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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
guestions | heard from some of you.
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Proposals for double polarized e-p and e-A colliders emerged out of scientific
discoveries at EMC at CERN and HERA at DESY
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Prehistory 1990-2000:

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

A Ed.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)

A Additional theory e-p support: Altarelli, Ball, Forte, Ridolfi, Blumlein, Gluck, Reya, Stratmann and Vogelsang
A Sgrt(s) ~ 300 GeV

A GSI European Nucleon Collider (ENC) 1997, ELFE (Saclay, DESY using TESLA & HERA and at CERN)
A Von-Harrachet al é GSI-0O4Re(pOMNt 97
A Sqrt(s) ~ 30 GeV —

A Indiana University + MIT Bates (EPIC 1999/2000)
A Bland, Londergan, Szczepaniak and Milner
A Sqri(s) ~ 3-7 GeV -

~ ™

Strength in unity : [
by using RHIC &
finding Physics

A BNL eRHIC ( December 1999 & April/June 2000)
A Deshpande, Hughes, G. Garvey, McLerran, Venugopalan
A Sqgrt (s) ~ 100 GeV (e-p)

connections
A EPIC (Indiana+MIT)+ eRHCBNL)C M El ect ron | on Col |l 1 d ¢ B 1N )
A Deshpande, Milner, McLerran, Venugopalan, Vogelsang - ——

A Sqrt (s) ~3071 100(140) GeV (e-p)
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Early Motivation and justification for a
collider were simple & intuitive
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Deep Inelastic Scattering: Precision and control

Kinematics: ek,
E,/ 2 2 2
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momentum

s=4E E, X =
Inclusive events:
e+p/AA e 0 + X
detect only the scattered lepton in the detector

Semi-inclusive events:

e+p/AA e 60 b K,p,jet)+X

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

2 S fraction of
Pq Y struck quark
Hadron :

E

= —h;pt with respect to g
VvV
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Motivations were simple and intuitive

Fixed target geometry Collider Collision geometry

I

nucl. frag.
‘A‘pi’o;:

nucl. fragments

pions

Separate of Atargetse pfar aad ree natneddh Hoif tf a rcqud tt
fragment possible

Collider vs. Fixed Target DIS
A Large Center of Mass Energy i access to low-x, high-Q?
A HERA a grant success for QCD

A Low-x gluon rise

A Diffraction

A Discovery of Deeply Virtual Compton Scattering
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Crossing the x-Q? Barrier in DIS:
Low-x surprises!

Elastic e-p scattering (SLAC, 1950s)
Q2 ~ 1 GeV? mmmd Finite Size of proton
* Inelastic e-p scattering (SLAC, 1960s)
Q2 > 1 GeV2 = parton structure of the proton
Inelastic m-p scattering off p/d at CERN (1980s)
Q2 >16GeV2 wmmp Unpolarized EMC effect
Inelastic e-p scattering at HERA/DESY (1990s)

Q2 >16GeV? mmm) Unexpected rise of F,, Study of pQCD
and QCD through various physics processes, diffraction..

What NEX7T?

BNL Sept. 02 Physics Case of EIC

APPRECIATION FOR LOW-X PHYSICS

EIC A dream to reality, CFNS school 2025

(Could not find the talks from 2000
So this is from 2002)

APPRECI ATI ON FOR O0SPI N

)

Physics with "Spin” full of Surprises!

Stern & Gehrlach (1921): Space quantization associated with
direction
*Goudschmidt & Ulhenbeck (1926): Atomic fine structure and
electron spin magnetic moment
Stern (1933): Proton anomalous magnetic moment 1,/ 1, =2.79
-Kusch (1947): Electron anomalous magnetic moment . =1.001194,
Prescott & Yale-SLAC Collaboration (1978): EW interference
in polarized e-d DIS, parity non-conservation
*EMC (1989): Proton spin crisis/puzzle Low x!
E704, AGS pp scattering, HERMES ep (1999):
???? Transverse spin asymmefr'iis PP

BNL Sept. 02 Physics Case of EIC 3
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Low x behavior of g;(p)!

10

10

A. Deshpande & V. W. Hughes
~1995 SMC (internal) analysis meeting

Q% (GeV?)

- m Measurable Points at HERA

SMC N

r Regge Extrapolation

oo SLAC + HERMES

¥ o I B
103k

/] g

."I: 10 25

QCD best fi 10k

! O SMC data
i QCD Extrapolation

Regge: gifz 2 0)~2z™" O<a<0b

Clear need for
low x measurements!

Work done with Altarelli, Ball, Forte and
Ridolfi

Recall G.St e r mtalkn Blls Jaffe and
Bjorken Sum Rule

EIC A dream to reality, CFNS school 2025

Encouraged by

B. Wiik, R. Klanner (DESY),

&

A. Caldwell, F. Sciulli (Columbia)

The Yale group (A.D., V. Hughes & S. Dhawan)
joined ZEUS and together with A. De Roeck &
J. Feltesse (H1) and theorist T. Gehrmann ran
the 1999 workshop on Physics with Polarized
Proton Beams at HERA.

