
A

a
i
A
s
d
i
t
a
T
c
o
b
m
3
i
t
I
t
M

m

u

A

b

R

t

p
 _

0
r

IMPRO

Z
De

 
Abstract 

  Normal con
at high gradien
in muon ioniza
An 805 MHz p
significant de
damage in the 
in magnetic fie
to be related 
activities in th
To improve th
cavity with sig
outside the nom
built and tested
multipacting a
3D parallel c
improved cavit
the gradient ef
In this paper, w
the dark curre
MHz cavity. 

High gradie
frequencies fro
muon ionizatio
a muon collide
strong externa
using an 805
significant de
damage in th
operation in 
Achievable ac
of external m
currents were 
damage as sho
be related to
activities in th
Therefore the
focused on atta
RF breakdown
strong magne
investigation h
such cavity to
test a similar c
fields outside 
improve perf
pioneered at S
_____________________________

* Work supported 
05CH11231, and D
resources at NERS
1lizh@slac.stanfor

OVED RF 

Zenghai Li, L
erun Li, Dan

nducting RF c
nt in the prese
ation cooling c
pillbox cavity 

egradation in 
high RF field 

elds up to 4 Te
to the dark 

he presence of
he performanc
gnificantly low
minal beam reg
d in the near f

and dark curre
code Track3P 
ty profiles in o
ffects under str
we will present
ent and multip

INTROD
ent normal co
om 200 MHz 
on cooling chan
er. These cavit
al magnetic fie
 MHz pillbox

egradation in 
he high RF fi

magnetic fiel
celerating grad

magnetic field 
observed ass

own in Fig 1. 
o the dark c
he presence of
e experimenta
aining a more f
n and surface
etic fields. Th
has a pillbox 

o be tested. Th
cavity with sig

the beam reg
formance. Al
SLAC will be 

_______________  

by US DOE unde
DE-AC02-76SF00
SC, LBNL. 
rd.edu 

DESIGN 
US

Lixin Ge, Ch
niel Bowring

avities are requ
ence of strong 
channels of a 
at Fermilab M
gradient per

regions when 
sla. These effe
current and/o

f the external 
ce of the cav

wer surface fiel
gion was design
future. Numeri

ent were perfo
for both th

order to gain m
rong external m
t the improved
pacting analys

DUCTION 
onducting RF
to 800 MHz w
nnels for a neu
ties need to be 
elds. In experi
x cavity at F

gradient per
eld regions o
lds up to 4 
dients decrease
and strong x-

sociated with 
These effects 
current and/o
f the external 
l RF program
fundamental un
 damage in th
he 805 MHz
geometry and

he initial plan 
gnificantly low
gion to see if 
lso, fabricatio
used that hav

er contract number 
0515. Computation

FOR AN 
S MUCOO

hris Adolphs
g, LBNL, 1 C

uired to operat
magnetic field
Muon Collide

MTA has show
rformance an
it was operate

ects are believe
or multipactin
magnetic field

vity, a new R
ld enhancemen
ned, and will b
ical analyses o
rmed using th
e original an

more insight int
magnetic field
d RF design an
ses for the 80

F cavities with
will be used in

utrino factory o
operated unde
imental studie

Fermilab MTA
rformance an

occurred durin
Tesla [1,2,3]

ed as a function
-rays and dark
cavity surfac
are believed t
r multipactin
magnetic field

m is currently
nderstanding o
he presence o

z cavity unde
d was the firs
is to build an
er peak surfac

f these change
on technique
ve yielded high

DE-AC02-
ns used computer 

805 MHZ
OL PROGR

sen, SLAC, M
Cyclotron Ro

te 
ds 
er. 
wn 
nd 
ed 
ed 
ng 
d.  

RF 
nt 
be 
of 
he 
nd 
to 
s. 

nd 
05 

h 
n 

or 
er 
es 
A, 
d 
g 
]. 
n 
k 
e 
o 
g 
d. 
y 

of 
of 
er 
st 
d 
e 

es 
es 
h 

gradient 
present th
both the 
potential i
 

 
 
 
 
 

 
 
 

 
 
 
 
 
 
 
 
Figure 1. 
and dama
fields. 

