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Gluons, the carriers of the strong force, bind the quarks 
together inside nucleons and nuclei and generate nearly 
all of the visible mass in the universe. Despite their 
importance, fundamental questions remain about the role 
of gluons in nucleons and nuclei. These questions can 
only be answered with a powerful new electron ion 
collider (EIC), providing unprecedented precision and 
versatility. The realization of this instrument is enabled by 
recent advances in accelerator technology. 

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
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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)
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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)
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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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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 à e’+X
detect only the scattered lepton in the detector

Semi-inclusive events:
e+p/A à e’+h(p,K,p,jet)+X
detect the scattered lepton in coincidence with identified hadrons/jets in 
the detector
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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

Details in Morozov’s talk



x

Q
2  (G

eV
2 )

EIC √s=
 140 GeV, 0

.01
≤

 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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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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HERMES

SLAC

NMC

BCDMS

COMPASS
HIAF-EIC

EIC

ep Facilities & Experiments:

Past Colliders

Collider Concepts

Past Fixed Target

Ongoing Fixed Target

EIC Project

EIC



The Science Of EIC
See also: 

Yoshitaka Hatta, Alexei Prokudin, Daria Sokhan, Toumas Lappi

Barbara Badelek, Ernst Sichtermann
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DS/2 = Quark contribution to Proton Spin
LQ   = Quark Orbital Ang. Mom
Dg = Gluon contribution to Proton Spin
LG   = Gluon Orbital Ang. Mom 

Understanding of Nucleon Spin

1
2

=

1
2
�⌃ + LQ

�
+ [�g + LG]

Precision in DS and Dg è A clear idea
Of the magnitude of LQ+LG
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Figure 2.8: Left: Uncertainty bands on helicity parton distributions, in the first DSSV anal-
ysis [60, 61] (light bands) and with EIC data (darker bands), using projected inclusive and
semi-inclusive EIC data sets (see text). Note that for this analysis only data with x � 10�3

were used, for which Q
2
� 2.5 GeV2. Right: �2 profiles for the truncated x integral of �g over

the region 10�4
 x  10�2 with and without including the generated EIC pseudo-data in the

fit. Results are shown for three di↵erent EIC center-of-mass energies.

The right part of the figure shows
the �

2 profile of the truncated first mo-
ment of the gluon helicity distribution,R 0.01
0.0001 dx�g(x,Q2), at Q2 = 10 GeV2, again
compared to the “DSSV+” estimate. Also
here, the impact of EIC data is evident. One
also observes the importance of high ener-
gies. For instance, running at the highest
energy clearly constrains the small-x region
much better. Overall, the EIC data greatly
improves the �

2 profile, even more so when
all data in Fig. 2.6 are included.

The light shaded area in Fig. 2.9 displays
the present accuracies of the integrals of �⌃
and �g over 0.001  x  1, along with their
correlations. The inner areas represent the
improvement to be obtained from the EIC,
based on the global analysis studies with
pseudo-data described above. We stress that
similar relative improvements would occur
for any other benchmark set of polarized par-
ton distribution functions, such as the latest
DSSV [62] set. The results shown in the fig-
ure clearly highlight the power of an EIC in
mapping out nucleon helicity structure. The

anticipated kinematic range and precision of
EIC data will give unprecedented insight into
the spin contributions Sq and Sg. Their mea-
surements, by subtracting from the total pro-
ton spin 1/2, will provide stringent and inde-
pendent constraints on the total contribution
of quark and gluon orbital momenta, Lq+Lg.

Besides polarized proton beams, the
EIC design envisions beams of polarized
deuterons or helium-3. The neutron’s
g1(x,Q2) can thus be determined, potentially
with a precision that is comparable to the
data on g1(x,Q2) of the proton. The di↵er-
ence of the moments of proton and neutron
g1(x,Q2) allows a test of the fundamental
sum rule by Bjorken [75]. The data from
polarized fixed target experiments have veri-
fied the sum rule to a precision of about 10%
of its value. The extended kinematic range
and improved precision of EIC data allow for
more stringent tests of this sum rule, as well
as its corrections, to an accuracy that is cur-
rently anticipated to be driven mostly by ad-
vances in hadron beam polarimetry (cf. Sec-
tion 6.2.5).

