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RF NOISE DRIVEN DIPOLE MODE PARAMETRIC RESONANCE
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Abstract

In the Pohang Light Source (PLS) storage ring, we have
occasionally experienced the abnormal spontaneous beam
lifetime reduction and strong longitudinal damping. Dueto
the abnormal beam lifetime reduction, available beam time
is reduced substantially. From the recent data analysis of
the PL S longitudinal feedback system (LFS) and the streak
camera, we have found that the abnormal phenomena can
be generated by the RF noise viathe dipole mode paramet-
ric resonance of the RF phase modulation. We describe
the observation of the dipole mode parametric resonance
driven by the RF noise and compare it with a simulation
result in the PLS storage ring.

1 INTRODUCTION

After changing the operation condition of the Pohang
Light Source (PLS) storage ring from 400 bucket filled
mode to full 468 bucket filled one at 2.5 GeV, we have oc-
casionally met the abnormal large reduction in the beam
lifetime and strong longitudinal stability. Also, the trans-
verse beam instability would be generated at the much
lower beam current due to the longitudinally stable beams.
Although we did not change any machine parameter and
always turned off the active longitudinal feedback system
(LFS), these abnormal beam lifetime reduction, the strong
longitudinal damping, and the lowered threshold of the
transverse beam instability had been spontaneously hap-
pened during the user beam service period. The phenom-
ena had been generated randomly about two times per a
month. Although the magnitude of the beam lifetime re-
duction and the strength of the longitudinal damping were
changed slowly, their abnormal propertieswere maintained
for afew tens of hour once the phenomenawere generated.
Due to the abnormal phenomena, available beam time was
reduced substantially, and we had injected beams more of -
ten than the normal operation. To analyze these phenomena
and solve the problem, we had monitored the beam motion
with the streak cameraand the LFS by using it asa data ac-
quisition system (DAQ) for the beam diagnostics[1]. From
their various data, we have found that the abnormal phe-
nomena have relation with the RF phase modul ation due to
the RF noise-sidebands in the No. 3 low level RF system.
In this paper, we have described the RF noise driven dipole
mode parametric resonance of the RF phase modulationin
the PLS storage ring.
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Figure 1: RF noise-sidebands in the No. 3 low level RF
system when the abnormal beam lifetime reduction and the
longitudinal damping are generated.

2 RFPHASE MODULATION
2.1 Noisein Low Level RF System

During the normal operation period, there is no RF
noise-sideband around the RF frequency of 500.066 MHz.
However, when the abnormal beam lifetime reduction and
longitudinal damping are happened, there are always the
RF noise-sidebands in the No. 3 low level RF system as
shown in Fig. 1. Note that the third RF noise-sideband of
Fig. 1 is close to the synchrotron frequency of 9.773 kHz
at 2.5 GeV, and the same sideband pattern with different
level is aso observed in the beam position monitor (BPM)
signal viathe LFS DAQ and the spectrum analyzer. There-
fore, these noise-sidebands work as the source of the ab-
normal beam lifetime reduction and longitudinal damping.
Since the sideband pattern around the RF frequency issim-
ilar to that of the RF phase modulation, we can consider the
noise-sidebands as the modulation signals of the RF phase
modulation [2].

2.2 Dipole Mode Parametric Resonance

When the modulation frequency of the RF phase mod-
ulation is in resonance with an odd multiple of the syn-
chrotron frequency, the oscillating components due to the
RF phase modulation are out of phase with the synchrotron
oscillations. We call this resonance as the parametric res-
onance of the RF phase modulation. More details about
theory and simulation of the parametric resonance can be
found in the reference [3] and references therein. The
dipole mode parametric resonance can be generated when
one of the RF noise-sidebands with enough amplitude is
near the synchrotron frequency [2], [3]. In this case, vari-
ous beam properties can be changed nonlinearly according
to the relation of the RF phase modulation frequency f,,
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Figure 2: Spectrum levels of the CBMI's obtained by the
LFS DAQ for four different RF noise-sideband conditions;
(a) apr13amand may18pm, (b) mayl8am and junO6am.

and the bifurcation frequency f. defined as

fc = fs (1 - %(4041%)2/3) .

