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“Science: Compelling & fundamental, 
Realization: Timely” 

2015 2016 2018 2019 2019

EvaluationPhysics of EIC Realization



RECOMMENDATION:
We recommend a high-energy high-luminosity 
polarized EIC as the highest priority for new facility 
construction following the completion of FRIB.

Initiatives:
Theory 
Detector & Accelerator R&D     

http://science.energy.gov/np/reports

Detector R&D money ~1.3M/yr since 2011
Increase anticipated soon after project officially begins

Since FY 2017
EIC Accelerator R&D already assigned $7M/yr
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World’s first
Polarized electron-proton/light ion 
and electron-Nucleus collider

Both designs use DOE’s significant 
investments in infrastructure

For e-A collisions at the EIC:
ü Wide range in nuclei
ü Luminosity per nucleon same as e-p
ü Variable center of mass energy 

The Electron Ion Collider
For e-N collisions at the EIC:
ü Polarized beams: e, p, d/3He
ü e beam 5-10(20) GeV
ü Luminosity Lep ~ 1033-34 cm-2sec-1

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

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

JLEIC Collaboration
JLEIC Pre-CDR
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eRHIC Design Group
eRHIC pre-CDR
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Current polarized DIS data:
CERN DESY JLab SLAC

Current polarized BNL-RHIC pp data:
PHENIX π0 STAR 1-jet

1

10

10 2

10 3

10
-4

10
-3

10
-2

10
-1

1

EIC √s=
 65 GeV, 0

.01 ≤
 y ≤ 0.95  

EIC: Kinematic reach & properties
For e-N collisions at the EIC:
ü Polarized beams: e, p, d/3He
ü Variable center of mass energy
ü Wide Q2 range à evolution
ü Wide x range à spanning valence to low-x physics

For e-A collisions at the EIC:
ü Wide range in nuclei

ü Lum. per nucleon same as e-p
ü Variable center of mass energy 

ü Wide x range (evolution)
ü Wide x region (reach high gluon densities)
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Uniqueness of the US EIC among all DIS Facilities

All DIS facilities in the world.

However, if we ask for: 

• high luminosity & wide reach in √s

No other facility has or plans for
• polarized lepton & hadron beams
• nuclear beams

EIC a truly unique facility
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ep Facilities & Experiments:

Past Colliders

Collider Concepts

Past Fixed Target

Ongoing Fixed Target

EIC Project



The National Academy Review of the EIC Science
2017-2018
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Statement of Task from the Office of Science (DOE/NSF) to the
National Academy of Science, Engineering & Medicine (NAS)
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Statement of Task from the Office of Science (DOE/NSF) to the
National Academy of Science, Engineering & Medicine (NAS)
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NAS Consensus: EIC science compelling, fundamental, and timely 
July 26, 2018

• Finding 1: An EIC can uniquely address three profound questions about nucleons—neutrons and 
protons—and how they are assembled to form the nuclei of atoms: 
• How does the mass of the nucleon arise? 
• How does the spin of the nucleon arise? 
• What are the emergent properties of dense systems of gluons?

• Finding 2: These three high-priority science questions can be answered by an EIC with highly 
polarized beams of electrons and ions, with sufficiently high luminosity and sufficient, and variable, 
center-of-mass energy. 

Other findings: 
An EIC would be a unique facility in the world 
Leadership in the accelerator science and technology of colliders
US EIC Cost effective: takes advantage of existing accelerator infrastructure and expertise è reduced risk
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Consensus Study Report on  the US based 
Electron Ion Collider

Summary:
The science questions that an EIC will answer
are central to completing an understanding of
atoms as well as being integral to the agenda of
nuclear physics today. In addition, the
development of an EIC would advance
accelerator science and technology in nuclear
science; it would as well benefit other fields of
accelerator based science and society, from
medicine through materials science to
elementary particle physics
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EIC science:
compelling, fundamental

and timely



The Compelling And Fundamental 
Science Of EIC

The science of EIC @ BNL and at Jefferson Lab not fundamentally different. 
Just the realization may depend on the details of project realization
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QCD Landscape to be explored by EIC
QCD at high resolution (Q2) —weakly correlated quarks and gluons are well-described

Strong QCD dynamics creates many-body correlations 
between quarks and gluons
à hadron structure emerges

EIC will systematically explore correlations in this 
region.

An exciting opportunity: Observation by EIC of a new 
regime in QCD of weakly coupled high density matterar
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A new facility is needed to investigate, with precision, the dynamics of gluons & sea 
quarks and their role in the structure of visible matter

How are the sea quarks and gluons, and their spins, distributed in 
space and momentum inside the nucleon? 
How do the nucleon properties emerge from them and their 
interactions?

