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Future Collider Projects in HEP
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• Many next generation experiments are under discussion


• Linear colliders: ILC (Japan), CLIC (CERN)


• Circular colliders: FCC-ee/eh/hh, muon collider (CERN, US),  
CEPC/SPPC (China)


• HI colliders: EIC (US)

Most slides from Open Symposium European Strategy for Particle Physics (23-27 June 2025), link

https://agenda.infn.it/event/44943/timetable/#20250623


From CERN



Proposed Large-Scale Projects at CERN (~2045)
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Proposed large-scale projects at CERN,  ~ 2045

Intermediate projects 

(Leave room (time, budget, resources) for further
development of THE machine that can probe 
directly the energy frontier at the 10 TeV parton
scale)

e+e- colliders
(“Higgs factories”) 

LCF (e+e-, linear, 91 – 240, 550 GeV) CLIC (e+e-, linear, 380 GeV, 1.5 TeV)FCC-ee (e+e-, circular, 91 – 365 GeV)

FCC 
91 km 

circumference

LEP3 (e+e-, circular, 91 – 230 GeV) LHeC (ep, circular, electron ERL,
50 GeV e-, > 1 TeV ep collisions) 



The Vision by CERN Council
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The vision by CERN Council 

“The aim of the Strategy update should be to develop a visionary and concrete plan that greatly 
advances human knowledge in fundamental physics through the realisation of the next flagship project 
at CERN. This plan should attract and value international collaboration and should allow Europe to 
continue to play a leading role in the field.”

This vision is strongly echoed by the High-Energy Physics communities in Europe and beyond, as testified 
by the input received from the national HEP communities 

Many HEP communities support a forward-looking European strategy that maintains CERN as the global 
centre for collider physics and ensures a balanced, ambitious, and innovative research programme. 



FCC Project
• FCC-ee/hh project: CERN


• stage 1: FCC-ee (Z, W, H, "t" "t"  ̅) as Higgs factory, electroweak & top factory at highest luminosities

• stage 2: FCC-hh (~100 TeV) as natural continuation at energy frontier, pp & AA collisions; e-h option 

6



FCC-ee Main Parameters and Operation Plan

7

parameter Z WW H (ZH) tt

Collision energy √s  [GeV] 88, 91, 94 157, 163 240 340-350 365

synchrotron radiation/beam [MW] 50 50 50 50 50

beam current [mA] 1294 135 26.8 6.0 5.1

number bunches / beam 11200 1852 300 70 64
total RF voltage 400 / 800 MHz 
[GV]

0.08 / 0 1.0 / 0 2.1 / 0 2.1 / 7.4 2.1 / 9.2

luminosity / IP [1034 cm-2s-1] 144 20 7.5 1.8 1.4

luminosity / year [ab-1] 68 9.6 3.6 0.83 0.67
run time (including lumi ramp-up) 
[years]

4 2 3 1 4

total integrated luminosity [ab-1] 205 19.2 10.8 0.4 2.7

total number of events 6x1012 Z
2.4x108 WW 
(incl. WW at 
higher √s)

2.2x106 ZH 
65k WW → H

2x106 tt +  370k ZH 
+  92k WW → H



FCC Glocal Collaboration
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Status of the FCC Global Collaboration

162 
Institutes

38 
Countries

+ 
CERN

Increasing international collaboration is a prerequisite for success:
àlinks with science, research & development and high-tech industry will be essential to further advance 
and prepare the implementation of the FCC

38 Participating Countries
Austria – Belgium – Brazil – Canada – Chile –
Colombia – Czech Republic – Denmark – Estonia –
Finland – France – Georgia – Germany – Greece –
Hungary – India – Iran – Italy – Japan – Latvia – Malta 
– Mexico – Netherlands – Norway – Pakistan – Poland 
– Portugal – Republic of Korea – Romania – Serbia –
Spain – Sweden – Switzerland – Thailand – Türkiye –
Ukraine – United Kingdom – United States of America



FCC Project Timeline
• Technical timeline before construction
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FS Report
cost update

Pre-TDR Phase TDR PhaseFeasibility 
Study

Project 
Decision

CE Concept Design update Start 
construction

Detector EOI 
submissions

FC3 formation, 
call for CDRs

Detector CDRs 
submitted to FC3

ESPPU 
2025/26

Construction ààà

Construction Design

TDR
cost update

CE Tender Design

engineering design à

Phase 1 Site 
Investigations

Environmental Impact study & Authorization Process

Phase 2 Site Investigations

accelerator design, technical infrastructure design, R&D, towards TDR

pre TDR
cost update



Status of FCC-hh
• Parameter optimization to lower electricity consumption (~max. consumption of FCC-ee) 

