setups for 2022, 2024, 2025, and 2026 (2023 at PS)

22 North Area (SPS H8)

custom DAQ



Team-Korea for Future Collider 
• Students participation: TB 2022 (23), TB 2023 (15), TB 2024 (25), TB 2025 

(20), 2026 (28)


• Training next generation is one of the most important missions
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TB 2024
TB 2022

TB 2023

TB 2025



Team-Korea for Future Collider 
• Students participation: TB 2022 (23), TB 2023 (15), TB 2024 (25), TB 2025 (20), 2026 (28)


• Training next generation is one of the most important missions
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TB 2026



Test-beam Campaigns (2022 - 2026)
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Date Duration 
(week) Facility e Energy (GeV) Detector Type Module Size 

(cm3) Weight (kg)

CERN  
(8)

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

07/27/2026 1 SPS 10 - 120 DRC 30x30x250 1500

08/24/2026 1 PS 0.5 - 5 BIC 40x40x100 100

KEK  
(5)

03/19/2025 1 PF-AR 0.5 - 5 BIC 32x12x24 30

06/12/2025 1 PF-AR 0.5 - 5 BIC 32x15x24 30

11/27/2025 <1 PF-AR 0.5 - 5 DRC 15x15x50 50

05/14/2026 1 PF-AR 0.5 - 5 BIC 40x40x100 100

05/22/2026 <1 PF-AR 0.5 - 5 DRC 15x15x50 50



Physics Programs for TBs
• EM performance: EM response - linearity & resolution


• Uniformity scan (EM)


• Hadron performance: hadron response - linearity, resolution, and 
features ( , p, jet-like)


• Time performance: time resolution


• High granularity test: position resolution

π+
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1

2

3

4

5

6

7

0.147531 0.245773 0.286443 0.342225 0.45877 0.408193 0.289077 0.211758

0.279064 0.419437 0.488848 0.830493 0.977396 0.907176 0.630533 0.355441

0.304504 0.457351 0.901883 1.95288 2.80589 2.20948 1.19123 0.591279

0.3536 0.630779 1.55121 4.2051 7.42224 4.9647 1.99124 0.843492

0.423903 0.632366 1.65085 4.4164 7.51044 5.11599 1.94087 0.941764

0.401989 0.536996 1.23962 2.23272 3.16177 2.76207 1.18174 0.646285

0.213768 0.335042 0.788205 0.920489 1.06721 0.87725 0.603071 0.395794

0.161842 0.230934 0.371225 0.438614 0.483711 0.421743 0.344747 0.257137

Run 15920 Ceren Equalized - 1536 evts

1 2 3 4 5 6 7 8

1

2

3

4

5

6

7

8

Run 15920 Ceren Equalized - 1536 evts

1

2

3

4

5

6

7

0.0877453 0.121238 0.163599 0.235028 0.264053 0.234535 0.170402 0.112847

0.123764 0.206805 0.352704 0.564296 0.692895 0.594168 0.351967 0.210633

0.153712 0.324897 0.744045 1.65517 2.15513 1.47416 0.715736 0.319564

0.189064 0.43542 1.27906 4.01714 6.99084 4.00515 1.23023 0.437694

0.182133 0.427771 1.24558 3.75933 7.62686 4.21795 1.27567 0.463753

0.147406 0.326559 0.750591 1.52807 2.3748 1.77574 0.755944 0.334366

0.117759 0.207195 0.352461 0.572802 0.758583 0.60144 0.406049 0.222136

0.0981692 0.131612 0.185493 0.240863 0.293709 0.240504 0.184544 0.122722

Run 15920 Scint Equalized - 1536 evts

1 2 3 4 5 6 7 8

1

2

3

4

5

6

7

8

Run 15920 Scint Equalized - 1536 evts



Test-beam Results
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• Analyses and paper preparations are on-going

10− 0 10 20 30 40 50
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400
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Calorimeter response

= 17.88 GeV
20 GeV

= 0.894

Energy resolution

= 1.507
17.88 = 0.084

Energy distribution

Gaussian 
fitting function

Figure 20: The measured energy distribution (red line), Gaussian fitting result
(black dotted line) and calorimeter response and resolution of the towermulti
obtained (written by blue color). It is measured from the Sc channel only by
using the 20 GeV e+.

plying the scale factor to the measured energy. Figure 19 shows
the corrected energy of Č and Sc channels with 20 GeV e+ beam
for the towerre f .

