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Abstract

In the KEK Photon Factory electron storage ring, a ver-
tical instability has been observed in a multi-bunch opera-
tion mode. The instability can be suppressed by octupole
magnetic fields in routine operation. Since the instability
depends on a vacuum condition in the ring, it seems that it
is an ion-related phenomenon. In order to study a dynami-
cal behavior of the instability, we measured the growth and
the suppression time of it with a pulse octupole magnet sys-
tem, which can produce the octupole field with rise and fall
time of around 1.2msec. Using the system, we obtained the
result that the growth process of the instability was rather
slow in comparison with the suppression process, and the
growth time depended on the fill pattern of the bunch train
and the bunch current.

INTRODUCTION

In the Photon Factory electron storage ring (PF-ring), a
vertical instability is observed in a multi-bunch operation
mode. The instability can be suppressed by Landau damp-
ing which caused by octupole magnetic fields [1]. Since
the instability depends on a vacuum condition in the ring,
it seems that the instability is caused by ion trapping effect.
The operating parameters in the routine operation are near
the threshold of it.

In order to study the dynamical behavior of the instabil-
ity, we use a pulse octupole magnet system [2]. The prin-
cipal parameters of the pulse octupole magnet system are
shown in Table 1. Using the system, we can measure the
growth and the suppression times of the instability by mea-
suring the response of beam spectrum from the button-type
electrode, when the octupole field rises or falls. In order to
investigate the dependence of the response of beam insta-
bility on the ring conditions, we performed the experiments
under two conditions : one is the beam condition with a
constant bunch number of 280 and the other is with a con-
stant bunch current of 1.6mA. In this paper, we describe
the results of the response of beam spectrum, and calculate
the delay time, the growth and the suppression rate of the
instability.

The principal parameters of the PF-ring are shown in Ta-
ble 2. In the PF-ring, there are four DC octupole magnets
and these magnets are changed together. In the multi-bunch
operation mode, the PF-ring is operated with 280 bunches,
and the empty buckets for ion-cleaning is 32 buckets. In
this case, the DC octupole field strength at the threshold
of the instability is about K3, = (L/Bop)d*B./0y® =
158 1/m3, and the instability is suppressed when the DC
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Table 1: Principal parameters of the pulse octupole magnet

system.

Parameter Value
Maximum field gradient (peak) | 11700 T/m?
Maximum peak current +100A
Maximum peak voltage +285V
Bore diameter 80 mm
Core length 0.20m
Effective length 0.22 m
Self inductance 3.34 mH

Table 2: Principal parameters of the Photon Factory storage
ring under the present low-emittance optics.

Parameter Symbol Value
Beam energy E 2.5 GeV
Circumference C 187 m
Harmonic number h 312
Betatron tune Vg, Vy 9.60, 4.28

rf frequency Irf 500.1 MHz
Revolution period T 624 nsec
Emittance €, €y 36, 0.36 nmrad
Energy spread O 0.00073
Beam size Oz, 0y 0.58, 0.04 mm
Radiation damping time 7., 7,,7. 7.8, 7.8, 3.9msec

octupole field strength is larger than K ;,. On the other
hand, the instability is grown when the field strength is
smaller than K3 5. Here B, is the horizontal component of
the magnetic field, L is the effective length of the octupole
magnet and By p is the magnetic rigidity of the electron.

EXPERIMENTS

In order to observe the behavior of the beam instability,
we measured the beam spectrum from a button-type elec-
trode using a real-time spectrum analyzer. Fig.1 shows the
beam spectra in the vicinity of the second harmonic of the
rf frequency fs when the instability is excited and sup-
pressed. When the instability is excited, 6 peaks of the be-
tatron sideband are observed, for example 2 f .t — frev— £, -
Here frev is the frequency of the revolution and f3, is the
vertical betatron frequency.

We performed the experiments under following two con-
ditions. One is the condition with a constant bunch number
of 280 bunches and the other is with a constant bunch cur-
rent of 1.6mA. Under the experimental conditions, we can
investigate the effects of fill pattern and the bunch current.
It seems that these effects relate to the phenomena of the
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Figure 1: Beam spectrum from a button-type electrode
when the pulse octupole magnet was excited at K5 ,, = 315
1/m3. The beam current was 432mA with 280 bunches. (a)
The spectrum of the beam unstable state when the verti-
cal instability was excited. (b) The spectrum of the beam
stable state when the instability was suppressed.

ionization and the ion trapping.

