
Electron Ion Collider: An Overview 
From a dream to reality

Abhay Deshpande

6/11/2025 EIC A dream to reality, CFNS school 2025 1

eRHIC 1999-2000

Ring-Ring Linac-RingRing-Ring

2008 2016-2024

EIC White Paper 
for LRP 2015

38

In 2012 R. McKeown and S. Vigdor
appointed a group:

A. Accardi et al. 1212.1701.v3

Ed: AD, Jianwei Qiu & Zein-Eddine Meziani

Pre-LRP QCD Town Meeting 
Temple University:

Hot & Cold QCD Working Groups 
unanimously declared EIC to be the 
most desired future facility for US 
Nuclear Science ðSeptember 2014

1212.1701.v3
A. Accardi et al

10/21/2018 Abhay Deshpande at I N T  18-03 Week 4: H istory of EI C Project

40

science.energy.gov/ np/ nsac/

10/21/2018 Abhay Deshpande at I N T  18-03 Week 4: H istory of EI C Project

1st at BNL

Dec. 3-4, 1999

2025

Ring-Ring Ring-Ring

http://www.stonybrook.edu/cfns/
https://slideplayer.com/slide/7417237/
https://slideplayer.com/slide/7417237/
https://slideplayer.com/slide/7417237/


This is not meant to be an overview of EIC Science. 

SCIENCE OF THE EIC HAS BEEN COVERED IN OTHER 

TALKS/LESSONS IN THIS SCHOOL. 

My thoughts about the origin and evolution of the EIC based on some 

questions I heard from some of you. 
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DESY

GSI

Grenoble?

MIT Bates

eRHIC 

IUCF

JLab

Scientists from all continents 

were involved in the exploration 

of High Energy QCD

Proposals for double polarized e-p and e-A colliders emerged out of scientific 

discoveries at EMC at CERN and HERA at DESY



Prehistory 1990-2000: 

ÅHERA 30 GeV e x 800 GeV p Č Future HERA (1995-97) polarized  e-p OR e-Nucleus

ÅEd. A. De Roeck and R. Klannar, DESY (1996); De Roeck, Deshpande, Hughes and Arneodo, Biales,Krasny, T. Sloan, 
McLerran, Strikman, Venugopalan et al. (1996-1999)

ÅAdditional theory e-p support: Altarelli, Ball, Forte, Ridolfi, Blumlein, Gluck, Reya, Stratmann and Vogelsang

ÅSqrt(s) ~ 300 GeV

ÅGSI European Nucleon Collider (ENC) 1997, ELFE (Saclay, DESY using TESLA & HERA and at CERN)

ÅVon-Harrach et alé GSI Report 97-04/07 (1997)

ÅSqrt(s) ~ 30 GeV

 

Å Indiana University + MIT Bates (EPIC 1999/2000) 

ÅBland, Londergan, Szczepaniak and Milner

ÅSqrt(s) ~ 3-7 GeV

ÅBNL eRHIC ( December 1999 & April/June 2000)

ÅDeshpande, Hughes, G. Garvey, McLerran, Venugopalan

ÅSqrt (s) ~ 100 GeV (e-p)

ÅEPIC (Indiana + MIT) + eRHIC (BNL) Č ñElectron Ion Colliderò at BNL (2000)
ÅDeshpande, Milner, McLerran, Venugopalan, Vogelsang 

ÅSqrt (s) ~ 30 ï 100(140) GeV (e-p)
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Strength in unity : 

by using RHIC & 

finding Physics 

connections



Early Motivation and justification for a 

collider were simple & intuitive
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Deep Inelastic Scattering: Precision and control

Measure of 
resolution 
power

Measure of 
inelasticity

Measure of 
momentum 
fraction of 
struck quark

Kinematics:

Inclusive events:

e+p/A Ą eô+X

detect only the scattered lepton in the detector

Semi-inclusive events:
e+p/A Ą eô+h(p,K,p,jet)+X

detect the scattered lepton in coincidence with identified hadrons/jets in 

the detector

with respect to g
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s = 4 Et Ee



Motivations were simple and intuitive
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Fixed target geometry Collider Collision geometry

Separate of ñtargetò fragment difficultseparate ñbeam-ò and ñtarget-ò 

fragment possible

Collider vs. Fixed Target DIS

ÅLarge Center of Mass Energy ï access to low-x, high-Q2

ÅHERA a grant success for QCD

ÅLow-x gluon rise

ÅDiffraction

ÅDiscovery of Deeply Virtual Compton Scattering 



6/11/2025 EIC A dream to reality, CFNS school 2025 8

APPRECIATION FOR LOW-X PHYSICS

APPRECIATION FOR òSPINò AS A TOOL

(Could not find the talks from 2000

So this is from 2002)
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Work done with Altarelli, Ball, Forte and 

Ridolfi

Recall G. Stermanôs talk: Ellis Jaffe and 

Bjorken Sum Rule
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Seeds for a polarized collider

In these discussions, while many focused on the low-x 

Extrapolations. 

