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Abstract

In the 2.5 GeV Pohang Light Source, we have investi-
gated the suppression of the longitudinal coupled instabil-
ities (CBI) caused by higher order modes (HOMs) of RF
cavities. At higher beam current than 170 mA the 758 MHz
or 1300 MHz HOM s occurred and the beam could be unsta-
ble. Thelongitudina CBI could be suppressed by modulat-
ing the phase of an RF accelerating voltage at a frequency
of 2 timesthe synchrotron oscillation frequency and by ad-
justing the water temperatures of the RF cavities. The lon-
gitudinal beam oscillations measured by streak camerain
synchro-scan mode were shown. The experiment results
were compared with the macro particle tracking simulation.

INTRODUCTION

The storage ring is operated with the bunched beams to
supply the energy by the RF cavity. The bunches interact
with each other by the wake fields in the surrounding struc-
tures, e.g. higher order modes (HOMs) of RF cavity, re-
sistive walls, steps, bellows, beam position monitors. The
coupled bunch instabilities (CBI) reduce the beam quali-
ties such as the maximum stored current, the beam stability,
the emittance [1,2]. The most direct cure of the CBI isto
change the stuctures which cause the strongest wake fields.
But it is generally difficult and expansive. The RF phase or
amplitude modulation can be a powerful and cheap solu-
tion [3-5]. We investiaged the CBI suppression by the RF
phase modulation in the Pohang Light Source. The experi-
ment results were compared with the macro particle track-
ing simulation.

HIGHER ORDER MODE OF THE RF
CAVITY

Although the RF cavity is designed primarily for one
resonant frequency, many HOMs can be excited at higher
frequencies These modes can be described by the paral-
lel LRC resonator circuit. The impedance of the circuit is
given by
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Table 1: PLS parameter

Parameter Value

Energy 2.5GeV

Circumference 280.56 m

Revolution Frequency 1.068 MHz

Momentum Compaction 0.00181

Tune (z/xly) 0.01/14.28/8.18

Natural Bunch Length 9mm

Energy Spread 85x107*

Damping Time (z/x/y) 4.3/8/8 ms

Harmonic Number 468

Stored Beam Current ~170 mA

Higher Order Mode 758 MHz | Qo =37000, Z=1.34 M}
(KEK data) 1300 MHz | Qo =112000, Z=2.9 MQ

which gives
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where Q@ = R,+/C/L is the quality factor and wr =
1/+/CL is the resonant frequency. The wake function can
be obtained by performing a Fourier transformation on the
impedance:
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(r>0) 0,
WT/YL(T) = (T = 0) aRS?
(1 <0) 2aRse* (coswt + & sinwT),
©)
where 7 the longitudinal time advance, o = wg/2Q and

0= \/w% —a?.
RF PHASE MODULATION

In the simple model, the longitudinal motion of a elec-
tron under phase modulation can be described by the turn
by turn equations :

AT = 70[T0(;, (4)
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where 7 the longitudinal time advance, ¢ the energy de-
viation, o the momentum compaction factor, T; the rev-
olution time, 7. the longitudinal damping, U, the energy
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loss per turn, E, the particle energy, V¢ the RF accelerat-
ing voltage, o4 the initial energy spread, ¢ the synchro-
nous phase, V;, the induced Voltage due to wake fields, and
< r > the gaussian random number with mean 0 and rms
1. The RF phase modulation is expressed as

¢m = ¢m0 COS(wmt), (6)

where ¢,,,¢ the RF phase modulation amplitude and w,,, the
RF phase modulation frequency. As shown in Fig. 1, the
phase space of the bunch is expanded by the RF phase mod-
ulation at a frequency of twice the synchrotron frequency
and the bunch is lengthened on the average.
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Figure 1: (@) An simulation of the RF phase modulation.
The phase space is expanded by modulating the phase of
an RF accelerating voltage. (b) An Streak camera image
of the RF phase modulation with the horizontal range of
10 ps. The modulation frequency is 18.95 kHz, and the
modulation amplitude ¢,,,o is2 x 10~ rad.

