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The Electron-Ion Collider 
Project Design Goals

• High Luminosity: L= 1033–1034cm-2sec-1, 
10–100 fb-1/year

• Highly Polarized Beams: ~70%
• Large Center of Mass Energy Range: 

Ecm = 20–140 GeV
• Large Ion Species Range: protons –

Uranium
• Large Detector Acceptance and Good 

Background Conditions
• Accommodate a Second Interaction 

Region (IR)

Conceptual design scope and expected 
performance meet or exceed NSAC Long 
Range Plan (2015) and the EIC White 
Paper requirements endorsed by NAS 
(2018)
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Double Ring Design Based on Existing RHIC Facility 

Major milestones: CD-0 December 2019; DOE EIC site (BNL) 
selection on Jan 9, 2020; CD-1 June 2021; EIC project detector 
reference design selected in March 2022



BNL/TJNAF Special Partnership

BNL/JLab partnership established in early 2020
Serve together as hosts for the EIC experimental program
Integrated project scope responsibilities have been defined
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EIC Physics at-a-Glance

How are the sea quarks and gluons, and their spins, distributed in 
space and momentum inside the nucleon? 
How do the nucleon properties (mass & spin) emerge from 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)

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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DS/2 = Quark contribution to Proton Spin
Dg =   Gluon contribution to Proton Spin
LQ   =   Quark Orbital Ang. Mom
LG   =   Gluon Orbital Ang. Mom 

Nucleon Spin: Precision with EIC
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Precision in DS and Dg è A clear idea
about the magnitude of LQ+LG = L
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Spin structure function g1 needs to 
be measured over a large range 
in x-Q2
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Figure 2.9: Accuracies for the correlated truncated integrals of�⌃ and�g over 0.001  x  1,
on the basis of the “DSSV+” analysis (outer area) and projected for an EIC (inner areas) [73].

An additional, and unique, avenue for de-
lineating the flavor structure of the quark
and anti-quark spin contribution to the pro-
ton spin at the EIC is electroweak deep-
inelastic scattering. At high Q

2, the deep-
inelastic process also proceeds significantly
via exchange of Z and W

± bosons. This

gives rise to novel structure functions that
are sensitive to di↵erent combinations of the
proton’s helicity distributions. For instance,
in the case of charged-current interactions
through W

�, the inclusive structure func-
tions contribute,

g
W�
1 (x,Q2) =

⇥
�u+�d̄+�c+�s̄

⇤
(x,Q2) ,

g
W�
5 (x,Q2) =

⇥
��u+�d̄��c+�s̄

⇤
(x,Q2) , (2.12)

where �c denotes the proton’s polarized
charm quark distribution. The analysis
of these structure functions does not rely
on knowledge of fragmentation. Studies
show that both neutral-current and charged-
current interactions would be observable at
the EIC, even with relatively modest inte-
grated luminosities. To fully exploit the po-
tential of the EIC for such measurements,
positron beams are required, albeit not nec-
essarily polarized. Besides the new in-
sights into nucleon structure this would pro-

vide, studies of spin-dependent electroweak
scattering at short distances with an EIC
would be beautiful physics in itself, much
in the line of past and ongoing electroweak
measurements at HERA, Je↵erson Labora-
tory, RHIC, and the LHC. As an illustra-
tion of the EIC’s potential in this area,
Fig. 2.10 shows production-level estimates
for charged-current interactions through W

�

and W
+ exchange at collision energy

p
s =

141 GeV. Cuts of Q2
> 1 GeV2 and 0.1 <

y < 0.9 have been applied. The figure shows

30

A. Accardi et al., EPJA 52, 268 (2016)
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3D partonic image of the nucleon with the EIC

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

Transverse Position Distributions

2D position distribution for sea-quarks
unpolarized                polarized
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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.
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Quarks
Motion  

Gluons:
Only @ 
Collider 

Spin-dependent 3D momentum space images from 
semi-inclusive scattering (SIDS)

Transverse Momentum Distributions

Possible measurements of K (s) and D (c)

