
DES

S. H. Shak
F. Ghase

Abstract 
This desig

energy TW 
construction 
of particles 
fundamental 
consists of a 
joined and tw
each design
numerical) a
have a better

Figure 1 sh
electron gun 
=0.39) kinet
buncher, the 
MeV and 68
accelerating 
8.25 MeV. B
loaded wave
structure, wh
along its le
structure is a
velocity equa
and tuned b
confirmed by
[1] and J. Ga
the beam-tr
couplers are
methods are 
the coupling
joined waveg
cell to cell ph

 

ACC
The accel

structure tha
two cells (on
advance is 
historically, 
Mark III [5]
cm that cons

 _______________________

*hamed.shaker
#farshad.ghasem

SIGN OF 

ker*, School
emi#, Shahi

gn is related 
electron line
stage. This pr
and accelera
sciences (IP

buncher and a
wo couplers f
n stage, diff
are used to c
r understandin

INTRO
hows the layo
produces a co

tic energy a
beam is bun

8% of the bea
structure, the

Both structure
eguide structu
hich allows th
ength from 0
a constant-imp
als to 1.0c. Th
by Superfish 
y two analyti
ao [2]. Also, a 
racking insid
e designed b
used to tune 

g coefficient b
guides [3] and
hase advance 

Figure 1

CELERATI
lerating struc

at means all ce
ne plus two h
90°. The pi/
the initial de
. The length 

sists of two 60

_____________________  

r@cern.ch ; shake
mi@gmail.com  

A PI/2 M
L

l of Particle 
d Beheshti 

to a Pi/2 m
ear accelerato
roject is suppo
ators, institut

PM), Tehran, 
an acceleratin
for the input/o
ferent metho
confirm the r
ng. 

ODUCTION
out of this Lin
ontinuous bea

and 1 mA cu
nched and acc
am is capture
e electrons are
es are electri
ures. The bun
he increasing 
0.5c to 1.0c. 
pedance struct
hese two struc

code and a
cal methods b
code in MAT

de these two
by HFSS cod
the couplers, 
between the 
d another one
[4]. 

 
: Linac layout

ING STRU
cture is a c
ells are simila
alf cells). The
/2 mode wa
esign was ba
of acceleratin

0 cm structure

er@ipm.ir     

MODE S-B
LINEAR 

 and Accele
University 

mode S-Band
r which is in
orted by the sc
te for researc

Iran. This d
ng structure th
output feeding
ds (analytica
esults and al

N 
ac. The therm

am with 45 ke
urrent. Inside
celerated up t
d. Then insid
e accelerated 
ical-coupling 
ncher is a tap

of phase vel
The acceler

ture with the p
ctures are desi
also the resu
by E.L. Chu 

TLAB is writte
o structures. 
de. Two diff
one by meas

couplers and 
e by measurin

t. 

UCTURE 
onstant-imped
ar. Figure 2 s
e cell to cell p
s chosen bec
sed on the S
ng structure is
es with 24 cell

BAND LO
R ACCELE

erators, IPM
(sbu) Radia

d low 
n the 
chool 
ch in 

design 
at are 
gs. At 
al or 
so to 

mionic 
eV (βe 
e the 
to 1.4 
de the 
up to 
disk-
pered 
locity 
rating 
phase 
igned 
ult is 
et al. 

en for 
The 

ferent 
suring 

their 
ng the 

 

dance 
shows 
phase 
cause 

SLAC 
s 120 
ls (23 

cells
find 

 

 
Th

Supe
Fig. 
conf
by e
39.2

(1)
An

cell i
the c
Equa
by th
frequ
avera
in TM
equa
equa

(2)

OW ENER
ERATOR

M, Tehran, Ir
ation Applic

s + two half c
the values wa

T

a 

d 

ηd 

Phase velocity

Guide wave le

Free space wa

Resonant frequ

he b (see Fig.
erfish code. T
2. Also two d

firm this resul
equation 1 [1
55 mm (0.008

۔ۖەۖ
ۓ 1k୰a Jଵ(k୰a)J଴(k୰a) =k = 2

λ

nother method
is replaced by
cell are repla
ation 2 shows
his method. T
uency, the m
age stored en
M010 mode, re
al to b and its
ation was foun

൞߱గଶ = ߱଴ඨ1ݔ଴ଵ ≈

RGY TW
R 

ran ; CERN
cation Depa

cells on both 
as chosen for t

Figure 2: Cel

Table 1: Cell P

y/c (βw) 

ength (λg) 

ave length (λ0) 

uency 

2) was found 
The Superfish 
different anal
lt. In the first 
]. The b, by 

8 % difference= 1(1 − η)ka JଵJ଴2π
λ଴ , k୸ = 2π

λ୥ = β

d is from J.Ga
y a pillbox and
aced by the e

how to calcu
The ω0/2π, E

maximum axi
nergy of the p
espectively. T
length is equa

nd to be 39.24

+ 23 ଴ܽଷߝ ଴ଶܷܧ =≈ 2.4048	(First

W ELECTR

N, Geneva, S
artment, Teh

sides). In Tab
the cell param

ll layout. 

