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Abstract Because the light shutter has an extinction ratio of 300
at the most, the contribution of leaked light pulses through

. . e shutter during the close timing is not negligible. Con-
posed of a high-speed light shutter has been developed ibution of leaked signal corresponding to all bunches to

the KEK-PF electron storage ring. The system can pict i the both sid fh ics of th
out light emitted by one particular bunch in a bunch train € Spectrum appears on the Loth Sides ol harmonics ot the

and detect betatron motions of individual bunches inder—eVOIUtIon frequency. On the other hand, spectral lines cor-

pendently by detecting spatial oscillation of the picked—ou{eSpondmg to the selected bunch appear on the both sides

light. Using the system, it is clearly observed that a vertip!c harmonics of the shutter frequency. Therefore we can

cal instability in KEK-PF has a characteristic that betatrm?'s‘tinguiSh the betatron oscillation of the selected bunch
if

tunes and amplitudes of individual bunches depend on thetl)rOm the contribution of the other bunches by detecting the

positions in the bunch train etatron sidebands of a frequency that is non-harmonic of
’ revolution frequency but harmonic of shutter frequency.

An optical bunch-by-bunch beam diagnostic system co

1 INTRODUCTION

In the KEK-PF electron storage ring, a vertical instability 0 ‘
has been observed in a multi-bunch mode. The instability 1st Bunch
can be suppressed by exciting octupole magnets in routine
operation for users, however, the origin of the phenomenon
is not perfectly understood yet. A possible cause of the
phenomenon seems to be an ion related effect, like the
Fast Beam-lon Instability (FBII)[1]. We have developed

a bunch-by-bunch beam diagnostic system which can de-
tect betatron oscillations of individual bunches in a bunch | AJ\/J
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train, and tried to verify the dependence of the frequencies
of the betatron oscillations of individual bunches on their
positions in the train. o0 BB equeney aot

2 BUNCH-BY-BUNCH BEAM Figure 1: Vertical betatron sideband of the 1st bunch in the
DIAGNOSTICS bunch train.

In order to pick out the synchrotron radiation pulse only
from a particular bunch in a bunch train, we have devel-
oped a high-speed light shutter that can be opened or closed
within 2 ns (corresponding to a bunch spacing in the KEK-
PF) [2] [3]. Operation of the shutter is synchronized with
a revolution of bunches using an RF signal as a source of a
trigger for the shutter. We operate the shutter with a repeti-
tion rate of fspuieer=534 kHz which corresponds to one
third of the revolution frequency because of a repetition
limit of a high voltage pulser which drives the shutter.

Light through the shutter is focused by a lens to form
a image of the beam, and a horizontal edge is set on the
focal plane to cut off a half of the image. Intensity of
light through the edge is detected by a photomultiplier tube 0 ‘ "
(Hamamatsu Photonics, H6779). Vertical motion of the e B equeny kg ot
beam can be detected as amplitude variation of the output
signal of the PMT because intensity of the light through thérigure 2: Vertical betatron sideband of the 20th bunch in
edge varies in response to the movement of the image of thiee bunch train.
beam on it. The output signal of the PMT is analyzed with
a spectrum analyzer (ADVANTEST, R3361D).
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3 RESULTS

3.1 Bunch-by-Bunch Detection of Betatron Os-
cillation

Betatron oscillation of all bunches are detected indepen-
dently in the multi-bunch mode (successive 278 bunches
followed by 34 empty buckets) using the bunch-by-bunch
beam diagnostic system. In order to make the observation
of the instability clear, we turned off the octupole magnets
to avoid the Landau damping effect during the experiment.
Figure 1 and 2 show frequency spectra which correspond
to the betatron sidebands of the 1st and 20th bunches in
the bunch train, respectively. Although the beam currents.
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of these two bunches were much the same, not only thegégure 4: \fertical tunes ?n_the head of 1OQ bunch train. A
spectral powers but also these frequencies are different 43¢ corresponds to the fitting of the experiment.

seen in these figures.

Figure 3 shows a vertical betatron tunes of 20 bunches in
the head of the train. It is clearly seen that the vertical tune
gradually increases along the train.

3.2 Short Bunch Train

The observation of the vertical tunes was performed by
changing the length of the bunch train. We formed bunch
trains whose total bunch numbers were 50 and 100, but the
bunch currents were set to the usual current of 1.6mA. The
vertical instability was also observed in those condition.
Figure 4 and 5 show the vertical tunes of 20 bunches in
the head of the train with 100 bunches and that with 50
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bunches, respectively. An increase of the tunes along th&qyre 5: Vertical tunes in the head of 50 bunch train. A

train is small compared to the case in 278 bunch train.

We have also tried shorter bunch trains. The instability
was not observed if the bunch numbers were smaller than
29 in case that the bunch current of 1.0mA.

line corresponds to the fitting of the experiment.

