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• CMS collaboration (2008 — )
• heavy ion physics analysis
• MIT, Korea University, Sejong Univ. 
• Forward group leader (Level 3) in 2020
• HI PAG convener (Level 2) 2020 — 2022

• LAMPS collaboration (2018 — )
• Low energy nuclear experiment using active 

target TPC
• SHINCHON collaboration

• Simulation of Heavy IoN Collision for Heavy 
Quarks and ONia
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Brief history of EIC
• 2002: eRHIC community formed and submitted a white paper to  NSAC Long 

Range Plan(NRP) review
• 2007,2015: LRP endorsed the construction of electron-ion collider with polarized
• 2020: DOE selected BNL as the site for EIC construction 
• 2021: Yellow Report defines Science Requirements and Detector Concepts 
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Powerful inelastic scatteringUS EIC – Luminosity & kinematics coverage 

eA 

ep 

COMPASS (CERN)

HERA (DESY)
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Brief history of EIC

2

Experimental Program Preparation
Yellow Report and EIC Conceptual Design Report are 
both available and include a reference detector concept

BNL and TJNAF Jointly Leading Process to Select Project Detector

20
20

Call for Expressions of Interest (EOI)
https://www.bnl.gov/eic/EOI.php

May 2020

EOI Responses Submitted November 2020
Assessment of EOI Responses On-going

20
21

Call for Collaboration Proposals for Detectors
https://www.bnl.gov/eic/CFC.php

March 2021

BNL/TJNAF Proposal Evaluation Committee Spring 2021
Collaboration Proposals for Detectors Submitted December 2021

✔️ Decision on Project Detector – “ECCE” March 2022
Guide process to joint “Detector-1” Collaboration Spring 2022
EPIC Collaboration* Formed – 160 institutions July 2022

*Merger of two large ATHENA and ECCE proposalsR.	Ent	
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Science mission 

World’s first collider for polarized e+p 
and e+A collider

• High luminosity ~ 1034 cm-2s-1

•  : 20 — 100 GeV
• Highly polarized electron (~70%) and 

proton (~70%) beams
• To be constructed at BNL in ~2030 

Answer to Ultimate QCD questions 
• How mass and spin of nucleons 

emerge from partons? 
• How are partons distributed in 

momentum and position space?
• How do quarks and gluons interact 

with nuclear medium?
• Where does confinement come from?

Ecm
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Construction TimelineHigh Level Reference Schedule

6

Notional 
Schedule
2nd IR and

Schedule

The thinner bars indicate that R&D and design 
can continue at a small level beyond CD-2 & CD-3

for LLP construction 
starts at CD-2/3A

Generic 
Detector 
R&D

→Construction Phase →Science Phase
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Detector Proposals for EIC

ECCE
EIC Collider Experiment

AHTENA
A Totally Hermetic Electron-Nucleus Apparatus

CORE 
a COmpact detectoR 
for the EIC
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Detector Proposals for EIC

ECCE
EIC Collider Experiment

AHTENA
A Totally Hermetic Electron-Nucleus Apparatus

CORE 
a COmpact detectoR 
for the EIC
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EPIC The EIC “central detectors” will look something like

- After proposal review, 
plan looks fairly similar in the 
grand scheme of things.
Now called “EPIC” 

- Solenoidal magnet 
~1.5 T (maybe up to ~2.0 T) 
with bore diameter of ~2.8 m

13

The concept in EIC yellow report:

Image source: EIC YR

EPIC
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CMS

EPIC
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Unprecedented precision for proton spin structure  

Polarized DIS 
at EIC 

!  Reach out the glue: 

!  The power & precision of  EIC: 

The Proton Spin 
Terra	Incognita
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Gluon	spin	and	3-d	tomography

Polarized DIS 
at EIC 

!  Reach out the glue: 

!  The power & precision of  EIC: 

The Proton Spin 

용선

Scaling violation in g1(x,Q2) 
is sensitive to the gluon 
polarizaiton



14

Tomography of nuclei

• GPD : generalized parton distribution 
• Imaging gluons and (sea)quarks  with 3 

degrees-of-freedom  

DVCS (Deeply Virtual Compton Scattering) 

Meson Production 
J/\, I, 
U, etc.

