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Abstract

A cold copper distributed coupling accelerator, with a
high accelerating gradient at cryogenic temperatures
(~77 K), is proposed as a baseline structure for the next
generation of linear colliders. This novel technology im-
proves accelerator performance and allows more degrees
of freedom for optimization of individual cavities. It has
been suggested that C-band accelerating structures at
5.712 GHz may allow to maintain high efficiency, achieve
high accelerating gradient, and have suitable beam dy-
namics with wakefield damping and detuning of the cavi-
ties. The optimization of the cavity shape was performed,
and we computed quality factor, shunt impedance, and
beam kick factor for each of the proposed cavity geome-
tries using CST Microwave Studio. Next, we proposed a
configuration for higher order mode (HOM) suppression
that includes waveguide slots running parallel to the axis
of the accelerator. This paper reports details of the para-
metric study of performance of the HOM suppression
waveguide, and the dependence of HOM Q-factors and
kick factors on the cavity’s and HOM waveguide’s geom-
etries.

INTRODUCTION

In the higher energy physics accelerator community,
developing multi-TeV scale e*e linear colliders is consid-
ered to be one of the major goals [1-3]. High-gradient C-
band cryo-cooled normal-conducting radio-frequency
(NCRF) cavities are highly promising for this application.
The new concept for RF power coupling to the accelerat-
ing cavities was recently proposed and is called the dis-
bributing coupling where the RF power is delivered di-
rectly to each cell of the structure from a parallel feeding
waveguide. This novel system allows to increase RF effi-
ciency and the achievable accelerating gradient. In addi-
tion, each single resonator can now be optimized to deliv-
er maximum energy to the beam. Operating copper accel-
erators at cryogenic temperatures (~77 K) increase shunt
impedance and reduces breakdown rates.

As a preliminary study of the advanced NCRF struc-
tures, we simulated several C-band accelerating cavities
and computed Q-factors and wavefield kick factors for
the TM monopole and dipole modes using CST Micro-
wave Studio [4]. Next, we designed waveguide damping
slots and HOM damping features for wakefield suppres-
sion and simulated the reduction of Q-factors due to
damping.

1 dskim84@]lanl.gov
MC7: Accelerator Technology
T06: Room Temperature RF

CALCULATION FOR Q-FACTORS
AND KICK FACTORS

Seven different cavity geometries were optimized by
SLAC and were simulated using eigenmode solver in
CST Microwave Studio. The cavity geometries are shown
in Fig. 1. In the CST simulation, periodic boundary condi-
tion was adopted along the longitudinal direction of each
cell. Symmetry boundary conditions were used to calcu-
late different monopole and dipole modes. A size of the
mesh for the structure was 18 cells per wavelength. For
each mode between 5 and 20 GHz, we calculated correct
phase advance, the Q-factors, and the kick factors. Here,
the phase advance (¢) can be expressed as
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Figure 1: 7 different cavity geometries. a and t indicate
the iris radius and iris thickness, respectively.

Figure 2 illustrates the electric field patterns in two dif-
ferent modes in cavity 1. As shown in Fig. 1(a), the fun-
damental working mode (TMyio) with a Q-factor of
13,000 was found at 5.712 GHz. Figure 1(b) shows the
electric field magnitude in the first dipole mode (TMi10)
with a Q-factor of 17,000 at 9.247 GHz.

The results of computation of the Q-factors and
kick/loss factors for longitudinal and transverse wake-
fields are shown in Fig. 3. For monopole mode, ohmic
wall losses (Qo) and longitudinal kick factors from each
cavity are shown in Fig. 3(a). The highest quality factor
was about 23,000 for the mode at 14.84 GHz. The peak
value of the longitudinal loss was about 100 V/pC/m at
the fundamental mode. With a small offset as 0.4 mm in x
axis, dipole mode’s Qo and transverse kick factors were
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computed. At 17.616 GHz, the peak values of the Qo and
the excited transverse wakefield kick factor were 30,300
and 15 V/pC/mm/m, respectively. Since the dipoles are
the most dangerous transverse wakefields, they must be
suppressed by various damping mechanisms.
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Figure 2: (a) TMo10 monopole mode in x-z and x-y planes
at 5.712 GHz, and (b) TM o dipole mode in y-z and x-y
planes at 9.247 GHz.
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Figure 3: (a) Q-factors and longitudinal loss in monopole
modes, and (b) Q-factors and transverse kick factors in
dipole modes.