The fi
coupling 
(where a 
changes m
minimize 

The firs
aperture r
profile. Th
beam dire
radius of 
radial dire
With this 
achieved i

The sec
of the cou
from 3.2
sharp corn
Elliptical 
significan
radii, the 
and the m
coupling 
outward (
even lowe
surface el
amount. T

Z PILLBO
RAM* 

Menlo Park,
oad, Berkele

structures (> 
he modified de
original and n
impacts they m

Original cavit
age after oper

DESIGN I
eld enhancem
slot area and
Be window is 

marked with re
the peak surfa

st improvemen
rounding from
he minor axis o
ection and is 1
f the original d
ection and is el
modification, 
in this area.  
cond improvem
upling slot. Th
mm to 9.0 mm
ner to a 7.5 m

rounding w
nt improvemen

surface electr
magnetic field

slot in the n
(flush with the 
er electric field
lectric and mag
The major gain

OX CAVIT

, CA 94025,
ey, CA 9472

100 MV/m). 
esign and mult
new designs t

may have on pe

ty design and g
ration in high

IMPROVEM
ments are loc
d the disk ope
 mounted). In 
ed circles in F

ace field.  
nt was the mod

m a circular pro
of the elliptica
1.4 mm, the sa
design. The m
longated to 21 
a 40% surface

ment was to m
he rounding ra
m on the cavi

mm radius on t
was consider
nt was found
ric field is low
d by about 30
new design w
cavity outer r

d. This change
gnetic fields th
n with this mo

TY FOR T

 USA 
0, USA 

In this pape
tipacting analy
to better under
erformance. 

gradient degrad
h external ma

MENTS 
calized around
ening aperture
the new desig

Fig. 2 were ma

dification of th
ofile to an elli

al profile is alon
ame as the rou

major axis is i
 mm from 11.4

e field reductio

modify the rou
adius was incr
ity side, and fr
the waveguide
red, howeve

d. With these 
wered by about

%. In addition
was moved f
radius) to achie
e further reduce
hough not by a
odification is t

THE 

 

er, we 
yses of 
rstand 

dation 
gnetic 

d the 
e area 
gn, the 
ade to 

he disk 
iptical 
ng the 

unding 
in the 
4 mm. 

on was 

unding 
reased 
from a 
e side. 
r no 
large 

t 45% 
n, the 

further 
eve an 
ed the 

a large 
that it 

Proceedings of IPAC2012, New Orleans, Louisiana, USA THPPC040

07 Accelerator Technology and Main Systems

T06 Room Temperature RF

ISBN 978-3-95450-115-1

3371 C
op

yr
ig

ht
c ○

20
12

by
IE

E
E

–
cc

C
re

at
iv

e
C

om
m

on
sA

tt
ri

bu
tio

n
3.

0
(C

C
B

Y
3.

0)
—

cc
C

re
at

iv
e

C
om

m
on

sA
tt

ri
bu

tio
n

3.
0

(C
C

B
Y

3.
0)



m

k
p

p

p
m
B
w

r

m

W
b

 
 
 
 
 
 
 
 

F

m
t
r

eliminated an 
cavity outer 
multipacting a

The third si
kidney shape
propagating w
of the kidney
parameter for
coupling was 
piece of wave
machining tech
By replacing
waveguide, th
dramatically 
reduction of 
Combined with
field is lowere
lowered by a
maximum elec
surface. These
With a curved
by up to 45%
cavity and RF
designs for com

 
 
 
 
 

 
 
 
 
 

 
 
 
 
 
 
 

Figure 2. Cav
surface fields. 
modified disk 
the coupling sl
reduced after r
a propagating w

area between
radius which

as will be seen b
ignificant mod
d cutoff wav

waveguide. In th
y shaped sect
r the extern
obtained by 

eguide. With m
hnology, such 

g this waveg
e azimuthal op
reduced, whic
the surface e
h the larger rou

ed by a factor o
a factor of 2.5
ctric field is n

e values were 
d Be window, 
% on the wind
F parameters 
mparison. 

(

(b

(
vity shape m
Left) original 
rounding profi
lot; and c) size
replacing the k
waveguide. 

n the coupling
h could supp
below. 
dification was 
veguide with 
he original des
tion was used
al coupling. 
trimming the 

modern simula
tuning is no lo
guide with 
pening of the c
ch results in

electric and m
unding radii, th
of 4 and the m
5 around the 
now located o
calculated for 
the electric fie

dow. Table 1 s
of the origina

a)  

b) 
 

c) 
modifications to

design; Right)
file; b) larger ro
e of coupling sl
kidney cutoff w

g slot and th
port significan

to replace th
a rectangula

sign, the length
d as a tunin

The require
length of thi

ation tools an
onger necessary
a propagatin
coupling slot i

n a significan
magnetic fields
he final electri

magnetic field i
slot area. Th

on the window
a flat window

eld is enhance
summarizes th
al and the new

o improve th
) new design. a
ounding aroun
lot significantly
waveguide with

he 
nt 

he 
ar 
h 
g 
d 
is 
d 
y. 
g 
is 
nt 
s. 
ic 
is 

he 
w 
w. 
d 

he 
w 

he 
a) 
d 
y 
h 

Tab
Paramete
(dimensi

Slot heig
Slot open
(deg) 
Slot roun
Slot roun
Disk ellip
(minor/m
Emax on s
Emax on s
Emax disk
Emax on w
Hmax 
Qext 
Qo 
Coupling

MP 
Multipa

Track3P, 
unstructur
simulation
at differen
follow th
eventually
emitted w
continues
which the
order (num
and point
involves p
These pa
locations 
trajectorie
Emission 
MP event
purpose. 

