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Abstract large current and a train of small current test bunches as
probes of the wake potential are stored simultaneously.

We tried to determine the longitudinal wake potential iThe principle of the test bunch method is described in

the Photon Factory electron storage ring by measurir8ec.2. The short and medium range wakes are discussed

the longitudinal bunch structure with a photon countingn Sec.3.

method. A train of test bunches whose currents were We have been developing a fast light shutter with a

small enough to neglect the interaction among theifockels cell which can select a light pulse out of

were injected behind a bunch with a large currensuccessive light pulses radiated from the multi-bunched

Deformation and the shift of the test bunches in theeam. A preliminary result of the beam test of the

longitudinal direction due to the wake field generated bghutter is presented in Sec. 4.

the large current bunch were measured, and the wake

potential was estimated. We found the wake potential 2 PRINCIPLE OF TEST BUNCH METHOD

consists of two components: one is the short range Wakfie test bunch method was developed for the

which vanishes outside the bunch, and the other with the.asurement of the medium range wake. Making use of

medium range of successive several bunches. T wide dynamic range (>30and the excellent time

photon counting method is not always suitable for thg,oo i tion (<10ps) of the photon counting method, we

m_ulti-bunched beam. Deyelopment of a fast light Shun%easured the change in bunch lengths and the

with a Pockels cell which enables us to measure the,qivdinal shifts of the test bunches following a large

structure of a bunch in the multi-bunch mode is und&y,rent main bunch, and estimated the longitudinal wake

way. potential generated by the main bunch.

When the phase shift from the synchronous phase of
1 INTRODUCTION the k-th test bunch in the presence of the wake potential

According to the damping time of the wake field, weVW(t) is ¢, the total acceleration voltagé,, and its

classified the wake into three types. The first is the short .

range wake which exists within a bunch only, the secordfadientVig

is the medium range wake whose damping time is longer V., (t) = Vge SiN(Wget + @4) + V(1) (1)

than the minimum bunch spacing but shorter than thgg

revolution time of the bunch. The last is a long range \; _ y

wake which lasts longer than the revolution time. The Vior (1) _wRFV_F*FC_()S@RFt+<0Sk)+VV(t)' 2)

short and medium range wakes are transient, but the lohg€ bunch length is given by

range wake is sometimes piled up and gives rise to beam o, = A/ \]tot (3)

instabilities. Although the long range wake has beevr\]/hereA is a constant. Using eq. (2), the deviation of the

widely studied theoretically and experimentaly, there are h lenathAg. f i tural lenath is ai b
few experimental studies of the short and medium ran&émc eng ¢ TOM IS hatural fength Is given by

wake so far. In this paper, we present the experimental Ao, _ Vw(t)
results and discussion on the longitudinal wake of short Y :
. g,
and medium range. t ZVRF(%‘)_ o _
We measured the longitudinal bunch structure with When the wake potential and the radiation lbbg, is
single photon counting system[1] insalled in beamline 28mall compared with the RF voltage, the deviation of the

in the Photon Factory electron storage ring (PF-ringsynchronous phas&@, which corresponds to the shift
Since the short range wake generated by a bunch affec;s[ S

. . ; . gf the bunch centefAt, is given by
only itself, we investigated the wake by measuring the V. (t
longitudinal distribution of electrons in the bunch in thepp (¢ At = w(®) _
single-bunch mode as a function of the bunch current. In RF
order to measure the medium range wake, we developed

the test bunch method in which a main bunch with a

are represented as

RF
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The longitudinal shifts of the centers and the deviationtsunches with a beam current of 1ImA each was observed
of the lengths are proportional to the wake potential arab a function of the beam current of the main bunch. If
its gradient, respectively. Therefore, by measuring thihe wake fields produced by the main bunch excite
lengths and the centers of the test bunches, we camgitudinal coherent oscillations of the bunches around
sample the wake potential and its gradient with ththe synchronous phases, the gross bunch lengths
sampling period of the bunch spacing (2ns). measured with the photon counting system become

longer than the real lengths, because the system

measures the averaged longitudinal distribution of the

3 WAKE POTENTIAL IN PF-RING bunch. We determined amplitude of the longitudinal
coherent oscillations of the test bunches, measuring a
3.1 Short range wake beam signal from a button-type pickup electrode with a

hi'stogram function of an oscilloscope (HP54121A and

We . me_asured the dependece .Of the _Iongltudm 4120B). The r.m.s. amplitudes of the oscillation were
distribution on the bunch current in the single-bunc ) . S
ess than 10 ps. Since their contribution to the

operation with the photon counting method. The

longitudinal distributions below the threshold current O]measurements of the bunch lengths are less than 1 ps, we

the microwave instability are shown in Fia.1 Theconcluded that the effect of the coherent oscillation is
y 9. negligible in the test bunch method.

