
    DESIGN OF THE FUNDAMENTAL POWER COUPLER AND 
PHOTOCATHODE INSERTS FOR THE 112 MHZ SUPERCONDUCTING 

ELECTRON GUN* 

T. Xin1,2, I. Ben-Zvi1,2, S. Belomestnykh1, X. Chang1, T. Rao1, J. Skaritka1,  
Q. Wu1, E. Wang1,3, X. Liang1,2 

1Brookhaven National Laboratory, Upton, NY 11973-5000 
2Stony Brook University, Stony Brook, NY 11790 

3Peking University, Beijing 100871, China 

 
Abstract 

A 112 MHz superconducting quarter-wave resonator 
electron gun will be used as the injector of the Coherent 
Electron Cooling (CEC) proof-of-principle experiment at 
BNL [1]. Furthermore, this electron gun can be the testing 
cavity for various photocathodes. In this paper, we 
present the design of the cathode stalks and a 
Fundamental Power Coupler (FPC) designated to the 
future experiments. Two types of cathode stalks are 
discussed. Special shape of the stalk is applied in order to 
minimize the RF power loss. The location of cathode 
plane is also optimized to enable the extraction of low 
emittance beam. The coaxial waveguide structure FPC 
has the properties of tunable coupling factor and small 
interference to the electron beam output. The optimization 
of the coupling factor and the location of the FPC are 
discussed in detail. 

INTRODUCTION 
A 112 MHz superconducting quarter-wave resonator 

electron gun had been built under cooperation between 
Brookhaven National Lab and Niowave Inc. This gun will 
be used as the injector of the Coherent Electron Cooling 
experiment in BNL. Besides that, this gun can also be 
used as the testing facility for various photocathode. 
However, two major modifications have to be done to 
make the gun suitable for the tasks mentioned above. First, 
the original cathode holder, which had also been used as a 
fundamental power coupler has to be replaced by a newly 
designed cathode stalk. The new stalk is specially 
designed for the test of Diamond Electron Amplifier 
which will multiply the primary electron current by a 
factor of nearly 200. Meanwhile, this stalk is compatible 
for the test of other photocathode such as the metal and 
multi-alkali cathode, one only have to change the 
insertion of it and the outer shield can be kept untouched.  
Secondly, the fundamental power coupler has been 
redesigned. Since the length of new cathode stalk has 
been made half wave length in order to optimize the field 
on cathode, it is not applicable as a power coupler any 
more. Therefore a new FPC which couples the RF power 

into cavity from the exit of cavity has been designed. 
Moreover, by adjusting the penetration of the Coupling 
Tube one can tune the frequency of cavity as well as 
adjust the coupling strength. The layout of the cavity 
including the cathode stalk and FPC is shown in Figure 1.  

DESIGN OF CATHODE STALK 
As mentioned above, for the future application of 

112 MHz electron gun in CEC project as well as the 
testing experiments on different photocathodes the 
original stalk has to be replaced by a new one which can 
be used to mount a much larger cathode and also have 
enough space inside for the primary DC gun in the 
Diamond Amplifier experiment. The general 
considerations in the design of cathode stalk are discussed 
below. 

Large Cathode Surface-half Wave Length 
Design 

The cathode that is going to be tested in this gun has 
the diameter as large as 2 cm. This requirement leave only 
4 mm gap between the stalk and nose cone at the entrance 
of the cavity. If we still use the original length of stalk 
which was selected as quarter wave length for the sake of 
power coupling, the voltage drop between the cavity and 
stalk will be more than 5.6 kV if a reasonable acceleration 
field is assumed. Therefore, we applied a half wave length 
design here to minimize the voltage drop between stalk 
and cavity.  