Tomography of the nucleon / nucleus 
• EIC = color dipole microscope 

• Exclusive process and diffractive process 
• 3D distribution: transverse spatial distribution 

• GPD (Generalized Parton Distribution) 
• Spatial imaging of gluons and quarks = tomography 

• HERA: 1st generation 
• EIC: 2nd generation (high luminosity, heavy ion, polarization) 

• Orbital angular momentum  
• Ji’s sum rule 
• Origin of the nucleon spin 

November 19, 2019 6

Electron 
scattering 

Nucleon 
Nucleus 

GPDs

color dipole 
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FIG. 1. Photo production of Pc on a nuclear target.

Throughout the paper, we will be using the e↵ective Lagrangian used in Ref. [1].
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J/ . We therefore
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Detector requirementThe EIC “central detectors” will look something like

- After proposal review, 
plan looks fairly similar in the 
grand scheme of things.
Now called “EPIC” 

- Solenoidal magnet 
~1.5 T (maybe up to ~2.0 T) 
with bore diameter of ~2.8 m

13

The concept in EIC yellow report:

Image source: EIC YR
• electron tagging 
• particle ID 
• jet energy and substructure 
• secondary vertex



Potential	contribution		
by	Korean	groups

17

Potential Korean  
involvement for EIC



Maximization of productivity
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Extension of ongoing hardware developments for EIC detectors   
•ALICE ALPIDE, Focal   -> EIC vertex tracker and calorimeter  
•CMS MTD, GEM           -> EIC LGAD, RWELL 
•FCC DRC                      -> EIC calorimeter  

Active collaboration with foreign groups  
•BNL, ORNL, LANL, RIKEN, and more…  
•Allows concentrating on well defined tasks and minimizes risks 

μ



EIC Detector-1 reference design

J. Lajoie, ORNL seminar

19
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EIC Detector-1 reference design
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EIC Detector-1 reference design
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EIC Detector-1 reference design
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EIC Detector-1 reference design
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1. Silicon vertex tracker 

• Precise tracking and vertexing 
• MAPS based silicon (STAR HFT, ALICE ITS2, sPHENIX MVTX) 
• R&D for the EIC detector is in parallel with R&D for ALICE ITS3 

• ~ 10 m pitch and improved rate capability 
• KoALICE group - PNU, Yonsei U., JNU

μ
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Involvement in post-processing for ALICE ITS2, ITS3

• Thinning & Dicing by a Korean company FUREX 
• Mass production test  

• probe-card, NOTICE/EQENG 
• Automatic test equipment, C-On 

• Module assembly 
• Wire-bonding by a Korean company Sejung 

• Also participating in ITS3 design team 

1. Silicon vertex tracker 
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2. Readout for EMcal

(Ref.) ALICE FoCal

• Measure longitudinal profile of EM shower to 
enhance e/ /  separation 

• Similar technique with ALICE FoCal  
• Kinematics range  

•  = 37 cm, 20 < r < 183 cm  

•  
• Korea Univ., Sejong Univ.

γ π0

Δz
1.24 < |η | < 3.5

Forward module

(ECCE design) 
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Involvement of ALICE FoCal

Intrinsic P-

Wafer P+

P
+

N+ N
+

N
+

N
+

• Medium scale production record ~400 units of 6x6 cm2 
• Design and fabrication process are well understood  
• Readout ASIC has to match the ever-developed back-end  
• Yonsei U and SJU are involved in R&D to adapt HGCROC (High granularity 
calorimeter readout chip) for general purpose  

2. Readout for EMcal
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3. LGAD (low gain avalanche detector) 

• Fast timing silicon detectors for EIC tracking system 
• Key element for particle PID

(1) Trench-Isolated (TI) LGADs
Eliminate dead zone

(2) AC-coupled LGADs

BNL

!x< !"#$%&'