A. Accardi et al., EPJA 52, 268 (2016) 7



7.2. MULTI-DIMENSIONAL IMAGING OF NUCLEONS, NUCLEI, AND MESONS 119
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Figure 7.54: Left upper panel: The transversity distribution xh1(x) as a function of x at Q2 =
2.4 GeV2 for up and down valence quarks. Uncertainty bands for 68% of all fitted replicas
of data (see text). Pink band for the Pavia18 global extraction of Ref. [537], light-blue and
blue bands when including EIC SIDIS di-hadron pseudo-data from ep and e3He collisions,
respectively, with electron/ion beam energy 10⇥ 100 GeV; vertical dashed lines indicate the
x range covered by existing data. Left lower panel: ratio of the size of uncertainties with
respect to the Pavia18 extraction, same color codes as before. Right panel: impact of EIC
SIDIS di-hadron pseudo-data on the corresponding up quark (du), down quark (dd), and
isovector (gT) tensor charges (same color codes as before) in comparison with some recent
lattice calculations: 1) Ref. [482], 2) Ref. [539], 3) Ref. [540], 4) Ref. [541], 5) Ref. [481], 6)
Ref. [542], 7) Ref. [543], 8) Ref. [544]. For more information on the EIC impact studies, see
Ref. [538]

spin-asymmetries and is therefore less well determined from data than f?1T. In addition
to complementarity, extracting h?1 from di-hadron correlations, where the PDF couples
to the TMD DiFF H̄^

1 , has the advantage that contributions from the Cahn or twist-3 ef-
fects are not present and thus higher-order corrections are significantly reduced. Another
less tangible advantage of using di-hadron asymmetries to extract modulations of the un-
polarized cross-section is that acceptance effects are averaged between the hadrons in the
pair, contributing to the complementarity of the measurement and ideally leading to lower
overall systematics. Di-hadron FFs can also be measured in jets, allowing, e.g., access to the
Boer-Mulders function with a collinear FF and a separation of the intrinsic transverse mo-
menta of initial and final states in the measurement of TMD DiFFs. There is some analogy
between DiFFs and in-jet fragmentation, since both introduce an additional momentum
vector, increasing the number of degrees of freedom. It will be interesting to explore op-

YR Fig 7.54
10 GeV x 100 GeV (10 fb-1 each e-p, e-3He beam configuration)
Q2 = 2.4 GeV2

M. Radici and A. Bacchetta, PRL 120,192001 (2018)

[1] C. Alexandrou et al., 
PRD102 (5) 2020 054517
[2] T. Haris et al., PRD 100 (3) 
2019 034513
[3] N. Hasan et al., PRD 99 (11) 
2019 114505
[4] N. Yamanaka et al., PRD 98 
(5) 2018 054516
[5] R. Gupta et al., PRD98 
(2018) 034503
[6] C. Alexandrou et al., PRD95 
(11) (2017) 114514
[7] G.S. Bali et al., PRD91 (5) 
2015 054501 
[8] J.R.Green et al., PRD86 
(2012) 114509

Transversity

• h1T (h1) = g1 (no relativity)
• h1T tensor charge (lattice
QCD calculations)
• neutron beta decay and EDM

EIC impact on transversity and tensor charge 



10 fb-1 each e-p, e-3He beam configuration (70 fb-1 total)
Gamberg, Kang, Pitonyak, Prokudin, Sato, Reidl,  PLB 816, 136255 (2021)



Spatial distribution of quarks 
and gluons: GPDs via DVCS & DVVMCHAPTER 7. EIC MEASUREMENTS AND STUDIES 119

Figure 7.47: Top: Projected EIC uncertainties for the gluon IPD obtained from a Fourier
transform of the differential cross section for J/y production for 15.8 GeV2 < Q2 + M2

V <

25.1 GeV2, assuming a collection of 10 fb�1 (from Ref. [2]). Bottom: Projected uncertainties
for the gluon IPD multiplied with b2

T , extracted by a Fourier transform of the differential
cross section for Y production for 89.5 GeV2 < Q2 + M2

V < 91 GeV2, assuming 100 fb�1

(from Ref. [416]).

Breit frame [22, 418], and has been discussed recently in other frames as well [174,
419]. Working in the Breit frame, the D(t) form factor can be related to the spatial
distribution of shear forces s(r) and pressure p(r).

