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The dynamical nature of nuclear matter

QCD Evolution 2018, Santa Fe, NM, May 24 2

Nuclear Matter Interactions and structures 
are inextricably mixed up

Observed properties such as mass and 
spin emerge out of the complex system

Ultimate goal Understand how matter 
at its most fundamental level is made

To reach goal precisely image quarks 
and gluons and their interactions

QCD’s Dyson-Schwinger Equations
The equations of motion of QCD () QCD’s Dyson–Schwinger equations

an infinite tower of coupled integral equations
tractability =) must implement a symmetry preserving truncation

The most important DSE is QCD’s gap equation =) quark propagator

�1
=

�1
+

ingredients – dressed gluon propagator & dressed quark-gluon vertex

S(p) =
Z(p2)

i/p + M(p2)

S(p) has correct perturbative limit

mass function, M(p2), exhibits
dynamical mass generation

complex conjugate poles
no real mass shell =) confinement

[M. S. Bhagwat et al., Phys. Rev. C 68, 015203 (2003)]
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Why an Electron-Ion Collider?

QCD Evolution 2018, Santa Fe, NM, May 24

EIC: The Next QCD Frontier

Eur.Phys.J. A52 (2016) no.9, 268
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• Right tool:
• to precisely image quarks and 

gluons and their interactions
• to explore the new QCD frontier of 

strong color fields in nuclei
• to to understand how matter at its 

most fundamental level is made. 

• Understanding of nuclear matter is 
transformational, 

• perhaps in an even more dramatic way 
than how the understanding of the 
atomic and molecular structure of 
matter led to new frontiers, new 
sciences and new technologies.



The Electron-Ion Collider (EIC)

QCD Evolution 2018, Santa Fe, NM, May 24 4

World’s first collider of:
• polarized electrons and

polarized protons/light ions 
• electrons and nuclei

Versatile range of
• beam energies
• beam polarizations
• beam species

High luminosity 
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The 12 GeV upgrade of CEBAF at JLab and the COMPASS at CERN will initiate such
studies in predominantly valence quark region. However, these programs will be dramati-
cally extended at the EIC to explore the role of the gluons and sea quarks in determining
the hadron structure and properties. This will resolve crucial questions, such as whether
a substantial “missing” portion of nucleon spin resides in the gluons. By providing high-
energy probes of partons’ transverse momenta, the EIC should also illuminate the role of
their orbital motion contributing to nucleon spin.

The Spin and Flavor Structure of the Nucleon

An intensive and worldwide experimen-
tal program over the past two decades has
shown that the spin of quarks and antiquarks
is only responsible for ⇠ 30% of the pro-
ton spin. Recent RHIC results indicate that
the gluons’ spin contribution in the currently
explored kinematic region is non-zero, but
not yet su�cient to account for the missing
70%. The partons’ total helicity contribu-
tion to the proton spin is very sensitive to
their minimum momentum fraction x acces-
sible by the experiments. With the unique
capability to reach two orders of magnitude

lower in x and to span a wider range of mo-
mentum transferQ than previously achieved,
the EIC would o↵er the most powerful tool
to precisely quantify how the spin of gluons
and that of quarks of various flavors con-
tribute to the protons spin. The EIC would
realize this by colliding longitudinally polar-
ized electrons and nucleons, with both inclu-
sive and semi-inclusive DIS measurements.
In the former, only the scattered electron is
detected, while in the latter, an additional
hadron created in the collisions is to be de-
tected and identified.

x

Q
2
 (

G
e

V
2
)

EIC
 √

s=
 1

40
 G

eV
, 0

.0
1≤ y 

≤ 0.
95

  

 

Current polarized DIS data:

CERN DESY JLab SLAC

Current polarized BNL-RHIC pp data:

PHENIX π0 STAR 1-jet
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Figure 1.2: Left: The range in parton momentum fraction x vs. the square of the momentum
transferred by the electron to the proton Q

2 accessible with the EIC in e+p collisions at two
di↵erent center-of-mass energies, compared to existing data. Right: The projected reduction
in the uncertainties of the gluon’s helicity contribution �G vs. the quark helicity contribution
�⌃/2 to the proton spin from the region of parton momentum fractions x > 0.001 that would
be achieved by the EIC for di↵erent center-of-mass energies.