Accelerator Experts: D. Barber, G.
Hoffstaedter & M. Vogt
External advisors: Mei Bai & Thomas Roser
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Lack of low x data... consequences

Q2 =10 GeV2 xgP SMC Results
. 1 . .
15; - Seeds for a polarized collider
15 b 007 F
L Fooott
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C 0 . }
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How far does polarized DIS have to go!
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In these discussions, while many focused on the low-x N -] : -p1ss
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10
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J.D. Bjorken Letter in support of e-A collisions

6/11/2025

Nucleon Struchure Function Rotios and Siopes i |
01.15
-
E i olumbia University in the City of New York | New York, N.¥. 10027
SPARTMENT CF PHYSICS - I8 West 120t Sirwet
I 1 H roretical Physics Group Fax: 212.932-33¢%
A ® HERA
December 10, 1985
O NMC
Professor Bjorn Wik, Director
SESY
L otkestrasse 85
1.05 D-22607 Hambusg
Germany

Dear Bjomn:
. s Wemwmwmwmmnhﬂupmmumrhmwm
fepors “Future Physdes st HERA"™ hus giv ghp ion of
Letter to Director Wiik the Posblities that T ahood. T somin o s e e e Mo
mn“awamp:duw%rw.hzh:mdwbmmanuﬂ&mzh
most Impressive ts of the presen i extands id
From mm“‘mu; - hl"ﬂ; m._p:iun and the range and

. The rapid jncrezse of £ az small values of bsarved at HERA hag bean o
Bjorken, McLerran and Mueller — oaoiSos Bl auis fa s iiesses
::‘ :‘!: smallest :‘c"af.%")m::‘re‘n = antoou moderate values of @3, the givon
. . . umber density, =C/=, is Y Betwean 29 and 30. While this number of givon:
Page 2 Wlth thelr S'gnatures is remaciably large It = 0ot yet latge cnaughaz‘c 500 gross shap iy e
svglution equasions of QCD due o ualtarity and parton Tke onses of

such nenlinear effects marks she Seundars of 3 wompieteiy new regime of QCD, &

cou ld not be fou nd regime whore ghion densitics become 3o large that the parton mocel and perturbarive
QCD break down, even while &, {3 small. It is che fact that EERA may elready te

0.95

T
-+
-+

spproaching this regime that has excited 2o many of us.

Of couzse, it would b2 nice to have data at even smalier values of x. While shiz ic
clearly mot possitls, ome ean &=t much the zame effzcs vsing ions. An increzss in
gluon number density per unit area equivalent to a facsor of 10™°2 reduction of % can

COU rtesy: Ma rk Strikma n Be cbrained by going from & proton Beam & a heavy fon beam, In sddition to giving

lower eflective values of x, nuclesr beams lso furrich their own special obssrvatles.

This fncludes an cld favorite of yours. the A-dependence of diffenctive yeetor meson

fle:‘::r:educﬁer,. which will help tc - z3erve the ph of eoloy 3 3
In 3 dizect way., In zdditlon, the A-depwri@ance of the properties of mpldity ez
fven:t. £y ] dxu:ud u the “Puturs Physics s¢ HERA” repere, will ba sr:.d:‘.\eg:; g
the high parton density regime of QCD, and will greazly clarify the inturprecation.

0.85

;;" H‘:J: ;mpar:::n Phenomenen, alresdy such an important specialty of the EERA

{avestigation of thuss now leasures of QCD will help cur understanding about non-

08 - 01

SR E e Lpes e mmmraed

D-?ﬁ 1 1 1 Il I 1 Il 1 'l I 1 1 'l 1 I 1 1 1 Il I 1 1 1 1 I 1 Il 1 1 I 1 1 1 Il I 1 1 1 1 I 1 Il 1 1
-45 -4 -35 -3 -25 -2 -15 -1 -05 O
Logy(x)

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.
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DESY had other things in mind T other than
polarized protons at high energy & nuclel
which were planned at RHIC

12

Although no one was Initially talking about an electron beam until
1999/2000 some of us moved to BNL



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

In search of new possibilities, the High Energy DIS proponents shifted focus to the US
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eRHIC* = first 4
introduced to BNL in Physics Case For
1999/2000 | Electron Ion Collider

Wﬁ?t%zp'i'ger Abhay Deshpande

Early discussions at BNL:

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

- 2 A
€ p
Gerry Garvey, Vernon Hughes,

Peter Paul, Praveen Choudhuryée
and then all later BNL Directors of
the Lab

AA Physics Capabilities of an

After 2002 a broad group of people EIC Detector

(see 2002 eRHIC White Paper, for Mini-Workshop at BNL _—
Long Range Plan) joined the effort. @ September 19, 2002 BROOKHAVEN

NATIONAL LABORATORY

Riken BNL Research Center
* Term coined by R. Venugopalan
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Q? (GeV?)