29

E. Sichtermann
B. Badelek
R. Fatemi



1D         
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3D         

Courtesy: Alssandro Bacchetta
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3-Dimensional Imaging Quarks and Gluons

W(x,bT,kT)
∫	d2kT

f(x,bT)f(x,kT)

∫d2bT

bT

kT
xp

Spin-dependent 3D momentum space 
images from semi-inclusive scattering
à TMDs

Spin-dependent 2D coordinate space 
(transverse) + 1D (longitudinal momentum) 
images from exclusive scattering (Deeply 
Virtual Compton Scattering and Deeply 
Virtual Vector Meson production)
à GPDs

Momentum
space

Coordinate
space

Position and momentum à Orbital motion of quarks and gluons

Wigner functions W(x,bT,kT)
offer unprecedented insight into confinement and chiral symmetry breaking.
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See:
Alexi Prokudin
Daria Sokhan



Measurement of Transverse Momentum Distribution
Semi-Inclusive Deep Inelastic Scattering
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Spatial Imaging of quarks & gluons
Generalized Parton Distributions

Deeply Virtual Compton Scattering
Measure all three final states
e + p à e’+ p’+ g 

Fourier transform of momentum 
transferred=(p-p’) à Spatial distribution

Exclusive Processes and Generalized Parton Distributions

Generalized parton distributions (GPDs) can be extracted from suitable exclusive scat-
tering processes in e+p collisions. Examples are deeply virtual Compton scattering (DVCS:
�
⇤+p ! �+p) and the production of a vector meson (�⇤+p ! V +p). The virtual photon

is provided by the electron beam, as usual in deep inelastic scattering processes (see the
Sidebar on page 18). GDPs depend on three kinematical variables and a resolution scale:

• x + ⇠ and x � ⇠ are longitudinal par-
ton momentum fractions with respect
to the average proton momentum (p+
p
0)/2 before and after the scattering, as

shown in Figure 2.18.

Whereas x is integrated over in the
scattering amplitude, ⇠ is fixed by the
process kinematics. For DVCS one has
⇠ = xB/(2� xB) in terms of the usual
Bjorken variable xB = Q

2
/(2p · q). For

the production of a meson with mass
MV one finds instead ⇠ = xV /(2� xV )
with xV = (Q2 +M

2
V )/(2p · q).

• The crucial kinematic variable for par-
ton imaging is the transverse momen-
tum transfer �T = p0

T � pT to the
proton. It is related to the invariant
square t = (p0 � p)2 of the momentum
transfer by t = �(�2

T + 4⇠2M2)/(1 �

⇠
2), where M is the proton mass.

• The resolution scale is given by Q
2

in DVCS and light meson production,
whereas for the production of a heavy
meson such as the J/ it is M2

J/ +Q
2.

Even for unpolarized partons, one has a nontrivial spin structure, parameterized by two
functions for each parton type. H(x, ⇠, t) is relevant for the case where the helicity of the
proton is the same before and after the scattering, whereas E(x, ⇠, t) describes a proton
helicity flip. For equal proton four-momenta, p = p

0, the distributions H(x, 0, 0) reduce to
the familiar quark, anti-quark and gluon densities measured in inclusive processes, whereas
the forward limit E(x, 0, 0) is unknown.

Weighting with the fractional quark charges eq and integrating over x, one obtains a
relation with the electromagnetic Dirac and Pauli form factors of the proton:

X

q

eq

Z
dxH

q(x, ⇠, t) = F
p
1 (t) ,

X

q

eq

Z
dxE

q(x, ⇠, t) = F
p
2 (t) (2.14)

and an analogous relation to the neutron form factors. At small t the Pauli form factors
of the proton and the neutron are both large, so that the distributions E for up and down
quarks cannot be small everywhere.

x + ⇠ x� ⇠

p p0

x + ⇠ x� ⇠

p p0

�⇤ �⇤� V

Figure 2.18: Graphs for deeply virtual Compton scattering (left) and for exclusive vector
meson production (right) in terms of generalized parton distributions, which are represented by
the lower blobs. The upper filled oval in the right figure represents the meson wave function.

42

Quarks
Motion  

Gluons:
Only @ 
Collider 

Historically, investigations of nucleon structure and 
dynamics involved breaking the nucleon…. (exploration 
of internal structure!)