According to the general equation of impedance of 
transmission line [2]: ܼ௜௡ ൌ ܼ଴ ௓ಽା௓బ୲ୟ୬୦	ሺఊ௟ሻ௓బା௓ಽ୲ୟ୬୦	ሺఊ௟ሻ  ,                       (1) 

here ܼ଴ ൌ 60	݈݊ ௕௔ where ܾ and ܽ and the radius of outer 

and inner conductor respectively.  
ߛ  ൌ ߙ ൅  (2)                                , ߚ݆

 ___________________________________________  
*Work is supported at Stony Brook University under grant DE-SC0005713 by the US DOE, at Brookhaven
National Laboratory by Brookhaven Science Associates, LLC under Contract No. DE-AC02-98CH10886 with the
U.S. DOE. 
#txin@bnl.gov 

Proceedings of SRF2011, Chicago, IL USA MOPO014

01 Progress reports and Ongoing Projects 83



Figur

 
in which  

where  is t
specific freq

space, and  

In order t
minimize
easily see th

of  can be

The optim
conductivity 
with the orig
line near tip
shown in Fig
line in Figur
cathode and 

Figure 2: Fie
cone. 

As we can
 

Table 1: Comp

Type 

Quarter wave
length 

Half  Wave 
length 

e 1: The layou

the surface re
quency, 

is the propag

to minimize t
. By going th
at if we ignor

e acquired by 

mized result, w
of copper is s

ginal quarter 
p of stalk is c
gure 2. By in
re 2 we can g
cavity. 

eld distribution

n see, there is a

pare between qu

Length o

(cm) 

e 66.7 

133.3 

ut of 112MHz

  ,   

esistance of th
 is the im

gation constant

the voltage d
hrough some c
re the effect o

choosing 

which included
shown in Tab
wave length 

calculated by 
ntegrating alo
et the voltage

n near cathod

a significant d

uarter wave and

of stalk Vo
bet
sta

5.6

0.1

z electron gun 

                      

he conductor u
mpedance of

t defined as 

drop, one nee
calculation on
of , the mini

. 

d the effect of 
le 1 in compa
design. The 
SUPERFISH

ng the black 
e drop betwee

de surface and

drop of the vol

d half wave stal

oltage Drop 
tween cavity an

alk (KV) 

61 

11 

n with the new

    (3) 

under 
f free 

.  

eds to 
ne can 
imum 

finite 
arison 

field 
H and 

solid 
en the 

 
d nose 

ltage. 

lk 

nd 

 
Fu

catho
of ca
cavit
show
resul
impr
surfa

 

Figu
befo

 
Min
Out

An
RF p
bello
invo
give
prov

Th
can b

W
112
field
from
stalk

Fo
easil

0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0

9.0

Er
(M

V/
m

)

w cathode stalk

urthermore, th
ode surface h
arefully chang
ty and choosi

ws the origina
lt.  We can 
rovement due
ace.  

ure 3: Trans
re(♦) and afte

nimizing the
ter Pipe 
nother issue in
power losses o
ows and outer 
lved a chang
s us varied im

vides a large re
heoretical RF 
be calculated b

Where  is the
MHz which i

d on surface o
m the shorted e
k. 
or the uniform
ly calculated a

00E+00

00E-01

00E-01

00E-01

00E-01

00E-01

00E-01

00E-01

00E-01

00E-01
0.
03

0.
08

0.
13

0.
18

k and fundame

he transverse f
had been optim
ging the positi
ing the half w
al field distri

see there is
to the fine tu

sverse field 
r(■) optimizat

e RF Power 

n the stalk des
on the surface
pipe. Here w

ging in the d
mpedance alo
eflection of RF
power losses 
by equation: 

e resistance o
is ; 
of stalk as a f
end; and  is t

m half-wavele
as  

0.
22

0.
27

0.
32

0.
37

0.
42

0.
46

R (cm)

Er vs. R

 
ental power co

field distribut
mized by the
ion of the tip o
wave length st
ibution and t
s an order o
une of positio

distribution 
ation. 