How do color-charged quarks and gluons, and colorless jets, interact with a 
nuclear medium?
How do the confined hadronic states emerge from these quarks and gluons? 
How do the quark-gluon interactions create nuclear binding?QS: Matter of Definition and Frame (II)

7

Infinite Momentum Frame:
• BFKL (linear QCD): splitting functions ⇒ gluon density grows
• BK (non-linear): recombination of gluons ⇒ gluon density tamed

BFKL: BK adds:

αs << 1αs ∼ 1 ΛQCD

know how to 
do physics here?
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• At Qs:   gluon emission balanced by recombination

Unintegrated gluon distribution
depends on kT and x:
the majority of gluons have 
transverse momentum kT ~ QS
(common definition)

QS: Matter of Definition and Frame (II)
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gluon 
emission

gluon 
recombination

?

How does a dense nuclear environment affect the quarks and 
gluons, their correlations, and their interactions?
What happens to the gluon density in nuclei? Does it saturate at 
high energy, giving rise to a gluonic matter with universal 
properties in all nuclei, even the proton?

=
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EIC science and required luminosity
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An Assessment of U.S.-Based Electron-Ion Collider Science

Copyright National Academy of Sciences. All rights reserved.
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such as an intact nucleon combined with a final state photon or vector meson, that 
occur in only a small fraction of all reactions. Parton imaging also requires an ac-
curate determination of not only total interaction rates, but of the dependence of 
these rates on the deflection angles of all scattered particles, for which large lumi-
nosity is also needed. Figure 2.4 indicates both the instantaneous luminosity as well 
as the annual integrated luminosity (for running time of 107 seconds per year, a 30 
percent duty factor) that can be achieved. It is the latter that ultimately controls the 
experimental uncertainty. Figure 2.5 shows the accuracy of the transverse gluon 
profiles that can be obtained from J/ψ production using an integrated luminosity of 
10 fb–1. Note the precision that can be achieved at large transverse radii bT, which is 
important for understanding the way in which confinement of quarks and gluons 
is reflected in the transverse spatial profile of parton distributions. 

FIGURE 2.4 The energy-luminosity landscape that encapsulates the physics program of an EIC. 
The horizontal axis shows the center-of-mass energy of the collider when operated in electron-
proton mode. The two vertical axes show the instantaneous and annual integrated (electron-nucleon) 
 luminosity; the latter is in units of inverse femtobarns and assumes a running time of 107 seconds 
per year. SOURCE: Presentation of EIC Science by A. Deshpande on behalf of the EIC Users Group.

An Assessment of U.S.-Based Electron-Ion Collider Science

Copyright National Academy of Sciences. All rights reserved.

A N  A S S E S S M E N T  O F  U . S . - B A S E D  E L E C T R O N - I O N  C O L L I D E R  S C I E N C E44

gluon fluctuations in the proton. It was generated using existing data on J/ψ pro-
duction on the proton. One can observe dramatic fluctuations in the shape of a 
single proton and that these fluctuations are quite different from what one would 
expect for a simple bound state of three constituent quarks. This is a far cry from 
early models of the proton. At low resolution, one expects to see correlations of 
nucleons in nuclei, and at fine resolution, one will determine fluctuations in the 
number of valence partons and fluctuations in the color field surrounding these 
partons. An EIC would be able to explore the power spectrum of fluctuations in 
nuclei and nucleons in detail and revolutionize the understanding of the emergence 
of matter from quantum fields of colored quarks and gluons.

FIGURE 2.11 Shape fluctuations of the proton. Four possible configurations of the gluon field in the 
proton are shown, where red denotes regions of strong field and blue denotes regions of weak field. 
The magnitude of the fluctuations between these samples is constrained by the observed coherent and 
incoherent diffractive J/ψ production cross sections. SOURCE: H. Mäntysaari and B. Schenke, 2016, 
Evidence of strong proton shape fluctuations from incoherent diffraction, Phys. Rev. Lett. 117:052301.

Gluons at high energy in nuclei:
(Gluon imaging in nuclei)

Color propagation, neutralization in nuclei & hadronization

An Assessment of U.S.-Based Electron-Ion Collider Science

Copyright National Academy of Sciences. All rights reserved.
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3D Imaging in Momentum

An important complement to the program of imaging the transverse posi-
tion of partons is the determination of transverse motion. Combined with the 
dependence on longitudinal motion encoded in Bjorken x, transverse momentum 
distributions (TMDs) provide a three-dimensional (3D) picture of the nucleon in 
momentum space. Due to the uncertainty principle, the transverse momentum of 
partons is related to the characteristic size of the quantum mechanical fluctuation 
from which it originated. Transverse momentum imaging therefore constrains the 
possible evolution of color fluctuations with Bjorken x, going from the valence sec-
tor at large x to the sea quark and gluon regime at small x. In the small x regime, 
the results provide important information about the limit of high gluon density, 
discussed in the last section of this chapter. In a polarized proton, one also expects 
that the orbital motion of partons is correlated with the spin direction, leading to 
correlations among spin, transverse motion, and transverse position. 