Figure 1.2 (Right) shows the reduction in
uncertainties of the contributions to the nu-
cleon spin from the spin of the gluons, quarks
and antiquarks, evaluated in the x range

from 0.001 to 1.0. This would be achieved by
the EIC in its early operations. In future, the
kinematic range could be further extended
down to x ⇠ 0.0001 reducing significantly
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The 12 GeV upgrade of CEBAF at JLab and the COMPASS at CERN will initiate such
studies in predominantly valence quark region. However, these programs will be dramati-
cally extended at the EIC to explore the role of the gluons and sea quarks in determining
the hadron structure and properties. This will resolve crucial questions, such as whether
a substantial “missing” portion of nucleon spin resides in the gluons. By providing high-
energy probes of partons’ transverse momenta, the EIC should also illuminate the role of
their orbital motion contributing to nucleon spin.

The Spin and Flavor Structure of the Nucleon

An intensive and worldwide experimen-
tal program over the past two decades has
shown that the spin of quarks and antiquarks
is only responsible for ⇠ 30% of the pro-
ton spin. Recent RHIC results indicate that
the gluons’ spin contribution in the currently
explored kinematic region is non-zero, but
not yet su�cient to account for the missing
70%. The partons’ total helicity contribu-
tion to the proton spin is very sensitive to
their minimum momentum fraction x acces-
sible by the experiments. With the unique
capability to reach two orders of magnitude

lower in x and to span a wider range of mo-
mentum transferQ than previously achieved,
the EIC would o↵er the most powerful tool
to precisely quantify how the spin of gluons
and that of quarks of various flavors con-
tribute to the protons spin. The EIC would
realize this by colliding longitudinally polar-
ized electrons and nucleons, with both inclu-
sive and semi-inclusive DIS measurements.
In the former, only the scattered electron is
detected, while in the latter, an additional
hadron created in the collisions is to be de-
tected and identified.
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Figure 1.2: Left: The range in parton momentum fraction x vs. the square of the momentum
transferred by the electron to the proton Q

2 accessible with the EIC in e+p collisions at two
di↵erent center-of-mass energies, compared to existing data. Right: The projected reduction
in the uncertainties of the gluon’s helicity contribution �G vs. the quark helicity contribution
�⌃/2 to the proton spin from the region of parton momentum fractions x > 0.001 that would
be achieved by the EIC for di↵erent center-of-mass energies.

Figure 1.2 (Right) shows the reduction in
uncertainties of the contributions to the nu-
cleon spin from the spin of the gluons, quarks
and antiquarks, evaluated in the x range

from 0.001 to 1.0. This would be achieved by
the EIC in its early operations. In future, the
kinematic range could be further extended
down to x ⇠ 0.0001 reducing significantly
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Frontier accelerator facility in the U.S.



EIC: ideal facility for studying QCD

QCD Evolution 2018, Santa Fe, NM, May 24

High luminosity 

high precision 
• for various measurements
• in various configurations
• e-A luminosity per nucleon 

same as e-p

Various beam energy

broad Q2 range for 
• studying evolution to Q2 of 

~1000 GeV2

• disentangling non-
perturbative and 
perturbative regimes 

• overlap with existing 
measurements
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overlap with existing measurements

include non-perturbative, perturbative, and transition regimes



EIC: ideal facility for studying QCD

QCD Evolution 2018, Santa Fe, NM, May 24

Polarization
Understanding hadron structure cannot
be done without understanding spin:
• polarized electrons (e) and
• polarized protons/light ions (p, d, 3He)