To get to the orbital motion of quarks and gluons we 
need non-violent collisions

Exclusive 
measurements 
è measure 
“everything”
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2+1 D partonic image of the proton with the EIC
Spin-dependent 3D momentum space images from 
semi-inclusive scattering

Spin-dependent 2D coordinate space (transverse) +
1D (longitudinal momentum) images from exclusive 
scattering

Transverse Position Distributions

sea-quarks
unpolarized                polarized

Transverse Momentum Distributions
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2+1 D partonic image of the proton with the EIC
Spin-dependent 3D momentum space images from 
semi-inclusive scattering

Spin-dependent 2D coordinate space (transverse) +
1D (longitudinal momentum) images from exclusive 
scattering
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Study the evolution of momentum and position distributions over wide range in  x



Study of internal structure of 
a watermelon:

A-A (RHIC)

1) Violent 
collision of 
melons

Violent DIS e-A (EIC)

2) Cutting the watermelon with a knife

Non-Violent e-A (EIC)

3) MRI of a watermelon
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Nuclear PDFs (ratios)
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Ratio of F2 Structure functions 
of heavy vs. light nuclei
-- See Axel Schmidt’s talk 
Lectures Day 1

No low-x date available. Those 
that exist are at very low-Q2, 
where pQCD methods may not 
be reliable



⌫ =
Q2

2mx

Need the collider energy of EIC and its control on parton kinematics

Control of ν by selecting kinematics;
Also under control the nuclear size.

(colored) Quark passing through cold QCD matter
emerges as color-neutral hadron è Clues to color-

confinement?

Unprecedented ν, the virtual photon energy 
range @ EIC : precision &  control

Emergence of Hadrons from Partons
Nucleus as a Femtometer sized filter  

Identify p vs. D0 (charm) mesons in e-A collisions: 
Understand energy loss of light vs. heavy quarks 

traversing the cold nuclear matter: 
Connect to energy loss in Hot QCD

Energy loss by light vs. heavy 
quarks:

Pions (model-I)

Pions (model-II)
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How does a Proton look at  low and very high energy?

At high energy:
• Wee partons fluctuations are time dilated in strong interaction time scales
• Long lived gluons radiate further smaller x gluons è which intern radiate more……. 

Leading to a runaway growth?

Low energy: High x
Regime of fixed target exp.
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High energy: Low- x
Regime of a Collider

Cartoon of boosted proton



What do we learn from low-x studies?

What tames the low-x rise?
• New evolution eqn.s @ low x & moderate Q2

• Saturation Scale QS(x) where gluon emission and recombination 
comparable

First observation of gluon recombination effects in nuclei: 
èleading to a collective gluonic system!

First observation of g-g recombination in different nuclei 
à Is this a universal property? 

à Is the Color Glass Condensate the correct effective 
theory?

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)

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?

m
ax

. d
en

si
ty

Qs kT

~ 1/kT

k T
 φ

(x
, k

T2 )

• 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)

gluon 
emission

gluon 
recombination

= At QS

Key Topic in eA: Gluon Saturation (I)
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In QCD, the proton is made up 
of quanta that fluctuate in and 
out of existence 
• Boosted proton: 
‣ Fluctuations time dilated on 

strong interaction time 
scales  

‣ Long lived gluons can 
radiate further small x 
gluons! 

‣ Explosion of gluon density 
! violates unitarity
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pQCD  
evolution  
equation

New Approach: Non-Linear Evolution 
• New evolution equations at  low-x & low to moderate Q2 

• Saturation of gluon densities characterized by scale Qs(x) 
• Wave function is Color Glass Condensate
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See talk by T. Lappi



HERA collider at DESY
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30 GeV electrons x 900 GeV protons è 300 GeV in CoM
EIC è

18 GeV electrons x 250 GeV protons è 140 CoM
How would we reach the saturation region?



Advantage of the nucleus over proton
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Figure 6: Accessible values of the saturation scale Q2
s at an EIC in e+A collisions assuming two di↵erent maximal

center-of-mass energies. The reach in Q2
s for e+p collisions at HERA is shown for comparison.

pared to
p
smax = 40GeV. The di↵erence in Q2

s

may appear relatively mild but we will demon-
strate in the following that this di↵erence is su�-
cient to generate a dramatic change in DIS observ-
ables with increased center-of-mass energy. This
is analogous to the message from Fig. 5 where we
clearly observe the dramatic e↵ect of jet quench-
ing once

p
sNN is increased from 39 GeV to 62.4

GeV and beyond.

To compute observables in DIS events at high
energy, it is advantageous to study the scattering
process in the rest frame of the target proton or
nucleus. In this frame, the scattering process has
two stages. The virtual photon first splits into
a quark-antiquark pair (the color dipole), which
subsequently interacts with the target. This is il-
lustrated in Fig. 7. Another simplification in the
high energy limit is that the dipole does not change
its size r? (transverse distance between the quark
and antiquark) over the course of the interaction
with the target.

Multiple interactions of the dipole with the tar-
get become important when the dipole size is of the
order |~r?| ⇠ 1/Qs. In this regime, the imaginary
part of the dipole forward scattering amplitude
N(~r?,~b?, x), where ~b? is the impact parameter,
takes on a characteristic exponentiated form [16]:

N = 1� exp

 
�
r2?Q

2
s(x,~b?)