• Magnetic field considered realistic with current technologies (Nb3Sn, ~14T, 1.9 K) 
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FCC-hh Timeline Scenarios
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LEP3 and LHeC
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An impactful “bridge” between major colliders @ CERN

ultimate upgrade of
the LHC physics reach

injector

re-use

fast-track to new and impactful 
opportunities at colliders for
attractive SM & BSM physics

LHeC
ep-collider

last phase of the LHC
e.g. enabling more physics

first phase of a H-factory
e.g. enabling SRF technologies

always collisions at CERN
e.g. enabling careers

essential enabler for the 
physics at any new high-
energy hadron collider

Electron-Ion Collider 
community back to 

Europe/CERN

fast-track to the optimal 
SRF performance of a H-factory & 

cost/risk reduction for SRF at FCC-ee/LEP3

3

new electron accelerator
with Energy Recovery Linac technology it 

would intrinsically be a major step 
addressing the energy sustainability aspect

https://indico.cern.ch/e/LHeCFCCeh 

LHeC – parameters, timeline, resources, energy consumption 

> 1 TeV electron-proton collisions

E = 50 GeV

E ≳ 7 TeV

802.5MHz, 20MV/m in CW, 6x25mA in SRF
ERL 3-turns, 50 GeV (1/3 of LHC circumference)
Start operation after HL-LHC (>2041)
Luminosity above 1034 cm-2s-1

6 years of operation, 1 ab-1 (e.g. 2043-2048)
120MW from HL-LHC + 100MW from e-beam

existing/future 
proton accelerator

2041for example 2034

one general purpose 
experiment

~ 4 x105 H bosons for LEP3 and LC, and 22 x105 H bosons for FCC-ee (240 only) i.e. ratio of 1:1:~5.5



Cost Estimations
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K. Jakobs, ESPP Open Symposium, 27th June 2025

Cost Estimates   

LEP3CLICLCF

FCC-hh
(after FCC-ee)

FCC-ee

LHeCMuon Collider

à ~2 BCHF (2025)

(cost estimate 2018, 60 GeV e-)



FCC-ee Detector Concept
• Three detector concepts are proposed for FCC-ee so far


• Korean team has led the design and core R&Ds of the Dual-Readout Calorimeter (DRC) for IDEA detector


• Included in the CDRs of both FCC-ee and CEPC, published at the end of 2018
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Current Detector Concepts

2

CLD IDEA ALLEGRO

• Well established design
• ILC -> CLIC detector -> CLD

• Full Si vtx + tracker
• CALICE-like calorimetry; 
• Large coil, muon system
• Engineering still needed for operation with 

continuous beam (no power pulsing)
• Cooling of Si-sensors & calorimeters

• Possible detector optimizations
• σp/p, σE/E
• PID (𝓞𝓞(10 ps) timing and/or RICH)?
• …

• A bit less established design
• But still ~15y history

• Si vtx detector; ultra light drift chamber with 
powerful PID; compact, light coil; 

• Monolithic dual readout calorimeter; 
• Possibly augmented by crystal ECAL

• Muon system 
• Very active community

• Prototype designs, test beam campaigns, 
…

• The “new kid on the block”
• Si vtx det., ultra light drift chamber (or Si)
• High granularity Noble Liquid ECAL as core

• Pb/W+LAr (or denser W+LKr)
• CALICE-like or TileCal-like HCAL; 
• Coil inside same cryostat as LAr, outside ECAL
• Muon system.
• Very active Noble Liquid R&D team 

• Readout electrodes, feed-throughs, 
electronics, light cryostat, …

• Software & performance studies

CDR

FCC-ee CDR: https://link.springer.com/article/10.1140/epjst/e2019-900045-4

12 m / 2

10
 m

 / 
2



R&D on Detector Technologies

15 28

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 Jason Lee
Yonsei Cancer Center Dong Wook Kim

DRD3 Kyungpook National University Chang Seong Moon

DRD6

Gangneung-Wonju National University Minsuk Kim
Hanyang University Byunggu Chun

Korea University Jae Hyeok Yoo
Kyungpook National University Sehwook Lee

Pusan National University Sanghoon Lim
Sungkyunkwan University Beomkyu Kim

University of Seoul Jason Lee
Yonsei Cancer Center Dong Wook Kim

Yonsei University Hwidong Yoo



DRD-Calo 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)



DRD-Calo Activities in Korea
• Hwidong Yoo has been elected as next WP3 coordinator
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Figure 1: Schematic representation of the DRD-on-Calorimetry organisation. Please see text for details.