Parameters 

10 mm 

25 mm 

5 mm(η=0.2)

1 

(2π/(π/2))d=1

λg / βw =100 

2997.92 MH

to be 39.252 
model is cho
ytical method
method the b
this equation

e). (ka)N଴(kb) −(ka)N଴(kb) −2π
β୵λ଴ , k୰ଶ = kଶ
ao [2]. In this 
d the two coup
equivalent ele
ulate the reson
E0 and U are 
ial electric f
pillbox (cell w
The radius of t
al to d(1- η). T

40 mm (0.03 %

= ଴ଵܾܿݔ ඨ1 + func	଴ܬ	of	root	ଵଶtܬ4

RON 

Switzerland
hran, Iran

ble 1 you can
meters.  

 

) 

100 mm 

mm 

Hz 

mm using the
sen similar to

ds are used to
b is calculated
n is equal to

Nଵ(ka)J଴(kb)N଴(ka)J଴(kb)ଶ − k୸ଶ
method, each
pling holes of

ectric dipoles.
ant frequency
the resonant

field and the
without holes)
this pillbox is
The b, by this

% difference).4 (଴ଵݔ)ൗߨ3 ܽଷ ܾଶ݀ൗ(1 − (ction(ߟ

n 

e 
o 
o 
d 
o 

h 
f 
. 

y 
t 
e 
) 
s 
s 

MOPC009 Proceedings of IPAC2011, San Sebastián, Spain

80C
op

yr
ig

ht
c ○

20
11

by
IP

A
C

’1
1/

E
PS

-A
G

—
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

T06 Room Temperature RF



Calculating the Axial Electric Field 
Equation 3 [6] introduces the axial electric components 

inside the accelerating structure. Just, the n=0 component 
is contributed in the acceleration process because the 
phase velocity of this component and the beam velocity is 
equal (βw=βe=1). Other components aren’t contributed in 
the acceleration process but they carry the energy. By 
knowing the total axial electric field by Superfish, an’s for 
each component is calculated using equation 3 for the SW 
case. a0 and a-1 were found to be 0.885 MV/m and 0.206 
MV/m, respectively. The other components are less than 
0.015 MV/m. These values are normalized values because 
in the Superfish, the average axial electric field is 
normalized to 1 MV/m.  

(3)
ەۖۖ
۔ۖ
,ݎ)௭,்ௐܧۓۖ (ݖ = ෍ ܽ௡ܬ଴(݇௥௡ݎ)݁௜(௞೥೙௭ିఠ௧)௡ୀାஶ

௡ୀିஶܧ௭,ௌௐ(0, (ݖ = ݁ି௜ఠ௧ ෍ 2ܽ௡cos	(݇௭௡ݖ)௡ୀାஶ
௡ୀିஶ݇௭௡݀ = 2ߨ + ݊ߨ2

 

Equation 4 shows how to calculate the real axial 
electric field for the main component. PTW [6] is equal to 
the normalized transmission power from a surface 
perpendicular to the axis and is calculated from the 
Superfish result. In equation 4 this surface is located at 
the middle of the disk hole. The real transmission power 
is equal to the input power (2 MW) if there is no power 
loss inside the structure and the couplers are matched. 

(4) ۔ۖەۖ
௭,்ௐܧۓ = ܽ଴ඨ2்ܹܲܯௐ = ܽ଴ඨ 26461ܹܹܯ2 ≈ ݉/ܸܯ	7.44
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BUNCHER 
The buncher has 15 cells (14 plus two half cells on both 

sides) and its length is 30.8 cm. The phase velocity (βwc) 
of cells should be increased to reach 1.0c for the last cell. 
Figure 3 shows the phase velocities was chosen for the 
buncher cells. The last 2.5 cells (two plus one half cells) 
are similar to the accelerating structure cells. The disk 
hole radius (a in Fig. 2) and the disk thickness (ηd in Fig. 
2) for each cell is similar to the accelerating structure 
cells. Now by using equation 5 [5], we can find the main 
component axial electric field (E0) inside of each cell. 
Figure 4 shows the axial electric field inside the buncher 
and the accelerating structure. The red (blue) line shows 
the electric field when the power loss due to the finite 
wall conductivity (copper) is (isn’t) considered. The 
internal radius (b in Fig. 2) for each cell was found by 
using equation 1 and was corrected by the Superfish code.  