4
ln

1

r?⇤

!
, (1)

where ⇤ is a soft QCD scale.

At high energies, this dipole scattering ampli-
tude enters all relevant observables such as the to-
tal and di↵ractive cross-sections. It is thus highly
relevant how much it can vary given a certain col-
lision energy. If a higher collision energy can pro-
vide access to a significantly wider range of values
for the dipole amplitude, in particular at small x,
it would allow for a more robust test of the satu-
ration picture.

Figure 7: The forward scattering amplitude for DIS
on a nuclear target. The virtual photon splits into a
qq̄ pair of fixed size r?, which then interacts with the
target at impact parameter b?.

To study the e↵ect of a varying reach in
Q2, one may, to good approximation, replace r?
in (1) by the typical transverse resolution scale
2/Q to obtain the simpler expression N ⇠ 1 �
exp

�
�Q2

s/Q
2
 
. The appearance of both Q2

s and
Q2 in the exponential is crucial. Its e↵ect is
demonstrated in Fig. 8, where the dipole ampli-
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pQCD  
evolution  
equation

New Approach: Non-Linear Evolution 
• New evolution equations at  low-x & low to moderate Q2 

• Saturation of gluon densities characterized by scale Qs(x) 
• Wave function is Color Glass Condensate

Accessible range of saturation scale 
Qs

2 at the EIC with e+A collisions.
arXiv:1708.01527

Reaching the Saturation Region

8

HERA (ep):
Despite high energy range:
• F2, Gp(x, Q2) outside the 

saturation regime 
• Need also Q2 lever arm! 
• Only way in ep is to 

increase &s
• Would require an ep 

collider at &s ~ 1-2 TeV 

Different approach (eA):

! 

(Qs
A )2 " cQ0

2 A
x

# 

$ 
% 

& 

' 
( 

1/3

 

L ~ (2mN x)-1 > 2 RA ~ A1/3

Probe interacts coherently 
with all nucleons

(QA
s )2 ⇡ cQ2

0


A

x

�1/3

Boost

300 GeV



Diffraction : Optics and high energy physics
Light with wavelength l obstructed by an opaque disk of radius R suffers diffraction:
k à wave number

d
σ

/d
t 

|t|

Coherent/Elastic

Incoherent/Breakup

t1 t2 t3 t4

Light
Intensity

θ2 θ3 θ4θ10 Angle

Figure 3.13: Left panel: The di�ractive pattern of light on a circular obstacle in wave optics.
Right panel: The di�ractive cross-section in high energy scattering. The elastic cross-section in
the right panel is analogous to the di�ractive pattern in the left panel if we identify |t| ⇥ k2 �2.

�i � 1/(k R) for small-angle di�raction.
Elastic scattering in QCD has a similar

structure. Imagine a hadron (a projectile)
scattering on a target nucleus. If the scat-
tering is elastic, both the hadron and the nu-
cleus will be intact after the collision. The
elastic process is described by the di�eren-
tial scattering cross-section d⇥el/dt with the
Mandelstam variable t describing the mo-
mentum transfer between the target and the
projectile. A typical d⇥el/dt is sketched by
the solid line in the right panel of Fig. 3.13
as a function of t. Identifying the projectile
hadron with the incident plane wave in the
wave optics example, the target nucleus with
the obstacle, and writing |t| ⇥ k2 �2 valid for
small angles, we can see that the two pan-
els of Fig. 3.13 exhibit analogous di�ractive
patterns and, therefore, describe very simi-
lar physics! The minima (and maxima) of
the cross-section d⇥el/dt in the right panel
of Fig. 3.13 are also related to the inverse
size of the target squared, |ti| � 1/R2. This
is exactly the same principle as employed for
spatial imaging of the nucleons as described
in Sec. 2.3.

The essential di�erence between QCD
and wave optics is summarized by two facts:

(i) The proton/nuclear target is not always
an opaque “black disk” obstacle of geomet-
ric optics. A smaller projectile, which in-
teracts more weakly due to color-screening
and asymptotic freedom, is likely to pro-
duce a di�erent di�ractive pattern from the
larger, more strongly interacting, projectile.
(ii) The scattering in QCD does not have to
be completely elastic: the projectile or tar-
get may break up. The event is still called
di�ractive if there is a rapidity gap, as de-
scribed in the Sidebar on page 61. The cross-
section for the target breakup (leaving the
projectile intact) is plotted by the dotted line
in the right panel of Fig. 3.13, and does not
exhibit the di�ractive minima and maxima.