3 Work Package 1: Sandwich calorimeters with fully embedded elec-

tronics

The devices studied in this work package seek to produce high-resolution images in 3 dimensions of the final state
of particle collisions. With the inclusion of time and energy, five quantities are available per active element. The
overarching goal is to provide calorimeters optimised for the application of Particle Flow Algorithms (PFAs) [13,
14, 15]. They should therefore provide an excellent particle separation complementing high-resolution tracking.
The combination of the information of the two (calorimetry and tracking) systems aims at a jet energy resolution
of 3-4% which is the design goal for future, both linear and circular, Higgs factories. This will allow for e!cient
separation of the 2-jet final states of Z, W and Higgs bosons. The 3D granularity is at least two orders
of magnitude higher than what is proposed for calorimeters in other Work Packages. In addition, a full 4ω
coverage with little room for services is required to fully exploit the potential of these imaging calorimeters.
Maybe more than others, this type of detectors requires a holistic approach, i.e. to take special care of high-level
system integration already during the R&D phase. This applies in particular to the embedding of the front-end
electronics into the detector volume. In turn, these front-end electronics have to feature low-power consumption
without compromising performance. A summary of the main overarching R&D directions in Work Package 1
is given in Fig. 2. The technologies pursued in this work package are all considered suited to meet the goals
of imaging calorimeters. A summary of the tasks and subtasks in WP1 is given in Tab. 1. Table 4 in the
Appendix complements the previous table with a list of milestones and deliverables. Many of the projects are
a continuation of R&D so far carried out by the CALICE Collaboration [16]. General features shared within
the WP1 are recapitulated below.

• Most projects feature (analogue and digital) readout electronics fully integrated into the calorimeter
volume. Where this is not (yet) the case, it is recommended that the design should be adapted.

• It is common practice in calorimetry to build and handle electromagnetic and hadronic calorimeters as
separate entities. However, imaging calorimeters should be thought of as one device with finer pixelisation
in the inner part (the electromagnetic section) and coarser pixelisation in the rear part (the hadronic
section). It is therefore important that the R&D program plans from the beginning beam tests that
combine electromagnetic and hadronic sections. This will allow for the development of common electrical
but also mechanical interfaces and infrastructures. Note that a first combined testbeam featuring a setup
of detector layers of the SiW-ECAL and the AHCAL took already place in Spring 2025.

3
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Project Scintillator/WLS Photodetector DRDTs Target
Task 3.1: Homogeneous and quasi-homogeneous EM calorimeters
HGCCAL BGO, LYSO SiPMs 6.1, 6.2 e+e→

MAXICC PWO, BGO, BSO SiPMs 6.1, 6.2 e+e→

Crilin PbF2, PWO-UF SiPMs 6.2, 6.3 µ+µ→

OREO oriented PWO-UF SiPMs 6.2, 6.3 e+e→/µ+µ→

Task 3.2: Innovative Sampling EM calorimeters
GRAiNITA ZnWO4, BGO SiPMs 6.1, 6.2 e+e→

SpaCal GAGG, organic MCD-PMTs,SiPMs 6.1, 6.3 e+e→/hh
RADiCAL LYSO, LuAG SiPMs 6.1, 6.2, 6.3 e+e→/hh
Task 3.3: (EM+)Hadronic sampling calorimeters
DRCal PMMA, plastic SiPMs, MCP 6.2 e+e→

TileCal PEN, PET SiPMs 6.2, 6.3 e+e→/hh
Task 3.4: Materials
ScintCal - - 6.1, 6.2, 6.3 e+e→/µ+µ→/hh
CryoDBD Cal TeO, ZnSe, LiMoO n.a. - DBD experiments

NaMoO, ZnMoO

Table 2: Overview of R&D activities on optical calorimeter concepts.

for electromagnetic showers and about 30%
→
E for hadronic showers while the TileCal o!ers a cost-e!ective

technology to instrument the hadronic section of a sampling calorimeter with scintillating-light readout using
wavelength shifting (WLS) fibres. (Task 3.3).
Another task aims at identifying the best-suited materials for applications in calorimetry. Needs for new op-
timised materials will be identified and R&D will be carried on in this framework. This task will provide a
clear overview of the state-of-the-art materials and propose scintillators and other optical media with mass-scale
production capability for future collider experiments.(Task 3.4).
A list of milestones and deliverables is reported in Table 6 in the Appendix. Among these, the Deliverables
D3.1, D3.4, D3.7, D3.10 and D3.18 have already been met.

