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The Electron-Ion Collider – The Next QCD Frontier
2018 NAS Report : An EIC can uniquely address three profound questions about 
nucleons—neutrons and protons—and how they are assembled to form the nuclei of 
atoms:
 

EIC White 
Paper 
2015

NSAC 
LRP 
2015

NAS 
Report 
2018

• 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?

NSAC 
LRP 
2007

EIC INT 
Report 
2011
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CD-0 December 2019; DOE EIC site (BNL) selection Jan 2020; CD-1 June 2021; EIC project detector 
selected in March 2022; ePIC collaboration formed in July 2022 & spokesperson (John Lajoie) and deputy 
spokesperson (Silvia Dalla Torre) elected Feb 2023; EIC Resource Review Board (RRB) meeting April 2023



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 

1362 collaborators, 36 countries, 267 institutions 

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

2015 NSAC LRP

NSAC Long Range Plan (2023) expected to endorse EIC.



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)
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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? =

20



Jaffe-Manohar, 90
Ji, 96

~40% -- RHIC Spin data
at Q2 = 10 GeV2With larger

uncertainty

The incomplete nucleon:  spin puzzle

C. Alexandrou et al., PRL
119, 142002 (2017).

(MS = 2 GeV)Lattice QCD

Net effect of partons’
transverse motion?

Orbital Angular 
Momentum of quarks 

and gluons
Little known

Gluon helicity
Start to know

Quark helicity
Best known

Y.-B. Yang et al., Phys. Rev. Lett. 118, 102001 (2017).



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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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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2+1 D 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) 13
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CHAPTER 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

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
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• 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
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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
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Tomography of the nucleon

Page 24 of 100 Eur. Phys. J. A (2016) 52: 268
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Figure 21 showed the kinematic reach of the EIC which
would enable a measurement of the transverse-momentum
profile of the quark Sivers function over a wide range in
x, e.g. from the valence to the sea quark region. Note that
fig. 21 showed the total up quark Sivers function, while
fig. 20 shows the valence and the sea quarks separately.

Here, we emphasize the importance of the high Q2

reach of the EIC for SIDIS measurements. Most of the
existing experiments focus on the Q2 range of a few GeV2.
The EIC will, for the first time, reach Q2 values up to
hundreds and more GeV2. This will provide an unique op-
portunity to investigate the scale evolution of the Sivers
asymmetries, which has attracted strong theoretical in-
terests in the last few years [87–92]. As a leading power
contribution in the spin asymmetries, the associated en-
ergy evolution unveils the underlying strong interaction
dynamics in the hard scattering processes. The embedded
universality and factorization property of the TMDs can
only be fully investigated at the EIC with the planned
kinematic coverage in Q2. In particular, the theory cal-
culations including evolution effects agree with the cur-

rent constraints on the quark Sivers function presented in
fig. 21, while they do differ at higher values of Q2 [87–92].
Moreover, a recent study has shown that at the kinemat-
ics of HERMES and COMPASS, the leading-order SIDIS
suffers significant power corrections, which however will
diminish at higher Q2 [92]. This makes the EIC the only
machine to be able to establish the leading partonic pic-
ture of the TMDs in SIDIS.

The kinematic reach of the EIC also allows the mea-
surement of physical observables over a wide transverse-
momentum range. This is particularly important to un-
derstand the underlying mechanism that results in single-
spin asymmetries. Recent theoretical developments have
revealed that both the transverse-momentum–dependent
Sivers mechanism and the quark-gluon-quark correlation
collinear mechanism describe the same physics in the kine-
matic regions where both approaches apply [93, 94]. The
only way to distinguish between the two and understand
the underlying physics is to measure them over wide pT

ranges. The high luminosities at the EIC machine could
provide a golden opportunity to explore and understand
the mechanism of the transverse-spin asymmetries. In ad-
dition, with precision data in a large range of transverse
momentum, we shall be able to study the strong inter-
action dynamics in the description of large-transverse-
momentum observables and investigate the transition be-
tween the non-perturbative low-transverse-momentum re-
gion and the perturbative high-transverse-momentum re-
gion.

Access to the gluon TMDs

Beyond the gluon helicity measurements described in
sect. 2.2, the gluonic orbital angular momentum contribu-
tion would be studied in hard exclusive meson produc-
tion processes at the EIC. The transverse-momentum–
dependent gluon distribution can provide complementary
information on the spin-orbital correlation for the glu-
ons in the nucleon. Just as there are eight TMDs for
quarks, there exist eight TMDs for gluons [95]. Exper-
imentally, the gluon TMDs —in particular, the gluon



Proton Mass – Another Fascinating Story
Higgs discovery almost irrelevant to proton mass
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Proton Mass and Quantum Anomalous Energy 
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• Measuring quantum anomalous energy contribution in experiments is an 
important goal in the future accessed through heavy quarkonium threshold 
(J/psi & Upsilon) production

• VMD relates photoproduction cross section to quarknium-nucleon 
scattering amplitude

• Imaginary part is related to the total cross 
    section through optical theorem
• Real part contains the conformal (trace) 
   anomaly; Dominates the near threshold region 
   and constrained through dispersion relation

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)

                            B. Duran et al., Nature 615, 813 (2023)
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Heavy quark – dominated 
by two gluons

Y. Hatta et al., PRD 98 no. 7, 074003 (2018); Y. Hatta et al., 1906.00894 (2019)



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
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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):
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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)
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• BFKL (linear QCD): splitting functions ⇒ gluon density grows
• BK (non-linear): recombination of gluons ⇒ gluon density tamed
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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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BNL/TJNAF Special Partnership

BNL/JLab partnership established in early 2020
Integrated management and scope
Serve together as hosts for the EIC experimental program

12



EIC Detector Proposal Advisory Panel
A scientific-technical committee of renowned and independent experts to 
evaluate the proposals.      Jointly appointed by BNL and JLab.