The relation for the shear forces holds also for quarks and gluons separately, while
it is defined only for the total system in the case of pressure. In this way, D(t)
provides the key to mechanical properties of the nucleon and reflects the internal
dynamics of the system through the distribution of forces. Requiring mechanical
stability of the system, the corresponding force must be directed outwards so that
one expects the local criterion 2s(r) + p(r) > 0 to hold, which implies that the
total D-term for any stable system must be negative, D < 0, as confirmed for

120 7.2. MULTI-DIMENSIONAL IMAGING OF NUCLEONS, NUCLEI, AND MESONS

Figure 7.48: Fourier transform of the DVCS cross section as a function of the impact pa-
rameter bT . The cross sections are for different |t| acceptance and an integrated luminosity
of 10 fb�1. The bands represent the parametric errors in the fit and the uncertainty from
different extrapolations to the regions of unmeasured (very low and very high) |t|. Left:
0.03 GeV2 < |t| < 1.6 GeV2, middle: 0.2 GeV2 < |t| < 1.6 GeV2, right: 0.03 GeV2 < |t| <
0.65 GeV2.

the nucleon in models [420–422], calculations from dispersion relations [423] and
lattice QCD [424, 425].

Another consequence of the EMT conservation is the condition
R •

0 p(r)r2dr = 0,
which shows how the internal forces balance inside a composite particle. This rela-
tion implies that the pressure must have at least one node. All models studied up
to now show that the pressure is positive in the inner region and negative in the
outer region, with the positive sign meaning repulsion towards the outside and
the negative sign meaning attraction towards the center. Recently, an analysis of
JLab data taken at 6 GeV [426,427] has provided the first experimental information
on the quark contribution to D(t) [428]. The form factor parameters fitted to the
JLab data, with the assumption of a negligible gluon contribution, were used to
obtain the radial pressure distribution. Within the uncertainties of the analysis, the
distribution satisfies the stability condition, with a zero crossing near r = 0.6 fm.
This analysis has been repeated in Ref. [429] using more flexible parametrizations
by neural networks to improve the calculation of the uncertainties. The results
show that presently available beam-spin asymmetry and cross-section measure-
ments alone do not allow one to draw reliable conclusions. An independent study
relying on neural-network-based global fits to existing DVCS data [430] also con-
firms that a reliable extraction of pressure forces from current experimental data is
not achievable [431].

The method itself, however, appears valid and may provide a conclusive extrac-
tion of the quark contribution to D(t) in the future, when used in combination
with other observables, which are more sensitive to the real part of the CFFs and
to D(t) (such as the DVCS beam-charge asymmetry or the production of lepton
pairs), and with forthcoming data from present facilities (JLab, COMPASS) and the
EIC. Similarly, exploratory studies for the prospects of measuring the other EMT
form factors at the EIC are in progress. Measuring beam-charge asymmetries, the

0.03 < |t|  < 1.6 GeV2 0.2 < |t|  < 1.6 GeV2 0.03 < |t|  < 0.65 GeV2

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.
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Fourier transform of momentum transferred 
= |t| = 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.
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Proton Mass and Quantum Anomalous Energy 

Quark 
Energy

Trace 
Anomaly

Quark 
Mass

• Nucleon mass is the total QCD energy in the rest frame (QED 
contribution small)

• Measuring quantum anomalous energy contribution in experiments is 
an important goal in the future accessed through heavy quarkonium threshold (J/psi & 
Upsilon) production

D. Kharzeev, Proc. Int. Sch. Phys. Fermi 130, 105 (1996); 

R. Wang et al,  Eur. Phys. J.C 80 (2020) 6, 507

Gryniuk, Joosten, Meziani, and Vanderhaeghen, 

PRD 102, 014016 (2020)

X. Ji  PRL 74 1071 (1995), 
X. Ji & Y. Liu, arXiv: 2101.04483

C. Lorce’, EPJC 78 (2018) 2; C. Lorce’, H. Moutarde
and A. Trawińsk, EPJC79 (2019)

Metz, Pasquini and Rodini, PRD102, 114042(2021);
Lorce, Metz, Pasquini, Rodini, JHEP 11 (2021) 121
Rodini, Metz, Pasquini, JHEP 09 (2020) 067

Quark energy

Gluon energy

Quark mass

Quantum 
Anomalous energy

Sets the scale for the hadron mass!