5.2 Short-term applications

Some of the subtasks proposed in WP3 have already a high level of technological readiness. For this reason they
can be evaluated by experiments which are on a shorter time scale w.r.t future accelerators. A few examples,
where connection has already been established, are reported below. The Crilin community is working together
with the people in charge of the HIKE future proposal. The HIKE Small Angle Calorimeter (SAC) ([19])
is an independently proposed, highly granular, longitudinally segmented, fast crystal calorimeter with SiPMs
readout and performance requirements similar to those for Crilin. A successful development and test of the
Crilin prototype will automatically translate into a successful R&D for the Hike SAC.
The SpaCal technology, as developed in subtask 3.2.2, is foreseen for the inner region of the proposed LHCb
Upgrade II ECAL (PicoCal). The high particle fluxes expected from Run 5 mandate timing capabilities with
O(10) ps precision. After LS4, the innermost SpaCal modules with tungsten absorbers are planned to be
equipped with radiation-hard scintillating crystal fibres. SpaCal modules with lead absorbers and radiation-
tolerant organic scintillators are suitable for the surrounding region.

6 Work Package 4: Electronics and readout

Calorimeter electronics exhibit several commonalities, such as large dynamic range (10-16 bits), very low noise,
high accuracy (< 1%) and usually large capacitance (100’s of pF). This also makes them specific compared to
other detectors. The recent trend has been a sharp increase in granularity (“imaging calorimeters”) and sub-ns
timing capability (“5D calorimetry”) to allow for better particle reconstruction. This has led to the development
of low-power highly integrated embedded electronics, integrated inside ASICs.
R&D developments will focus on reducing the power dissipation by at least an order of magnitude, down to ↑

1mW/ch in order to further increase the granularity in Work Package 1 or allow cryogenic operation without
creating deadly bubbles in Work Package 2. For Work Package 3, improving the timing performance will also
be an important asset. It will be pursued by exploiting the lower occupancy of future experiments at e+e→

colliders, compared to HL-LHC, allowing slower shaping and on-chip data processing in order to reduce the

7



From China



CEPC/SPPC Project

20

CEPC Layout and Design Essentials
 100km circumference
 Compatible tunnel for CEPC and SPPC
 Baseline: 100 km, 30 MW; 

Upgradeable to 50 MW, High Lumi Z, ttbar
 Switchable operation: Higgs, W/Z, top
 A very high energy Synchrotron radiation facility 

4H/W/Z/ttbar bypass scheme
6

Operation Plan

Particle Ec.m.
(GeV) Years

SR 
Power
(MW)

Lumi. /IP
(1034cm-2s-1)

Integrated 
Lumi. /yr

(ab–1, 2 IPs)

Total 
Integrated L 
(ab–1, 2 IPs)

Total no. of 
events

H*
240 10

50 8.3 2.2 21.6 4.3 × 106

30**** 5 1.3 13 2.6 × 106

Z
91 2

50 192** 50 100 4.1 × 1012

30**** 115** 30 60 2.5 × 1012

W
160 1

50 26.7 6.9 6.9 2.1 × 108

30**** 16 4.2 4.2 1.3 × 108

𝑡𝑡 ̅𝑡𝑡 360 5 50 0.8 0.2 1.0 0.6 × 106

30**** 0.5 0.13 0.65 0.4 × 106

**   Detector solenoid field is 2 Tesla during Z operation, 3Tesla for all other energies.
*** Calculated using 3,600 hours per year for data collection.
**** 30 MW leaves room for international in-kind contributions

* Higgs is the top priority. The CEPC will commence its operation with a focus on Higgs 

High Energy Photon Source (HEPS)
6 GeV, 36 nm⋅rad, 
1.3 km circumference 
Construction completed in 2025

Experience at HEPS/BEPCII

9

6 GeV, 36 nm⋅rad

Magnets & alignment Vacuum pipe and NEG coating Electron gun L. Feedback kicker

9



Accelerator TDR Published
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Domestic Civil Engineering 
Cost Review, June 26, 2023, IHEP

Accelerator TDR Cost Review
Sept. 11-15, 2023, Hong Kong

9th CEPC IAC 2023 Meeting 
Oct. 30-31, 2023, IHEP

CEPC accelerator TDR link:（arXiv： 2312.14363）
CEPC accelerator TDR releasing news:
http://english.ihep.cas.cn/nw/han/y23/202312/t20231229_654555.html

total TDR cost of 36.4B RMB  (~ 5B €)

Accelerator TDR Published

Accelerator TDR Review
June 12-16, 2023, Hong Kong

11

arXiv:2312.14363
1114 authors

278 institutions
38 countries
1090 pages



Key Technologies R&D are on-going
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R&D: Key Technologies

10

 Key technologies R&D span over all components listed in CDR/TDR 
 About 10% remaining (eg. RF power source, control, alignment, SC 

magnets, machine integration) to be completed by 2026. 