D:

The EIC w.r.t. Other Experimental Facilities

* New kinematic region to
be explored

* EIC =eRHIC + EPIC

E, ~3-10Gel’,E, ~ 30-250Gel”

Js = 20-100Gel”

» Kinematic Reach for DIS:
O’ >1GeV> 10 <x<0.7
1<0® <16

* High Luminosity!

L~(03-1.0)*10"/sec/cnt

Physics Case of EIC 6
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D:

The EIC w.r.t. Other Facilities

X 10® /cm*/sec

Ty S Large
i Meinz Jlob6 % ”
gaomm)l | Jlab12GeV ll.!mln05|fy and
; EL.FE " swer hlgh CM
.......... &--om- JESLAN Energy makes
| EIC uniquel
Electron lon Collider
W Bates(int)

COMPASS I

weaues | @ SMC HERA
Variable CM energy, ion species
il o puuadEe s e 80 and polarizability of hadron
; 5 io? beams enhances
GM Energy (G0 its versatility!

BNL Sept. 02 Physics Case of EIC 7
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Topics of Interest for polarized DIS

Spin structure function g,p/g;n
with high precision and at low x

Bjorken sum rule with high
precision

AG(x,Q2) from pQCD analysis,
Di-Jet/high pT hadron events in
PGF processes

Precise determination of o
from g, scaling violations
alone...

Polarized structure of the
photon from photo-production
studies

*Electroweak structure functions
gs(+/-) from W(+/-) production
in polarized ep scattering

*Flavor separation of PDFs
through semi-inclusive DIS

*Transversity
DVCS

*Contribution to GDH sum rule
at very high v
*Tgt/Current fragmentation

Many other measurements

A robust program which would require a challenging
detector & interaction region design

Physics Case of EIC 14
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D)

Low x Physics with e-A Collider

*Study e-A in a collider mode
for the first time!

*QCD in a different
environment!

*Clarify & reinforce the physics
studied so far from e-A/p-A in
fixed target experiments
including target fragmentation
region.....

» Physics to be explored can be broadly
categorized into three x regions
1) High x

x>1/(2mR, )= 0.1

2) Intermediate x

1/(2mR,) < x <1/(2mRy) = 0.1

* ...and extend into anovel high  3) Low x
arton density region:
P fyreg x<1/2myR,)~0.01
Color Glass Condensate S
BNL Sept. 02 Physics Case of EIC 33
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Scientific Frontiers Open to the EIC

* Nucleon structure
> Spin structurepolarized quark and gluon distributions
the nucleon
- Unplarized quark and gluon distributions in the nucleon
- Correlations between partons
Role of quarks and gluons in the nuclei
* Hadronization in nucleons and nuclei
Partonic matter under extreme conditions

BNL Sept. 02 Physics Case of EIC
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b

The EIC Detector> A “4¢”" Detector{bw

» Scattered electrons to measure kinematics of DIS

» Scattered electrons at small (~zero degree) angles to tag photo-
production events

* Central hadronic final state for kinematics, jet measurements, quark
flavor tagging, fragmentation studies....

» Central hard photon and particle/vector meson detection (DVCS)

» Zero angle photon measurement to control radiative corrections and in
e-A physics to tag nuclear de-excitations

* Missing Er for neutrinos in final state (W physics)
» Tagging forward nuclear fragments
» Tagging forward particles for diffractive physics & target depedence

The EI Collider will provide: e Variable energies & species of ions
* Polarized beam species: p, d, He
* High luminosity

BNL Sept. 02 Physics Case of EIC 9
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Spin Structure Function g: at low x €

A. Deshpande, V. W. Hughes

2 21
e Qcofit | - "7
15 E . Exrapolaton B ;—gﬁw
10 G '
S e o -
. ji"g_g_e E('r??'_wr .-; = ___;__;n_;;;;mw [ T L T T S -
-~ ] \ «‘\
S I :"' "' : o
~ s 4 1S &
<10 - *: .‘; 2+
A~ < 3 s ({ »

15 F = q v @b conns + ) ta

3 years of data[</[ "T¥ras o
v RIS In Summar
= b focosxuapoaanon s - = L el 5 y....
0 . .- l.‘ S 12 1‘ e - \*“ ..x"

10 10 10 10 10 X 10 11 e
. . ) » As parton densities become too
Studies included statistical errors & detector smearing slurat(i(::nr:geiz:derﬂwd high, standard pQCD breaks
No present/future approved experiment will do as well. e 1 by swall conpling matheds) [RNEIC VTS
BNL Sept. 02 Physics Case of EIC 15 :

* Even though the coupling is
weak, the physics may be non-
perturbative due to high field
strengths generated by large
number of partons

non-pertiirbative
region
(not much is known
coupling is large)
a1 Ao

* A novel state of matter?