SMC PRD98 (112002) 1998 



6/11/2025 EIC A dream to reality, CFNS school 2025 11

Strikman and McLerran 

organized a

 letter signed by Bjorken, Mueller

supporting e-A

Neutralized by Vernon Hughes 

by an 

identical letter for polarized e-p 

signed 

by Bjorken and Mueller

J.D. Bjorken Letter in support of e-A collisions

We were very worried, but Vernon Hughes contacted Bj and asked if nucleon spin at low-x was interesting. 

Immediately Bj wrote a very enthusiastic letter supporting the case for polarized DIS at high energy.



DESY had other things in mind ï other than  

polarized protons at high energy & nuclei 

which were planned at RHIC
Although no one was initially talking about an electron beam until 

1999/2000 some of us moved to BNL
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In search of new possibilities, the High Energy DIS proponents shifted focus to the US
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eRHIC* = first 

introduced to BNL in 

1999/2000

Early discussions at BNL:

Deshpande, Hughes, McLerran, 
Venugopalan (with HERA legacy)

Supported strongly by:

Gerry Garvey, Vernon Hughes, 
Peter Paul, Praveen Choudhuryé 
and then all later BNL Directors of 
the Lab 

After 2002 a broad group of people 
(see 2002 eRHIC White Paper, for 
Long Range Plan) joined the effort.

* Term coined by R. Venugopalan

2002 EIC

White Paper
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EIC White Paper for the 2002 Long -

Range Plan

White Paper prepared/edited by:  A. 

Deshpande (RBRC), R. Milner (MIT) & 

R. Venugopalan (BNL)

Actively Supported by: 

G. Garvey (Los Alamos) & Peter Paul 

(Acting Director BNL Dep. Director) & T. 

D. Lee (RBRC/Columbia)

Institutions: 

BNL, Budker Institute, CERN, U. of 

Colorado (Boulder), FNAL, UIUC, 

Indiana U., JLab, LBNL, Los Alamos, 

MIT, INP Poland, U. of Paris VI, Penn 

State, Regensburg, RIKEN-BNL, 

Saclay, Triumf, Yale 

19

Deshpande & Milner 2016 EICUG Trieste Meeting
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NSAC 2002 Long 

Range Plan

20

The Electron -Ion Collider is a new

accelerator concept that has been 

proposed to extend our understanding 

of the structure of matter in terms of its

quark and gluon constituents. 
Two classes of machine design for the EIC

have been considered: a ring -ring option

where both electron and ion beams 

circulate in storage rings, and a ring -linac  

option where a linear electron beam 
incident on a stored ion beam.

There is a strong consensus among nuclear

scientists to pursue R&D over the next 

three years to address a number of EIC 

design issues.In  parallel, the scientific case 
for the EIC will be significantly refined.   

Deshpande & Milner 2016 EICUG Trieste Meeting
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First formal 

publication?
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NSAC 2007 Long Range Plan
An Electron -Ion Collider (EIC)  with 

polarized beams has been embraced 
by the U.S. nuclear science 
community  as embodying the vision for 
reaching the next QCD frontier .  EIC 
would provide unique capabilities for the 
study of QCD well beyond those 
available at existing facilities worldwide 
and complementary to those planned for 
the next generation of accelerators in 
Europe and Asia. In support of this new 
direction:

 We recommend the allocation of 
resources to develop accelerator and 
detector technology necessary to lay 
the foundation for a polarized 
Electron Ion Collider.  The EIC would 
explore the new QCD frontier of 
strong color fields in nuclei and 
precisely image the gluons in the 
proton.   
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2010-2015 

EIC detector 

concepts

But new are 

developing

Defining 

features
Click here

6/11/2025 EIC A dream to reality, CFNS school 2025 23EIC detector concepts in one slide 
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JLEIC 

Argonne: TOPSiDE 

BNL: EIC-sPHENIX 

BNL: BeAST 

~9m 

Time OPtimized Silicon Detector for EIC

https://www.jlab.org/indico/event/348/contribution/6/material/slides/0.pdf
https://www.jlab.org/indico/event/348/contribution/6/material/slides/0.pdf


Worldôs first

Polarized electron -proton/light ion 

and electron -Nucleus collider

Both designs use DOEôs 
significant investments in 

infrastructure

For e -A collisions at the EIC:

VWide range in nuclei

V Luminosity per nucleon same as e-p

V Variable center of mass energy 

The Electron Ion Collider
2003-2019

For e -N collisions at the EIC:

V Polarized beams: e, p, d/3He

V e beam 5-10(20) GeV

V Luminosity Lep ~ 1033-34 cm-2sec-1

100-1000 times HERA
V 20-100 (140) GeV Variable CoM  

1212.1701.v3

A. Accardi et al 

Eur. Phy. J.  A, 52 9(2016)
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arXiv : 1212.1701.v3, A. Accardi et al.

Ed: A. Deshpande, J. Qiu & Z-E Meziani

Charged by R. McKeown* & S. Vigdor** in 2010

QCD Town Meeting of the Long -Range Plan 

held at Temple University:

Hot & Cold QCD Working Groups unanimously 

declared EIC to be the most desired future facility 

for US Nuclear Science ï  September 2014

*Dep. Director, Jefferson Lab

** Associate Laboratory Director (ALD), Brookhaven Lab
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