Losses on S

sign is the mi
e of the stalk 

we adapted the 
diameter of st
ong the stalk 
F power. 
on a uniform 

of surface of 
 is the ma

function of di
the radius of t

ength stalk H

0.
54

0.
56

0.
66

0.
68

0.
78

oupler. 

tion along the
e combination
of stalk in the
talk. Figure 3
the optimized
of magnitude
on of cathode

on cathode

Stalk and 

inimization of
as well as the
design which

talk [4]. This
and therefore

cathode stalk

                (4)

copper under
agnitude of H
istance  away
the uniformed

H field can be

0.
80

Original

Optimiz
ed

e 
n 
e 
3 
d 
e 
e 

e 

f 
e 
h 
s 
e 

k 

) 

r 
H 
y 
d 

e 

MOPO014 Proceedings of SRF2011, Chicago, IL USA

84 01 Progress reports and Ongoing Projects



ሺ݈ሻ||ܪ ൌ ଶగఒ	ሺݏ݋ܥ଴ܪ 	݈ሻ                      (5) 

In our case, for 2 MV gap voltage, ܪ଴ ൌ  on ݉/ܣ	410
the surface of stalk. Therefore the power losses is given 
by plugging all the numbers into equation (4) and that 
gives us P = 34 W on the surface of stalk. This is in 
agreement with the result given by SUPERFISH, which is 
36 W for the 2 MV gap voltage.  

By introducing a step on the cathode stalk, namely 
stepping down the diameter of the left part of the stalk, 
we can decrease the RF power losses on the surface of 
stalk to 20 W without sacrificing too much space inside of 
the stalk. 

More importantly, the RF power dissipated on the outer 
pipe, which essentially is an extra heat load to the existing 
cryomodule, can be brought down from 1.7 W to 0.4 W. 
And last but not least, the power loss on the bellows is 
decreased from 28 W to 7 W. The results for the variable 
diameter stalk in comparison to the uniform style are 
summarized in Table 2. The locations of interest locations 
are indicated in the layout of cathode stalk in Figure 4. 
 

 
Figure 4: Important locations in RF power calculation. 

 
Table 2: Compare between Uniform and Varies Diameter 
Design 

Power 
losses 

Uniform Type 
Varies Diameter 

On Stalk 36 20 

On Bellows 28 7 

On Outer 
Pipe 

1.7 
0.4 

DESIGN OF FPC 
Table 3 shows the designed parameters of the 112 MHz 

electron gun.  

Table 3: Design Parameter of 112 MHz Electron Gun 

Parameters Value 

Frequency 112 MHz 

Charge per Pulse 1~3 nC 

Repetition Rate 78 kHz 

Accelerating Voltage 1~2 MV 

Cavity Q0 3e8 

r/Q 122 Ω 

 

The required Q external is calculated from the 
following equation [3]: ܳ௘௫௧ ൌ ொబଵାು್೐ೌ೘ು೓೐ೌ೟ ൌ ொబଵା೑ൈ೜ൈೇ	ೇమ ೃ⁄                    (6) 

Where ܳ଴ is the cavity quality factor; f is repetition rate 
of beam bunch; q is charge per bunch; V is the 
accelerating gap voltage; and R can be easily calculated 
by multiplying R/Q with Q0. To compensate the RF 
power due to heat losses and power extracted by beam, 
we will need a Q external ranged from 3e7 to 1.2e8.  

We decided to use a coaxial style fundamental power 
coupler. In order to have a strong enough coupling, a 
coupling disk at the tip of the input antenna is included 
[5]. 

 

 
Figure 5: FPC including antenna, coupling disk and 
coupling tube. 

 

 
Figure 6: Q external versus relative position D of 
coupling tube, where D is defined in Figure 5. 

As simulation results given by CST Microwave Studio 
in Figure 6 show, by adjusting the penetration of the 
coupling tube, we should be able to get a Q external range 
from 1.5e7 to 2.6e8. This range is larger than requirement 
given by design parameter above.  

CONCLUSION 
Based on the transmission line theory, we designed a 

half wavelength cathode stalk which significantly brings 
down the voltage drop between the cavity and the stalk 
from more than 5.6 kV to 0.1 kV. The transverse field 
distribution on cathode has been optimized by carefully 
choosing the position of cathode stalk inside the cavity. 
Moreover, in order to decrease the RF power loss, a 
variable diameter design of cathode stalk has been 
applied. Compared to the uniform shape of stalk, this 
design gives us much smaller power losses in important 
locations.  Besides that, we also proposed a fundamental 
power coupler based on the designed beam parameters for 
the future proof-of-principle CEC experiment. This FPC 
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should give a strong enough coupling which has the Q 
external range from 1.5e7 to 2.6e8.  
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