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Bunch Deformation of a Multi-Bunched Beam in Electron Storage Rings

In an electron storage ring, electrons form a cluster called a bunch. The distribution of
electrons becomes a Gaussian shape if we neglect the interaction between the electrons and the
vacuum vessels. With the increase of the bunch current, the interaction becomes strong and
acts as an external force which is called a wakefield. When an electron storage ring is operated
in a single bunch mode, the current dependence of the bunch length is explained by the
potential well distortion due to the wakefield and the microwave instabilities. These theories
were successfully applied to the bunch lengthening in the TRISTAN Accumulation Ring (AR)
at KEK, National Laboratory for High Energy Physics. On the other hand, a remarkable bunch
deformation was observed when several bunches were stored in the AR. In some cases several
bunches have different stationary longitudinal distributions, exhibiting two peaks or like a
trapezoid. The main purpose of the present study is to find out the sources and the mechanism
of the anomalous bunch shape deformation, which cannot be explained by the conventional
bunch lengthening rtheory. -

For this purpose, first of all, we carefully measured the bunch shape in a two-bunch
operation mode with a streak camera. The two bunches were injected into the opposite sides of
the ring. We found that the anomalous deformation of the longitudinal bunch shape occurs
when two bunches have different currents. We call, hereafter, the smaller current bunch a weak
bunch and the larger current bunch a strong bunch. We found that the length of the weak bunch
becomes quite longer than that of the strong bunch. This observation, however, did not agree to
the standard bunch lengthening theory with which the bunch is lengthened with the increase of
the bunch current. The fact that the deformation of each bunch was stable for long time over
the synchrotron oscillation period and was observed even at the bunch spacing of a half of the
ring circumference clearly suggests that the deformation is caused by the potential well
distortion due to high-Q cdmponents in the ring. In the AR, the higher order modes (HOMs) of
the accelerating cavities are the most probable suspects.

The next step was to determine the frequency and the strength of the wakefield which is
responsible for the anomalous bunch deformation. A new idea, called a test bunch
measurement, was proposed for this purpose. The basics of the method is as follows. We inject
a strong bunch which induces a wakefield and at the same time inject a sufficiently weak
bunch whose wakefield is negligible. Because the shape of the weak bunch is deformed or
shifted due to the wakefield induced by the strong bunch, we can estimate the mode frequency
by changing the distance between the two bunches. We discussed the effectiveness of the test
bunch measurement with the numerical calculations, and decided to measure the peak position
of the test bunch.

To find the best way for detecting the peak position of the test bunch, we tested a photon
counting method, a beam position monitor and a fast photodiode. Each method are carefully
evaluated and the photodiode was most appropriate for our purpose. Because it is very time-

consuming to measure all buckets in the AR, we measured only successive 21 buckets in nine



parts in the ring. Among the measured peak positions of the test bunch, there was some offset
component. We take account of the transient beam loading effect on the acceleration mode of
cavities and concluded the magnitude of the offset agrees well to the calculation.

The wakefields measured with the test bunch method has three frequency components. We
also observed the beam induced signal with the pickup at the end-plate of the RF cavity and
concluded that one component corresponds to the short range wakefields that lasts until about
100 buckets after the main bunch. The component has less contribution to the deformation.
The other two frequency components induce the long range wakefields which may affect the
bunch shape in the two bunch operation. The candidates of the source of the deformation are
TMO020C, TMO030 and TMO022 modes. It is impossible to distinguish the first two modes with
the test bunch method.

At last, we estimate the strength of the wakefields with three methods. The first one is the
calculation of the HOM impedance with the computer code SUPERFISH. The second one is to
estimate the wakefield from the bunch shape deformation under the two bunch mode. Our
model is based on the assumption that the accelerating RF field and several long range
wakefield due to the HOM determines the bunch shape. We applied our model to the
Haissinski formula which gives the general bunch shape under any wakefields. We fit the
measured bunch shape with the formula and estimated the strength of the HOM. The last one is
the Fourier transform of the peak position data at the test bunch measurement. We obtained not
only the strength of the two long-range wakefields but also the phase of each mode. We found
that the estimated field strength in three approach are within a reasonable agreement taking
account of the fact that eight cavities are installed in the AR and the resonant frequency and
shunt impedance of HOMs are different among cavities.

We have also made preliminary bunch-shape measurements in four-bunch and eight-bunch
operations and observed anomalous bunch deformation. It is a future work to study these cases
in detail. The APS cavities in the AR will be temporarily replaced with another type of cavities
for a test of large-current storage simulating the KEKB operation. It would be very interesting

to measure the bunch-shape deformation after removing the APS cavities and minimizing long-
range HOM fields.
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