Longitudinal and transverse polarization of 
light ions

• 3D imaging in space and momentum
• spin-orbit correlations
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Wide range in nuclei (e-A)
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energy probes of partons’ transverse momenta, the EIC should also illuminate the role of
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and that of quarks of various flavors con-
tribute to the protons spin. The EIC would
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detected, while in the latter, an additional
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Figure 1.2: Left: The range in parton momentum fraction x vs. the square of the momentum
transferred by the electron to the proton Q

2 accessible with the EIC in e+p collisions at two
di↵erent center-of-mass energies, compared to existing data. Right: The projected reduction
in the uncertainties of the gluon’s helicity contribution �G vs. the quark helicity contribution
�⌃/2 to the proton spin from the region of parton momentum fractions x > 0.001 that would
be achieved by the EIC for di↵erent center-of-mass energies.
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cleon spin from the spin of the gluons, quarks
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the EIC in its early operations. In future, the
kinematic range could be further extended
down to x ⇠ 0.0001 reducing significantly
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cally extended at the EIC to explore the role of the gluons and sea quarks in determining
the hadron structure and properties. This will resolve crucial questions, such as whether
a substantial “missing” portion of nucleon spin resides in the gluons. By providing high-
energy probes of partons’ transverse momenta, the EIC should also illuminate the role of
their orbital motion contributing to nucleon spin.

The Spin and Flavor Structure of the Nucleon

An intensive and worldwide experimen-
tal program over the past two decades has
shown that the spin of quarks and antiquarks
is only responsible for ⇠ 30% of the pro-
ton spin. Recent RHIC results indicate that
the gluons’ spin contribution in the currently
explored kinematic region is non-zero, but
not yet su�cient to account for the missing
70%. The partons’ total helicity contribu-
tion to the proton spin is very sensitive to
their minimum momentum fraction x acces-
sible by the experiments. With the unique
capability to reach two orders of magnitude

lower in x and to span a wider range of mo-
mentum transferQ than previously achieved,
the EIC would o↵er the most powerful tool
to precisely quantify how the spin of gluons
and that of quarks of various flavors con-
tribute to the protons spin. The EIC would
realize this by colliding longitudinally polar-
ized electrons and nucleons, with both inclu-
sive and semi-inclusive DIS measurements.
In the former, only the scattered electron is
detected, while in the latter, an additional
hadron created in the collisions is to be de-
tected and identified.

x

Q
2
 (

G
e

V
2
)

EIC
 √

s=
 1

40
 G

eV
, 0

.0
1≤ y 

≤ 0.
95

  

 

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=
 4

5 
G
eV

, 0
.0

1≤ y 
≤ 0.

95
  

Figure 1.2: Left: The range in parton momentum fraction x vs. the square of the momentum
transferred by the electron to the proton Q

2 accessible with the EIC in e+p collisions at two
di↵erent center-of-mass energies, compared to existing data. Right: The projected reduction
in the uncertainties of the gluon’s helicity contribution �G vs. the quark helicity contribution
�⌃/2 to the proton spin from the region of parton momentum fractions x > 0.001 that would
be achieved by the EIC for di↵erent center-of-mass energies.

Figure 1.2 (Right) shows the reduction in
uncertainties of the contributions to the nu-
cleon spin from the spin of the gluons, quarks
and antiquarks, evaluated in the x range

from 0.001 to 1.0. This would be achieved by
the EIC in its early operations. In future, the
kinematic range could be further extended
down to x ⇠ 0.0001 reducing significantly
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The 12 GeV upgrade of CEBAF at JLab and the COMPASS at CERN will initiate such
studies in predominantly valence quark region. However, these programs will be dramati-
cally extended at the EIC to explore the role of the gluons and sea quarks in determining
the hadron structure and properties. This will resolve crucial questions, such as whether
a substantial “missing” portion of nucleon spin resides in the gluons. By providing high-
energy probes of partons’ transverse momenta, the EIC should also illuminate the role of
their orbital motion contributing to nucleon spin.