3.3.3. EM energy linearity and resolution
The energy distribution obtained from the calibration and

correction, as described in previous sections, is fitted with a
Gaussian function in order to obtain the calorimeter response.
The calorimeter response is determined by dividing the mean
value of the fitted results by the incident beam energy. Figure
20 shows an example of the calorimeter response measured for
the towermulti using 20 GeV e+. The calorimeter response of
the combined channel (Sc + Č) is also measured by summing
up the Č and Sc energies and dividing the summed energy by
two times of the incident beam energy in same event.

As the DRC response should be proportional to the incident
beam energy, it is crucial to show a linearity of the calorimeter
response as a function of e+ beam energies. The linearity of
towermulti and towerre f is studied using e+ beam with energy of
20, 40, and 60 GeV.

The energy resolution �/
p

E is determined using the mea-
sured calorimeter response, by dividing the standard deviation
of the measured energy by its mean value. Figure 20 also
shows the example of calculating the energy resolution of the
towermulti using a 20 GeV e+ beam. The resolution of the com-
bined channel (Sc + Č) is also calculated by summing up the
energy distributions of the Sc and Č channels. This summed
energy distribution is also fitted with a Gaussian function. The
standard deviation of the fit result divided by its mean value
gives the energy resolution of the Sc + Č channel. It is well
known that the resolution scales by 1/

p
E, so that it can be writ-

ten as �/E = ↵/
p

E � � [20]. The ↵ is the stochastic term of
the resolution, while the � is the constant term. The stochastic
term shows the resolution itself, and the constant term repre-
sents the e↵ects originating from the impact point of the beam.

Using the same physics runs for calculating the linearity, the en-
ergy resolution is measured per energy point for both towermulti
and towerre f . A linear fit is performed to estimate the stochastic
and constant terms.

4. Results and discussion

Figure 21 shows the linearity plots of towermulti and towerre f .
For both towers, the Sc channel shows response proportional
to beam energy within ±1%, and the Č is proportional within
±2%. Also, the S c + Č channel shows the best linearity, with
a value about ±0.75%. Therefore, the calorimeter responses of
each channel of the DRC and its combination are consistent up
to ±2% within beam energy of 20 GeV to 60 GeV.

Figure 22 shows the plots of the measured EM resolution of
the towermulti and the towerre f . The Sc channel, Č, and the Sc+
Č channel are plotted for each energy point respectively. The
towermulti shows a stochastic term of 16.2% for the Sc channel
and 35.2% for the Č channel. For towerre f , the stochastic term
of Sc is 15.6% and 31.4% for the Č channel.

Both results showed a lower stochastic term in the Sc channel
compared to the Č channel. The Č channel only responds to
relativistic e+, while the Sc channel produces photons with e+ as
well as other particles. It results in much higher light yields in
the Sc channel. The stochastic term of the resolution is strongly
dependent on the standard deviation of light yield (�ly), and
therefore the Sc channel with higher light yields is expected to
show a lower stochastic term than the Č channel [1, 3], same as
our results.

The constant term of Č shows smaller results than the Sc
channel. For towermulti, the Sc channel constant term is 4.8%,
whereas the Č channel shows a smaller value of 3%. The
towerre f Sc channel constant term is 5.3% and for the Č channel
it is 4.1%. The constant term represents the e↵ects regarding the
impact point of the incident beam. Since Č photons are mainly
produced by the particles around the shower maximum [1], Č is
more robust to the e↵ects of the beam impact point. Therefore,
the Č is likely to show a lower constant term compared to the
Sc channel, as shown in our results.

The best energy resolution is achieved by the combined chan-
nel (Sc + Č) as expected. The energy resolution of the Sc + Č
channel is 17.4% and 4% for the stochastic and constant term
respectively for towermulti. Results in 60 GeV show larger fluc-
tuations, which originates from low statistics due to poor purity

Tower Channel Stochastic (%) Constant (%)

towermulti

Č 35.2 3
Sc 16.2 4.8

Sc + Č 17.4 4

towerre f

Č 31.4 4.1
Sc 15.6 5.3

Sc + Č 19.4 4

Table 6: The stochastic and constant terms of towermulti and towerre f , for each
channel.
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Figure 21: DRC response as a function of incident beam energy for (a) towermulti and (b) towerre f . The blue, red, and black mark represents the Č, Sc, and Sc + Č
channel respectively.
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Figure 22: The EM resolution of (a) towermulti and (b) towerre f . The x-axis is scaled by 1/
p

E. The blue line represents the Č channel, the red line represents the
Sc channel, and the black line represents the S c + Č channel.

of the incident beams. The DRC uses both Č and Sc fibers,
which are designed to have independent sampling structures.
Thus, improvement in the resolution is promising by combin-
ing the photons produced from both types of fibers. The energy
resolution terms for both towers are summarized in Table 6.

