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Dual-Readout Calorimeter R&D

• Test-beam experiment with two full-size module at CERN SPS H8 


• 13 institutes 34 participants including 23 students (Aug. 17 - 24, 
2022)
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Fig. 17: The EM energy resolution of each towers. X axis is scaled to 1/
p
E. The blue line

represents the Cherenkov channel result, red line represents the scintillation channel, and

the black represents the summation channel. 60 GeV point has larger error compared to

other eneregy points due to its low statistics.

much events left for the 60 GeV case after the event selection. Due to this low stat, the error

of the 60 GeV points are relatively large compared to other 2 energy points. This causes

the poor fitting of 60 GeV points and a↵ected the measured resolution result.
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DRC modules



Dual-Readout Calorimeter R&D

• Test-beam experiment at CERN PS T9                            


• New prototype modules with various 
Cu forming techniques


• 6 institutes 20 participants including 15 
students (Jul. 5 - 12, 2023)
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27 Oct 2023Sungwon Kim(YU)

Prompt analysis

12

• During test beam, prompt analysis on the data were performed

• Measuring energy resolution and linearity wear the main tasks

• Details on prompt analysis : H2.09 (Kyuyeong Hwang)

GeV

Re
so

lu
tio

n

GeV

Re
sp

on
se

GeV

GeV



Preparation for TB 2024
• Build new 9 modules to measure hadron energy resolution


• Finish about 70% construction
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3x3 size module
300 mm

M1 M2 M3

M4 M5 M6

M7 M8 M9

longitudinal length: 2500 mm

30
0 

m
m



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



FCC MOU
• Signing FCC MOU during FCC 

workshop at London


• Accelerator: PAL


• Experiment: 8 institutes 
(GWNU, KNU, KHU, PNU, 
UoS, SKKU, YU, HU)
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Local Workshops
• Small strategic workshop between accelerator and experiment 

leaders (Nov. 12-14, 2023)


• Discuss FCC, EIC and MuCol


• Many theory seminars to discuss                                                                       
for FCC/BSM physics


• Dedicated workshop for FCC physics                                               
in this week (Feb. 2 - 3)
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DRD 6 (Calorimetry) Collaboration
• Participate the proposal team of Detector R&D 6 (Calorimetry) collaboration


• Has been approved by CERN at the end of last year
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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)



Barrel ECAL for EIC (US)
• Korean group is leading the barrel ECAL R&D and construction


• About $20M contribution (material, labor, travel etc.) for the construction 
and commissioning under discussion between our MIST and US DOE for 
next 10 years 

9

H.D. Yoo H.J. Kim
S.W. Lee
H.S. Jo

S.H. Lee S.H. Lim S.Y. Choi B.K. Kim B.G. Cheon M.S. Kim

K-BECAL members (10 faculties)

Managements in bECAL

Intro and Input

Introducing the ePIC Imaging Barrel ECal
Addressing the unique challenges for the barrel region in ePIC
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Hybrid concept: 6 layers of Astropix interleaved with the first 5 
Pb/ScFi layers, followed by a large volume with the rest of the 
Pb/ScFi layers
✓ Deep calorimeter (21 X0) but still very compact at ~ 40 cm
✓ Excellent energy resolution (5.2% /√𝑬 ⨁ 1.0%)
✓ Unrivaled low-energy electron-pion separation by combining 

the energy measurement with shower imaging 
✓ Unrivaled position resolution due to the silicon layers
✓ Deep enough to serve as inner HCal
✓ Very good low-energy performance 
✓ Wealth of information enables new measurements, ideally 

suited for particle-flow
✓ Makes the tracking MPGD layer behind the DIRC unnecessary

Checks all the boxes!

AstroPix: silicon 
sensor with 
500x500μm2 pixel 
size developed for 
the Amego-X NASA 
mission

ScFi Layers 
with two-sided 
SiPM readout

ePIC collaboration 
meeting (Jan. 8 - 13)



Activities in Japan
• No direct contribution to FCC, but ILC project is on-going
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Junping Tian (tian@icepp.s.u-tokyo.ac.jp)Progress of Linear Colliders - CEPC WS, October 2023

Linear Colliders

• Energy extendability to TeV scale lies in the heart of linear colliders: ILC focuses on √s from 250 GeV to 1 
TeV; CLIC 380 GeV to 3 TeV; keeping options to run at Z-pole (“GigaZ”)


• Complementary approaches: “Warm” & “Cold” accelerating technologies; 72MeV/m @ CLIC380; 31.5MeV/
m @ ILC250


• Polarized beams: both offering 80% for electron; 30% for positron in ILC default design
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ILC & CLIC specs

Kitakami Mountains in Tohoku of Japan

ILC250 ~ 20km

Junping Tian (tian@icepp.s.u-tokyo.ac.jp)Progress of Linear Colliders - CEPC WS, October 2023

ILC Accelerator Status

• TDR published in 2013; progress steadily towards to final technology choice and engineering design; 
optimization to lower cost


• Key technology
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from mature to ready

SRF accelerating
Nano-beam 

[S.Michizono @ ILCX2021]

Junping Tian (tian@icepp.s.u-tokyo.ac.jp)Progress of Linear Colliders - CEPC WS, October 2023

Progress in SRF Technology
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~1.3 GHz worldwide SRF accelerators

SHINE  
(under construction)

~600 cavities 
75 CMs 
8 GeV (CW)

ILC  (planned)

8,000 9-cell cavities 
900 CMs 
2 x 125 GeV (Pulsed)

800 cavities 
100 CMs 
17.5 GeV (Pulsed)

-280+200 cavities 
-35+25 CMs 
- 4 +4 GeV (CW)

European XFEL 
(in operation,  2017~)

LCLS-II -HE  
(in commissioning)

ESS (0.8 GHz) 
(under construction)

JLab-CEBAF(1.5 GHz) 
(in operation) 
40 CMs 
6~12 GeV(CW)

> 2,000 SRF cavities being realized!

Junping Tian (tian@icepp.s.u-tokyo.ac.jp)Progress of Linear Colliders - CEPC WS, October 2023

ILC Project News

• MEXT (represents Japanese government) didn’t approve the original Pre-Lab proposal [newsline]

• Not entirely negative: pointed out what directions to move forward [“hosting is not the problem”, S.Asai]

• Support to carry out time-critical R&D that was in the Pre-Lab proposal

• A really encouraging sign from this April: a fact of 2 increase on KEK funding for ILC R&D by MEXT

• ILC Technology Network (ITN) is launched: memorandum between KEK & CERN signed

• Promotion under leadership by International Development Team (IDT), KEK and ILC-Japan
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towards realization

[T.Nakada @ Snowmass 2022]
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