✔ Specification Met

✔ Prototype Manufactured
Accelerator Fraction

✔ Magnets 27.3%

✔ Vacuum 18.3%

✔ RF power source 9.1%

✔ Mechanics 7.6%

✔ Magnet power 
supplies 7.0%

✔ SC RF 7.1%

✔ Cryogenics 6.5%

✔ Linac and sources 5.5%

✔ Instrumentation 5.3%

✔ Control 2.4%

✔ Survey and alignment 2.4%

✔ Radiation protection 1.0%

✔ SC magnets 0.4%

✔ Damping ring 0.2%



CEPC Planning and Schedule
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CEPC Planning and Schedule
TDR (2023), EDR(2027), start of construction (~2027)

 CEPC plans to submit the 
proposal to the central 
government(NDRC) within the 
“15th five year plan” 

 For this purpose, CAS organized 
studies and reviews

 CEPC was ranked by CAS as the 
No. 1 for HEP & NP, and No.2 
for Basic Science

 We are waiting for the 2nd

review by CAS later this year
 Waiting for the “call for 

proposals” by NDRC by the end 
of this year

15th FY

16th FY

Detector TDR

Accelerator EDR

International Collaborations

29NDRC: National Development and Reform commission 



CEPC Detector: Reference Detector TDR
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CEPC Detector：Reference Detector TDR
• International collaboration may only be established 

after the CEPC project is approved by the Chinese 
government
• For the approval, a design and budget is needed
• Solution: A reference TDR to demonstrate a working 

design, the feasibility, technologies, budget, etc. 
• CEPC international advisory committee suggested 

and approved this plan
• An international review of the Ref-TDR held in April 

14-16
• TDR will be released in the mid of this year, after 

being reviewed by the International Detector Review 
Committee

Draft, to be published soon
~ 100 institutions involved

21

CEPC Reference Detector
Technical Design Report

Version: v1.0.0 build: 2025-10-08 00:09:14Z

The CEPC Study Group

October, 2025

IHEP-CEPC-DR-2025-01
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Reference Detector: Concept
22

SC Magnet
(3T/2T)

LumiCal

Vertex
(MAPS SiPixel)

Crystal PFAECAL
(Transverse bar)

OTK
(AC-LGAD)

ITK
(MAPS SiPixel)

PFA HCAL
(Scintillation Glass)

TPC
(Pixelated readout)

Yoke +
Muon (PS+SiPM)

Silicon tracker+TPC: precision tracking and PID
– Inner tracker: three barrel layers and 2×4 endcap layers of 

MAPS HV-CMOS pixel sensors using 55nm tech.
– TPC for PID and tracking: Pixelated readout (500×500µm²) of 

Micromegas for good tracking and PID
– Outer tracker for PID and tracking: one barrel layer and two 

endcap disks based on AC-LGAD to measure timing and 
position simultaneously

PFA-oriented ECAL: 18 layers of BGO crystal 
bars(1.5×1.5×40 cm3),  arranged in the x-y 
direction alternatively, in perpendicular to the 
incident particle, to achieve fine 3D granularity, 
and good position and energy resolution 
PFA-oriented HCAL: 48 layers of glass scintillator 

tiles(4×4 cm2) interspersed with steel plates for 
good 3D granularity and resolution



CEPC Activities in Korea
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2019.3

SPC co-chair
SPC SPC 

SPC 

Session Chair Session Chair: S.W. Lee 

Dual-Readout Calorimeter 
Activities in Asia

Hwidong Yoo (Yonsei Univ.)

CEPC workshop,  
October 23, 2024
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Electron-Ion Collider

28

Brookhaven National Lab

3D structure of protons and nuclei Gluon saturation

Proton spin puzzle Quark gluon confinement

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)



EIC Schedule
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ePIC Detector

30

ePIC 실험 검출기

ePIC Collaboration Meeting, January 2025 E.C. Aschenauer & R. Ent

Current High Level Installation Schedule

8

CD-3
Q2/2027

Milestone
PO_0305_0900

July 2032
early CD-4
Q1/2034

CD-4
Q1/2036

Detector 
Assembled and 

Ready for Cosmic 
Data Taking 

Start of
Operations

&
Science

Construction

IR-6 ready 
for installation

April 2030

lower half 
barrel Hcal

installed
Solenoid 
delivered

Barrel Hcal
& Solenoid 

installed
followed by low 

power test

July 2030

Endcap HCals 
completed
Solenoid 

Field mapping

March 2031

Barrel Ecal
ready

for installation

Oct 2031

Barrel Detectors 
installed

ECal, DIRC+mRWell, 
ToF+MPDG

MAPS-Barrel+Disks
MPDG-Disks

Jan 2032

Hadron Endcap
Detectors 
installed
dRICH
ECal

April 2032

Lepton Endcap
Detectors 
installed
bRICH
ECal

done in beam position

done in IP-6 Assembly Hall

Early start of
Operations

&
Science

Pre-OPS

Note that this assumes the present best-known 
schedule – Folding in feedback from this OPA-DOE 
review on path to CD-2 and CD-3, and the 
implementation of subprojects, dates may shift 
slightly.

