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Abstract
The design of the electron-ion collider (EIC) at

Brookhaven National Laboratory is well underway, aiming
at a peak electron-proton luminosity of 1034 cm−1 sec−1.
This high luminosity, the wide center-of-mass energy range
from 29 to 141 GeV (e-p) and the high level of polarization
require innovative solutions to maximize the performance
of the machine, which makes the EIC one of the most chal-
lenging accelerator projects to date. The complexity of the
EIC will be discussed, and the project status and plans will
be presented.

INTRODUCTION
The Electron-Ion Collider, designed in a partnership be-

tween BNL and TJNAF, aims at an electron-proton luminos-
ity of 1034 cm−1 sec−1. The facility is based on the existing
RHIC complex at BNL, taking advantage of the hadron in-
jector complex and infrastructure. An electron storage ring
(ESR) will be added in the RHIC tunnel, together with a
rapid-cycling synchrotron (RCS) that serves as a polarized
electron injector. Electrons and hadrons will be brought into
collision in a dedicated interaction region in the IR6 straight
section. Later addition of a second interaction region in IR8
is foreseen, but not part of the EIC project scope.

HADRON STRORAGE RING
The hadron storage ring will be composed of arcs from

the RHIC facility [1]. After assessing the tunnel space and
access/egress requirements, as well as the associated engi-
neering challenges [2], it has recently been decided to use the
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entire “Yellow” RHIC ring as the HSR. Due to significant
modifications for the interaction region in IR6 and for hadron
cooling in IR2, a number of jump quadrupoles needed for the
transition jump will have to be removed. Studies are under-
way to ensure transition crossing capability in the HSR [3–5].
The number of Siberian snakes will be increased from two
in the present RHIC “Yellow” ring to six in the HSR in or-
der to improve proton polarization preservation on the ramp
and enable polarized 3He operation [6, 7]. Additional, new
normal-conducting RF cavities are being designed, together
with a feedback system to suppress RF noise [8, 9]. Copper-
clad stainless-steel sleeves will be inserted into the entire
HSR beam pipes to improve conductivity for image currents
and reduce the secondary electron yield to suppress electron
cloud build-up [10–12]. The RHIC stripline BPMs will be
replaced by button BPMs with lower beam coupling and
impedance to the shorter bunch, higher current beams of
the EIC [13]. To facilitate operation of the HSR with “flat”
hadron beams with an emittance ratio of 𝜖𝑦/𝜖𝑥 = 0.09, the
capabilities of the decoupling scheme are under study [14].

HADRON BEAM COOLING
Hadron cooling will be needed to first pre-cool the hadron

beams at injection to the required emittances, and then to
preserve these emittances during the store. While the pre-
cooler design is based on “conventional” bunched beam
electron cooling, two different options are being consid-
ered for high-energy cooling, namely a novel ERL-based
coherent electron cooling [15–17] concept and conventional
bunched beam electron cooling based on an electron cooler
ring equipped with wigglers for enhanced synchrotron radi-
ation damping [18, 19]. Beam dynamics and cooling perfor-
mance of both approaches have been studied [20–22], and
an appropriate insertion for the HSR IR2 lattice has been
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designed to accommodate the coolers. A high-intensity,
low-emittance electron gun that is capable of generating
the required beam parameters for the cooler has been devel-
oped [23].

