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Abstract

In the circular accelerator, coupled bunch instabilities (CBIs) are kinds of the coherent instabilities of collective
beam with high current. In order to achieve high luminosity, it is necessary to take measures to suppress them, even for
SuperKEKB’s RF system designed to have high current resistance, and so we newly developed the instability damper for
CBIs. In this paper, we report the result that our new damper worked stably with the actual beam operation, since there
is the opportunity to demonstrate the effect of the damper in SuperKEKB Phase-2 commissioning.
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Figure 1: Frequency Positions of LCBIs to excite and to
damp.
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Figure 2: The illustration of cavity impedance and LCBIs.
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Figure 3: Growth rate by beam current. Dotted curve in-
dicates 1 = —2 mode in the case of a cavity parked with
150-kHz detuning.

Table 1: SuperKEKB and Cavity Parameters

parameters value

for SuperKEKB LER HER
Energy : E 4.0 GeV 7.0 GeV
Beam current : 1 36A 2.62 A
Mom. compact. i, | 3.25 x 107 4.55 x 1074
Synch. freq. : f; 2.43 kHz 2.78 kHz
Harm. number :h 5120

RF frequency : fir 508.877 MHz

fo= fie/h 99.39 kHz
Number of cavity 22 ARES §,SC 8
for Cavity ARES SC

V. / cavity 0.5 MV 1.5 MV
Rs/Qo 15Q 93 O
Qo 1.1 x 10° 2.0 x 10°
coupling factor : 3 5.0 4.0 x 10*
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Figure 4: The block diagram of RF feedback system for
LCBIs damper and LLRF Vc control.
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Figure 5: The functional block diagram of LCBIs damper.
Phase parameters are tunable independently for each mode,
and each bandpass filter is installed in parallel.
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Figure 6: Illustrations of filtering by a SSBF (top) and a
bandpass filter (bottom).
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Figure 7: The picture of setup of an LCBIs damper with an
LLRF station.
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Table 2: LCBIs Damper Setting Parameters for Phase-2
Operation

parameters value

LCBIs damper param. | fory=—1 foru = —2
freq. offset for f; 2440 Hz 2440 Hz
bandwidth of 1st BPF 2000 Hz 3000 Hz
bandwidth of 2nd BPF 2000 Hz OFF
Phase setting 15° 30°
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Figure 8: Spectrum of the beam pickup signal drawn by
a spectrum analyzer without the 4 = —1 mode damper
(top), and with the damper (bottom). After the damper on,
the marker “D2” is at fir — fo and “D3” is at fir — fo +
fs. The center frequency was set to 508.777 MHz which
is equaled to “D2” marker, and the frequency span of this
measurement was set tol0 kHz.
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Figure 9: Spectrum of the beam pickup signal drawn by a
spectrum analyzer without the 1 = —2 mode damper (top),
and with the damper (bottom). After the damper on, the
marker “D2” is at f,r—2fy and “D3”is at fiy—2fo+ fs. The
center frequency was set to 508.677 MHz which is equaled
to “D2” marker, and the frequency span is same to Fig. 8
(10 kHz).
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