Dec 2028



ePIC Collaboration
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180 4

Frascati – January 2025

Institutions: Collaborators:

Currently: 
>1000
collaborators 
from 2025 
survey 

By the 
numbers…



ePIC Collaboration Organization
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From Korea



Two Main Activities: FCC-ee/CEPC and EIC
• Calorimeter R&D projects in Korea: optical fiber-based calorimeter


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


• EIC ePIC detector: Barrel Imaging Calorimeter

34

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



Two Main Activities: FCC-ee/CEPC and EIC
• 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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ePIC 실험 검출기

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) R&D
• We are doing all aspects of the dual-readout calorimeter 

R&D


• Module building


• Electronics system


• DAQ system


• Data analysis framework


• Test-beam experiments at CERN


• Full/fast GEANT4 simulation framework (standalone, 
key4hep)


• Performance studies using simulation


• We expand our activities to barrel ECAL construction 
for Electron-Ion Collider project (BNL)

RO Assembly

4

RO Assembly

3



Test-beam Experiments (2022-2025)
• 9 Institutes,  11 faculties, more than 30 researchers and graduate students: most of members are young 

generation! (9 times since 2022)

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

11/28/2025 1 PF-AR 0.5 - 5 DRC 15x15x50 70



Test-beam Experiments (2022-2025)
• 9 Institutes,  11 faculties, more than 30 researchers and graduate students: most of members are young 

generation!

38
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Results of Test-beam Experiments
• Analyses and paper preparations are on-going

39

10− 0 10 20 30 40 50
Energy (GeV)

0

200

400

600

800

Ev
en

t Entries  6979
Mean    17.01
Std Dev     4.459

 / ndf 2χ  830.6 / 85
Constant  11.2± 651.2 
Mean      0.02± 17.88 
Sigma     0.017± 1.507 

Entries  6979
Mean    17.01
Std Dev     4.459

 / ndf 2χ  830.6 / 85
Constant  11.2± 651.2 
Mean      0.02± 17.88 
Sigma     0.017± 1.507 

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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EIC: Barrel Imaging Calorimeter (BIC) R&D
• Korea-EIC group will construct 50% of BIC detector 

40

Barrel Imaging Calorimeter: Overview

5

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)



BIC Collaboration
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Korean institutions for the BIC 

2

Pb/SciFi layers
with two-sided
SiPM readout

Silicon layers
with AstroPix
500x500 !"! pixel size



BIC Organization Chart
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BIC Organization Chart

4

Hyon-suk Jo (KNU)



Activities for BIC R&D in Korea with US team
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Test-beams for BIC R&D
• Four times of test-beams have been done at CERN and KEK since 2024.7

44

Summary
• BIC is a crucial detector for the EIC
• We started discussion on beam test 

in May, just with a tiny prototype
• We built prototype in 2 months
• Succesful beam test in Aug.
• Thank you for hard work and 

amazing support

27

Not in this photo:
Bobae Kim, Junseop Shin, Seongwon Kim, Kyuyeong Hwang
Support from Korea: Sanghoon Lim 

Our 3x8 setup

13

● Beam test of a test article at CERN PS T10 
using electron/pion beam.
○ No glue, PMT readout

Even with less optimal construction technique, Electron energy resolution still fulfills 
the minimum requirement for EIC Barrel ECal

● Total dimension of the test article is 
32(w)x9(h)x24(d) cm3

● Pb : SciFi : Air = 40:43:17, X0= 1.38cm 
○ Total depth is 17.4 X0

13

Beam Test Setup at CERN PS T10

13



Summary
• Various future collider projects are actively on-going world-wide and decisions will be started in near 

future


• Dual-Readout Calorimeter R&Ds for FCC-ee and CEPC in Korea have shown the performance of the 
world leading class


• All aspects of the DRC detector R&D have been done for both HW and SW


• Training next generation of  
calorimeter experts


• Expand our activities to barrel  
ECAL construction for  
Electron-Ion Collider  
project (BNL)

45 TB dinner at Les Armures Geneva (24.8)TB dinner at Le Coq Rouge (25.8)



Back Up
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a)	Which	is	the	preferred	next	major/flagship	collider	project	for	CERN?

