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Abstract

The RF cavity performance in solenoid magnetic field is

crucial for the muon ionization cooling. Previous experi-

ments have shown that the strong external magnetic field can

significantly lower the maximum achievable RF voltage in

the cavity. The mechanism of this performance degradation

has been studied both analytically and experimentally, but

so far no conclusive cause has been determined yet. In this

paper, we propose an experiment to study the effect of a

static B field on the field emission in the RF cavity, which

hasn’t been investigated before, and which can contribute to

the cavity performance degradation in the solenoid field.

INTRODUCTION

The muon ionization cooling scheme requires operating

RF cavity up to tens of MV/m in the solenoid field up to

tens of Tesla [1]. Previous experiments have shown that

the external static magnetic field can significantly lower the

maximum achievable RF voltage in the cavity [2]. Differ-

ent mechanisms have been proposed to explain this cavity

performance degradation [3,4], and a series of experimental

tests have been carried out at Mucool Test Area (MTA) at

Fermilab. A modular cavity [5], which is designed specifi-

cally for the study of RF breakdown in solenoid field, will

be studied at MTA systematically and extensively.

Though the specific mechanisms are different in differ-

ent models, it is widely accepted that the field emission

electrons play an important role in the RF breakdown. The

field emission of different materials and surface conditions

have been studied for RF breakdown and electron gun per-

formance. However, no such study has been carried out

in strong static magnetic field, at least not to the author’s

knowledge. Though the modular cavity test plan at MTA

is systematical and extensive, with sophisticate diagnosis

instrumentations, it emphasizes on the cavity performance

as a whole and the modular cavity is not designed for the

accurate field emission measurement.

A more suitable platform to carry out this study is an

electron RF gun. The majority of the field emission in the

RF gun is around the cathode area and the beamline after the

gun is usually equipped with beam current, emittance and

energy diagnosis. The major modification to the beamline

will be to add an extra magnet to increase the B field at the

cathode area.
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CONCEPTUAL DESIGN

AWA Photoncathode RF Gun

The RF gun we use for this study is the photocathode

RF gun on the “Witness Beamline” at Argonne Wakefield

Accelerator (AWA) Facility [6], as shown in Figure 1. It

is a 1.3 GHz one-and-a-half cell gun, with gradient on the

cathode up to 80 MV/m.

Figure 1: AWA RF gun.

Around the RF gun, there are two bucking solenoid coils

near the cathode and one main coil farther away. The bucking

solenoid runs up to about 0.14 T each and the main coil fringe

field near cathode is negligible, thus the maximum B field

on the cathode with current setting is 0.27 T, which is far

below the magnetic field in the muon cooling channel. In

the future, we need to install new magnets to increase the B

field on the cathode.

Immediate after the RF gun, there is an Integrated Current

Transformer (ICT) to measure the beam current. Further

down the beamline, at the instrumentation insertion port, one

can insert a Faraday Cup (FC) to measure the dark current.

These diagnosis will be used for the field emission electron

measurement.

Measurement of Dark Current

The average dark current based on Fowler-Nordheim the-

ory is [7]:

ĪF =
5.7 × 10−12 × 104.52φ−0.5

Ae (βE0)2.5

φ1.75

× exp

(

−
6.53 × 109φ1.5

βE0

)

,

where φ is the cathode work function, Ae the effective emit-

ting area, β the field enhancement factor and E0 the peak

RF E field. A Faraday cup can be placed at the downstream

instrumentation insertion port to measure the dark current.

We will change the external magnetic field to see if there is

any change in the FC signal.
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The main challenge is the beam focusing/defocusing effect

from the solenoid field. Since the electrons are emitted from

cathode, the gap around the cathode and other high field

place in the gun, with a wide relative momentum span, the

portion of electrons which can be collected by the FC, which

is about 1 meter downstream from the cathode, depends on

the strength of the solenoid field. How the change of the

external solenoid field changes the beam transportation, thus

affects the interpretation of FC data, needs to be examined

carefully with electron tracking simulation.

Measurement of Schottky-enabled Photonemis-

sion

Another method is to measure the Schottky-enabled pho-

toemission [8]. The kinetic energy of the emitted photoelec-

tron is:

Ekin = hν − φ + α
√

βE,

where hν is the photon energy, α =
√

4πǫe3 a constant

and E the instantaneous RF field gradient on the cathode.

When hν is smaller than φ, the condition for photoelectron

emission is:

α
√

βE > φ − hν.

Thus by measuring the threshold RF gradient/phase, we can

derive the field enhancement β, which affects the field emis-

sion. The measurement will be carried out under different

solenoid field levels.

By choosing the proper photon energy, RF magnitude

and RF phase of laser beam, we should be able to separate

the dark current and photonemission current in the time

domain. Compared with the previous method, the change

of the solenoid field should have much smaller effect on the

transportation of the photoelectron beam, since the much

smaller transverse and longitudinal emittance.

FIRST TEST RUN

The first test run is a direct measurement of dark current

without laser beam, similar to an experiment carried out at

DESY [9]. The magnetic field on cathode is provided by

the bucking coils up to about 2200 Gauss, corresponding to

450 A current in the coil. Instead of a Faraday cup, a YAG

screen is placed about 1 m downstream of the cathode. A

PMT detects the X-ray signal when the dark current hits the

YAG screen, as shown in Figure 2. The RF gradient in the

RF gun is ramped from about 42 MV/m to 62 MV/m.