The Spin and Flavor Structure of the Nucleon

An intensive and worldwide experimen-
tal program over the past two decades has
shown that the spin of quarks and antiquarks
is only responsible for ⇠ 30% of the pro-
ton spin. Recent RHIC results indicate that
the gluons’ spin contribution in the currently
explored kinematic region is non-zero, but
not yet su�cient to account for the missing
70%. The partons’ total helicity contribu-
tion to the proton spin is very sensitive to
their minimum momentum fraction x acces-
sible by the experiments. With the unique
capability to reach two orders of magnitude

lower in x and to span a wider range of mo-
mentum transferQ than previously achieved,
the EIC would o↵er the most powerful tool
to precisely quantify how the spin of gluons
and that of quarks of various flavors con-
tribute to the protons spin. The EIC would
realize this by colliding longitudinally polar-
ized electrons and nucleons, with both inclu-
sive and semi-inclusive DIS measurements.
In the former, only the scattered electron is
detected, while in the latter, an additional
hadron created in the collisions is to be de-
tected and identified.

x

Q
2
 (

G
e

V
2
)

EIC
 √

s=
 1

40
 G

eV
, 0

.0
1≤ y 

≤ 0.
95

  

 

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=
 4

5 
G
eV

, 0
.0

1≤ y 
≤ 0.

95
  

Figure 1.2: Left: The range in parton momentum fraction x vs. the square of the momentum
transferred by the electron to the proton Q

2 accessible with the EIC in e+p collisions at two
di↵erent center-of-mass energies, compared to existing data. Right: The projected reduction
in the uncertainties of the gluon’s helicity contribution �G vs. the quark helicity contribution
�⌃/2 to the proton spin from the region of parton momentum fractions x > 0.001 that would
be achieved by the EIC for di↵erent center-of-mass energies.

Figure 1.2 (Right) shows the reduction in
uncertainties of the contributions to the nu-
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Study structure and 
dynamics of nuclear 
matter in ep and eA
collisions with high 
luminosity and 
versatile range of 
beam energies, beam 
polarizations, and 
beam species.

eA

ep



Realization of the science case

8

JLEIC

Brookhaven Lab
Long Island, NY

Jefferson Lab
Newport News, VA
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CEBAF



Section
Accelerator design: Designing the 
right probe
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Electron-Proton Scattering

QCD Evolution 2018, Santa Fe, NM, May 24

Ability to change x projects out different con-
figurations where different dynamics dominate

Ability to change Q2 changes the resolution 
scale

Q2 = 400 GeV2

=> 1/Q = 0.01 fm 

(Q2)

10



Where EIC Needs to be in x (nucleon)

110-310-4 10-2 10-1

Few-body
Regime

Collective
Regime

Saturation
Regime:
Needs to be
Accessed via Ions

X (for proton)

QCD Radiation Dominated
(Studied at HERA) Hadron Structure Dominated

Many-body 
Regime

Main interest for EIC Nucleon/Nuclear Program

QCD Evolution 2018, Santa Fe, NM, May 24 11



Where EIC needs to be in Q2

110-1 10 102 103

Transition 

Region

Non-perturbative

Regime Perturbative

Regime

HERMES, COMPASS, JLAB 6 and 12

EIC

[GeV2]Q2

• Include non-perturbative, perturbative and transition regimes

• Provide long evolution length and up to Q2 of ~1000 GeV2  (~.005 fm)

• Overlap with existing measurements 

Disentangle Pert./Non-pert.,  Leading Twist/Higher Twist

X > 10-3,10-2 to 1

HERA high-x

QCD Evolution 2018, Santa Fe, NM, May 24 12



Designing The Right Probe: √s

QCD Evolution 2018, Santa Fe, NM, May 24

√s

What are the right parameters for the collider

for the EIC science program?

order 10 GeV electron order 100 GeV/u ion

We know the x range:   down to ~ 10-3-4

We know the Q2 range:  up to ~1000 GeV2

Q2=sxy, s=4EeEhadron

→ energies we need.

13



Luminosity needed for topics

Central mission of EIC (nuclear and nucleon structure) 
requires high luminosity.

