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Abstract

A search for the QCD Critical Point has renewed
interest in electron cooling of RHIC ion beams at energies
below 10 GeV/nucleon. The electron cooling will utilize
bunched electron beams from an SRF linac at energies
from 0.9 to 5 MeV. The SRF linac will consist of two
quarter-wave structures: a photoemission electron gun and
a booster cavity. In this paper we present preliminary
design considerations for this SRF linac.

INTRODUCTION

A search for the QCD Critical Point requires ion-ion
collisions at low energies, below 10 GeV/nucleon, RHIC
will have to operate below injection energy. However the
collider luminosity drops rapidly as particles are
decelerated. To alleviate this effect, a cooling scheme with
bunched electron beams was proposed [1]. The electron
cooler will have to deliver high average current and high
bunch charge beams at energies from 0.9 to 5 MeV.

Beams for the Low Energy RHIC electron Cooling
(LEReC) will be provided by a short superconducting RF
(SRF) linac, which comprises a quarter wave resonator
(QWR) photoemission electron gun, a QWR SRF booster
and a normal conducting harmonic cavity to correct RF-
induced energy spread. Unlike QWRs for low-2 linacs,
the LEReC cavities operate in a horizontal orientation.
The two SRF structures will be housed in the same
cryomodule with a superconducting solenoid in between.
In this paper we describe the requirements for such an
SRF linac and the preliminary design considerations.

SRF LINAC REQUIREMENTS

Parameters of the LEReC electron linac for two
representative beam energies and two choices of RHIC
RF frequency are listed in Table 1. A new low-frequency
4.6 MHz RF system was proposed [2] to extend the low
energy reach of RHIC down to y=2.7. At higher energies,
operations with either the old RF system (28 MHz) or the
new one are feasible.

The electron beam will be generated by illuminating a
multi-alkali (CsK,Sb or NaK,Sb) photocathode with
green (532 nm) light from a laser. The photocathode is
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inserted into an 84.5 MHz quarter-wave SRF cavity thus
forming an SRF photoemission electron gun. The
photocathode is located in a high electric field. Immediate
acceleration of the electrons to a high energy reduces
emittance degradation caused by a strong non-linear
space-charge force. The low RF frequency of the gun
reduces the effect of RF curvature on the beam. The gun
will produce bunch trains with relatively long electron
bunches, about 750 ps, with a 84.5 MHz bunch repetition
frequency. The bunch train repetition rate will be the same
as the repetition rate of ion bunches in RHIC. The optical
system will allow creation of dedicated bunch patterns for
different RHIC energies and ion bunch lengths with
several bunches spaced at the 84.5 MHz frequency
followed by a long gap corresponding to the frequency of
ion bunches.

While the required beam current (up to 35.8 mA) has
yet to be demonstrated from an SRF gun, even higher
beam currents were already achieved from photocathodes
inan RF gun [3] and a DC gun [4].

The SRF gun design will be similar to the 112 MHz
SRF gun developed for the Coherent electron Cooling
Proof of Principle (CeC PoP) experiment at BNL [5], with
the following major differences: 1) The gun cavity shape
will be optimized to improve surface fields and reduce
wall losses; 2) The gun will be equipped with two high-
power fundamental RF power couplers; 3) There will be a
frequency tuner of an improved design. The cathode
insertion mechanism and the photocathode stalk will be
scaled copies of the 112 MHz gun designs [6, 7].

The RF power, up to 93 kW per cavity, will be
delivered via two symmetrically located fundamental
power couplers (FPCs). The couplers will be of a coaxial
antenna type with fixed coupling. Computer simulations
show that the SNS-type coaxial RF window has very good
RF properties at 84.5MHz. At SNS, these windows
operate at average RF power exceeding 100 kW. At BNL,
we use similar windows in the FPCs of the ERL SRF gun
and five-cell cavity.