MEASUREMENT
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(a) Horizontal scale 0.5 um  (b) Horizontal scale 0.2 um

Figure 2: (a) The coupled bunch instability dueto 758 MHz
HOM. (b) The CBI is compressed by the RF phase modu-
lation at the frequency of about 2 times the synchrotron
oscillation frequency (18.95 kHz).

A dual-axis streak camera, Hamamatsu model C5680,
has been used to measure the longitudinal profile of the
electron bunch. We can see the bunch profile in the
synchro-scan mode as shown in Fig. 1 (b). With the hori-
zontal sweeping time range of 100 us, the revolution under
the RF phase modulation of the 18.95 kHz is clearly ob-
served.

In the storage ring of the 2.5 GeV PLS, the 758 MHz
or 1300 MHz HOMs occurred and the beam could be un-
stable at higher beam current than 170 mA. The HOMs of
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Figure 3: (a) A RF cavity spectrum of the 758 MHz HOM.
(b) The 758 MHz HOM is compressed by the RF phase
modulation.

RF cavity were adjusted by changing the temperature of
RF cavity. In case of the 758 MHz HOM, the longitudi-
nal CBI of 6 ~ 7 MHz is measured as Fig. 2 (a), and the
oscillaion amplitude is estimated to be 3.5 times the nat-
ural bunch length. The frequency of the HOM is estimated
to be 757.609 MHz which varied with the RF cavity tem-
perature. When the RF phase is modulated at the frequency
of about twice the synchrotron oscillation frequency (18.95
kHz), the effect of the CBI isremarkably reduced as shown
in Fig. 2,3. In case of the 1300 MHz HOM, the CBI is
more complicated as shown in Fig. 4 (8). The longitudi-
nal oscillation amplitude is estimated to be 1.1 times the
natural bunch length at the front of the bunch train and 3.5
times at the end. The bunch length is measured to be 1~3
times the natural length. The CBI due to 1300 MHz HOM
is also compressed by the RF modulation at the frequency
of about twice the synchrotron frequency (19.00 kHz) as
shown in Fig. 4(b),5.
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Figure 4: (a) A train picture with the CBI dueto 1300 MHz
HOM. (b) The CBI is suppressed by the RF phase modu-
lation at the frequency of about 2 times the synchrotron
oscillation frequency (19.00 kHz).

SIMULATION

We studied the effect of RF phase modulation on the CBI
by a macro particle tracking code. As the source of the
wake field, the resonator model is considered with the pa-
rametersin Table 1. Asaqualitative analysis, R/Q istaken
as large as 1000. The longitudinal mode due to 758 MHz
HOM can be explained by the resonator model of the RF
cavity as shown in Fig. 6. With the RF phase modulation
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Figure 5: In the RF cavity spectrum, the 1300 MHz HOM
is suppressed by the RF phase modulation.

of the about twice synchrotron frequency, the longitudinal
CBI can be suppressed as shown in Fig. 7. The sawtooth
effect is expected but not observed in the experiment.

z0

A& N o N & o

Bunch center <z>/c

100 200 300 400
Bunch number

(a) Horizontal scale 2 um (b)

Figure 6: (a) The CBI dueto 758 MHz HOM. (b) Theres-
onator model showes the coupled motion of 6.4 MHz.
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Figure 7: (a) The longitudinal oscillation of the HOM res-
onator model with/without the RF phase modulation (b)
The frequency scan of the RF phase modulation.

Std. of Long. Oscillation (/o)

CONCLUSION

In PLS the longitudinal coupled bunch instabilities were
measured at 170 mA by the streak camera. The longitudi-
nal coupled motion of 6~7 MHz is generated by 758 MHz
HOM. The CBI due to 1300 MHz HOM is more sophis-
ticated. The CBI of 758 MHz and 1300MHz HOMs can
be suppressed by the RF phase modulation. The resonator
model shows a CBI caused by 758 MHz HOM and its sup-
pression by the RF phase modulation. The further experi-
ment and more realistic simulation research is required to
enhance the CBI suppression effect of the RF modulation
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and to reduce the side effects such as the transverse oscil-
lation, large effective emittance, and etc.

We wish to thank S. Sakanaka for the RF modulation
code and T. Naito for the streak camera.
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