The transverse dynamics of partons can be accessed using a process called 
semi-inclusive deep-inelastic scattering (SIDIS). As in DIS, the target nucleon is 

FIGURE 2.5 Gluon density distribution at several values of Bjorken x. An estimate of the precision that 
can be achieved using real meson production at an EIC is shown, based on an integrated luminosity 
of 10 fb–1. The small insets illustrate the accuracy that can be achieved for large radii, relevant to the 
confinement problem. SOURCE: Reaching for the Horizon, 2015 DOE/NSF Long Range Plan for U.S. 
Nuclear Science.

Gluon imaging in nucleons

2+1D imaging of quarks and gluons, 
dynamics,  and emergence of  spin & 

mass
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NAS Study endorses machine parameters suggested by the  2012 White Paper and 
2015 NSAC Long Range Plan
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US EIC’s Path to realization
The machine design parameters of the EIC (BNL and Jlab) are chosen to address all 

science that the community led EIC White Paper defined and the NAS supported
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JLEIC Design
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Seryi & Willeke EICUG 2019



The Electron Ion 
Collider at BNL
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v Electron storage ring with frequent injection 
of fresh polarized electron bunches

v Hadron storage ring with strong cooling or 
frequent injection of hadron bunches

Protons up to 275 GeV
Ø Existing RHIC complex: Storage (Yellow), injectors 

(source, booster, AGS)
Ø Need few modifications
Ø RHIC beam parameters fairly close to those 

required for EIC@BNL

Polarized He, Deuterons possible with minimal 
well understood modifications 

Electrons up to 18 GeV
Ø Storage ring, provides the range sqrt(s) = 20-140 

GeV. Beam current limited by RF power of 10 MW
Ø Electron beam with variable spin pattern (s) 

accelerated in on-energy, spin transparent injector 
(Rapid-Cycling-Synchrotron) with 1-2 Hz cycle 
frequency

Ø Polarized e-source and a 400 MeV s-band injector 
LINAC in the existing tunnel 

Design optimized to reach 1034 cm-2sec-1



Strategy for maximizing luminosity at any CoM
Storage ring design of e-p/A for the Electron Ion Collider require the following for luminosity 
maximization:
ü Large bunch charge è large number of protons in a bunch (source dependent)

ü Many bunches 
v large total bunch current
v crossing angle in collision geometry 

ü Small beam size (cross section) at the collision point
v small emittance è requires strong hadron cooling or frequent injection fresh bunches
v strong focusing at the IR (small b*) è requires short bunches need strong cooling

ü Beam-beam limit negotiation: Transverse beam density at collision point limited by the 
detrimental effect of the corresponding nonlinear effects
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Key EIC Machine Parameters
as required  by the NSAC LRP & NAS

a)    upgradable to 140 GeV

20

b) c)

80%-85% 80%

Seryi and Willeke, EICUG2019
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IR Designs can be adjusted to obtain peak luminosity at different center of mass  energies. The EIC@BNL 
Luminosity curves below show luminosity vs Ecm with IRs optimized for high or low center of mass energy. With 
two IRs, both optimization could coexist. JLEIC curves shows scenarios without and with the upgrade of ion 
magnets in the arcs.
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EIC Luminosity

For electron ion collisions, the Ecm scale needs to be reduced by a factor (Z/A)1/2

Center of Mass Energy [GeV]  

JLEIC 
Energy 
Upgrade

Figure from 
Seryi & Willeke
EICUG 20119

Luminosity differences 
depend on comfort level 
with various parameters 
assumed in two designs



The International EUC Users 
Organizing to maximize the Science Potential of the EIC most optimally 
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1212.1701.v3  Ed. A. Deshpande, J.-W. Chiu, Z.E. Meziani
A. Accardi et al  Eur. Phy. J.  A, 52 9(2016)



The EIC Users Group: EICUG.ORG

Formally established in 2016
890+ Ph.D. Members from 30 countries, 189 institutions

Map of institution’s locations

EICUG Structures in place and active.