The sinusoidal shape of the SRF voltage introduces a
quadratic beam energy spread due to on-crest
acceleration. To bring the energy spread within the
required 5-10, we plan to use a 6th harmonic normal
conducting copper cavity. Correction of the energy spread
will require an acceleration voltage up to 138 kV.
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SRF GUN AND BOOSTER CAVITY SHAPE
OPTIMIZATION

The cavity shape optimization goals are to keep the
peak surface electric and magnetic fields below 40 MV/m
and 80 mT correspondingly, and to improve the cavity RF
performance. The surface fields cited above are accepted
in the SRF community as “rule of thumb” design goals for
CW operation. As the beam pipe aperture in LEReC
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injector is reduced from 10 cm to 5 cm as compared to
CeC PoP, it makes it easier to achieve the desired peak
surface fields in the cavities. Preliminary optimization of
the cavity shape (Figure 1) shows that achieving the goals
is possible: see the cavity parameters in Table 1. ANL has
a proven record of designing and building low-g QW
cavities that exceed the LEReC requirements for
maximum surface fields [8, 9].

Table 1: Parameters of the LEReC Electron Linac

Beam

Lorentz factor 4.1 10.7 10.7

RHIC RF frequency 4.55 MHz 4.67 MHz 28.03 MHz
Electron beam kinetic energy 1.58 MeV 4.96 MeV 4.96 MeV
Total charge per bunch train 4 (9 bunches) 7 (5bunches) 4 (2 bunches)
Aplp, rms Se-4 5e-4 5e-4
Normalized rms emittance 25mm-mrad 2.5 mm-mrad 2.5 mm-mrad
Transverse rms beam size 4.3 mm 2.6 mm 2.6 mm
Full bunch duration 05tolns 05tolns 0.5tolns
Electron beam current 18.2 mA 32.7mA 35.8 mA
Beam power 28.8 kW 162 kW 178 KW
SRF gun and booster

SRF frequency 84.48 MHz 84.47 MHz 84.47 MHz
Gun voltage 1.65 MV 2.58 MV 2.58 MV
Peak surface electric filed, Ey 25.7 MV/m 40.3 MV/m 40.3 MV/m
Peak surface magnetic field, By 525 mT 82.2mT 82.2mT
R/Q 122.7 Ohm 122.7 Ohm 122.7 Ohm
Geometry factor, G 34.7 Ohm 34.7 Ohm 34.7 Ohm
Cavity intrinsic quality factor, Qq, at 4.5 K >1.7¢9 >1.7e9 >1.7e9
Loaded Q factor 5.3e5 5.3e5 5.3e5

Gun RF power 30.7 kW 84.9 kW 92.5 kW
Frequency tuning range 78 kHz 78 kHz 78 kHz
Booster voltage 0 2.58 MV 2.58 MV
Booster RF power 0 84.9 kW 92.5 kW
Other parameters

Harmonic cavity frequency 506.9 MHz 506.9 MHz 506.9 MHz
Harmonic cavity voltage 63.4 kV 198 kV 198 kV
Lase wavelength 532 nm 532 nm 532 nm
Average optical power on cathode 0.85 W 152W 167W
Laser time jitter, rms 100 ps 100 ps 100 ps
Bunch charge jitter, rms 7 7 7
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Figure 1: An optimized geometry proposed for the
84.5 MHz SRF booster cavity (all dimensions are in cm).
This geometry has lower surface fields and higher G-R/Q
parameter than the original 112 MHz SRF gun cavity.

The booster cavity will be of a similar design as the
gun, but with a simplified center conductor as there will
be no need to accommodate the photocathode stalk. Both
cavities will be designed to provide energy gain up to
2.6 MeV per cavity. At lower energies, the booster cavity
might be turned off and detuned to become “transparent”
to the beam. Figure 1 shows one of the optimized
geometries proposed for the SRF cavities. Both the SRF
gun and the booster cavity will be housed in a single
cryostat with a superconducting solenoid occupying the
space between them.

SUMMARY

We are considering a new SRF linac for the LEReC
project under development at BNL. The short linac will
have to deliver a bunched electron beam with energies
from 0.9 to 5 MeV and average currents up to 35.8 mA.
The linac will comprise two QWR SRF structures, a
photoemission electron gun and a booster cavity, and a
normal conducting harmonic cavity for compensation of
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the beam energy spread induced by SRF cavities. The
SRF structures will be housed in a single cryomodule with
a focusing superconducting solenoid placed between
them. Our plans are to design, fabricate and test the SRF
cavities in a vertical cryostat within the next two years.
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