 
 
 
 
 

 
 
Figure 3

The RF
parallel c
establishe
impedanc
correct st
external m
axis. The 
from 0.1

ble 1. Cavity a
er 
ions in mm) 

ght 
ning  angle 

nding 1 
nding 2 
ipticity 
major axes) 
slot-1 
slot-2 
k rounding 
window 

g β 

SIMULATI
acting (MP) a

which is 3D
red finite-elem
n, electrons ar
nt phases over
he electromag
y hit a bounda
with zero ener
 for a specif
e MP trajector
mber of RF cy
t (number of 
particles with 
articles will i
with constant

es with impac
Yield (SEY) 

ts. The SEY c

3. Secondary e

MP SIMUL
F fields in the
code S3P [6,7
ed via wavegu
ces so that the
tanding wave 
magnetic field 
flat window ca
MV/m to 30

and RF Parame
 

Original 
N

w
15.2 
53 

3.2 
0 

11.4 
/11.4 
69.8 

 
45.0 
32.9 
0.30 

12899 1
16007 1
1.24 

ION USING
analyses were
D particle tra

ment mesh [4,5
re launched fro
r a full RF pe

gnetic fields 
ary, where seco
rgy. The traci
fied number o
ries are charac
ycles to return 
impact sites p
trajectories re

impact the su
t energy in ou
ct energies h
greater than u
curve in Fig 3

emission yield 

LATION RE
e cavity were 

7]. The fields 
uide excitation
fields in the w
ratio (couplin
was applied p

avity surface fi
MV/m in inte

eter Compariso
New - 

flat 
window 

New
curv
wind

13.5 13
22.2 22

9 9
7.5 7.
11.4 
/21 

11
/2

16.1 16
8.40 8.9
31.8 33
33.4 48.3/
0.12 0.1

15043 126
16761 167
1.11 1.3

G TRACK3P
e carried out 
acking code 
5]. In a typica
om specific su
eriod. The ele
in the cavity
ondary electron
ng of the ele
of RF cycles,
cterized  in ter

to the origina
per MP cycle)
sonant with th

urface at the 
ur simulation. 
having a Seco
unity are consi
3 was used fo

for copper. 

ESULTS 
obtained usin
in the cavity 

n with proper
waveguide hav

ng  = 1.3). A
parallel to the 
ield level was v

ervals of 0.1 M

on 
w - 
ved 
dow 

3.5 
2.9 

9 
.5 
.4 

21 
6.3 
93 
3.3 
/27.7 
12 
662 
717 
32 

P 
using 
in an 
al MP 

urfaces 
ctrons 
y and 
ns are 
ctrons 
 after 

rms of 
al site) 
). MP 

he RF. 
same 

Those 
ondary 
idered 
or this 

ng the 
were 

r wall 
ve the 
A 3 T 
cavity 
varied 

MV/m. 

THPPC040 Proceedings of IPAC2012, New Orleans, Louisiana, USA

ISBN 978-3-95450-115-1

3372C
op

yr
ig

ht
c ○

20
12

by
IE

E
E

–
cc

C
re

at
iv

e
C

om
m

on
sA

tt
ri

bu
tio

n
3.

0
(C

C
B

Y
3.

0)
—

cc
C

re
at

iv
e

C
om

m
on

sA
tt

ri
bu

tio
n

3.
0

(C
C

B
Y

3.
0)

07 Accelerator Technology and Main Systems

T06 Room Temperature RF



R

r

 
F

 
 
 

 
 

 
 

 

F

w
r

M

b
A
M
t

w

Initial particle
RF cycles wer
support reson
further analyse
resonant trajec
same quantitie

 
 
 
 
 
 
 

Figure 3. Impa
function of fie
flat window de

 
 
 
 

                      
 
 
 
 
 

                      
 
 
 
 
 

                      
 
 
 
 
 

                    
Figure 4. Impa
in different reg
window desig
rounding area
outer wall.  

MP on the B
Most of the

between the ro
A strong MP 
MV/m to abou
to about 4-M
energy resonan
window has a 

s were distribu
re simulated at 
nant trajectorie
ed. Fig. 3 show
ctories versus 
es in four speci

act energies of
eld level. Left)
esign. 