• Broad	consensus	among	CERN	Member	States	in	support	of	the	Future	Circular	Collider	(FCC)	as	a	key	long-term	
project	to	maintain	Europe’s	leadership	in	particle	physics.

Support	for	FCC Belgium, Czech	Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hungary,
Israel, Italy, Norway, Poland, Portugal, Romania, Serbia, Slovak	Republic, Spain, Sweden,
Switzerland,	United	Kingdom

Opposed None
To	be	finalized	in	November Netherlands
Support	for	any	e+e-	collider Austria,	Bulgaria 6

21
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support	/	in	favour are	opposed to	be	decided	in
November

support	for	any
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a)	Which	is	the	preferred	next	major/flagship	collider	project	for	CERN?

Support	for	FCC MS:	Belgium, Czech	Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Israel,
Italy, Norway, Poland, Portugal, Romania, Serbia, Slovak	Republic, Spain, Sweden, Switzerland,	United	
Kingdom
AMS:	Brazil,	Croatia,	Lithuania,	Pakistan,	Slovenia,	Ukraine
NMS:	Canada,	United	States	of	America	(The	U.S.	supports	FCC-ee	as	the	next	major	flagship	project	at	CERN)

Opposed None
To	be	finalized	in	November Netherlands
Support	for	any	e+e-	collider MS:	Austria,	Bulgaria;	NMS:	Australia,	Japan 7

21

0 1 2

6

0 0 0
2

0 0
2

0

5

10

15

20

25

support	/	in	favour are	opposed to	be	decided	in
November

support	for	any	e+e-
collider

MS AMS NMS



49

c)	Should	CERN/Europe	proceed	with	the	preferred	option	set	out	in	(a)	or	should	alternative	options	be	
considered.

i. If	Japan	proceeds	with	the	ILC	in	a	timely	way
National	inputs	that	consider	a	potential	ILC	in	Japan,	consistently	favour	maintaining	the	FCC	project.
The	ILC	is	generally	seen	as	having	less	physics	potential	and	offering	only	a	medium-term	scientific	perspective.	
Several	countries	recall	that	a	commitment	from	Japan	has	not	yet	been	made.

ii. If	China	proceeds	with	the	CEPC	on	the	announced	timescale
There’s	no	unanimous	view	among	the	national	inputs.	
The	largest	set	of	inputs	suggest	sticking	with	the	FCC-ee/hh	integrated	project.
Of	the	ones	who	suggest	a	switch,	the majority	shift	focus	to	the	FCC-hh,	likely	limited	to	85-90	TeV	due	to	technology	
limits.		Only	one	input	proposes	dropping	the	FCC	altogether.

9

FCC	ee/hh	
integrated

BE,	CH,	DK,	FI,	FR,	GR,	HU,	IT,	PL,	
PT,	SE

Support	
flagship

ES

LCF DE,	FR,	NO,	PT
FCC	hh AT,	CZ,	DE,	FI,	FR,	PT,	RS,	UK

11
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(multiple	entries	from	each	country)	
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c)	 Should	CERN/Europe	proceed	with	the	preferred	option	set	out	in	(a)	or	should	alternative	options	be	
considered.

iii. If	the	US	proceeds	with	a	muon	collider
A	muon	collider	faces	higher	technical	risks	and	a	longer	development	timeline.	
By	and	large,	national	MS	HEP	community	inputs	see	no	reason	to	change	the	choice	of	preferred	collider.	
The	P5	has	suggested	budget	scenarios	where	both	the	muon	collider	demonstrator	and	the	FCC-ee	could	be	
accommodated	with	minimal	conflicts	expected. 	A	potential	U.S.	hosted	muon	collider	will	likely	follow	the	completion	of	
the	FCC-ee	construction.	Given	this,	a	planned	muon	collider	effort	in	the	U.S.	should	not	influence	the	decision	to	move	
forward	with	the	FCC-ee	program	at	CERN.
At	the	request	of	the	DOE	and	the	NSF,	the	National	Academies	conducted	a	study	to	explore	the	long-term	goals	and	
future	ambitions	for	particle	physics. 	The	recently-released	study	also	envisions	a	dedicated	U.S.	national	R&D	program,	
with	international	coordination,	including	a	muon	collider	technology	demonstrator	within	the	next	20	years	as	well	as	
participation	in	the	international	Future	Circular	Collider	Higgs	factory	currently	under	study	at	CERN.

	

iv. If	there	are	major	new	(unexpected)	results	from	the	HL-LHC	or	other	HEP	experiments
Although	some	Member	States	acknowledge	that	the	HL-LHC	or	other	experiments	might	yield	surprises	and	consider	
a	possible	extension	of	the	HL-LHC,	there	is	a	strong	agreement	that	any	delay	would	be	detrimental	to	the	overall	
scientific	program	of	CERN.