To experimentally explore this novel state of matter an e-A collider
with LARGE luminosity and HIGH energy beams is essential!

BNL Sept. 02 Physics Case of EIC 41
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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,

: /'/

The Electron lon Collider Indiana U., JLab, LBNL, quAIamos,
A high luminosity probe of the partonic MIT, INP Poland, U. of Paris VI, Penn
substructure of nucleons and nuclei Stal‘e’ Regensburg’ R|KEN_BN|_’

e e L Saclay, Triumf, Yale

February 2002

Deshpande & Milner 2016 EICUG Trieste Meeting
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NSAC 2002 Long
Range Plan

The Electron -lon Collider is a new
accelerator concept that has been
proposed to extend our understanding
of the structure of matter in terms of its
guark and gluon constituents.
Two classes of machine design for the EIC
have been considered: aring -ring option
where both electron and ion beams
circulate in storage rings, and aring -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

Ll three years to address a number of EIC

design issues.In parallel, the scientific case

15 o P A for the EIC will be significantly refined.

TISE National Science Foundation ¢ Division of Physics ® Nuclear Science Section

OPPORTUNITIES IN NUCLEAR SCIENCE

Deshpande & Milner 2016 EICUG Trieste Meeting
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First formal
publication?
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Annu. Rev. Nucl. Part. Sci. 2005. 55:165-228
doi: 10.1146/annurev.nucl.54.070103.181218
Copyright (© 2005 by Annual Reviews. All rights reserved

STUDY OF THE FUNDAMENTAL STRUCTURE
OF MATTER WITH AN ELECTRON-ION COLLIDER

Abhay Deshpande,! Richard Milner,? Raju Venugopalan,

and Werner Vogelsang*

! Department of Physics & Astronomy, State University of New York at Stony Brook,
New York 11794 and RIKEN-BNL Research Center, Brookhaven National Laboratory,
Upton, New York 11973; email: abhay@bnl.gov

2 Physics Department and Laboratory for Nuclear Science, Massachusetts Institute of
Technology, Cambridge, Massachusetts 02139; email: milner @mit.edu

3 Physics Department, Brookhaven National Laboratory, Upton, New York 11973;
email: raju@quark.phy.bnl.gov

*Physics Department and RIKEN-BNL Research Center, Brookhaven National
Laboratory, Upton, New York 11973; email: vogelsan@quark.phy.bnl.gov

This review is dedicated to the memory of Professor Vernon W. Hughes.

Key Words Quantum Chromodynamics, DIS structure functions, Polarized ep
Scattering, Nucleon Spin, DIS off Nuclei, Saturation, Color Glass Condensate, EIC,
eRHIC

B Abstract We present an overview of the scientific opportunities that would be
offered by a high-energy electron-ion collider. We discuss the relevant physics of
polarized and unpolarized electron-proton collisions and of electron-nucleus collisions.
We also describe the current accelerator and detector plans for a future electron-ion

rnllidar
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NSAC 2007 Long Range Plan

An Electron -lon 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 lon Collider. The EIC would
explore the new QCD frontier of
strong color fields in nuclei and
precisely image the gluons in the
proton.

®UID S JLIINN JO SIONUOLY oY ]

200 Jequuscey)
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2010-2015
EIC detector
concepts

But new are
developing

BNL: BeAST

Defining
features

Click here

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
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The Electron lon Collider

Coherent Electron Electron Souce

2003-2019 =

For e-N collisions at the EIC:

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

V e beam 5-10(20) GeV

V' Luminosity L, ~ 103334 cm=sec?

Injector Linac

v

"""""

eRHIC

;,\Detector I

' Detector ||

/ Electrons ; : \ Storage Ring

100-1000 times HERA i/ | [EANEAN
V 20-100 (140) GeV Variable CoM \ N
/ \ i
For e-A collisions at the EIC: lf,o,,,ete,s ; \ \\ . a
l v Wide range in nuclei — 7 / | \ v .

QR D Fronse V Luminosity per nucleon same as e-|
V Variable center of mass energy

1212.1701.v3 Wo r_ | orsd s ) .
A. Accardi et al Polarized electron -proton/light ion
Eur Phy J. A,529(2010)  and electron -Nucleus collider

lon Source

Booster
Electron Source

Both designs use DC
significant investments in
infrastructure

100 meters
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1212.1701.v3
A. Accardi et al
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EIC White Paper
for LRP 2015

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 i September 2014

*Dep. Director, Jefferson Lab
** Associate Laboratory Director (ALD), Brookhaven Lab