Gluo
n 
ener
gy

Quantum 
anomalous
energy

Quark 
energy

C. Alexandrou et al., (ETMC), PRL 119, 142002 (2017)
Y.-B. Yang et al., (χQCD), PRL 121, 212001 (2018)

8

First three contributions in HQCD can be determined from 
PDFs and pi-N sigma term & from lattice QCD



Low x physics with nuclei
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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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Key Topic in eA: Gluon Saturation (I)

6

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

�!"##""$

�!"%"$

&'!()*

!+,-.+,/01

21")

21
"&
'

101345.,-.6+,/75".58/01

9

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

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)

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

9A. Accardi et al., EPJA 52, 268 (2016)



Formed in 2016, Current Status
1307 collaborators, 36 countries, 265 institutions 

(Experimentalists 810, Theory 325, Acc. Sci. 159)

Ø EICUG has continuously grown since its 
formation, notably after CD-0 and site-selection

Ø Growth will continue as EIC project moves into 
construction

Location of Institutions

The EIC Users Group: EICUG.ORG
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World-Wide Interest in EIC Physics



Yellow Report

Issued jointly by BNL and JLab
in March 2021 with input from DOE and 
the EIC User Group.
Proposals due December 1, 2021

“Yellow report” 
laying out physics 
case, detector 
requirements, and 
evolving detector 
concepts 
arXiv:2103.05419

Call for Proposals

13



EIC Detector Proposal Advisory Panel (DPAP)
A scientific-technical committee of renowned and independent experts  
was jointly appointed by BNL and JLab, and reviewed the proposals

Patricia McBride, co-chair FNAL

Rolf Heuer, co-chair CERN, Former CERN Director General

Sergio Bertolucci INFN Sezione di Bologna,  Former CERN 
Research Dir.

Daniela Bortoletto Oxford Univ.

Markus Diehl DESY

Ed Kinney U. Colorado    EIC DAC Chair

Fabienne Kunne Paris-Saclay

Andy Lankford UC Irvine

Naohito Saito KEK,  Former J-PARC Director

Brigitte Vachon McGill Univ.     EIC DAC Member

Tom Ludlam, Scientific 
Secretary

BNL

Three proposals received: ATHENA, CORE and ECCE
December 1, 2021
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What characterizes ATHENA: DETECTOR
� INCLUDES

¾CENTRAL DETECTOR (CD)
¾Far Forward (FF) & Far Backward (FB) subdetectors

� ATHENA DETECTOR matches ALL
REQUIREMENTs for EIC physics program by

December 13-15, 2021 EIC DPAP meeting 6

Detector 
as implemented in 
GEANT4 the FullSim

CD

FF

¾Light, large-bore 3-T solenoid
¾Fully exploiting the IP6 potentialities (longitudinal and transversal space)
¾Careful choice of technologies, several innovations since CDR/YR “reference”
¾acceptance and hermeticity in CD: 

9 careful integration of support structures and detector services to minimize gaps Included part in 
this talk, part in 
Thomas Ullrich’s  
talk (tomorrow)

� Robust and realistic Detector
¾careful balance between cutting-edge and mature technologies
¾Largely newly-built detectors that guarantee reliability over 10 y and more
¾Detector and support/services principle allowing for assembly/maintenance interventions 

Silvia Dalla Torre
INFN - Trieste

0n behalf of the ATHENA Collaboration

ATHENA Proposal
A Totally Hermetic

Electron Nucleus Apparatus
proposed for IP6 at 

the Electron-Ion Collider
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1CORE: a COmpact detectoR for the EIC

3

A short 3 T solenoid enables high-
resolution tracking and a higher 
luminosity
• Synergetic with an IR with a 2nd focus, 

which provides the best far-forward 
acceptance at the lowest b*

CORE design philosophy

A compact core of subsystems around a 
high-resolution all-silicon tracker inside a 
spacious flux return, makes the detector 
cost-effective and provides ample space 
for supports and services.