We need to design a EIC physics program: including how and when to upgrade the machine

QCD Evolution 2018, Santa Fe, NM, May 24 14



JLEIC parameters (nucleon)

This edge determined by √s:
√s = 65 GeV

Cross section decreases rapidly with higher X

This edge determined by 
proton beam energy:
Eproton < 100 GeV ->  Eelectron = 10  GeV2

Measure at x of 10-3 to 1, exclusive processes
Luminosity: x 10 to 100 that of HERA 

Sets some of the basic parameters of the JLEIC design

x

Q
2  (G

eV
2 )

H1 and ZEUS

EIC (10 GeV on 100 GeV)

JLAB12

10
-1

1

10

10 2

10 3

10 4

10 5

10 -6 10 -5 10 -4 10 -3 10 -2 10 -1 1
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JLEIC design strategy: High luminosity and polarization

QCD Evolution 2018, Santa Fe, NM, May 24

Figure-8 shaped ring-ring collider

• zero spin tune (net spin precession)
• energy-independent spin tune

• polarization easily preserved and 
manipulated:

• by small solenoids
• by other compact spin rotators

High luminosity

• high-rate collision of short bunches
• with small emittance
• with low charge

• ion beam: high-energy electron 
cooling (R&D)

• electron beam: synchrotron radiation 
damping

16

Technology choice determines initial and upgraded energy reach.



Requirement for high luminosity

QCD Evolution 2018, Santa Fe, NM, May 24 17

Beam species Luminosity/
duration

CMS energies Physics topics

ep

polarized

100 /fb 20/40/65 TMD, GPD, High-x PDF, gluon, pi/K 
structure, EW, BSM

ed

polarized

100 /fb 20/40/65 N-PDF, N-TMD, N-GPD, proton structure 
and nuclear binding

ePb 100 /fb 20/40/65 nPDF, nTMD, jets in QCD, saturation

eSn 100 /fb

eC 100 /fb
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Section
Detector Design – General design 
considerations



Mapping position and motion of quarks and gluons

QCD Evolution 2018, Santa Fe, NM, May 24 19

3D imaging in space and momentum 

longitudinal structure (PDF)
+ transverse  position Information (GPDs)
+ transverse momentum information (TMDs)

order of a few hundred MeV measurement

Study nuclear matter beyond  longitudinal description makes the requirements 
for IR and detector design different from all previous colliders including HERA.



Particle Identification

QCD Evolution 2018, Santa Fe, NM, May 24 20

Ion beamline

Scattered electron

Particles associated with struck parton
Photons

Electron beamlineEelectron

E
ion

Products of the hard 
electron-quark collision

Transverse and flavor structure measurement of the nucleon and nuclei: 
The particles associated with struck parton must have its species identified 
and measured.  Particle ID much more important than at HERA colliders.



Final-state particles
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Ion
 be

am
lin

e

Eion

Electron beamline

electron

Scattered electron

Particles Associated with Initial Ion

Partic
les a

sso
cia

ted with
 str

uck parto
n

Eelectron

The aim is to get ~100% acceptance
for all final state particles, and measure
them with good resolution.

Experimental challenges: 
• beam elements limit forward 

acceptance
• central Solenoid not effective for 

forward

Central
Detector

Beam Elements

Beam Elements



Interaction region concept

Ion beamline

Electron beamline

50 mrad

Solenoid

Dipole (1 of 3)

Dipole (1 of 4)

NOT TO SCALE!

Beam crossing angle creates
room for forward dipoles

Dipoles analyze the forward particles
and create space for detectors in the forward direction

QCD Evolution 2018, Santa Fe, NM, May 24 22



Interaction region concept
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Possible to get ~100% 
acceptance for the 
whole event

Total acceptance detector (and IR)