10
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d)	Beyond	the	preferred	option,	what	other	accelerator	R&D	topics?

• Continued	innovation	in	superconducting	magnet	technology,	especially	using	HTS,	is	deemed	essential	for	collider	
performance	limits	to	be	pushed.

• High-performance	SRF	cavities	are	regarded	as	foundational	for	linear	and	circular	accelerators,	with	research	
targeted	at	higher	gradients	and	quality	factors	and	industrial	application	transition.

• Groundbreaking	methods	such	as	Plasma	Wakefield	Acceleration,	Muon	Acceleration	and	Cooling,	Energy	Recovery	
Linacs,	and	Terahertz	Acceleration	are	to	be	invested	in,	requiring	extensive	R&D	and	demonstration	facilities.

• Industry	engagement	is	to	be	strengthened	to	accelerate	technology	transfer	and	innovation.	Accelerator	R&D	benefits	
beyond	particle	physics	-	to	medicine,	energy,	and	other	infrastructures	-	are	to	be	highlighted	to	support	investment.

11

Superconducting	
magnet	technology

AT,	BE,	CH,	DE,	DK,	ES,	FI,	FR,	GR	IT,	NL,PL,	
PT,	RO,	RS,	SE,	SK,	UK

SRF	cavities AT,	BE,	DE,	ES,	FI,	FR,	GR,	IT,	PL,	RO,	RS,	UK
New	acceleration	
techniques

AT,	BE,	DE,	DK,	EE,	ES,	FR,	GR,	IT,	NL,	PL,	PT,	
RO,	RS,	SE,	SK,	UK

Industry	
engagement

AT,	BE,	DE,	ES,	FR,	IT,	NL,	PL,	RO,	RS,	SE,	UK

• Among	the	accelerator	R&D	priorities,	the	U.S.	has	focused	on	
superconducting	magnet	technology,	high-performance	SRF	cavities,	
and	new	acceleration	techniques.	(not	counted	in	the	histogram)
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e)	What	is	the	prioritised	list	of	alternative	options	if	
the	preferred	option	is	not	feasible?

• Ten	countries	(DE,	ES,	FI,	FR,	NO,	PL,	PT,	SE,	RS,	SK)	
list	 a	 linear	 collider	 at	 CERN	 as	 the	 second-best	
choice,	with	one	(FI)	mentioning	the	need	for	it	to	be	
affordable	 and	 another	 (UK)	 highlighting	 it	 as	 a	
viable	 strategic	 alternative.	 Two	 (DE,	 ES)	 of	 these	
countries	 highlight	 the	 benefits	 of	 polarized	 beams,	
the	 potential	 for	 two	 interaction	 points,	 and	 its	
ability	to	be	upgraded.	

• Two	 countries	 (CH,	 HU)	 see	 no	 reason	 for	 another	
option,	as	they	would	be	equally	costly.

• Three	 countries	 (BE,	 GR,	 UK)	 mention	 LEP3	 as	 a	
genuinely	less	costly	alternative	to	the	FCC-ee.

• No	 prioritised	 alternatives	 have	 been	 named	 yet	 by	
three	other	countries	(CZ,	DK,	SK).	The	U.S.	national	
input	did	not	express	a	prioritized	list.

12

10

3

6 6

1 1

2

3

0

2

4

6

8

10

12

LCF/CLIC LEP3 LHeC FCC-hh HE-LHC Muon
Collider

No	good
alt

No	alt
named	yet

multiple	entries	from	each	country	



53

e)	What	is	the	prioritised	list	of	alternative	options	if	
the	preferred	option	is	not	feasible?

• Two	 countries	 (AT,	 NL)	 aren't	 yet	 committed	 to	 a	
preferred	 option.	 One	 country	 (NL)	 suggests	 a	
feasibility	 study	 for	 at	 least	 one	 alternative	 to	 the	
FCC-ee.

• A	muon	collider	would	be	the	top	alternative	for	one	
country	 (GR),	 and	 an	 option	 for	 later	 consideration	
for	two	others	(RS,	NO).	For	other	countries,	it's	seen	
as	interesting	but	not	yet	ready.

• Six	 countries	 (BE,	 DE,	 FR,	 NL,	 SE,	 UK)	 support	 the	
LHeC,	mostly	as	an	intermediate	project.

• Hadron	 collider	 options	 are	 also	 mentioned	 by	 five	
other	 countries	 (DE,	 IT,	 RS,	 GR,	 UK).	 One	 country	
(RO)	brings	up	a	 lower	energy	hadron	 collider	with	
an	ep	collision	option.	
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