(5) ۔ۖەۖ
ۓ ܽସαଶβ୵ f(݇௥ܽ) = ;	ݐ݊ܽݐݏ݊݋ܿ ߙ	 = ଴݉଴ܿଶ݂(݇௥ܽ)ߣ଴݁ܧ = 8(݇௥ܽ)ଶ ଵଶ(݇௥ܽ)ܬൣ −  ଶ(݇௥ܽ)൧ܬ଴(݇௥ܽ)ܬ

Figures 5 and 6 show the different particle trajectories 
inside the structure (the buncher and the accelerating 
structure) with different initial relative phase. These 
trajectories are calculated by the equation 6 [5]. Figure 5 
shows that 68% of the continuous beam (244°) is captured 
and is focused to about 15°. Figure 6 shows the final 
energy is equal to 8.25 MeV and the energy spread is 0.26 
MeV (3.1 %). 

(6) ۔ۖەۖ
ۓ ݀Δ݀ߦ = ߨ2 ൬ ௪ߚ1 − ௘൰ߚ1 ; ߦ	 = ߦ݀ߛ଴݀ߣݖ = ߙ− sin(Δ)	; ߛ	 = 1(1 −  ௘ଶ)ଵଶߚ

 

 
Figure 3: Phase velocity/c of each buncher cell. 

 

 
Figure 4: Maximum axial electric field. 

 

 
Figure 5: Relative phase evolution of different particles.  

 

 
Figure 6: Kinetic energy evolution of different particles. 

0.5

1

0 1 2 3

β w

ξ=z/λ0

4

8

0 5 10 15

E
0

(M
eV

)

ξ=z/λ0

-150

-100

-50

0

50

100

0 5 10 15

Δ
(D

eg
re

e)

ξ=z/λ0

0

2

4

6

8

0 5 10 15

K
in

et
ic

 E
ne

rg
y 

(M
eV

)

ξ=z/λ0

Proceedings of IPAC2011, San Sebastián, Spain MOPC009

07 Accelerator Technology

T06 Room Temperature RF 81 C
op

yr
ig

ht
c ○

20
11

by
IP

A
C

’1
1/

E
PS

-A
G

—
cc

C
re

at
iv

e
C

om
m

on
sA

tt
ri

bu
tio

n
3.

0
(C

C
B

Y
3.

0)



IN
There are 

the beginning
at the end o
couplers lay
couplers. Th
to reach to th
to have pure
as possible f
Each coupler
connected to
waveguide. R
to 9 mm/20 
cone that is s
avoid the SW
[7]. 

In the firs
external cond
reflection a
frequencies n
joined cell is
measured for
[3], the res
coupling coe
waveguide a
between refl
the coupler c
In this equa
and is equa
input/output 
coupler is m
(see Table 2)

(7)
ەۖۖۖ
۔ۖۖ
ۓۖۖۖ ߱

ߚ =
߱ఏబ =

PUT/OUTP
two couplers.
g of buncher a

of accelerating
yout. Two me
e goal of tuni

he minimum r
e traveling wa
for our work
r cell is differ

o a WR-284 w
Rp is equal to 

mm for the 
shown in Fig. 
W fields for t

Figure 7: 

st method [3]
ductor object 
angles are 
near our wor
s detuned and
r the same fr
onant freque

efficient (β) b
are calculated
ection angles 
cell detuned c
tion, k come

al to 0.0225/0
coupler and 

matched when 
).  

߱௖ = ඥ߱ଵ߱ଶඩ
= 12݇ ߱గଶ sin(ߠ଴)= ߱గଶ ൭1 − 2݇ co

PUT COUP
. The input co
and the output
g structure. F
ethods were 
ing methods i
eflection from

ave inside the 
king frequency
rent from the 

waveguide via 
7.5 mm/10 m
input/output 
7 is just for th

the first half o

Coupler layou

] the coupler 
(PEC in our s
measured fo

rking frequen
d again the re
equencies. By
ncy of coup
etween the co
. φ1,2 is equa
for the first j

cases for each 
s from the d
0.0147 for th
θ0=π/2 for o
ωc=ωπ/2=2997

ඩ߱ଶ tan ቀ߮ଶ2 ቁ −߱ଵ tan ቀ߮ଶ2 ቁ −tan ቀ߮ଵ2 ቁ tan ቀ߱ଵ tan ቀ߮ଶ2 ቁ −os	(ߠ଴)൱ 	:	disp

PLERS 
oupler is locat
t coupler is lo
igure 7 show
used to tune

s to find Rc a
m input couple

structure as m
y (2997.92 M
joined cells a
a tapered stru

mm and Lc is 
coupler. The 
he input coup
of the couple

ut. 