vertical bars in the figures show the statistical errors. We stored the test bunches in one of regions listed
The left hand side of the horizontal axis shows the hefr:)delow 9
of the bunch. The distributions at the bunch current up :

0 . . .
about 4 mA are nearly Gaussian, but those at larger Reg!on l]J.USt before the main bunch,
Region 2: just after the main bunch,

currents become asymmetric due to the wake potential Region 3: opposite side of the ring with respect to the
generated by the bunch itself. main bunch

T and estimated the damping time of the wake by
o e ] measuring the length and the shift of the center of each
a1 test bunch. Considering the reproducibility of the bunch
length measurementt@.4ps) and that of the bunch
: center measurementgps), the variation of the bunch
T lengths and the shifts of the bunch centers in Region 1
and 3 were meaningless. We therefore investigated the
pAREa, wake in Region 2 in detail. Examples of the variation of
. the bunch lengths and the shift of the bunch centers in
Region 2 are shown in Figs. 2. The main bunch with a
beam current of
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Fig. 1 : Longitudinal distribution of electrons in the
bunch in single-bunch mode.

In order to explain the wake potential, we employec ss b a0 b
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the broadband impedance model. The broadban bucket bucket

impedance model is represented by a wideband resonatig. 2 :Results of the test bunch measurement. (a)
whose quality factor Q is unity. It contains theyariation of the lengths and (b) shifts of the centers of
contribution of all the vacuum chamber components ghe test bunches stored just after the main bunch.

the ring. We reconstructed the wake function of the

broadband impedance and solved the Haissinski equatisomA was stored in Oth bucket. For the determination of
[2] iteratively. When we assume the shunt impedanghe frequency components of the wake, we performed
and resonant frequency to be 5800and 4.4GHz, the discrete Fourier transform (DFT) on the data in Figs.
respectively, which gives the coupling impedance |Z/2. The results are shown in Figs. 3. Since the numbers of
of about 22, the calculated distributions (solid lines indata are 17 and the sampling frequency is 500 MHz (RF
Figs. 1) are well fitted to the experimental distributionsfrequnecy), the resolution of frequency is limited:id
These parameters are consistent with other studies [3,4Hz. According to the sampling theorem, the highest
frequency we can identify is a half of the sampling
frequency and the frequencies higher than that cause
In order to investigate the medium range wake, waliasing. Main components in Figs. 3 are

employed the test bunch method. Influence on the te:

3.2 Medium range wake
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RF cavities are often assumed as the impedance source  Fig. 5 : Variation of lengths of test bunches.
because they have many higher order mode (HOM)

resonances. We calculated the wake potential in the Rffficult because of a current limitation of the
cavities using the code ABCI [5,6], and calculated thghotomultiplier. A high speed shutter which can open or
lengths and the shift of the centers of the test bunchggose within a time scale of the bunch spacing (2 ns in
This wake potential causes little change of the bungkek-PF) enables us to observe one particular bunch: the
|eﬂgths. On the other hand, it leads to the shifts of abOﬁﬂne required to measure the Sing|e bunch |mpur|ty
10ps of the bunch center. In Fia. 4. we show the DFT ®fecomes short, and the longitudinal fine structure of the
test bunches which emit less photons than the main

> . bunch can be measured precisely.
DFT of Shifts of Bunch Centers . .
200 | ] The shutter system is composed of two polarizers and a
Pockels-cell[7], which changes the polarization of
S ] penetrating light when a high voltage is applied. We
g succeeded to select photons from one particular bunch
& 200 with the system. Some parameters of the shutter system
are shown in Table 2.
100 ¢ We estimate that the extinction ratio makes the time
L required to measure the impurity down to about 1/100.
0 29.4 58.8 88.3 118 147 177 206 235 driving voltage 550 V
frequency (MH2) repetition rate 533 kHz
Fig. 4 DFT of the calculated shifts of the bunch centers rise time (5 to 95 %) 1.5ns
due to the wake potential in the RF cauvities. fall time (95 to 5 %) 1.6 ns
_ flat top 0.9 ns
the calculated shifts of the bunch centers due to the wake | & iinction ratio 280

potential in the RF cavities. Although apparent pattern of
the shift in the time domain differs from the

experimental shifts, the power level of the frequenCyKTamura would
component of around 235 MHz in Fig. 4 is about the

Table 2 : Parameters of the shutter system
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