
A

m
c
m
0

R
a
d
t
d
a

l

C
r
0
e
b
t
d
3
i
t

b
f
c
G
f
a

b
t

f
i

o
W
r
m
t

c
d

HIGH

Abstract 
Compensatio

major perform
collider (CLIC
most importan
0.03% limit o
spread in the m
RF power pul
accelerating s
dedicated stud
the energy 
demonstrated t
accelerating st
spread in the 
level.  

In order to 
CLIC [1] int
relative energy
0.03% [2]. Ho
each bunch ga
beam-loading 
transient beam
developed rece
3D shape of th
in commercial
the CLIC spec

Unloaded an
been both calc
frequency res
coupling impe
GHz. This c
fundamental 
accelerating s
11.994 GHz po
[7] so indeed 
by the feeding
the main be
structure excit
frequencies lim
in CLIC [1].  

In this pape
order modes o
We also perfo
results obtaine
massively para
the commercia

U
Unloaded v

calculated in 
described sch

HER-ORD

O. Ko

on of transien
mance issues o
C). Recent calc
nt fundamental
on the rms rel
main beam can 
lse shape for t
structure. Here
dy of the influen

spread com
that taking the
tructure does 
main beam ab

INTROD
have a lumino
teraction poin
y spread in th
owever, at the 
ains a differen
effect. A new 

m loading in th
ently in [3]. It
he CLIC accele
l software HFS
ific RF pulse g
nd loaded volt
culated in [3] ta
ponse for the

edance in the f
corresponds t
TM01 mode 

structure. In C
ower extraction
only the funda

g pulse at this f
eam travelling
tes higher-ord
mited by the b

er we investig
on the energy s
form a compre
ed with HFSS
allel electroma
al software Gdf

UNLOADED
voltage in th

HFSS using
ematically in 

ER MOD
I

ononenko, A

t beam loading
of the future 
culations, whic
l mode, have 
ative bunch-to
be reached by

the TD26, the 
e we perform
nce of higher-o

mpensation sc
ese modes into
not increase t
bove the CLIC

DUCTION 
osity loss of le
nt, the rms b
e main beam 
beginning of t

nt energy due t
model to com

he CLIC main 
t takes into acc
erating structur
SS [4] includin
generation sche
tages seen by 
aking into acco
e port excitat
frequency rang
to the band

in the C
CLIC the po
n and transfer 
amental mode 
frequency. On 
g through th
er modes (HO

bunch length, w

gate the influe
spread compen
ehensive com
 results with 
agnetic code A
fidL [6]. 

D VOLTAG
he accelerating
g port excitat

Fig. 1 (top).

ES AND B
IN CLIC M

A. Grudiev, C

g is one of th
compact linea
ch consider th
shown that th

o-bunch energy
y optimizing th

CLIC baselin
m an additiona

order modes on
cheme. It i
o account in th
the rms energy
C specification

ess than 1% in
bunch-to-bunch
must be below
the bunch train
to the transien

mpensate for th
linac has been

count the exac
res as modelled
ng couplers and
eme.  
the beam hav
ount structure’
tion and beam
ge of 11.5-12.5
width of th

CLIC baselin
wer source i
system (PETS
will be excited
the other hand

he accelerating
OM) up to th
which is 44 um

ence of higher
nsation scheme

mparison of th
those from th

ACE3P [5] and

GE 
g structure i
tion which i
 Here we us

BEAM-LO
MAIN LIN

CERN, 1211

e 
ar 
e 
e 
y 
e 
e 

al 
n 
is 
e 
y 
n 

n 
h 
w 
n 

nt 
e 
n 
ct 
d 
d 

e 
’s 
m 
5 
e 
e 
is 
S) 
d 

d, 
g 
e 

m 

r-
e. 
e 
e 
d 

is 
is 
e 

ACE3P 
results for

Figure 1:
plane wav

We ha
structure w
finite con
driven mo
for ACE3
presented 
MHz ban
operating 

Figure 2:
and ACE3

The com
of electric
while in F
there is a
have selec
there is a
frequency
level of se

 

11.99
-70

-60

-50

-40

-30

-20

-10

R
ef

le
ct

io
n

, 
d

B

 

OADING 
NAC 

, Geneva, Sw

electromagnet
r the fundamen

: Electric field
ve (bottom) exc

ave simulated
with magnetic 
nductivity (co
ode solver and
3P. In Fig.2 

d as calculated
ndwidth which
frequency of 1

 Reflection co
3P for port exc

mplex magnitu
c field along th
Fig. 4 Ez is sh

an uncertainty 
cted the appro
a good agreem
y domain solv
everal percents

11.992 1
F

COMPEN

witzerland

tic codes to 
ntal mode. 

d distribution 
citations. 

d ¼ of the 
walls on the s

opper) on the 
d s3p, the frequ

the reflection
d in using bot
h includes the
11.994 GHz.  

oefficient s11 c
citation.  

ude of the long
he beam axis is
hown in the co
in the field ph

opriate zero ph
ment between 
vers and the d
s. 