EIC UG Steering Committee 
EIC UG Institutional Board
EIC UG Speaker’s Committee

Task forces on:
-- Beam polarimetry
-- Luminosity measurement
-- Background studies
-- IR Design

Annual meetings: Stony Brook (2014), Berkeley (2015), ANL 
(2016), Trieste (2017), CAU (2018), Paris (2019), FIU (2020), 
Warsaw (2021)
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New:
Center for Frontiers in Nuclear Science (at Stony Brook/BNL)

EIC2 at Jefferson Laboratory

http://eicug.org/
http://www.stonybrook.edu/cfns/
https://www.eiccenter.org/eic-center-jefferson-lab


Opportunities for YOU: Physics @ the US EIC beyond the EIC White Paper:

• Nucleon Mass? Upsilon on the threshold. (Joosten’s talk)

• Heavy quark and quarkonia (c, b quarks) studies beyond HERA, with 100-1000 times luminosities 
(??) Does polarization of hadron play any role?

• Quark Exotica: 4,5,6 quark systems…? (Joosten’s talk)

• Impact of precision measurements of unpolarized PDFs, especially at high x, for LHC
• What role would TMDs in e-p play in W-Production at LHC?
• Study of jets: Internal structure of jets 
• Jet propagation in nuclei… energy loss in cold QCD medium: a topic interest
• Initial state affects QGP formation!….. p-A, d-A, A-A at RHIC and LHC: many puzzles
• Gluon TMDs at low-x! 
• Polarized light nuclei in the EIC (Weiss, Deshpande et al. Workshop Series)

• Entanglement entropy in nuclear medium and its connections to fragmentation, hadronization and 
confinement

• Electroweak physics and searches beyond the Standard Model
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EIC Detector Concepts: integration of detectors in to machine lattice  
EIC Day 1 detector, with BaBar Solenoid
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BeAST at BNL

JLEIC Detector Concept, with CLEO Solenoid

Ample opportunity and 
need for additional 
contributors and 

collaborators 

TOPSiDE: Time Optimized PID Silicon Detector for EIC



EICUG 
Paris, 
July 
2019
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EIC Users Meeting Paris July 22, 2019 8

Current Status and Path forward of EIC

• A Mission Need Statement for an EIC has been approved by DOE

• An Independent Cost Review (ICR) Exercise mandated by DOE rules for 
projects of the projected scope of the EIC is very far along

• DOE is moving forward with a request for CD-0 (approve Mission Need)

• DOE has organized a panel to assess options for siting and consideration of 
“best value” between the two proposed concepts

• The Deputy Secretary is the Acquisition Executive for this level of DOE 
Investment

• The FY 2020 President’s Request includes $ 1.5 million OPC. The FY 2020 
House Mark includes $ 10 million OPC and $ 1 million TEC.

The “wickets” are substantially aligned for a major step forward on the EICDir. Of office of NP
Tim Hallman’s presentation
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R. Ent, T. Ullrich, R. Venugopalan
Scientific American (2015)

E. Aschenauer
R. Ent 

October 2018

A. Deshpande
& R. Yoshida

June 2019



Summary:
• Science of EIC: Gluons that bind us all… understanding their role in QCD
• EIC’s precision, control and versatility will revolutionize our understanding QCD 

Ø 3D nucleon/nuclear structure, cold nuclear matter & physics high gluon density

• The US EIC project has significant momentum on all fronts right now:
• National Academy’s positive evaluation à Science compelling, fundamental and timely
• Funding agencies taking note of the momentum: not just in the US but also internationally

• The science of EIC, technical designs (eRHIC and JLEIC) moving forward
• Pre-CDRs prepared by BNL (eRHIC) and JLab: machine & IR designs
• Independent Cost Review underway è CD0 anticipated soon. Siting decision process 

also underway. 
Both Lab managements are committed to working with the DOE, the EICUG and the 

international partners to realize the US EIC no matter its site (BNL or JLab)
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Thank you.
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±50 mrad

±10 mrad

Low %& tagger

Secondary 
focus

Roman potsEnd caps

Central detector

Courtesy V.,  Morozov, A. Seryi

JLEIC Full Acceptance IR Layout
• 50 mrad crossing angle
• Forward hadron detection in three 

stages
• Endcap
• Small dipole covering angles up 

to ~3°
• Far forward, ~10 mrad, 

for particles passing through 
accelerator quads

• Low-Q2 tagger
• Small-angle electron detection

• Large beta functions in the IR up to 4 
km but manageable chromatics and 
dynamic aperture
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LUMI Mon.

e-
Tagger

Full Acceptance eRHIC IR Layout

Design 
• All superconducting magnets
Ø Only 5 magnets need collared Nb-Ti coils
Ø All other magnets can be built with direct 

wind of Nb-Ti wire

• Full acceptance e.g. Pt =200 MeV/c-1.3 
GeV/c

Ø Neutrons 4 mrad

• Large Aperture Dipole w/ instrumented gap

• Modest IR chromaticity

• Hadrons up to b<200m
è Manageable dynamic aperture optimization

August 26, 2019 Status of EIC, Tianjin, China


