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Electron Ion Collider (EIC)

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


• High luminosity ~ 1034 cm-2s-1

• Ecm = up to ~100 GeV

• 2+ interaction points

• To be constructed at BNL in 

~2030 


Physics programs 

• Origin of nucleon mass 

• Origin of nucleon spin 

• Properties of dense parsonic 

systems
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Why at BNL?



4

Deep(est) inelastic scatteringUS EIC – Luminosity & kinematics coverage 

eA 

ep 
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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 
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Tomography of nuclei

• GPD : generalized parton distribution 

• Imaging gluons with 3 degrees-of -freedom  

• Probed by mesons in DVCS(deeply virtual 

compton scattering) 


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 

௤௭ܬ =
1
2෍

௤

οݍ +෍
௤

௤ܮ =
1
2 න

ିଵ

ଵ
௤ܪ)ݔ݀ݔ + (௤ܧ

௧՜଴



7

DOE approval schedule

• CD-1 approved in July 
2021
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Construction Timeline



Korean nuclear physics groups 
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• Korean groups 
working for relativistic 
heavy ion collision 
experiments   
( ) 
sNN > O(10) GeV

https://hypernews.cern.ch/HyperNews/CMS/get/HIN-18-008/59.html
https://docs.google.com/document/d/1F80DrXVbmtbjDv-s6DrcV_VROmX8FHzhHOveiumW2BA/edit?usp=sharing


Korean heavy ion physicists are involved in…
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CMS, ALICE PHENIX, sPHENIX, RHICf

JLab J-PARC

https://hypernews.cern.ch/HyperNews/CMS/get/HIN-18-008/59.html
https://docs.google.com/document/d/1F80DrXVbmtbjDv-s6DrcV_VROmX8FHzhHOveiumW2BA/edit?usp=sharing


Interest of Korean heavy ion physicists 
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Workshop on Forward Physics and QCDY. Mehtar-Tani 11

Quarkonia (bottomonium) suppression 

•  Hierarchy of quarkonium dissociation 
probes the temperature of the medium, 
providing a so-called “QGP 
thermometer”

CMS-PAS-HIN-15-001

Υ(1S) Υ(2S) Υ(3S)

Quarkonia modification

Hard modes: 

Jets

proton

nucleus

Jet quenching

Workshop on Forward Physics and QCDY. Mehtar-Tani 24

Parton energy loss at NLO

tf = ω/k2
⊥

t0 ∼ 1/pT

• The plasma generates a new time scale: the decoherence time 
r⊥ ∼ θ t

k−1
⊥ ∼ ( ̂qt)−1/2

tdecoh ≡ ( ̂qθ2)−1/3

• The offspring quark and gluon lose energy independently only after  tdecoh

tdecoh

θ

MT,  Salgado, Tywoniuk PRL (2010), PLB (2012), Casalderrey, Iancu JHEP (2011)  

θc = 1

̂qL3
Resolution angle:

Hard Probes 

Heavy flavor 

Photo-production in UPC

Electron scattering

Electromagnetic probes

16
Similar trend between data and RAPGAP, 
but RAPGAP prediction is above the data. 

<cos(2R)> reaches a constant value
~0.5 at QT > 10 GeV

Exclusive dijets in UPC PbPb @5 TeV  
(CMS-PAS-HIN-18-011)
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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 


GEM foil for CMS

• CMS phase2 upgrade

• R&D from 2014 by K-CMS group 


MAPS upgrade for ALICE ITS

• R&D for Pixel chip design and beam test

• Ko-ALICE groups - Inha Univ., Yonsei Univ., 

Pusan Natl. Univ.
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Group Devoted to Institutions Faculties 

A Forward 
Calorimeter  

Korea University Byungsik Hong 
Jung Keun Ahn 

Sejong University Yongsun Kim 

Chonnam National University Dongho Moon 

B Pixel 
Tracker  

Jeonbuk National University Eun-Joo Kim 

Pusan National University Sanghoon Lim 

Yonsei University Youngil Kwon 

Inha University Minjung Kweon 

C Dual-
Readout 
Calorimeter 

Kyungpook National University Hyon-Suk Jo 

 Sehwook Lee 

University of Seoul Jason Lee 

Yonsei University Hwidong Yoo 

 

• EoI for potential cooperation on the EIC program was called

• A consortium of 13 faculties from 9 Korean institutes was formed and 

submitted the EOI in Nov. 2020

Expression of Interest
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Expression of Interest

• Group A (forward calorimeter)  
• Development of prototypes and electronics for the forward calorimeters, 
including the very forward neutron detector.  

• Inspired by the physics interest of the heavy ion groups involved in CMS, 
PHENX, and RHICf 

• Open to collaboration with other institutions (RIKEN, ISU, KU)  
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Expression of Interest

• Group B (pixel tracker)  
• R&D of silicon sensor and production  
• Institutions in this group have also been participating in sPHENIX and 
ALICE 

• Basic R&D infrastructures for ALICE ITS2 and ITS3 upgrade projects in 
Korea can be utilized for the EIC project as well.



16

Expression of Interest

• Group C (dual-readout) 
• Well established hardware facilities 
• HEP detector facility at Kyungpook Natl. Univ. (KNU)  
• DRC R&D center at Yonsei University  
• Supercomputing centers at KNU and Univ. of Seoul 
• Currently building prototype detector of dual-readout calorimeter    
• 5-year Funding for dual-readout R&D is secured ($2M for 2020 - 2025)
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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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ECCE
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[Group C] Participation in ECCE consortium

• Proposed to build detector on the foundation of existing infrastructure at 
RHIC and JLab


• Korean Dual-readout team is actively involved in the forward calorimeter 
studies  
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[Group C] Participation in ECCE consortium
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[Group C] Participation in ECCE consortium
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Implementation of DRC in ECCE simulation
• Study of reconstruction performance for hadron and jet using fast 

simulation tool for DRC (H. Yoo)



Summary
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• The Korean nuclear physics society has big interest in the physics research 
with EIC 


• 13 faculties in 9 institutes formed three subgroups for future contribution

• Group A - forward and far-forward calorimeters 

• Group B - Silicon pixel tracker

• Group C - Application of dual readout calorimetry  


• To realize the EoI, we are …

• seeking for substantial funding for long-term R&D and significant 

contribution for EIC detector construction

• initiating discussion in the nuclear physics devision of KPS for the 

coordination of EIC participation and for the inflow of new manpower