Detector and interaction region

QCD Evolution 2018, Santa Fe, NM, May 24 24

Forward hadron spectrometer
low-Q2 electron detection
and Compton polarimeter

p
e

ZDC

Extended detector: 80m
30m for multi-purpose chicane, 10m for central detector, 40m for the forward hadron spectrometer

fully integrated with accelerator lattice

Central Detector detector view

accelerator view



Central Detector
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p/A

e

IP

e-FFQs

p- FFQs

e-FQs

p-FQs

e

e
’

p/A

So
len

oid

Dip
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Central Detector: Tracking
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vertex

tracker

GEM
GEM

GEMGEM

GEM/
TRD

Solenoid

Dipole e
p/A

IP



Central Detector: Calorimetry
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EMCAL

HCAL + muon

EMCAL

EM
CA

L

HCAL + 
muon

HCAL + muon

EMCAL

EMCAL

Solenoid

Dipole e
p/A

HCAL + muon

EMCAL



Central Detector: PID
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TOF
DIRC

TOF

TOF

Dual 
RICH

Modular 
RICH

HBD

TRDSolenoid

Dipole e
p/A

TOF
DIRC



Far-forward ion detection
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Requirements
• good acceptance for recoil nucleons 

(rigidity close to beam)
• good acceptance for fragments 

(rigidity different than beam)

Workshop on Deep Inelastic Scattering, Kobe, Japan, April 16-20, 2018

Forward Ion Side of JLEIC IR
• 𝛽𝑥,𝑦∗ = 10 / 2 cm, 𝐷∗ = 0 m, 𝐷′∗ = 0
• Three spectrometer dipoles (SD)
• Large-aperture final focusing quadrupoles (FFQ)
• Secondary focus with large 𝐷 and small 𝐷′

12

limit Ex and Ey

D’ ~ 0

~14.4 m 4 m

Ex , Ey < ~0.6 m
middle of straight

D = 0, D’ = 0

IP
SD1 SD2 SD3

geom. match/
disp. suppression

FFQ

forward detection

Instrumentation
• GEM detectors decay products of, e.g.,  
Λ", Σ (%,K)

• Roman-pots for (p)-tagging
• Zero degree calorimeter for (n)-tagging

Forward detection of p, n, A
• diffractive and exclusive processes
• nuclear breakup and spectator tagging
• coherent nuclear scattering

Tagging essential 
for exclusivity!

Neutron structure 
essential to 
understand non-
perturbative  nucleon 
structure.



Acceptance for p’ in DDIS
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Acceptance in diffractive peak (XL>~.98)
ZEUS: ~2%
JLEIC: ~100%

JLEIC ZEUS



Section
Status of the EIC project
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2015 Nuclear science long-range plan
1. The highest priority in this 2015 Plan is to capitalize 

on the investments made.
• 12 GeV – unfold quark & gluon structure of hadrons 

and nuclei
• FRIB – understanding of nuclei and their role in the 

cosmos
• Fundamental Symmetries Initiative – physics 

beyond the SM
• RHIC – properties and phases of quark and gluon 

matter
2. We recommend the timely development and deployment 

of a U.S.-led ton-scale neutrinoless double beta 
decay experiment.

3. We recommend a high-energy high-luminosity 
polarized Electron Ion Collider as the highest priority 
for new facility construction following the 
completion of FRIB.

4. We recommend increasing investment in small and mid-
scale projects and initiatives that enable forefront 
research at universities and laboratories.

32QCD Evolution 2018, Santa Fe, NM, May 24 32
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NAS: EIC Science Assessment 

QCD Evolution 2018, Santa Fe, NM, May 24

1 What is the merit and significance of the science
that could be addressed by an EIC facility and what is 
its importance in the overall context of research in 
nuclear physics and the physical sciences in general? 

4 What are the benefits to other fields of science and 
to society of establishing such a facility in the US? 

2 What are the capabilities of other facilities, existing 
and planned, domestic and abroad, to address the 
science opportunities afforded by an EIC? What unique 
scientific role could be played by a domestic EIC that is 
complementary to existing and planned facilities at 
home and abroad? 