Overall, the results of towermulti and towerre f agrees well
with the expected behavior. The Sc channel shows a lower
stochastic term compared to the Č channel, while the constant
term is the opposite. Also, the Sc + Č channel shows best reso-
lution for each energy point.

5. Summary

The Korea DRC R&D collaboration has built two DRC mod-
ules with a length of 2.5 meters (10 nuclear interaction length)
and performed test beam studies at the CERN SPS H8 beam
line facility to measure its EM performance. The DRC mod-
ules are assembled with stacks of copper plates with two types
(Č and Sc) of optical fibers installed on copper plates. A cus-
tomized DAQ system, which consists of the DAQ boards based

on DRS4 chips and the TCB board, is adopted together with the
NIM system and DAQ control PC to take the data.

To ensure the high-quality data, event selections for geomet-
rical acceptance and the PID are performed. After selecting
high-quality events, the DRC towers are calibrated to measure
the energy, and corrections are applied to match the expected
energy estimated by the GEANT4 simulation. Two DRC tow-
ers, towerre f and towermulti, are used to measure the EM perfor-
mance. The towerre f is used to measure the performance of the
most general configuration among the DRC towers, which uses
a round-shaped single cladding Sc fiber and a square-shaped
PMT. The performance of towermulti is measured to find out
the performance of the multi-cladding Sc fiber. The energy of
20, 40, 60 GeV e+ beams are measured, and the linearity and
resolution of the energy measurements are calculated for both
towers. Overall, the results of the two DRC towers show the
expected EM performances and good agreements.
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Result : EM energy resolution and linearity

12

• Result with  beam with momentum spread ±0.7% 

• Stochastic term of 25.3% (C) , 13.7% (S), 14.7% (S+C) 

• Linearity : ±1.1% (C), ±2.6% (S), ±2.2% (S+C)
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• DRC shows comparable energy resolution result with previous 

RD52 experiment (14 % stochastic term, ref) even with ~5 % 
lateral shower leakage

±2 %
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Simulation/SW Framework
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• Contribute on many centralized SW developments 


• Migration to DD4HEP framework


• Faster simulation: developing optical photon transport in GEANT4 
=> O(100) times faster


• Migration to Key4HEP framework


• Add digitization, reconstruction, calibration, etc. 

DD4HEP migration

Faster simulation

[link]DetectorConstruction() Mimic already existing interface

DD4hep

GeoSvc

GEANT4

Proto-EDM
GEANT4 Proto-EDM

Analysis

Standalone GEANT4 DD4hep FCCSW

Simulation flow

Key4HEP migration
EDM4hep

28



Performance Studies (Simulation)
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Simulation: 4pi Geometry
๏ Detector geometry in the GEANT4 simulation 

• 4pi full projective DRC implemented in the GEANT4

‣ composed with ~ 52000 individual towers 

• Each tower has 2.5 m length 
‣ which corresponds to  

~ 10 nuclear interaction length 
‣ allowing us to get ~ 99% energy deposit 

for EW window 
‣ implemented by ~O(1000) fibers 

in copper absorber

30

4 cm 2.5 m 9 cm

Optical 
Photon 

in GEANT4

1. Energy measurement defined as


2. With 20 GeV e- simulation, measured energy should be 20 GeV 
Define chi-square with the residual between 20 GeV and measured one 

3. Calibration constant estimated by minimizing the chi-square 

๏ For calibration, 20 GeV e- simulation is utilized 
• EM particles has same response between two independent channels, Cerenkov and scintillation channels


๏ Calibration procedure 
• With geometrical feature, modules composing the DRC could be categorized into 92 components, towers from 0 to 91


‣ in Phi direction, towers are having same geometry

• Simulation for those towers is done with 20 GeV e- beams, getting # of photoelectrons 
• To get calibration constant of longitudinally un-segmented calorimeter, minimizing process is introduced

Calibration
5

1st 5th

51st

91stIncident particle

Minimizing

๏ With calibration constant, # of p.e. from simulation could be converted to the energy 
• With 20 GeV e- simulation, energy of Cerenkov and scintillation channel are well reconstructed with 20 GeV 

• Linear relationship of beam energy and reconstructed energy is validated in later slide

Calibration
6

Cerenkov channel

Scintillation channel

# of p.e.

N
ev

ts

N
ev

ts

Calibration constants
20 GeV e- example

E [GeV]