ELECTRON STORAGE RING
The ESR is based on a rather conventional FODO lat-

tice [24]. Due to many geometric and optical constraints
imposed by the existing tunnel space, spin rotators, and
dynamic aperture requirements, the ESR lattice design is
very challenging. To reduce the cost of the facility and re-
lieve the market pressure on the small magnet vendor base,
quadrupoles and sextupoles from the decommissioned Ad-
vanced Photon Source at ANL will be used [25]. Dipoles,
corrector magnets, as well as some additional quadrupoles
and sextupoles, are currently being designed [26]. Dy-
namic aperture optimization has yielded a minimum dy-
namic aperture of 10𝜎 in all three dimensions [27]. The
polarization lifetime has been further maximized using the
novel BAGELS (Best Adjustment Groups for ELectron Spin)
method [28, 29], leading to self polarization anti-parallel to
the main dipole field of up to 70%. BAGElS is also used to
control the vertical electron beam emittance and to globally
compensate coupling with minimal impact on polarization.
Magnet power supply ripple requirements are determined
based on beam-beam simulations, with the resulting hadron
beam emittance growth rate defining the tolerances for beam
jitter at the interaction point. These tolerances are then con-
verted to power supply ripple amplitudes, taking into account
the magnet impedances and eddy current shielding effects of
the beam pipe [30]. Wakefields and their associated collec-
tive effects have been investigated to ensure stability of the
28 nC electron bunches [31–33]. The 591 MHz single-cell
SRF cavity with its fundamental power coupler and higher-
order mode absorber have been designed and tested [34–36].

ELECTRON INJECTOR SYSTEM
A rapid-cycling synchrotron [37] (RCS) accelerates the

400 MeV polarized electron beam from the LINAC to the
corresponding collision energy of up to 18 GeV in the ESR.
This machine is particularly challenging due to the low in-
jection energy and the correspondingly low magnetic fields,
which in the case of the main dipoles are only 56 G. Residual
field measurements in the RHIC tunnel show levels as high
as 5 to 10 G [38], which makes stable beam operation of the
RCS questionable. Cycle-to-cycle reproducibility of the low
magnetic fields is a concern that is being addressed by accu-
rate modeling [39] as well as measurements on a dedicated
test magnet [40]. A system of self-correction coils has been
developed to compensate magnetic multipole fields induced
by eddy currents in the beam pipe during acceleration [41].
A high charge, polarized electron gun has been developed
and has exceeded the requirements for the EIC [42,43].

Adding a polarized 3 GeV booster synchrotron [44] to
the electron injector system is currently under consideration.
The resulting higher injection energy for the RCS would sig-

nificantly improve the performance of the RCS by increasing
the RCS injection dipole field to some 400 G. In addition,
the higher injection energy would also increase the stabil-
ity thresholds for collective effects in the RCS. To partially
offset the additional cost of the booster, the LINAC energy
could be reduced to some 200 MeV [45].

INTERACTION REGION
The interaction region [46] has reached a high level of

maturity, and the current focus is on the detailed design.
Work on the second, off-project interaction region [47] is
progressing as well. Superconducting magnets are being de-
signed [48], and schemes to compensate the coupling effect
introduced by the detector solenoid are being explored [49].
Effects of the imperfection of the crab crossing scheme [50],
for instance the less-than-ideal betatron phase advance be-
tween crab cavities and the interaction point, and associated
diagnostic methods are being investigated. The effect of the
transverse RF field of the crab cavities on beam polariza-
tion is being studied [51], tolerances for the 197 MHz crab
cavity prototype have been developed [52], and the higher-
order mode power in the EIC crab cavity system has been
investigated [53].

BEAM DYNAMICS
Detector backgrounds due to synchrotron radiation are a

major concern for the EIC because of the high electron beam
current of up to 2.5 A. The effect of component misalign-
ment and orbit correction on detector backgrounds has been
simulated to ensure safe operation of the detector [54]. Ex-
tensive beam-beam simulations as well as collective effects
studies have been carried out to ensure reliable operation
of the collider with its high beam currents, electron bunch
intensities, and beam-beam parameters [55–60].

PROJECT STATUS AND SCHEDULE
The project was granted CD-3A status in early 2024,

which entails approval of early procurement of long-lead
items before start of construction, such as superconducting
cables for IR magnets or lead-tungsten blocks for the de-
tector. CD-2 baselining is envisioned to coincide with the
end of RHIC operations at the end of FY25, with start of
construction (CD-3) following shortly after.
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