3 What are the benefits of US leadership in nuclear 
physics if a domestic EIC were constructed?

NAS chargeNAS committee

THE NATIONAL ACADEMIES OF SCIENCES, ENGINEERING, AND MEDICINE
next formal step on EIC science case (before CD0)

33

Meetings in Feb., Apr., Sept. 2017
Report expected in summer of 2018



EIC Realization Imagined

Summer of 2018 NAS report on EIC science case

Late 2018 CD-0 (US Mission Need statement) 

2019 critical EIC accelerator R&D questions could be answered

2019 - 2020 site selection

2020 EIC construction has to start after FRIB completion

2021 - 2023 construction starts

2025 – 2030 EIC completion

QCD Evolution 2018, Santa Fe, NM, May 24 34



EIC2@JLab
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• advance and promote the science program at a future 
electron-ion collider facility: fellowships, seminars, 
summer school, workshops

• emphasis is on the close connection of EIC science to 
the current JLab 12 GeV science program

https://www.eiccenter.org



BNL and JLAB working together

Accelerator R&D going on with strong cooperation
between BNL and JLAB under DOE NP guidance

Adapted from   
F. Willeke (BNL)

JLab expertise:
• Polarized electron sources
• Superconducting RF development
• Superconducting RF production and 

industrialization
• Superconducting LINAC technology
• Energy-recovery LINACs
• Superconducting LINAC beam physics
• Acceleration and transport of polarized 

electron beams

BNL expertise:
• Ion/proton beam sources
• Ion acceleration
• Ion spin preservation
• Hadron beam dynamics
• RF for hadron beams
• Hadron beam instrumentation
• Superconducting magnets
• Storage beam ring physics
• Electron cooling

Complementary expertise

36QCD Evolution 2018, Santa Fe, NM, May 24



EIC User Group
EIC User Group (http://www.eicug.org)
Currently 788 members from 169 institutions from 29 countries.

Physicists around the world are thinking about and are defining the EIC science program. 
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EICUG Working Groups
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EICUG IR / Luminosity Working Group
• interface between accelerator / IR design and the 

physics requirements
• proper implementation of the physics program is properly, in 

particular for forward / backward detection
• Conveners

• Accelerator / IR: C. Montag (BNL), V. Morozov (JLab)
• Physics: C. Hyde (ODU), A, Kiselev (BNL)

EICUG Working Group on Polarimetry
• plan / develop the optimal methods and techniques for 

measuring the electron and ion beam polarization with high 
precision

• Conveners E.-C. Aschenauer (BNL), D. Gaskell (JLab)

EICUG Software Working Group (announced soon)
• simulations of physics processes and detector response to 

enable quantitative assessment of measurement capabilities 
and their physics impact

• Conveners announced soon



The future research model in NP

Quotes from a workshop on “Future Trends in 
Nuclear Physics Computing”:

• Don Geesaman (ANL) “It will be joint progress 
of theory and experiment that moves us 
forward, not in one side alone”

• Martin Savage (INT) “The next decade will be 
looked back upon as a truly astonishing period 
in NP and in our understanding of fundamental 
aspects of nature. This will be made possible by 
advances in scientific computing and in how 
the NP community organizes and collaborates, 
and how DOE and NSF supports this, to take full 
advantage of these advances.”
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Summary

4040

• Outstanding questions raised both by the science at HERMES/COMPASS/JLab
and RHIC/LHC, have naturally led to the science and design parameters of the 
EIC. 

• EIC will enable us to embark on a precision study of the nucleon and the 
nucleus at the scale of sea quarks and gluons, over all of the kinematic range 
that are relevant. 

• What we learn at JLab12 and later EIC, together with advances enabled by FRIB 
and LQCD studies, will open the door to a transformation of Nuclear Science.

• There exists world wide interest in collaborating on the EIC. 
• Accelerator scientists at BNL and Jlab, in collaboration with many outside 

interested accelerator groups, can provide the intellectual and technical 
leadership to realize the EIC, a frontier accelerator facility.

The future of QCD-based nuclear science demands an EIC. 

EIC program Revolutionize the QCD understanding of nucleon and 
nuclear structure and associated dynamics. Explore new states of QCD. 
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Thank you very much for 
attending my presentation!