~ 50"m 

~ 50"m 

Position resolution for LGADs
Standard LGADs at HL-LHC
• Pixel: 1.3x1.3 mm2

• ~ 50 #m intrapad dead zone

Fine pixelization (~ 100-200 μm) achievable for tracker
5

Performance studies in Fun4All

Silicon tracker
(Barrel + FST from LANL)

Forward LGADs layer(s)
behind dRICH: z=2.8m

dRICH

ECal BNL-eRD29

farther the better to 
maximize flight distance

6

W. Lie
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KCMS contribution for LGAD in CMS

• Endcap layers for CMS MIP Timing Detector (MTD) to be made of LGAD 
• KCMS groups - KNU, CNU, KU - are actively involved 

• Prototype assembly, sensor tests with beams and lasers 
• A huge synergy can be expected by collaboration with EIC-Japan 

LGADs at the HL-LHC (2028)

σT: 30-50 ps

Particle ID in HI

Endcap Timing Layer

Lots of synergies to leverage for EIC
4

CMS MTD

14
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ETL Module assembly

q LGAD+ASIC assemblies mounted on AlN (Aluminum Nitride) carrier plates
q Aerotech 3+1 axis gantries were used for ETL module assembly
q Labview program for the set-up and motion of gantry required for module assembly

q Fermilab, SiDet, Detector test Area, Hakseong Lee (KNU)

4,6: Conductive film
5: AlN carrier
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4. RWELL (MPGD)μ

• Used for charged particle tracking 
• Operating principle is combination of GEM and RPC, both of which are the 
world best expertise of Korean groups 

• The infrastructure of KCMS is the great opportunity for mass production of 
MGPD 

• Seoul Nat’l Univ., Hanyang Univ.
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5. Daul Readout Calorimeter

• Cherenkov and scintillation fibers combined in dual 
• offers high-quality energy measurement for both EM particles and hadrons 
• The main culprit of poor hadronic energy resolution is fluctuations of the EM 
shower components of hadron showers (fem) 

• Proposed for FCC and CEPC 
• KNU, Yonsei U. PNU 
• Candidate for both barrel and forward calorimeters 

Almost same detector concept for CEPC
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International Partnership Proposal

Korean leaders:
Yongsun Kim (Sejong U.)
Yongseok Oh (KNU)

Korea	EIC	
Group

Theory/
Global	analysis	

KNU 
Inha U.  
Yonsei U. 
APCTP

JLab  
BnL 

Calorimeter	

Sejong U.  
KNU  
Yonsei U. 
U. of Seoul

ANL 
ORNL 

Silicon	
tracker	

PNU 
Inha U.  
Yonsei U.

LBNL  
LANL 

LGAD	

BNL 
RIKEN 

KNU 
Korea U.

GEM		

JLab 
BNL 

SNU 
U. of Seoul 
Hanyang U. 

EIC	project	
menagement



Summary
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• For EPIC, we are interested in contribution of following projects 
• Electronics for calorimeters (HGCROC) 

• RWELL detector  
• Silicon pixel tracker 
• LGAD sensor  
• Dual readout calorimeter  

• To realize the involvement, we are … 
• Hard gymnastics to establish concrete plan to be achieve best output with 
limited manpower and funding  

• Discussion is ongoing with national labs in the US and Japan for practical 
collaboration 

• seeking for substantial long-term support for R&D and detector construction

μ



backup
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Precedent contribution for international collaboration 

RPC gap production for CMS
• A longstanding hardware activity from 1990s 

by Korean high energy & nuclear physics 
groups 

Mass production of GEM foils
• CMS upgrade
• R&D from 2014 by K-CMS group
• GE1/1, ME0 

MAPS upgrade for ALICE ITS
• R&D for Pixel chip design and beam test
• Ko-ALICE groups 

• Inha U., Yonsei U., PNU



Experimental nuclear physics groups in Korea

CNU 
KNU 
Korea U.
IBS
Inha U.
JBNU 
PNU
Sejong U.
SKKU
SNU
U. of Seoul 
Yonsei U.
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