11.994 11.9
Frequency, GH

NSATION

benchmark 

for port (top

TD26 accele
ymmetry plane

exterior in 
uency domain 
n parameter 
th programs f
e CLIC main 

calculated in

gitudinal comp
s presented in 
omplex plane. 
hase on the po
hase.  As illust

HFSS and A
difference is 

96 11.998
Hz

ACE
HFS

N 

HFSS 

p) and 

erating 
es and 
HFSS 
solver 
S11 is 
for 10 

linac 

HFSS 

ponent 
Fig.3, 
Since 

ort we 
trated, 

ACE3P 
at the 

12

 

E3P
S

Proceedings of IPAC2012, New Orleans, Louisiana, USA TUPPR025

01 Circular and Linear Colliders

A03 Linear Colliders

ISBN 978-3-95450-115-1

1867 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)



 

Figure 3: Complex magnitude of the longitudinal 
component of electric field calculated in HFSS and 
ACE3P.  

 

Figure 4: Ez in complex plane calculated in HFSS and 
ACE3P.  

BEAM-LOADING 
To take into account higher-order modes excited by the 

beam, we have used the plane wave excitation in HFSS 
described in [3] in detail and illustrated in Fig. 1 (bottom). 
We have also used ACE3P and GdfidL to benchmark 
these results in time and frequency domains. Basic 
parameters of the performed simulations are gathered in 
the Table 1.  

Table 1: Simulation Setup 

Software Exterior Bunch, sigma Domain 

HFSS Copper  - Frequency 

ACE3P PEC 1mm Time 

GdfidL PEC 1mm Time 

 
In Fig. 5 we present beam coupling impedances as 

calculated in HFSS, ACE3P and GdfidL for the 12-26 
GHz frequency range. The first monopole HOM band has 
been identified between 23.5 and 26 GHz and presented 
in Fig. 6. It can be seen that ACE3P results are slightly 
different from the HFSS/GdfidL ones. Effect of detuning 
can also be clearly observed in this Fig 6. 

 

 

Figure 5: Beam coupling impedance as calculated in 
HFSS, ACE3P and GdfidL. 

 

Figure 6: Beam coupling impedance for the first 
monopole HOM band. 

In Fig. 7 we show envelope of the longitudinal wake as 
calculated in ACE3P and GdfidL. For HFSS we present 
convolution of wake function with 1 mm sigma bunch.  

 

Figure 7: Envelope of the longitudinal wake for HFSS, 
ACE3P and GdfidL. 

It can be seen that HFSS and GdfidL are consistent 
during the first 20ns, while ACE3P and GdfidL are in 
better agreement from 20ns up to filling time of the TD26 
structure (around 60ns) since they both have no Ohmic 
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losses included in the simulation setup. It worth also to 
mention that the GdfidL wake (green line in Fig.7) starts 
to rise after the filling time of the structure. We believe 
this to be a result of a mismatch of the coupler cells 
caused by the finite mesh size, 50 um in this case.  

In order to investigate energy spread in CLIC caused by 
the ACE3P and gdfidl wakes an additional dedicated 
study which involves simulations with the copper exterior 
is required. 

BEAM-LOADING COMPENSATION  
Here we consider an RF pulse shape developed in [3] to 

compensate for the energy spread in main beam to the 
CLIC required 0.03% energy (see Fig. 8). This pulse has 
been derived for 1 GHz bandwidth of the simulated beam 
coupling impedance in HFSS and is defined by the 
optimized buncher delays [3] and CLIC specific drive-
beam generation scheme [1].  

Figure 8: Input power of the CLIC optimized pulse. 

In Table 2 we show rms of the relative bunch-to-bunch 
energy spread in the main beam for this optimized pulse 
shape and fixed injection time of about 88ns for the 
fundamental mode (0.6 and 1 GHz bandwidths) and 
including the  first monopole HOM band (30 GHz 
bandwidth). In Fig. 9 we also present relative bunch-to-
bunch energy spread along the main beam. It can be seen 
that higher-order modes have almost no impact on the 
beam-loading compensation scheme and rms of the 
energy spread stays within the CLIC required 0.03% level 
even without any additional pulse shape/injection time 
optimization. 

 

Table 2: RMS of the relative bunch to bunch energy 
spread versus coupling impedance bandwidth simulated 
in HFSS 

Bandwidth, GHz rms(ΔE) /<E>, % 

0.6 0.0257 

1 0.0253 

30 0.0280 
 

Figure 9: Energy spread in the main beam taking into 
account only fundamental mode (0.6 GHz and 1GHz 
bandwidth’s) and including higher-order modes (30GHz 
bandwidth). 

CONCLUSIONS 
A comprehensive benchmark is performed for the 

unloaded voltage and for the longitudinal beam coupling 
impedances and wakes in the TD26 accelerating structure. 
The technique developed in [3] has been applied to 
investigate the effect of the higher-order modes on the 
beam-loading compensation scheme for CLIC. It was 
demonstrated that the first monopole HOM band still can 
be fully compensated by the RF pulse shape derived for 
the fundamental mode only. Modes with the frequencies 
higher than 30 GHz will have even smaller impedances 
and hence almost no impact on the energy spread on the 
level of 0.03%.  
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