               (a) 

               (b) 

               (c) 

            (d) 
act energy of re
gions. Left) or

gn:  a) the wi
; c) the disk 

Be window 
e MP particle

ounded copper 
band is seen i

ut 3 MV/m in t
MV/m in the o

nces are not lik
similar MP ban

uted on all cav
each field leve

es were then 
ws the impact 
field level. Fi
fic surface area

f all resonant t
) original desig

esonate particle
iginal design; 
indow area; b)
rounding area

es are located
disk and the w

in the voltage 
the new design
original design
kely to multipa
nd but is slight

ity surfaces. 5
el. Regions tha
identified an
energies of al

ig. 4 shows th
as. 

trajectories as 
gn; Right) new

es vs field leve
Right) new fla
) coupling slo

a; d) the cavity

d in the corne
window surface
range from 0.2

n and 0.2 MV/m
n (high impac
act). The curve
tly narrower. 

0 
at 
d 
ll 

he 

a 
w 

el 
at 
ot 
y 

er 
e. 
2 

m 
ct 
d 

MP on t
There 

impact e
significan

MP on t
There i

in the orig
in the co
outer wal
which res
resonant p

MP on t
These a

particles a
outer wal
bands, bu
smaller ro
these traje
RF proces

 The ne
surface f
rounding 
window s
copper su
dark curr
coupling 
analysis i
design in
of the ne
built in th

[1] Deru
MHz
Pow
PAC

[2] Deru
magn
PRS

[3] Alan
“Hig
High

[4] K. K
for A
LINA

[5] L. G
Pow
Albu

[6]  Lie-Q
Elem
Cavi

[7] Z. L
and 
Albu

 

the disk iris r
are sparse re

energy. Multip
nt in this area. 

the coupling 
s multipacting
ginal design. M

orner between 
ll. In the new 
sulted in a sign
particles.  

the other surf
are mostly hig
are located la
ll. The new d
ut the range o
ounding radiu
ectories, they 
ssing barrier. 

SU
ew cavity desi
fields around 

areas. The hi
surface in the
urface. As a re
rents should 
slot and disk

indicated signi
the coupling s

ew cavity is c
he near future.

REF
un Li et. al., “D
z RF Cavity w

wer Test for a M
C2001, Chicago
un Li et. al.
netic fields in

ST-AB 12, 0310
n Bross, “Th
gh”-Gradient N
h Gradient Wo

Ko et al, “Adva
Accelerator S
AC 2010, Tsuk

Ge et al., "Mu
wer Coupler 
uquerque, New
Quan Lee et 

ment Eigenmod
ities,” SLAC-P
i et al., "Towa
Beam Physics

uquerque, New

rounding 
esonances and 
pacting is no

slot region 
g at all field lev
Most of these p
the coupling 
design, this a

nificant reducti

rfaces 
gher order res

argely in the c
design has sim
f field levels 

us. Because of
are not likely 

UMMARY 
ign significant
the coupling 

ighest electric 
e new design 
esult, the effec
be significant

k rounding re
ificant improv
slot region. An
omplete and i

FERENCES
Design and Fa
with Be Wind
Muon Cooling
o, 2001. 
., “rf breakdo
n 201 and 8
002, 2009.  
he Muon Ac
Normal Condu
orkshop, SLAC
ances in Paralle
Science and D
kuba, Japan, 20

ultipacting Sim
Components

w Mexico 
al, “Omega3P
de Analysis C
PUB-13529, 20
ards Simulation
s at the Petasc

w Mexico. 

most are of
ot expected t

vels up to 30 M
particles are lo
slot and the 

area was elimi
ion in the num

sonances wher
corner of the 
milar impact e
is wider due 
f the high ord
to produce a s

tly reduces the
slot and the
field is on th
rather than o

ct of field em
tly reduced i
gions. Multip

vements in the
n engineering d
it will hopefu

S 
abrication of a

dows for a Hig
g Experiment,”

own with ex
805 MHz cav

ccelerator Pro
cting RF R&D

C, Menlo Park, 
el Computing C

Development,” 
010.   

mulations of TT
," Proc. PA

P: A Parallel F
Code for Accel
009. 
n of Electroma
cale," Proc. PA

f high 
to be 

MV/m 
ocated 
cavity 
nated, 

mber of 

re the 
cavity 

energy 
to the 
der of 
strong 

e peak 
e disk 
he Be 
on the 

mission 
in the 
acting 
e new 
design 
lly be 

an 805 
gh RF 
 Proc. 

xternal 
vities,” 

ogram 
D,” US 

2011.  
Codes 
Proc. 

TF-III 
AC07, 

Finite-
lerator 

gnetic 
AC07, 

Proceedings of IPAC2012, New Orleans, Louisiana, USA THPPC040

07 Accelerator Technology and Main Systems

T06 Room Temperature RF

ISBN 978-3-95450-115-1

3373 C
op

yr
ig

ht
c ○

20
12

by
IE

E
E

–
cc

C
re

at
iv

e
C

om
m

on
sA

tt
ri

bu
tio

n
3.

0
(C

C
B

Y
3.

0)
—

cc
C

re
at

iv
e

C
om

m
on

sA
tt

ri
bu

tio
n

3.
0

(C
C

B
Y

3.
0)


