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Abstract 

A 112 MHz superconducting RF photoemission gun 

was designed, fabricated and installed in RHIC for the 

Coherent electron Cooling Proof-of-Principle (CeC PoP) 

experiment at BNL. The gun was commissioned first 

without beam. This was followed by generating the first 

photoemission beam from a multi-alkali cathode. The 

paper presents the commissioning results. 

INTRODUCTION 

A 112 MHz superconducting RF photoemission gun [1-

3] is designed to provide an electron beam for the 

Coherent electron Cooling [4] Proof-of-Principle (CeC 

PoP) experiment under preparation at BNL [5]. The 

experiment aims to demonstrate the novel concept of 

cooling ions in the Relativistic Heavy Ion Collider 

(RHIC). The quarter-wave resonator was developed by 

BNL in collaboration with Niowave, Inc. The gun will be 

able to generate electron bunches with a charge up to 

5 nC and repetition rate of 78 kHz, matching the RHIC 

revolution frequency. Parameters of the CeC SRF gun are 

listed in Table 1. A multi-alkali photocathode layer is 

deposited on small molybdenum pucks, several of which 

are stored in a “garage” under ultra-high vacuum. The 

garage is attached to the gun via a load lock. This allows 

quick exchange of the pucks inside a half-wavelength 

long hollow cathode stalk, which serves as an RF choke 

and is maintained at room temperature. Electrons are 

emitted when the cathode is illuminated with green 

(532 nm) light from a laser. Figure 1 depicts layout of the 

112 MHz SRF gun components. More details of the gun 

design can be found in the cited references. In this paper 

we describe the gun installation and commissioning 

results, including generating the first electron beam [6]. A 

comprehensive analysis of the gun performance is under 

preparation [7]. 

INSTALLATION AND COMMISSIONING 

WITHOUT BEAM 

Installation and commissioning of the CeC PoP 

experiment is accomplished in several phases. The gun 

cryomodule, together with associated sub-systems 

(cryogenics, RF, cooling water, vacuum, fundamental 

power coupler/tuner motion, cathodes insertion), was 

installed in RHIC during summer of 2014 as Phase I of 

the CeC PoP. The Phase I linac layout is shown in 

Figure 2. Its commissioning began in the fall of 2014 [8]. 

 

 

Figure 1: 112 MHz QW SRF gun with FPC, laser port 

and cathode stalk. Polished molybdenum cathode puck 

(inset) is housed inside the hollow copper stalk. 

 

Table 1: Parameters of the 112 MHz QWR SRF Gun 

RF frequency 112 MHz 

Maximum energy gain 2.0 MeV 

Electric field at the cathode 27.2 MV/m 

Bunch charge 1 to 5 nC 

Bunch repetition frequency 78 kHz 

R/Q 127.3 Ohm 

Geometry factor 38.5 Ohm 

Cavity Q0 at 4.5 K 1.8×10
9
 

Cavity RF losses at 2.0 MV 17 W 

RF losses in the cathode stalk at 2.0 MV 38 W 

Frequency tuning range 78 kHz 

Frequency tuning with FPC 3 kHz 

Qext of FPC, min. 1.25×10
7
 

Available RF power 2 kW 

Photocathode material CsK2Sb 

Laser wavelength 532 nm 

 
 

Nb walls of SRF Cavity 

Cu stalk 
Fundamental 

Power Coupler 

Laser Port 

Gold plated RF spring 

finger contacts 
CsK2Sb Photocathode 

Polished Mo cathode puck !

 ____________________________________________  
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Figure 2: Phase I of the CeC PoP linac installation. 

 

 

Figure 3: Two active field emitters inside the QWR center 

conductor. 

The gun operates at 4.3 K with liquid helium supplied 

from a quiet helium source [9], which isolates the 

112 MHz cryomodule from noise coming from the RHIC 

magnet helium supply line and the local helium 

compressor that processes the boil-off. We started 

conditioning without a photocathode puck. Initially, 

numerous multipacting zones were encountered at very 

low cavity voltages. They have been cleaned out after 

several days of conditioning and never presented a 

problem afterwards. 

Further conditioning was easier, although we have 

found more multipacting inside the cavity, fundamental 

RF power coupler (FPC) and cathode stalk as described 

elsewhere [10]. Eventually the gun reached the voltage 

level where its performance was limited by field emission 

(FE). High power pulsed processing allowed us to 

proceed further and the gun has reached stable operation 

in CW mode at 1.3 MV, limited by a very high cryogenic 

load due to FE. A cavity voltage as high as 1.8 MV could 

be reached in pulsed mode [8]. Figure 3 is a photo of two 

active emitters taken during the cavity conditioning with a 

camera. An outline of the center conductor can be seen in 

the photo. 