The property (i) is very important for
di�raction in DIS in relation to satura-
tion/CGC physics. As we have seen above,
owing to the uncertainty principle, at higher
Q2, the virtual photon probes shorter trans-
verse distances, and is less sensitive to sat-
uration e�ects. Conversely, the virtual pho-
ton in DIS with the lower Q2 is likely to be
more sensitive to saturation physics. Due to
the presence of a rapidity gap, the di�rac-
tive cross-section can be thought of as aris-
ing from an exchange of several partons with

73
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∫Ldt = 10 fb-1/A
1 < Q2 < 10 GeV2

x < 0.01
|η(edecay)| < 4
p(edecay) > 1 GeV/c
δt/t = 5%
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|η(Kdecay)| < 4
p(Kdecay) > 1 GeV/c
δt/t = 5%
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Figure 3.23: d�/dt distributions for exclusive J/ (left) and � (right) production in coherent and
incoherent events in di↵ractive e+Au collisions. Predictions from saturation and non-saturation
models are shown.

[209], an e+A event generator specialized
for di↵ractive exclusive vector meson produc-
tion based on the bSat [208] dipole model.
We limit the calculation to 1 < Q

2
< 10

GeV2 and x < 0.01 to stay within the va-
lidity range of saturation and non-saturation
models. The produced events were passed
through an experimental filter and scaled to
reflect an integrated luminosity of 10 fb�1/A.
The basic experimental cuts are listed in the
legends of the panels in Fig. 3.22. As ex-
pected, the di↵erence between the satura-
tion and non-saturation curves is small for
the smaller-sized J/ (< 20%), which is less
sensitive to saturation e↵ects, but is substan-
tial for the larger �, which is more sensitive
to the saturation region. In both cases, the
di↵erence is larger than the statistical errors.
In fact, the small errors for di↵ractive � pro-
duction indicate that this measurement can
already provide substantial insight into the
saturation mechanism after a few weeks of
EIC running. Although this measurement
could be already feasible at an EIC with
low collision energies, the saturation e↵ects
would be less pronounced due to the larger
values of x. For large Q

2, the two ratios
asymptotically approach unity.

As explained earlier in Sec. 3.2.1, coher-

ent di↵ractive events allow one to learn about
the shape and the degree of “blackness” of
the black disk: this enables one to study the
spatial distribution of gluons in the nucleus.
Exclusive vector meson production in di↵rac-
tive e+A collisions is the cleanest such pro-
cess, due to the low number of particles in the
final state. This would not only provide us
with further insight into saturation physics
but also constitute a highly important con-
tribution to heavy-ion physics by providing a
quantitative understanding of the initial con-
ditions of a heavy ion collision as described
in Sec. 3.4.2. It might even shed some light
on the role of glue and thus QCD in the nu-
clear structure of light nuclei (see Sec. 3.3).
As described above, in di↵ractive DIS, the
virtual photon interacts with the nucleus via
a color-neutral exchange, which is dominated
by two gluons at the lowest order. It is pre-
cisely this two gluon exchange which yields a
di↵ractive measurement of the gluon density
in a nucleus.

Experimentally the key to the spatial
gluon distribution is the measurement of the
d�/dt distribution. As follows from the op-
tical analogy presented in Sec. 3.2.1, the
Fourier-transform of (the square root of) this
distribution is the source distribution of the

87
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Summary: EIC Physics: 
CM vs. Luminosity vs. Integrated luminosity

24



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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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



NAS Study endorses machine parameters suggested by the  2012 White Paper and 
2015 NSAC Long Range Plan
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The EIC Users Group: EICUG.ORG

Formally established in 2016
~950 Ph.D. Members from 30 countries, 189 institutions

Map of institution’s locations

EICUG Structures in place and active.
EIC UG Steering Committee, Institutional Board, Speaker’s 
Committee

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

Year long workshops: Yellow Reports for detector 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


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

See 
Alexander 
Kiselev’s 
talk



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

New Studies with proton or neutron target:
• 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?

• Gluon TMDs at low-x! 

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

Physics with nucleons and nuclear targets:
• Quark Exotica: 4,5,6 quark systems…?

• Study of jets: Internal structure of jets 
• Studies with 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
• Polarized light nuclei in the EIC
• Entanglement entropy in nuclear medium and its connections to fragmentation, hadronization and 

confinement

Precision electroweak and BSM physics: (workshop at FNAL, November 13-15, 2019
• Electroweak physics and searches beyond the Standard Model
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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



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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