In particular, the compact core makes it 
affordable to use the best possible EM 
calorimetry in the barrel, enabling new 
physics (e.g., tomography of nuclei).

CORE is a fully hermetic detector with 4p
tracking, calorimetry, and PID.

Since EIC jets generally have low energies 
and multiplicities, and are best reconstructed 
from the individual particles, the KLM in the 
barrel and electron endcap of CORE 
emphasizes measurement of the position of 
neutral hadrons and identification of muons.

COmpact detectoR for the Eic
(CORE)
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What’s                ?

Scientists from   
96 institutions

Designing (& building!) 
a detector

To deliver on EIC 
science mission

12/13/2021 ECCE DPAP Panel Review 2
• Integrated design for physics performance:

• AI optimized tracking,
• Excellent calorimetry (PbWO4; SciGlass; … ),
• Comprehensive PID (TOF + Cerenkov + Calo),
• Reuse BaBar Magnet & sPHENIX HCal,
• Optimized far-forward / back detectors.

• Established physics reach with Geant4 
simulations 

• Low-risk design to ensure on-time on-budget 
project completion:
• Use advanced yet low-risk technologies,
• Minimize number of technologies,
• Magnet design contingency.

Physics Driven Design

12/13/2021 ECCE DPAP Panel Review 5

EIC Comprehensive 
Chromodynamics
Experiment  (ECCE)



Recommendations from DPAP
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• “The panel unanimously recommends ECCE as Detector 1.  The proto-
collaboration is urged to openly accept additional collaborators and 
quickly consolidate its design so that the Project Detector can advance 
to CD2/3a in a timely way.”

• “The panel supports the case for a second EIC detector, however, 
given the current funding and available resources, the committee finds 
that a decision on Detector 2 should be delayed until the resources and 
schedule for the Project detector (Detector 1) are more fully realized.”

Physics Performance; Detector Concept and Feasibility; Electronics, DAQ, Offline; 
Infrastructure, Magnet, and Machine Detector Interface; Management and 
Collaboration

Strength of Collaboration
“The three proto-collaborations are led by experienced, strong leadership teams. 
ATHENA and ECCE also have expert and experienced international collaborators, 
as demonstrated by the well-developed state of the proposed conceptual designs 
prepared in a relatively short period of time, and by the organization of the effort to 
produce these designs and of the proposals. This accomplishment is truly 
impressive.”



Development following DPAP recommendations
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“In order to ensure that the EIC has a maximally optimal Detector 1, the proto-
collaboration for a concept selected for Detector 1 must be open to: (1) integrating 
new collaborators in a manner that enables them to make contributions that impact 
the capabilities and success of the experiment in significant ways, including some 
new collaborating individuals and groups into positions of responsibility and 
leadership; and (2) integrating new experimental concepts and technologies that 
improve physics capabilities without introducing inappropriate risk.”

• Priority goal is to establish collaboration for project detector and consolidate the 
design – ongoing and being coordinated by the EIC project team 

• A joint leadership team has formed between ATHENA and ECCE with detector 
and physics working groups

• Detector 1 first General Meeting took place April 29th, 2022: 
https://indico.bnl.gov/event/15371/

• Pursuing a path forward towards the 2nd detector with the highest priority on the 
project detector

A Key Point from DPAP

https://indico.bnl.gov/event/15371/


Reference Schedule at CD-1
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Notional 
Schedule
2nd IR and

Schedule Generic Detector R&D

Jim Yeck, Oct 2021 at EICUG Quarterly Meeting
This schedule is being revised 
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Summary
Ø EIC is the next QCD frontier with compelling science
Ø A strong international EIC user community continues to grow
Ø Major progress has been made with the EIC project in the last year 

Ø CD-1 approval in June 2021 
Ø EIC project detector reference design was selected in March 2022
Ø Next major milestone for the EIC: CD2/3a 

Ø The EIC community presented a strong case for a second EIC detector, 
supported by the DPAP; pursuing a path forward towards the 2nd

detector with the highest priority on the project detector