  N
ev

ts

Calibration



Simulation: 4pi Geometry
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๏ Jet events for the simulation 
• To get a quark have being hadronized, satisfaction of the color confinement is mandatory


‣ u and ubar quarks are generated simultaneously 
• To make CoM energy zero, generated quarks having same energy with back-to-back direction 
• Events are generated and jets are hadronized with Pythia8 

๏ Energy reconstruction with Jet events 
• Obtain energy response from whole detector 

‣ e.g) 40 GeV u and ubar quark event

➡ corresponding energy is 80 GeV

Jet Events
10

u

u

180˚

Jet Energy Resolution
11

๏ Estimation of Jet energy resolution with u quark jet simulation 
• Generated u and ubar quarks have the energy from 20 GeV to 110 GeV

• Resolution result for each energy is scaled to 1 / √E 
• Stochastic term of resolution: 34.6% stochastic term → with 100 GeV: 3.7% resolution
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๏ Jet events for the simulation 
• To get a quark have being hadronized, satisfaction of the color confinement is mandatory


‣ u and ubar quarks are generated simultaneously 
• To make CoM energy zero, generated quarks having same energy with back-to-back direction 
• Events are generated and jets are hadronized with Pythia8 

๏ Energy reconstruction with Jet events 
• Obtain energy response from whole detector 

‣ e.g) 40 GeV u and ubar quark event

➡ corresponding energy is 80 GeV

Jet Events
10

u

u

180˚

World the most and best precise simulation results!
Presented at CALOR 2024 (May 23, 2024) and paper in preparation



Simulation: 4pi Geometry
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๏ Energy separation between the events with 80, 91 and 125 GeV u and ubar quark jets simulation 
• As future collider experiment aiming to see Higgs, mass separation between bosons is the most important aspect 
• The DRC shows good separation between the energies that correspond the mass of bosons 

• Each simulation correspond to the  
invariant mass of bosons 
‣ e.g) 40 GeV u and ubar jet events


➡ 80 GeV ~ W inv. mass

Energy Separation
12

Presented at CALOR 2024 (May 23, 2024) and paper in preparation



Particle ID with ML
• DL implementation setup for extended particle identification


• Performance is quite promising compared to the classical 
approach

33

Dual readout Calorimeter (cross-section)

(56*56 fibers)
Scintillation fiber

Cerenkov fiber

SiPM

Rear 
side

fibers 
inside 
tower

Incident 
direction

Paper draft ready



Comparison for Various Absorbers
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3

Geometry, physics setup
Simulation Setup

• Simulation setup is based on Geant4 toolkit, 10.5.p01, physics list FTFP-BERT.

• The geometry is longitudinally unsegmented, box shape, 7x7 modules.

• 5 different absorbers were used –

Copper, Brass (Cu:Zn=7:3), Iron, Lead, Tungsten

• 1mm diameter scintillating & Cherenkov (Clear) optical fibers are implemented.

• Optical physics process inside fibers are fully simulated.

• SiPM is attached for each single fibers.

Rearside of module (GEANT4)

𝜃

𝜙

9
9

x7
 m

m

Fiber + Glass + Readout 
SiPM – Hamamatsu S13615-1025N

Optical Photon
inside fibers,
(GEANT4)

NIM A 1090 (2026)



Comparison for Various Absorbers
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7

Single electron – Energy Resolution
Simulation Result

• Used mean & RMS of guassian fit function of reconstructed energy – Scintillation Cherenkov, and Summation channel.

• Energy resolution of electrons, 5, 10, 20, 30, 50, 70, 90, 110 GeV.

• Low Z absorbers show relatively better resolution than Pb, W – 11~12% of stochastic term.

Energy resolution of electron, 
5~110 GeV, 𝜃, 𝜙 = (1.5°, 1.0°)

Resolution = σ/Mean

𝐒𝐮𝐦 = 𝐂 + 𝐒

Cu e− Brass e− Fe e−

Pb e− W e−

1/ 𝐸 [𝐺𝑒𝑉−1/2]

𝑅𝑒
𝑠𝑜
𝑙𝑢
𝑡𝑖
𝑜𝑛

(𝜎
/𝜇
)

1/ 𝐸 [𝐺𝑒𝑉−1/2]

𝑅𝑒
𝑠𝑜
𝑙𝑢
𝑡𝑖
𝑜𝑛

(𝜎
/𝜇
)

1/ 𝐸 [𝐺𝑒𝑉−1/2]

