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Abstract

This paper presents an overview of the bunch-by-bunch
feedback kickers designed for the BESSY II storage ring.
Simulation results for the longitudinal kicker cavity and for
the transverse stripline kicker are discussed.

1 INTRODUCTION

Bunch-by-bunch feedback systems are required to cure
multibunch beam instabilities at high currents in the
BESSY II storage ring [1]. The present status of the lon-
gitudinal feedback system (LFB) and the transverse feed-
back system (TFB) is reported in [2]. As longitudinal cor-
recting element, a waveguide-overloaded cavity was fa-
vored over a drift-tube structure. The kicker cavity de-
signed for DAΦNE [3] was modified to meet the require-
ments for BESSY II. A shunt impedance of 960Ω and ef-
fective damping of higher-order modes (HOMs) has been
achieved. For the TFB, stripline electrodes will be used.
The stripline pairs for each transverse plane will be com-
bined in one structure.

This paper describes the design issues and focusses on
simulation results for both kickers using the computer
codes MAFIA [4], POISSON [5] and HFSS [6]. The pa-
rameters used in the simulations are given in Table 1.

Table 1: Simulation parameters for BESSY II.

frf rf frequency 499.65 MHz
n harmonic number 400
E beam energy 1.7 GeV
I assumed beam current400 mA
P total rf power (LFB) 220 W

total rf power (TFB) 2 × 150 W

2 LONGITUDINAL KICKER

2.1 Geometry and Performance

The LFB kicker is based on a pillbox cavity design as
shown in Fig. 1. In order to achieve the desired bandwidth
of [7]

fbw = 0.53 frf = 265 MHz, (1)

eight waveguides are attached to provide suitable damp-
ing. Four waveguides are used as power inputs, the four
other waveguides are connected to loads.
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Figure 1: Longitudinal kicker structure.

MAFIA calculations yield an optimumR/Q-value of
87 Ω at a cavity length of l=72 mm. The center frequency
has to fulfill the condition [8]

fc = (p ± 0.25)frf (2)

wherep is a positive integer. In order not to deviate
too much from the original design, a center frequency of
1374 MHz (i.e.2.75 frf) was chosen, leading to a theoret-
ical pillbox radius of 83 mm. Extensive simulations were
performed using the 3D-code HFSS in order to check the
HOM content of the structure, to obtain the requiredQ-
value of 5.2, and to optimize the transition from the coaxial
feedthrough to the waveguide. Fig. 2 shows 1/8th of the
kicker structure. The reflected power up to the cut-off fre-
quency does not exceed 6%. The port-to-port frequency
response is shown in Fig. 3. With a center frequency of
1380 MHz and a bandwidth of 270 MHz, aQ-value of 5.1
is obtained.

Figure 2: HFSS model as 1/8th of the whole structure.
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Figure 3: Frequency response of the fundamental mode.

For a given input powerP , the simulation yields an elec-
tric field amplitudeEz(z) and phaseΘz(z) on the cavity
axis, from which the accelerating voltage

Vacc =
∫ l/2

−l/2

Ez(z) exp(i[2πfcz/c− θz(z)])dz (3)

is obtained. The resulting shunt impedance, given by

Rs =
|Vacc|2

2P
, (4)

is 1100Ω. An independent method to obtainRs by sim-
ulating a wire along the beam axis yields a slightly lower
value of 960Ω. Table 2 summarizes the kicker parameters.

Table 2: Longitudinal kicker parameters.

pillbox length 72 mm
length including waveguides 260 mm
overall length 310 mm
pillbox radius 82 mm
number of waveguides 8
center frequency 1380 MHz
bandwidth 270 MHz
Shunt impedance 960Ω

2.2 HOM Characterization

Monopole and dipole HOMs were selected using 2D
MAFIA calculations, and their center frequencies were ver-
ified by 3D runs. In the vicinity of these frequencies,
HFSS runs were performed to obtain theQ-values and
shunt impedances listed in table 3 and table 4. The power
generated by the monopole modes was computed up to the
cut-off frequency of 5.2 GHz, where each mode contributes
a power of

PG =
∑

i

1
2
Re[Rc(ωi)] I2

i (5)

with Ii representing the beam spectrum andRc the cou-
pling impedance, which turned out to be twice the shunt
impedance. Table 5 lists the total power contribution of
the fundamental mode and the total power of all HOMs
for beam currents of 200 mA and 400 mA in 320 buckets.
Since the cavity is a non-directional device, about half of
the generated power is seen by the amplifier i.e. 130 W
at 400 mA. A circulator for protection is not immediately
needed, since the amplifier is capable of absorbing up to
100% of its output value (220 W).