For the measurement of the growth time, we adjusted the
DC octupole magnets to K3 4. = 208 1/m3, then the initial
condition is stable state without beam instability. Under the
condition, the instability was observed when only the pulse
octupole magnet was excited. Thus, we excited the pulse
octupole magnet from zero to K3, = —315 1/m? during
1.2 msec. Fig. 2 shows the response of the power spectrum
at 2fyf — frev + fs, to the excitation current of the pulse
octupole magnet in the growth process of the instability.
The peak of the instability was appeared after 12msec from
the excitation of the pulse octupole field. The instability
was exponentially grown afterwards. We defined that the
time of 12 msec is the delay time in the growth process of
the instability. In addition, we defined the growth rate of
the instability as the slope of the power spectrum. Then,
the growth rate was calculated to be 4dBm/msec.

On the other hand, for the measurement of the sup-
pression time, we adjusted the DC octupole magnets to
K34 = 131 1/m3. Under the initial condition, the peak
of the instability was always appeared. However, when we
excited the pulse octupole magnet from zero to K5 ,, = 315
1/m3, the peak was rapidly disappeared. Fig. 3 shows the
response of the power spectrum at 2 f¢ — frev + f3, to the
excitation current of the pulse octupole magnet in the sup-
pression process. We found that the instability suppression
was almost simultaneous with the excitation of the octupole
field.

In the experiments, we measured the beam spectrum 10
times under the same experimental condition.

RESULTS

Fig.4 shows the delay times and the growth and the sup-
pression rates of the instability for a constant bunch number
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Figure 2: The response of power spectrum at 2 fy — frev +
fs, (solid line) to the excitation current of the pulse oc-
tupole magnet (dashed line) in the growth process of the
instability. The pulse octupole excitation current of -100A
corresponds to K3, = —315 1/m3. The beam current was
432mA with 280 bunches.
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Figure 3: The response of power spectrum at 2 f, — frev +
[, (solid line) to the excitation current of the pulse oc-
tupole magnet (dashed line) in the suppression process of
the instability. The pulse octupole excitation current of
100A corresponds to K3, = 315 1/m3. The beam current
was 432mA with 280 bunches.

of 280. The error bars shown in the figure include only
the statistic error. In the measurement, three beam cur-
rents were selected; 100, 200 and 432 mA. Here, the delay
times and the rates were calculated from the spectrum of
2fef — frev + fs,. In the growth process of the instability,
the delay time increases as the beam current decreases. On
the other hand, the delay time is almost zero and doesn’t de-
pend on the beam current in the suppression process. The
absolute value of the growth rate is smaller than the abso-
lute value of the suppression rate. Namely, the suppression
process is slower in comparison with the growth process.
Fig.5 shows the delay times and the growth and suppres-
sion rates for a constant bunch current of 1.6 mA. In the
measurement, three bunch numbers were chosen; 100, 200
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Figure 4: The delay times and the instability growth and
suppression rates for a constant bunch number of 280. (a)
The delay time for the instability growth and suppression.
(b) The instability growth and suppression rate.

and 280 bunches. In the growth process, the delay time in-
creases as the bunch number decreases. On the other hand,
the delay time almost zero in the suppression process. This
is the same as the result for a constant bunch number of
280.

As a result, we obtained that the instability was slowly
grown in comparison with the suppression, and the delay
time depended on the fill pattern of the bunch train and the
bunch current of the beam.

DISCUSSION

In the growth process of the instability, the larger delay
time was observed in comparison with the suppression pro-
cess. The delay time depends on the bunch current and the
fill pattern of the bunch train, namely, the gap of the bunch
for the ion-cleaning. Therefore, it seems that the process of
the ionization and ion-trapping is slow, and the time scale
of the process is several tens of msec.

On the other hand, in the suppression process of the in-
stability, the delay time was less than few hundreds of usec.
We guess that it is the decoherence process of the coherent
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Figure 5: The delay times and the instability growth and
suppression rates for a constant bunch current of 1.6mA. (2)
The delay time for the instability growth and suppression.
(b) The instability growth and suppression rate.

motion of the beam due to the tune spread, which is pro-
duced by the octupole field. Because it is much faster pro-
cess, it was simultaneously observed with the excitation of
the octupole field.

We are now going to investigate the phenomenon in de-
tail using this system, and to prepare another system for the
measurement of bunch-by-bunch profile.
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