HOM SUPPRESSION STUDY FOR CAVI-
TY 1

In our simulations, we aimed to suppress the transverse
wakefield kick factor to less than 6.6 V/pC/mm/m follow-
ing references [5, 6]. It must be noted that cryogenic tem-
peratures with reduced losses in copper will increase the
transverse kick factors. In order to reduce the wakefield
kick and Q-factors, we designed waveguide slots and
HOM damping loads to provide strong absorption to all
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dipole modes in the frequency range from 5 to 40 GHz.
Figure 4 shows the design of waveguide slots and HOM
damping loads. We worked to optimize the geometry of
the HOM load for cavity 1 with the iris radius of 2.0 mm
and iris thickness of 1.5 mm. The relevant parameters of
the HOM suppression simulation are summarized in Table
1. Length of the waveguide was varied from 30 to 50 mm.
Each of the waveguide slots had two 0.5 mm thick
straight HOM loads in x-z plane, and the length of those
loads increased along the waveguide slot. Electrical con-
ductivity on the artificial damping loads was set to
100 S/m. The waveguide thickness was varied to increase
damping effect for each dipole mode.
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Figure 4: Schematic design of waveguide slots and HOM
damping load.

Table 1: Parameters of Waveguide Slots and Damping
Loads

Parameter Value (mm)
Length of waveguide slot 30 to 50
Thickness of waveguide 0.5t02.0
Length of damping load 18 to 38
Thickness of damping load 0.5

The fundamental TM;o; mode was always at the fre-
quency of 5.712 GHz with the Q-factor of 13,700. In
contrast, frequencies of the dipole modes were slightly
changed (< 20 MHz) affected by the length and the thick-
ness of the waveguide. The goal of this simulation was to
reduce the Q-factors of all dipole modes to below 1,000,
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and the product of two values, transverse kick factors and
damped Q (Q1), should be small enough for HOM sup-
pression. Figure 5 shows simulation data with no damping
loads (red plus signs) and with damping loads (blue
crosses). Most of the Q-factors from the dipole modes
were substantially reduced by the damping waveguides.
However, some dipole modes did not couple well with
damping loads and maintained high quality factors
(>5,000). The products of kick factor and Q; were higher
than 10,000 V/pC/mm/m at 9.247, 12.201, 17.558, and
34.414 GHz, and those frequencies required further stud-
ies with different geometries of the waveguide.

In this simulation, we varied waveguide’s thickness and
length to determine the change of damped quality factors.
Thickness of damping waveguides was fixed as 0.5 mm.
Location of each damping load was adjusted following
the variation of straight waveguide’s thickness. Four dif-
ferent frequencies mentioned above were performed. As
shown in Fig. 6, we observed all damped Q factors were
reduced as the waveguide thickness increased. The dipole
mode at 17.558 GHz showed a different tendency com-
paring other dipole modes. The highest value of the Q
factor was found for the 1.0 mm thick waveguide. And,
even with 2.0 mm thick waveguide, damped Q values
were still higher than 5,000. This mode needs to be fur-
ther investigated.
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Figure 5: Comparison of (kick factor x Qo) vs (kick factor
x damped Q).

CONCLUSION AND PLANS

We investigated the various geometries for C-band dis-
tributed coupling accelerator structures and calculate the
Q-factors and wakefield kick factors for the monopole
and dipole modes. Most of the Q-factors were significant-
ly reduced by the damping loads. As a result, the product
of Q-factors and the transverse kick factors shows one
order of magnitude reduction with damping loads as
compared to no damping loads. Some dipole modes still
maintain high Q-factors even with increased thickness of
waveguide slots. We plan to study alternative damping
waveguide geometries to suppress these modes, for ex-
ample with tapered waveguides.
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Figure 6: Dependence of Q-factors for various dipole
modes on thickness and length of damping waveguides.

Later, we also plan simulations of 20-cell distributed
coupling structures using Omega3p and ACD codes.
From this simulation, we will be able to compare the
results of the attenuated high Q-factor obtained from CST
simulations with results from Omega3p.
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