Three proto-collaborations submitted proposal: ATHENA, CORE and ECCE;
The panel recommended ECCE as the reference design for the EIC project detector  
 

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



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.”

ePIC collaboration formed in July 2022 & spokesperson (John Lajoie) and 
deputy spokesperson (Silvia Dalla Torre) elected Feb 2023



EIC General Purpose Detector: ePIC
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Overall detector requirements:
q Large rapidity (-4 < h < 4) coverage; and far 

beyond in especially far-forward detector 
regions

q large acceptance 1.7 T( up-to 2 T) Solenoid
q High precision low mass tracking

o small (m-vertex) and large radius (gaseous-
based) tracking 

q Electromagnetic and Hadronic Calorimetry
o equal coverage of tracking and EM-

calorimetry 
q High performance PID to separate p, K, p on 
      track level

o also need good e/h separation for scattered 
electron

q Large acceptance for diffraction, tagging, 
neutrons from nuclear breakup: critical for 
physics program
o Many ancillary detector integrated in the 

beam line: low-Q2 tagger, Roman Pots, Zero-
Degree Calorimeter, ….

q High control of systematics
o luminosity monitor, electron & hadron 

Polarimetry

à Integration into wider IR (+/- 40 m) 
critical

hadronic calorimeters

e/m calorimeters          
ToF, DIRC,  

RICH detectorsMPG & MAPS trackers

solenoid coils



16Co-Chairs: Diego Bettoni (INFN) and Haiyan Gao (BNL)



DOE Project Plan
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Milestone/Event Date
CD-0, Mission Need Approved December 

2019
DOE Site Selection Announced January 2020
BNL - TJNAF Partnership Agreement Established May 2020
CD-1, Alternative Selection and Cost Range Approved June 2021
CD-3A, Long Lead Procurement Approval January 2024
CD-2/3, Performance Baseline/Construction Start 
Approval

April 2025

Planned Date for RHIC Shut Down June 2025

Jim Yeck



EIC Schedule
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Goal is to Achieve 
CD-2/3 Before 
Conclusion of 

RHIC Operations

Jim Yeck



Cost Estimate Status (DOE)
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10% on LOE activities
35% on balance

$150M IKC assumptions:
$50M accelerator

$100M detector (1/3)

CD-1 Approved
Cost Range

1.7-2.8B 

DOE total project cost 
estimate and overall 
project schedule provide 
the basis for the DOE 
funding profile.

Jim Yeck



Current DOE Funding Plan
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• DOE Inflation Reduction Act funding of $138M allocated in September 2022.  Actual 
FY2023 funding is $70M.  DOE request for FY2024 is $98M.

• RHIC shut down planned for June 2025.  Significant RHIC Operations funding will be 
redirected to EIC construction starting in FY2025 and reaching ~$150M/year in FY2026.

• Current funding supports DOE CD-3A, Long Lead Procurement Approval, in January 
2024.  Long lead procurement items mitigate risks:  technical, supply chain, inflation, 
schedule etc.
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EIC Reference Funding Profile v4 FY24 - $98M, 
FY25 $150

EIC Request RHIC Ops Funds Directed to EIC Actual / PBR DOE IRA Funds

EIC Operations

Jim Yeck



“There are two central goals of measurements planned at RHIC, as it completes its 
scientific mission, and at the LHC: (1) Probe the inner workings of QGP by resolving 
its properties at shorter and shorter length scales. The complementarity of the 
two facilities is essential to this goal, as is a state-of-the-art jet detector at RHIC, 
called sPHENIX. (2) Map the phase diagram of QCD with experiments planned at 
RHIC.” (completed data taking in 2021)

Complete RHIC Science Mission in 2015 NSAC LRP and 
onto the EIC Construction
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• sPHENIX will use energetic 
probes (jets, heavy quarks) to 
study quark-gluon plasma with 
unprecedented precision

• How the structureless 
"perfect" fluid emerges from 
the underlying interactions 
of quarks and gluons at 
high temperature

• sPHENIX magnet and its 
hadron calorimeter could be 
part of the EIC project detector 

RHIC data taking scheduled for 2023–2025
sPHENIX upgrade and STAR with forward upgrade will fully utilize the enhanced 

(~50 times Au+Au design) luminosity of RHIC



Thank you for your time and attention!
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Brookhaven National Laboratory is supported by the U.S. Department of Energy’s 
Office of Science.