Upon installation of a cathode puck with active (with 

quantum efficiency QE = 2.75%) photoemission layer of 

CsK2Sb, we observed very strong multipacting barriers. 

Intense studies showed that these new barriers are 

associated with presence of CsK2Sb on the sides of the 

cathode puck. Attempts to overcome multipacting were 

not successful and we decided to use UV-laser cleaning to 

remove CsK2Sb material from the cathode sides. The 

process of laser cleaning generated pressure spikes 

resulting in complete extinction of QE from the cathode 

front surface. Fortunately, baking the cathode at an 

elevated temperature partially restored its QE to 0.3% 

level. In the meantime, we have applied helium 

conditioning to the cavity, which allowed us to reduce the 

FE dark current and improve the cavity performance to 

1.7 MV in CW and 2 MV in pulsed mode. 

OPERATION WITH FIRST BEAM [6] 

The first beam test of the SRF gun was commenced 

with a temporary laser operating at a repetition rate of 

5 kHz. After insertion of a laser-cleaned cathode puck, we 

were able to immediately establish 1.56 MV CW 

operation. The laser phase relative to RF was scanned and 

photo-emitted electron bunches were observed using an 

integrating current transformer (ICT) [11] installed at the 

exit of the SRF gun (see Figure 1). Measure QE of ~0.8% 

is in good agreement with our expectations. With the 

initial laser spot size at the photocathode of ~1.5 mm 

FWHM (~0.7 mm RMS), we observed saturation of the 

extracted charge per bunch at 1.35 nC. We explain this 

saturation by part of the bunch profile reaching the critical 

density defined by accelerated filed at the cathode. By 

enlarging the laser spot size at the cathode to ~2.5 mm, 

we have increased the maximum generated bunch charge 

to just above 3 nC. Operating at 5 kHz repetition rate, we 

generated an average beam current of more than 15 µA. 

We also increased the energy of the electron beam to 

1.7 MeV. Fig. 4 shows an example of oscilloscope traces 

obtained from the ICT signal. 

Attempt to steer the beam to the first YAG screen was 

not successful – we could observe only a sliver of the 

beam at nearly maximum settings of trim dipoles, which 

indicated an obstacle. Meanwhile, we steered the beam 

into the wall, which caused a very strong multipacting in 

the fundamental power coupler area at ~40 kV. 

Conditioning to operational voltage caused a lot of 

vacuum activity and when the 1.7 MV level was re-

established, the cathode QE dropped six-fold. Further 

attempts to propagate the beam to the first viewer screen 

were not successful, while the cathode emissivity 

deteriorated to about 10 pC per pulse. 
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Figure 4: Oscilloscope trace of a raw signal from ICT and 

its integral. The ICT calibration is 0.8 nC per 1 nVs 

voltage integral. The integrated signal corresponds to 

bunch charge of 2.4 nC. 

During tunnel inspection it was found that one of the 

ion pumps has very strong, ~200 G, stray magnetic filed 

at the beam pipe. The offending magnet was removed. 

Unfortunately, we did not have a good cathode to replace 

the spent one so further measurements were performed 

using dark current. A vertical trim coil in Trim D (see 

Figure 1) was used to measure the beam momentum and 

to calibrate its energy and SRF gun accelerating voltage. 

The YAG1 screen was used to measure the beam 

position. The measured momentum of the beam is 

2.02±0.02 MeV/c, corresponding to the kinetic energy of 

1.573 MeV (total energy 2.084 MeV) and the SRF gun 

accelerating voltage of 1.612 MV. Using this 

measurements as calibration, we determined that 

generated photo-emitted electron beam had kinetic 

energies between 1.6 and 1.7 MeV according to the 

logged RF pick-up data. 

CONCLUSION 

The 112 MHz quarter-wave SRF gun was successfully 

installed and commissioned in the RHIC tunnel. While 

still limited by field emission at its highest voltage 

(1.7 MV in CW, 2 MV in pulsed mode), the gun was able 

to generate a record-high bunch charge of 3 nC from a 

CsK2Sb photocathode. At a repetition rate of 5 kHz, the 

beam current was about 15 µA. During current RHIC 

shutdown we work on improving reliability and operation 

of some sub-systems of the SRF gun, the cathode 

manipulation system in particular. More helium 

conditioning of the gun cavity is planned to reduce its 

field emission further. After the RHIC operation resumes 

in January of 2016, the SRF gun beam testing will 

continue. 
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