Table 3: Monopole modes of the kicker cavity.

fMAFIA−3D Rs/Q fHFSS Q Rs

Mode [MHz] [Ω] [MHz] [Ω]

0 1405.8 86.9 1382 5.2 887
1 2518.5 13.9 2250 7.1 99
2 3231.1 2.6 3257 65 169
3 3872.5 13.6 3849 149 2026
4 4379.7 2.6 4195 32 83

Table 4: Dipole modes of the kicker cavity.

fMAFIA−3D R⊥
s /Q fHFSS Q R⊥

s

Mode [MHz] [Ω] [MHz] [Ω]

1 2190.5 4.32 2176 15 64.8
2082.8 2062 18 77.8

2 2279.7 0.07 2257 30 2.1
2108.0 2085 97 6.8

3 2968.4 3.3 3019 18 59.4

Table 5: Total beam induced power with 320 buckets filled.

I Pfund.[W] PΣHOM[W] PG [W]

200 mA 35.5 29.9 65.4
400 mA 142.0 119.5 261.5

3 TRANSVERSE KICKER

3.1 Geometry and Performance

For the transverse kicker, a stripline geometry will be em-
ployed. The horizontal (x) and vertical (y) electrodes are
combined in a single structure to minimize space require-
ments and to obtain a moderate loss factor. Each pair of
electrodes is driven in differential mode using a180◦ power
divider connected to a 150 W linear amplifier.

Fig. 4 shows the model of the kicker for MAFIA calcu-
lations. C-shaped electrodes for thex-plane and flat elec-
trodes for they-plane match the octagonal shape of the ad-
jacent vacuum chamber without tapering, leaving only a
5 mm wide gap in longitudinal direction. The electrode
length of 300 mm maximizes the shunt impedance. To
improve radiative heat dissipation, the outside surface is
increased by adding cooling vanes. Using the 2D code
POISSON, the electrodes and the surrounding chamber
were shaped to meet the line impedance requirement of
RL = 50 Ω. A model was built and TDR (time domain
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Figure 4: MAFIA model of the transverse kicker (1/8th of
the full structure).

reflectometry) measurements were performed to verify the
line impedance of the electrodes, which agrees well with
the calculations, and to minimize reflections at the transi-
tion to the coaxial feedthroughs. The different geometry
of the electrodes inx andy leads to a different transverse
shunt impedanceR⊥

s [9]

R⊥
s = 2RL

(
gx,y

2
kh

)2

sin2 θ, (6)

wheregx,y is the respective geometric coverage factor,
k is the wavenumber,l is the electrode length,h is the dis-
tance between opposite electrodes andθ = k l. Fig.5 shows
the frequency dependence of the shunt impedance in both
planes.
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Figure 5: Shunt impedance of the transverse stripline
kicker.

A higher vertical shunt impedance is prefered because of
the larger vertical resistive wall impedance of a flat vacuum
chamber. Over the entire mode spectrum (DC to 250 MHz),
the kick voltage exceeds 1.7 kV vertically and 1.2 kV hor-
izontally.

3.2 HOMs and Power Losses

HOMs found by performing MAFIA calculations in the
frequency domain are trapped behind the electrodes and
couple only weakly to the beam. Even though HFSS cal-
culations show that most of the HOM power dissipates
through the feedthroughs, at least one damping loop will
be installed to further damp the the strongest modes.

Ohmic losses from the image currents passing the elec-
trodes were calculated for a beam current of 400 mA. A

total power loss of 5 W for stainless steel (specific resis-
tivity %St = 0.71 · 10−6 Ωm) and 0.8 W for copper elec-
trodes (%Cu = 0.017·10−6 Ωm) was obtained. On the other
hand, using the Stefan-Boltzmann law and the emission co-
efficients for steel (εSt = 0.29) and copper (εCu = 0.03)
electrode temperatures ofTSt = 80◦C andTCu = 105◦C
were found. In order to decrease the electrode temperature,
the possibility of blackening the electrode surfaces is being
considered.

Table 6: Transverse kicker parameters.

line impedance 50Ω
length of kicker structure 310 mm
overall length 600 mm
(incl. bellow and pumping port)
electrode separation (x, y) 65 mm, 35 mm
Coverage factor (x, y) 1.1, 0.83
Kick voltage at DC (x, y) 1.7 kV, 2.4 kV
Kick voltage at 250 MHz (x, y) 1.2 kV, 1.7 kV
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