Here, f, isthe synchrotronfrequency, and a.,,, isthe ampli-
tude of the RF phase modulation [3]. Although the beams
can be modulated by all RF noise-sidebandsin Fig. 1, al
bifurcation frequencies of five RF noise-sidebandsin Fig. 1
are about 9 kHz for the given modulation amplitude distri-
bution. Therefore, the beam stability and the bunch length
can be nonlinearly controlled by only a noise-sideband
close to 9 kHz via the dipole mode parametric resonance
of the RF phase modulation. From now on, the modula-
tion frequency f,, means the frequency of an RF noise-
sideband close to 9 kHz.

@

2.3 BeamInstability and Beam Lifetime

Although the longitudinal coupled bunch mode instabil-
ities (LCBMI’s) dueto the higher order modes (HOM's) of
the PLS RF cavities can be controlled by the fine RF cav-
ity temperature tuning system, there are still an undamped
harmful LCBMI dueto TM p29g HOM (1301.1 MHZz) of the
PLS RF cavities during al 468 bucket filled 2.5 GeV nor-
mal operation period as shown in apr13amof Fig. 2(a) [1].
Here, aprl3am denotes the measured time, that is April
13 AM, 2000, and “deg@RF" means the bunch phase [de-
gree] with respect to a reference oscillator of the PLS LFS
[1]. Due to the large momentum spread, the beam lifetime
of apri3amislarger than 36 hours at 160.00 mA as shown
inFig. 3[2], [4]. However, the beam lifetime, LCBMI, and
the transverse coupled bunch mode instability (TCBMI) of
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Figure 3: Beam lifetime for the normal operation period,
apr13am and abnormal beam lifetime reduction due to the
various RF noise-sidebands

Table 1. Parametersfor various RF noise status.

aprl3am  mayl8am  mayl8pm  junO6am
Beam energy, GeV 25 25 25 25
Beam current, mA 159.18 159.26 159.13 165.80
fs,kHz 9.773 9.773 9.773 9.773
fm, kHz no noise 8.369 9.662 10.380
am,rad 0.006 0.003 0.002
fe, kHz 9.615 9.672 9.700
fm — fe, kHz . -1.246 -0.010 +0.680
Peak mode of LCBMI 279 279 241 195
Peak mode of TCBMI 161
LCBMI level, deg@RF 5.500 0.850 0.015 0.003
TCBMI level, deg@RF 0.06
Beam lifetime, hour:min 36h36m 32h57m 27h40m 26h47m

may18am, may18pm, and junO6am are changed according
to different modulation frequencies as shownin Figs. 2 and
3. Related parameters are summarized in Table 1.

To analyze those changes for the may18am, may18pm,
and junO6am, we have simulated the dipole mode para-
metric resonance by solving the time averaged Hamilton
equations of motion in the resonant rotating frame with the
modulation frequency [2], [3]. Figure 4 shows the 100000
turn phase space tracking results in the resonant rotating
frame for may18am and may18pm. Here, all notations are
the same as those of the reference [3], and we have simu-
lated under the sameinitial conditions. As the modulation
frequency approaches the bifurcation frequency from be-
low, one stable fixed point A and one unstable fixed point
C move in and the other stable fixed point B moves out,
and the momentum spread or the bunch length will also
be reduced as shown in Fig. 4 [2]-[4]. Findly, the sta-
ble fixed point B and the unstable fixed point C become
one at the bifurcation frequency [2], [3]. Since two beam-
lets around two stable fixed points oscillate out of phasein
the lab coordinate frame, and enough electrons can be dif-
fused from one beamlet to the other beamlet at f ., the net
dipole mode phase oscillationsin the buncheswill be disap-
peared at the dipole mode parametric resonance condition
of f,, = fc[2],[3]. In this case, the driving mechanism
of the LCBMI’swill be vanished, and the strong longitudi-
nal stability and the reduction in the momentum spread or
the bunch length reduction will be obtained [2]-[4]. There-
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Figure 4: Phase space tracking of the RF phase modulation
for (&) mayl8am, (b) mayl8pm. Here the horizontal and
vertical axes mean \/ 2.J cos(¢ — 1,,0) and V/ 2. sin(¢) —
Vm0), respectively.
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Figure 5: Streak camera images (a) when there is no RF
noise-sideband. (b) when 10 hour beam lifetime reduction
is generated due to RF noise-sidebands. Maximum hor-
izontal time scale is 1 ms, and vertical time scale which
means the bunch length is same for two cases.

