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Abstract

We report on the building and commissioning of a high

current beamline dedicated to testing novel photocathodes

for high current and spin-polarized electron applications.

The main features of the beamline are a 200 keV DC elec-

tron gun and a beam dump capable of handling 75 kW of

beam power. In this report, a Cs3Sb photocathode is used

to demonstrate the facilities high current capabilities.

INTRODUCTION

Numerous accelerator techniques and applications require

the ability to produce high-average current (≥ 1 mA) bright

electron beams from a photoinjector. Electron-based strong

hadron cooling techniques may require average currents as

high as 100 mA. A high current Electron Recovery Linac

(ERL) is envisioned for LHeC[1]. For EUV lithography with

an ERL, 10 mA beam current is needed[2], while it has been

estimated that medical isotope production with an ERL re-

quires 100 mA[3]. High average-current spin-polarized elec-

tron production is highly desirable for a number of nuclear

physics facilities[4, 5] and for polarized positron produc-

tion[6]. The realization of these applications will push the

boundary of what is state-of-the-art in accelerator physics

technology; however, ultimately the viability of their use

depends on the reliability of the electron source.

Semiconductor based photocathodes are a proven way to

generate high average current electron beams. They have

quantum efficiencies (QE) on the order of 10% at convenient

visible or near infared wavelengths where commercial high

power laser sources are available. A major complication of

a semiconductor based photocathode is they are extremely

sensitive to the vacuum environment and degrade with use

more rapidly than metal photocathodes. In particular at

high current, in addition to vacuum poisoning, ion back-

bombardment[7–10] from the ionization of residual gas in

the gun and thermal desorption[11] from exposure to an

intense laser beam limit the cathodes operation lifetime.

The High ElectRon Average Current for Lifetime Experi-

mentS (HERACLES) at Cornell has been recently commis-

sioned at 200 keV with up to 10 mA average beam current. In

close proximity to the Photocathode Laboratory at Cornell,

HERACLES is a dedicated beamline aimed at improving

the robustness of photocathodes operated at high current.

FACILITY

HERACLES Beamline

The start of the HERACLES beamline is a DC electron

gun[12] originally designed and fabricated for Cornell’s

ERL program where it was used to achieve a record high

average current from a photoinjector of 65 mA[13]. Cur-

rently we operate the gun at 200 keV. The beamline is shown

in Fig.1. Outside the gun, the beamline has two solenoids,

three independent horizontal/vertical corrector coils, three

BeO pneumatically controlled viewscreens, a faraday cup

for low current (≈ 100 nA) measurements, a quadrant de-

tector for beam positioning information at high currents.

The beamline includes an EMS system which has not been

recommissioned[14]. The beamdump is designed for up to

75 kW of beam power. It is cooled via a closed loop heat

exchanger. The same heat exchanger also cools the gun’s

power supply and the main drive laser, a Coherent gas Argon

laser. In this work, the laser was operated with a single line

at 488 nm. Trapped ions[15] outside the gun are removed

by two clearing electrodes. In addition to contributing to

cathode damage via ion back-bombardment, trapped ions

can cause beam loss leading to a trip off of the machine[16].

Cathodes are transported in HERACLES via a vacuum

port. The port interfaces with a vacuum suitcase which

is used to transport cathodes grown in the photocathode

laboratory. During transport the suitcase is pumped with

two non-evaporative getter (NEG) pumps combining in ap-

proximately 400 liter/s of pump speed. The vacuum port is

pumped with a single 100 liter/s NEG. After attaching the

suitcase, it typically takes 20 hours for the vacuum port to

pump down to approximately 5×10
−9 Torr. Given that mov-

ing the cathdoe through the vacuum port takes only a few

seconds, this vacuum is sufficiently low to avoid degradation

from vacuum poisoning.