is detuned b
simulation) an
or two diff
cy. Then, the
flection angle
y using equat
pler cell (ωc)
oupler cell an
l to the diffe
joined detuned
chosen frequ

dispersion equ
he joined cel
our structure.
7.92 MHz and

߱ଵ tan ቀ߮ଵ2 ቁ߱ଶ tan ቀ߮ଵ2 ቁ߮ଶ2 ቁ (߱ଵଶ − ߱ଶଶ)− ߱ଶ tan ቀ߮ଵ2 ቁpersion	equatio

ted at 
ocated 
ws the 

e the 
and Ls 
er and 
much 

MHz). 
and is 
ucture 
equal 
nose 

pler to 
r cell 

 

by an 
nd the 
ferent 
e first 
es are 
tion 7 
) and 
nd the 
rence 
d and 

uency. 
uation 
lls of 
. The 
d β=1 

)
on

 

In
refle
place
coup
for t
the 
indic
first 
third
mach
these
are c
expe
cutti
can 
cell w
to dr

Cou

Inpu

Inpu

Inpu

Out

Out

Out

[1]

[2]

[3]

[4]

[5]

[6]

[7]

the second
ection angles
ed at the mid
pler is matche
the working f
plate by one

cated in this t
and second jo

d joined cells. 
hining accura
e two method
chosen in a m
erimental tunin
ng and sandi
be tuned by 
wall. To defor
rill up to inner

upler/Method

ut / 1 

ut / 2 (89.1°,87

ut / Final 

tput / 1 

tput / 2 (89.4°,8

tput / Final 

E. L. Chu an
Loaded Wave
1947, Vol. 18
J. Gao, “Ana
the Design 
Accelerating 
Vol. 43(4), p.
S. Zheng et a
Cavity Tunin
June 2001, p. 
D. Alesini et
wave RF stru
in the frequen
June 2007, 58
M. Chodorow
Electron Acc
February 195
G. A. Loew
Travelling W
SLAC-PUB-2
J. Haimson, “
Linear Acce
January 1966

d method [4]
is measured 
ddle of the d

ed when the r
frequency is 1
e cell (see T
table are the p
oined cells an
These angles

acy (0.01 mm
ds, the final v

manner that giv
ng process. Ls

ing the slot a
small mechan
rm, we need a
r wall to make

Table 2: RC

RC 

34.7

.2°) 34.8

34.8

38.5

81.6°) 38.5

38.6

REFERE
nd W. W. Han
e Guides”, J. 

8, p. 996 -1008
alytical Appro

of Disk-L
Structures”, P
. 235-257. 
al., “A Quant
g and Simulat
981-983; http

t al., “Design
uctures using 
ncy domain”, 
80 (2007), p. 1
w et al., “Sta
celerator(Mark
5, Vol. 26(2),

w et al., “C
Wave Period
2295, March 1
“Electron Bun
elerators”, N
, Vol. 39(1), p

] the differe
when a cond
different joine
reflection ang
180° (2 × 90°
Table 2). Th
phase advance
nd between th
s are the best 

m). Based on 
values for the
ves us the flex
s can be exten

and the resona
nical deformin
a few holes ar
e a thin wall la

C and Ls 

L

73 mm 2

81 mm 2

81 mm 2

59 mm 2

575 mm 2

61 mm 2

NCES 
nsen, “The Th

Appl. Physic
8. 
oach and Sca
oaded Trave

Particle Accel

titative Metho
tion”, PAC01
p://www.JACo
n of couplers 

3D electroma
Nucl. Instrum

1176-1183. 
anford High-E
k III)”, Rev. 
, p. 134-204. 

Computer Ca
dic Structure 
1979 (A). 
nching in Tra

Nucl. Instrum
p. 13-34. 

ence between
uctor plate is
ed cells. The
les difference
°) for moving
he angles are
e between the
he second and
result for our
the results of

e construction
xibility during
ded a little by
ant frequency
ng of coupler
round the cell
ayer.  

Ls 

28.4 mm  

28.5 mm 

28.3 mm 

26.55 mm 

26.55 mm 

26.4 mm 

heory of Disk
cs, November

aling Laws in
elling Wave
erators, 1994,

od of Coupler
 Proceedings,
oW.org . 
for traveling

agnetic codes
m. Methods A,

Energy Linear
Sci. Instrum.,

alculations of
Properties”,

aveling Wave
m. Methods,

n 
s 
e 
e 
g 
e 
e 
d 
r 
f 
n 
g 
y 
y 
r 
l 

k 
r 

n 
e 
, 

r 
, 

g 
s 
, 

r 
, 

f 
, 

e 
, 

MOPC009 Proceedings of IPAC2011, San Sebastián, Spain

82C
op

yr
ig

ht
c ○

20
11

by
IP

A
C

’1
1/

E
PS

-A
G

—
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

T06 Room Temperature RF