fore, the Touscheck lifetime which is directly proportional
to the bunch length and gives the most limitation in the
beam lifetime of the synchrotron light source facilities will
be reduced at the dipole mode parametric resonance[2].

After considering small differences in the modulation
frequency and the bifurcation frequency of may18pm, we
can consider it as near the dipole mode parametric reso-
nance status. Therefore, the strong longitudinal stability,
the large reductions in the momentum spread, the bunch
length or the beam lifetime can be obtained for may18pmas
showninFigs. 2, 3, and 4 [2]-[4]. Thisbunch length reduc-
tion is also well agreed with the streak camera images as
shown in Fig. 5. Note that the noise frequency becomes far
from the bifurcation frequency at the low beam current of
mayl18pm of Fig. 3, the beam lifetime reduction is slowed
down at the low beam current region.

Since the modulation frequency is well below the bi-
furcation frequency for mayl8am, the phase space area or
the momentum spread is large as shown in Fig. 4(a). And
its longitudinal damping and the beam lifetime reduction
are small due to the weak resonance strength as shown in
Figs. 2(b) and 3. In case of may18am, beams are reinjected
at near 140 mA by the user’s request.

Since there is only one stable fixed point at f,, > fe,
thereis no net dipole mode phase oscillation in the bunches
[2], [3]. Aswe increase the modulation frequency, the mo-

mentum spread or the bunch length will be increased fur-
ther. Therefore, we can obtain the longer Touscheck life-
time as well as the beam stability by adding a modulation
signa with f,, ~ 2fs in the main RF signa [2]. But
due to the bandwidth of the PLS RF phase loop of about
11 kHz, amplitudes of al RF noise-sidebands with higher
than 11 kHz will be substantially reduced when they are
transfered to the RF cavity. Therefore, such alargeincrease
in the Touscheck lifetime can not be generated by the RF
noise driven phase modulation in the PLS storage ring.
Since there is only one stable fixed point A for junO6am,
the LCBMI is damped to the noise level, 0.003 deg@RF as
shown in Fig. 2(b). Although the momentum spread can be
increased under the f,,, > f. condition, according to sim-
ulation, there islittle difference in the phase space area be-
tween may18pm and jun06am due to the smaller noise am-
plitudeand f,,, < 2f, of jun06am[3]. Therefore, its beam
lifetime is almost the same as that of may18pm as shown
in Fig. 3. However, one TCBMI is momentary generated
by the strong longitudinally damped beams at much lower
beam current than normal, 220 mA as shown in Fig. 2(b).
This TCBMI with the mode number of 161 is due to the
transverse TM 119V HOM (826.4 MHZz) of the PLS RF cav-
ities and recorded by the L FS viathe synchro-betatron cou-
pling [1]. Although the TCBMI is generally weak, beams
would be occasionally lost due to the transverse instability
as shown in jun0O6am of Fig. 3.

3 SUMMARY

From measured results and simulation ones, we have
found that the RF noise-sidebands of the low level RF sys-
tem generate the dipole mode parametric resonance when
one of them is near the bifurcation frequency. Due to the
dipole mode parametric resonance, we have occasionally
met the large reduction in the beam lifetime, the strong lon-
gitudinal damping, and the lowered threshold of the beam
transverse instability. After reducing the RF noise by at-
taching additional mechanical phase shifter in the phase
loop of the PLS RF system in 2000, we cured the abnor-
mal phenomena.
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