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Abstract

The Electron Ion Collider (EIC) to be constructed at
Brookhaven National Laboratory in the USA will be a
complex system of accelerators providing high luminosi-
ty, high polarization, variable center of mass energy colli-
sions between electrons and protons or ions. To achieve
this a variety of RF systems are required. They must pro-
vide for capture, formation and storage of Ampere-class
beams in the electron and hadron storage rings (ESR and
HSR), fast acceleration of high-charge polarized electron
bunches in the rapid cycling synchrotron (RCS), provi-
sion of cold high current electron bunches in the strong
hadron cooler (SHC) ERL and precise high-gradient
crabbing of electrons and hadrons either side of the inter-
action point. The challenges include strong HOM damp-
ing in the storage ring cavities and cooler ERL, very high
fundamental mode power in the ESR and cooler injector,
extremely stable low-noise operation of the crab cavities,
mitigation of transient beam loading from gaps, and oper-
ating over a wide range of energies and beam currents.
We describe the high-level system parameters and princi-
pal design choices made and progress on the R&D plan to
develop these state of the art systems.

INTRODUCTION

The EIC [1] is a challenging new project to build a high
luminosity electron-hadron collider based on RHIC by
adding a high current electron storage ring and injector
chain. This unique machine shares many similar chal-
lenges with the high luminosity B-factories and LHC as
well as new ones, such as high-energy electron cooling
and very large crabbing angle at the IP. Wherever possible
technical solutions are adopted that are based on proven
technology.

Figure 1: ESR 591 MHz 1-cell cavity.

* Work supported by Brookhaven Science Associates, LLC under DOE
Contract No. DE-SC0012704, by Jefferson Science Associates under
contract DE-SC0002769, and by SLAC under Contract No. DE-AC02-
76SF00515.

T rarimmer@jlab.org

MC7: Accelerator Technology
T07 Superconducting RF

Where new designs are needed a rigorous R&D pro-
gram is being be conducted. The hadron storage ring will
be based on the RHIC collider rings with updates for
higher current and shorter bunches. Many existing RHIC
RF systems will be refurbished or relocated, and a new
591 MHz SRF bunching system will be added to provide
bunch lengths of ~lcm or less. The electron storage ring
will use SRF single-cell cavities, see Fig. 1, with low R/Q
and strong HOM damping to store up to 2.5 A of current.
RF dipole (RFD) type crab cavities are used in both rings,
see Fig. 2. Table | contains a summary of the RF systems.

Figure 2: RFD crab cavity concept.

SRF DESIGN APPROACH

For all SRF systems, design limits on operating peak
surface fields of 40 MV/m and 80 mT were adopted. The
ESR 1-cell cavities are designed to operate at 3.6 MV,
Eacc=14.3 MV/m, Epk=39.2MV/m, Bpk=74.2 mT,
but they will be qualified to at least 4 MV to provide
operational margin.

The ESR cavity shape has been optimized for low
R/Q (37 Q), to reduce sensitivity to beam gap transients
and to minimize HOM power. Cylindrical beam line ab-
sorbers will be used based on those developed by ANL
[2]. The 5-cell 591 MHz SRF cavities for the HSR, RCS
and ERL are based on the same cell shape but will have
power couplers and HOM dampers optimized for each
application. 1773 MHz third harmonic cavities will be
needed in the ERL, which are similar in size to those used
in CEBAF. The RFD crab cavities are similar to those
developed for the high-luminosity upgrade of LHC [3]
but with stronger HOM damping.
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= Table 1: Summary of Main RF Cavity Types for the EIC
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bunch instabilities during filling, store and in the HSR,
ramping. Overall RF system stability is maintained by
optimal detuning and maintaining sufficient RF overhead.
In case of detuning to amplitudes comparable to the revo-
lution frequency a 1-turn delay or comb filter may be
needed.

High Bunch Charge

Despite using many bunches, the single bunch charge is
high, leading to concerns about instabilities, wakefields,
CSR, and prompt resistive wall (image current) heating.
The ESR vacuum chamber will be designed for very low
broad-band impedance, and will be actively cooled. The
HSR magnet chambers will receive new low-impedance
carbon-coated copper alloy liners to shield the stainless-
steel beam pipe.

High Beam Power

The synchrotron radiation power in the ESR will be up
to 10 MW, with 2.5 A of beam up to 10 GeV, falling to
230 mA at 18 GeV. This power must be replenished by
the RF system, leading to very high RF power per cavity.
Two coaxial couplers per cavity are adopted to keep the
power per-coupler to a reasonable level.

Beam gaps in the rings give rise to phase transients in
the RF systems, leading to variations in bunch arrival
time at the IP. The low R/Q and high stored energy of the
SRF cavities, and the option of counter-phasing [4] at low
energy can minimize this effect in the ESR, while the
lower current and number of cavities in the HSR make it
less of a concern. Initial estimates are that luminosity loss
from these effects is small, however the effect on the
crabbing system has yet to be studied in detail.

Crabbing

The 25 mRad crossing angle requires high crabbing
voltage especially in the HSR. The crab cavities must be
strongly HOM damped. Even at 197 MHz in the HSR
curvature of the RF waveform over the bunch length can
lead to problems. A second-harmonic, 394 MHz, crabbing
system will be used to linearize the kick. With the short
bunches in the ESR a single 394 MHz system can be
used. Other challenges include synchronization, emittance
growth from noise and alignment tolerances.

Strong Hadron Cooling

To minimize luminosity loss some form of high energy
cooling is needed. For heavy ions microwave stochastic
cooling may be sufficient, but for protons something
stronger is needed. High energy electron cooling will be
used in the EIC, using ~100 mA CW beam from an ERL
using 5-cell cavities similar to the HSR ones.
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R&D PLAN

R&D has begun on these challenging systems, starting
with the ESR 1-cell cavity and the 197 MHz crab cavity.
Early R&D on the power couplers and HOM absorbers is
also under way. In the first 3 years of the project both
cavity types will be prototyped and ready for horizontal
test. The 5-cell 591 MHz cavity, 394 MHz crab cavity and
other cavities will follow soon afterwards.

CONCLUSION

The EIC is an exciting new project that is pushing the
state of art on many frontiers. We are fortunate to have the
examples of the LHC [5] and the B-factories [6, 7] to
learn from and welcome new collaborations. The RF
systems are being developed as an integrated set with a
high degree of commonality and modularity in design and
execution.
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