𝑅𝑒
𝑠𝑜
𝑙𝑢
𝑡𝑖
𝑜𝑛

(𝜎
/𝜇
)

1/ 𝐸 [𝐺𝑒𝑉−1/2]

𝑅𝑒
𝑠𝑜
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𝑡𝑖
𝑜𝑛

(𝜎
/𝜇
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1/ 𝐸 [𝐺𝑒𝑉−1/2]

𝑅𝑒
𝑠𝑜
𝑙𝑢
𝑡𝑖
𝑜𝑛

(𝜎
/𝜇
)

C : 19.0%/ 𝐸+0.5%
S : 13.1%/ 𝐸+1.5%
Sum : 11.4%/ 𝐸+0.2%

C : 18.7%/ 𝐸+0.4%
S : 13.8%/ 𝐸+1.2%
Sum : 11.7%/ 𝐸+0.1%

C : 17.9%/ 𝐸+0.5%
S : 13.7%/ 𝐸+1.0%
Sum : 11.1%/ 𝐸+0.1%

C : 18.2%/ 𝐸+1.9%
S : 10.9%/ 𝐸+2.6%
Sum : 12.7%/ 𝐸+0.3%

C : 22.7%/ 𝐸+4.9%
S : 13.0%/ 𝐸+6.4%
Sum : 14.1%/ 𝐸+2.0%

NIM A 1090 (2026)
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Single charged pion – Energy Resolution
Simulation Result

Energy resolution of pion, 
5~110 GeV, 𝜃, 𝜙 = (1.5°, 1.0°)

Resolution = σ/Mean

• Used mean & RMS of distribution of reconstructed energy – Scintillation Cherenkov, and gaussain fit for DR corrected ch.

• Energy resolution of pions, 5, 10, 20, 30, 50, 70, 90, 110 GeV.

• Low Z absorbers show stochastic term of corrected channel under 30%, for copper – 25.8%/ 𝑬

Cu π− Brass π− Fe π−

Pb π− W π−
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𝑡𝑖
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Cu π− Brass π− Fe π−

Pb π− W π−

C : 87.8%/ 𝐸+5.9%
S : 27.5%/ 𝐸+2.2%
DR : 25.8%/ 𝐸+1.0%

C : 85.8%/ 𝐸+6.1%
S : 26.5%/ 𝐸+2.7%
DR : 26.9%/ 𝐸+1.0%

C : 84.7%/ 𝐸+5.9%
S : 27.7%/ 𝐸+2.9%
DR : 28.9%/ 𝐸+1.1%

C : 112.9%/ 𝐸+5.8%
S : 31.5%/ 𝐸+1.6%
DR : 32.5%/ 𝐸+0.8%

C : 107.1%/ 𝐸+6.6%
S : 29.1%/ 𝐸+0.3%
DR : 26.4%/ 𝐸+0.5%

𝐒, 𝐂, 𝐃𝐮𝐚𝐥 𝐑𝐞𝐚𝐝𝐨𝐮𝐭 𝐜𝐨𝐫𝐫𝐞𝐜𝐭𝐞𝐝

NIM A 1090 (2026)



Toward Engineering Design
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39 modules / wheel 
14 wheels for barrel (5.6 m)



Part II: Barrel Imaging 
Calorimeter for EIC



Barrel Imaging Calorimeter
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• Korea-BIC group will construct 50% of BIC detector at EIC project


• 2026-2033 (7 years), ~$13M, PI (Hwidong Yoo)

~100 m2 of silicons / ~5,000 km of fibers



Pb/SciFi Layer Technology
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Imaging Layer Technology
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BIC Organization Chart
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Test beam Experiments
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Beam-test at CERN (8/24-31)
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Shower Profiles of electrons and pions
• CERN PS T10 in July 2025
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arXiv: 2605.07681, accepted by NIM A



Energy Resolution & Linearity
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AstroPix Test System
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Cooperate with wide semiconductor industry infrastructure in Korea



Schedule
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Summary
• In Korea, Calorimeter R&Ds for future collider projects, particularly, FCC-

ee and EIC are quite active and exciting moments are on-going


• We successfully launch two major projects for FCC-ee and EIC


• We are world-leading group for dual-readout calorimeter for FCC-ee


• Korean group is leading the construction of BIC detector in EIC project


• Construction cost (> $13M) has been approved  
by government and congress in 2025


• 7 year construction program starts 
this summer!


• Half of BIC detector will be fully constructed  
in Korea!

49
Bright future for next generation and stay tuned!