Figure 2: The left picture shows the bucking coils and main

coil around the RF gun. The right picture shows the PMT

outside the instrumentation insertion port.

First, the main coil is kept at 0 A and the bucking coils

are scanned from 0 to 450 A, with 50 A interval. The PMT

reading results are shown in Figure 3.

Figure 3: Scan of Bucking Coil Field Strength.

Then, to see how much the main coil Magnetic field will

affect the PMT reading, we keep the RF gradient at 52 MV/m

and the bucking coil at 250 A, and scan the main coil from

0 to 250 A. The PMT reading result is shown in Figure 4.

Figure 4: Scan of Main Coil Field Strength.

Due to the change of focusing as we change the solenoid

field, the transportation of the dark current from the cathode

to the insertion port is not fully understood. More detailed

simulation needs to be carried out. Also the PMT signal

is not a direct measurement of the electron beam but the

X-ray from its bombardment on the YAG screen. The rela-

tion between the PMT signal and dark current is not fully

calibrated. In the future, we also plan to measure the current

directly with a Faraday cup.

FUTURE PLAN

Based on the purpose of our experiment and the expe-

rience from the initial test, here is the plan for the future

work:

• A simulation model should be built for the current ex-

periment setup. The model should be able to track

the electron transportation and show how the magnetic

field setting affects the number of electrons arriving

at the instrumentation insertion port. The simulation

results should be analyzed with the experiment data of

the first test run.

• For the next run, without any major hardware effort

and beamline alternation, we would like to carry out a

Schottky-enabled photoemission test.
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• The current magnetic field at the cathode is too small

compared to the solenoid field in the muon cooling

channel. We need to prepare and install new magnet to

increase the cathode magnetic field up to at least a few

Tesla. Considering the power and cooling requirement,

it could be a pulsed magnet as long as the pulse is longer

than the RF pulse.

SUMMARY

An experiment to study the field emission in RF cavity

with strong external magnetic field has been proposed. A RF

gun is a good platform for this study, due to the high RF field

around the cathode area and the sophisticate beam diagnosis

of the cathode beam. The major hardware effort would be the

installation of an extra magnet to increase the B field around

the cathode. A first test run has been carried out at Argonne

AWA. More simulation work on the beam transportation with

varying solenoid fields needs to be carried out to interpret

the data from this run. In the future, we plan to carry out a

Schottky-enabled photonemission experiment. Depending

on the available resource, an extra magnet will be installed

to increase the B field around the cathode.

ACKNOWLEDGMENT

The authors are very thankful to Dr Chunguang Jing, Dr

Manoel Conde and everyone in AWA group who has helped

with this work.

REFERENCES

[1] D. Neuffer, “Principles and applications of muon cooling,"

Part. Accel. 14 (1983) 75.

[2] J. Norem et al., “Recent RF results from the MuCool Test

Area," PAC 07 - Albuquerque, pp. 2239.

[3] A. Moretti et al., "Effects of high solenoidal magnetic fields

on RF accelerating cavities," Phys. Rev. ST Accel. Beams 8

(2005) 072001.

[4] R. B. Palmer et al., "RF breakdown with external magnetic

fields in 201 and 805 MHz cavities," Phys. Rev. ST Accel.

Beams 12 (2009) 031002.

[5] D. Bowring et al., “A Modular Cavity for Muon Ionization

Cooling R&D”, IPAC13, Shanghai, China, WEPFI073.

[6] M. E. Conde et al., “Upgrade of the Argonne Wakefield Ac-

celerator Facility (AWA) and Commissioning of A New RF

Gun for the Drive Beam Generation”, IPAC11, New York, US,

MOP008.

[7] J. W. Wang and G. A. Loew, “ Field emission and RF break-

down in High-gradient room-temperature Linac Structure”,

SLAC-PUB-7684, 1997.

[8] Z. M. Yusof et al. “ Schottky-Enabled Photoemission in a RF

Accelerator Photoinjector: Possible Generations of Ultralow

Transverse Thermal-Emittance Electron Beam”, PRL V93,

114801, 2004.

[9] I. Bohnet et al. “Dark Current Measurment at The PITZ RF

Gun”, DIPAC2003, Mainz, Germany, PT29.

5th International Particle Accelerator Conference IPAC2014, Dresden, Germany JACoW Publishing
ISBN: 978-3-95450-132-8 doi:10.18429/JACoW-IPAC2014-THPRI059

07 Accelerator Technology Main Systems
T06 Room Temperature RF

THPRI059
3907

Co
nt

en
tf

ro
m

th
is

w
or

k
m

ay
be

us
ed

un
de

rt
he

te
rm

so
ft

he
CC

BY
3.

0
lic

en
ce

(©
20

14
).

A
ny

di
str

ib
ut

io
n

of
th

is
w

or
k

m
us

tm
ai

nt
ai

n
at

tri
bu

tio
n

to
th

e
au

th
or

(s
),

tit
le

of
th

e
w

or
k,

pu
bl

ish
er

,a
nd

D
O

I.