CATHODE GROWTH AND TRANSPORT

For a high-current demonstration, a Cs3Sb cathode was

grown off center with a Molybdenum puck. After annealing

at 500 C for 48 hours, the puck was cooled to 120 C. A

metallic mask screens the puck from the Cs and Sb sources,

allowing the active area to be grown off center. The active

area shape is circular with a radius of approximately 2 mm.

An off centered cathode is used to reduce damage from ion

back-bomardment[17].

During the growth, initially only Cs was deposited until

the QE peaked at which point we started to deposit Sb. A

Quartz Microbalance (QCM) was used to monitor the Sb
∗ mba83@cornell.edu
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Figure 1: The HERACLES beamline. Lead shielding and SF6 tank are not shown. The floor corresponds to the room

dimensions. The inset shows a cross-section of the gun viewed from above.

Figure 2: The evolution of the cathode QE (yellow) and Sb

thickness (red) during the cathode growth.

deposition. Once 17.5 nm was deposited, the shutter was

closed. We continued to deposit Cs until the QE once again

peaked and the growth was stopped. The evolution of the

QE and deposition are shown in Fig.2.

HIGH AVERAGE CURRENT

DEMONSTRATION

The cathode was inserted into HERACLES and the laser

aligned to the active area. Variability of the position of

the active area from cathode-to-cathode typically requires

small corrections to the laser alignment and beam trajectory.

At low current (≈ 100 nA), the beam will be inspected for

aberrations at each view screen in the beamline. If an abber-

ation occurs, it is likely due to the beam trajectory being off

centered in one of the solenoids and correction is straightfor-

ward. To facilitate beam transport, linear combinations of

the corrector coils are used. In particular, groups were de-

veloped so that correctors upstream of solenoid 2 can make

horizontal or vertical steerings downstream of the solenoid.

Another grouping allows for the horizontal or vertical an-

gle between corrector pairs 2 and 3 to be adjusted without

affecting the position upstream.

After satisfactory beam transport to the beam dump is

achieved, the current is slowly increased to the target value.

During the ramp, vacuum pressure in the beamline, water

temperature of the beamdump and radiation levels are moni-

tored closely. Adjustments to the magnet settings are made to

minimize pressure and radiation levels. A P-I feedback loop

implemented in Python maintains the target beam current

once it has been reached.

Fig.3 shows the high current demonstration in HERA-

CLES with 8 mA average current. The drops in current

(blue line) are due to radiation trips indicating levels ex-

ceeded 2 mR/hr inside the room. During this run, the levels

were observed to be around 1 mR/hr with the occasional

spike of 2 mR/hr causing the trips. The run lasted for a little

over 3 hours over which no degradation of the cathodes QE

was observed (green line). During the run the pressure near

in the gun was stable (red line) and about a factor of 10

higher than the nominal pressure without beam but with the

gun gate valve open.

CONCLUSION

HERACLES, a DC electron gun beamline at Cornell Uni-

versity has been commissioned up to 10 mA average current
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Figure 3: High current demonstration run in HERACLES with a Cs3Sb photocathode. The measured beam current shown

in blue with drops in the beam current corresponding to radiation trips. The QE and pressure at the gun are shown in green

and red, respectively.

at 200 keV. We have presented a high-current run at 8 mA to

demonstrate the present capabilities of our facility. Higher

current is achievable with an upgrade to the lead shielding

around HERACLES.

The environment of a DC gun can be harsh for photocath-

odes during high current operation. In addition to raised

vacuum levels, ion back-bombardment from residual ion-

ized gas inside the gun and thermal desorption from a high

intensity laser can reduce the lifetime of the cathode. Un-

derstandably, the majority of cathode development happens

in relatively clean growth chambers at low voltages (≈ 10

V) and currents (< 10 nA) where the degradation mecha-

nisms at high currents are not as prevalent. The goal of

HERACLES, in conjunction with the Cornell photocathode

laboratory, is to form a tight loop between cathode develop-

ment in a growth chamber and improvements in robustness

at high current operation.
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