Figure 3: Vertical tunes in the head of 278 bunch train.
line corresponds to the fitting of the experiment.
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4 DISCUSSION

4.1 Increase of Tunes
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storage ring are affected by periodic focusing forces cor-
responding to a configuration of the bunch train, the ion
motion can be discussed with a method similar to analysis
of the betatron motion in a circular accelerator. Namely, an
"ion betatron function3;” with a periodT’.., of the revo-
lution time of the beam can be defined as a function of the
time lapser from passage of the bunch head.

Trapped ions take the "betatron oscillation” around the
electron beam with amplitudes proportional §63;. Be-
causeg; is a function ofr, the size of the ion-cloud pro-
portional to /By, or, the density of the ions also change
with 7. According to the linear theory[4], the trapped ions
can cause tune shifts and the shifts are proportional to the
ion density. Therefore, the modulation of the ion density
could cause the tune shifts that depends on the position of

'ﬁhe train.

The theoretical value of the tune shift along the train
according to the model in which the modulation of the ion
density is taking into account is calculated. In the calcula-
tion, an ion species is assumed to be'G@nd an averaged
neutralization factor is assumed to B® x 10~°, which
is evaluated from another experiment in which an observa-

The increase of the tunes seems to be explained by an ition of the difference of the tunes in different beam currents
related effect. Because ions at a certain position in theas performed. We obtained thes ~ 6.0 x 10 ~%/bunch.
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That the theoretical value agrees well with the experiment 5 SUMMARY

implies that the cause of the instability has some relation to . . .
thepion effects y In the KEK-PF, a vertical instability has been observedin a

multi-bunch mode. A bunch-by-bunch detection system of

. vertical betatron oscillation has been installed and the de-
4.2 FBIl In KEK-PF pendence of the vertical tunes on the bunch position in the
According to the classical theory for ion-trapping[4], ionbunch train has been measured. The experiments show that
like CO* cannot be trapped around the beam if the numbehe tunes depend on the position in the bunch train, espe-
of bunches in the bunch train is less than 100 in case of th@ally the tunes increases along the head of the train. The
KEK-PF. However, the fast beam ion instability (FBII) canphenomenon can be understood as an ion-related effect, in
occur even under this this condition. Because the tune shifthich the ions perform a "betatron oscillation” and the ion
due to the FBIl is small in our condition, the fact that in-density modulates by passing the bunch train.

crease in the tunes observed in the long bunch train (figure In case of short bunch trains, variation of the tunes along
3) was not observed in the short bunch trains (figure 4 anithe train was small. It is supposed that the modulation of

5) is explained by the FBII. the ion density does not occur because almost all of the ions
According to a theory of the FBII[1], an asymptotic are cleared in the bunch gap (empty buckets).
growth rate of the instability is written as follows: For shorter bunch train less than 29 bunches, the instabil-
ity was not observed. The growth time of the FBII is longer
NP2yt 2L R than the radiation damping when the number of bunches is

7 [1/sec]~ 5p[Torr] b , (1) . ) o
702/2(% +0,)3/2 AL 20, less than 30. In this case, the vertical motion is completely

suppressed by the radiation damping. A bunch train longer
where p is a residual gas pressure in the rinyj, the than 30 bunches is excited by the FBII and a longer bunch
number of the electrons in one buneh, the number of train with the bunch number more than 100 is affected by
bunchesr. andr, the classical radius of the electron andthe trapped ions whose density varies along the bunch train.
proton, L., the bunch spacingy the Lorentz factor of the
beamg, ando, horizontal/vertical beam sized,the mass REFERENCES
number of the trapped ions, aug the betatron wave num-
ber(= 1/5,), respectively. The growth time of the FBII is
shown as a function of total bunch numbers in figure 6.
In this figure, the gas pressure is assumed to be 60 nPa
which is barely equal to the pressure in the KEK-PF, the iof?] A- Mochihashi et el., “Bunch by Bunch Beam Diagnos-
species to be CO, andN, is settled to the value which cor- 1S Using A Fast Light Shutter”, APAC'98, KEK, Tsukuba,
responds to 1.0mA/bunch. The transverse radiation damp- Japan, March 1998.
ing time of the KEK-PF is 7.8ms[5]. If we use (1) as al3] A.Mochihashi et al., In these proceedings.
criterion of growth time although the growth of the FBII is [4] Y. Baconnier, G. Brianti, “The Stability of lons in Bunched
not exponential, the radiation damping time and the growth Beam Machines ", CERN Int. Rep., CERN/SPS/80-2 (DlI),
time balance out each other at the bunch numbey 8D. Geneva, March 1980.
In the experiment the vertical instability was not observegs] photon Factory Activity Report, 16, 1998.
when the bunch train length was less than 29 bunches and
the bunch current was 1.0mA. Therefore, the vertical insta-
bility observed in the KEK-PF seems to be caused by the
FBILI.

[1] T. O. Raubenheimer and F. Zimmermann, “Fast Beam-lon
Instability. I. Linear Theory and Simulations”, Phys. Rev. E
52, 5487 (1995).

(ImA/Bunch, 60nPa, CQ are assumed.
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Figure 6: The growth time of the FBII.
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