RECENT PROGRESS IN THE DEVELOPMENT OF THE BUNCH FEEDBACK
SYSTEMS FOR KEKB

E.Kikutani, T. Kasuga, Y.Minagawa, T.Obina and M.Tobiyama,
National Laboratory for High Energy Physics,
Oho 1-1, Tsukuba-shi, Ibaraki, 305 Japan

Abstract

In KEKB, which is a B-factory project at KEK, the bunch spac-
ing is very short, only 2 ns, and the number of the bunches
comes up to about 5000 per ring. In order to cure the instabil-
ities due to the high beam current, we will use bunch feedback
systems in KEKB rings. Recently we developed the new posi-
tion detection system and made a prototype of the signal proces
system for the feedback systems. Using these tools and acce
erating cavities as the kicker we performed an experiment for
checking a longitudinal feedback system. The Robinson insta:
bility which was intentionally excited was scessfully damped
with a short damping time.

|. INTRODUCTION

KEKB, a B-factory project at KEK in Japan, is now under
construction. In KEKB, the number of bunches per beam is
about 5000 and the bunch spacing is only 2 ns. Under this con-
_d|t|on it is feared tha’g cpupled bqnch_ instabilities due to Soné‘fane, we use the AM/PM technique[4]. In this case, the two sig-
impedance sources limit the luminosity. In order to cure theSe . .

: S . nals to be compared are obtained from pickups. In both cases,
instabilities, we will use powerful bunch feedback systems in . :
We must use band-pass filters to extract the detection-frequency

both the transverse and longitudinal planes. We have alrea .
c?¥nponent out of the beam signal.

started the development study of the feedback systems. Up h f d . ts to develop the front
the present our studies were mainly on the position detection © ?v?tﬁerforr;be Ir(nanyt expelrlm_ﬁ:l s 1o deve odpl SeGr;')n X
system and the data process system. The results of the stu part ot the leedback sys ems_[ ]. There, we used 1. iz as
were published in the papers[1] and [2]. Recently we have i I detection frequ_ency. The main reason Wh.y we used this f_re-
proved the performance of the position detection system by | qenc;:j\_/vas th g\émd RFgot'StE.S pfropagatlng W'tht";;hﬁ beampr;pe
creasing the detection frequency. For the data process part, r_g us ok~ rr?mt.b u h IS re_quegcy IS nEEKIgB _I?QOUQ
rav designd and made aprotoypo of  sqnalpocesssys SIS 1o ST s 2 16 RS Then e
which is a 2-tap digital filter realized by a pure hardware logi ith a radius of 35 mm in TRISTAN Accumulation Ring at

In this paper, we report the performance of these newly dev IIEK (AR). With this beampipe we now can use the detection

d tools and It of the longitudinal feedback [ t .
(IipEeK 00's and resuft ot the fongliudinatieedback experimen frequency of 2 GHz. Six button electrodes are used for each

plane (longitudinal, horizontal and vertical) then there are 18
Il. RECENT PROGRESS OF THE POSITION electrodes in total. The six pulses are combined by a power com-
' biner to make an input of the front-end circuit. The cables con-
DETECTION TECHNIQUE necting the electrodes and the power combiner are carefully cho-
A. 2 GHz as the detection frequency sen to make a 3-cycle sine-like pulse train. This cable-combiner

The front-end part of the bunch feedback system is a sif¥Stem works as a low-Q band pass filter effectively. The pulse
ple RF circuit. This circuit inputs the pulses from pickup elec@Ptained this technique is shown in Fig. 1. We can catch that the
trodes and outputs a pulse whose height is proportional to {RB9th of the main part of pulse train is only 1.5 ns. With this
position of a bunch. As we have explained in the previous p&chnique we can measure the positioeaéh bunch indepen-

per[2], this output signal is obtained as the phase difference H&NtY-
tween two (quasi) sinusoidal signals, both in the longitudin
and transverse planes. The frequency of these sinusoidal sig
is called the detection frequency. For the longitudinal plane,One application of the position detection system explained
the detection-frequency component is extracted from the beabove is mode identification of the coupled bunch instabilities.
signal and its phase is compared with a standard timing sigriée made experiments in AR to study various impedances which
which is made from the accelerating RF signal. In the transversay cause instabilities. In these experiments, we store a number

Figure 1. An oscilloscope photo of the pulse train.

ﬁ;lépplication of the position detection system



4 bunches The filter has the favorite frequency ®f2(n; — ns). Here,
the unit of the frequency is the reciprocal of the sampling time,
which is, in our case, the revolution period of a ring. By suit-
ably selecting the parameters, andn, (tap positioning), we
can obtain various type of the digital filter. In the words of hard-
ware, the filter consists of memory of some depth, a hardware
for subtraction operation and a clock circuit for controlling the
timing.

0 In order to realize the filter, a very high-speed circuit is re-
quired, because the bunch frequency of KEKB is 508 MHz. For
this purpose we are now designing a 2-tap filter board which has
high-speed custom IC's (GaAs gate arrays) for de-multiplexing
and multiplexing and medium speed 2-tap filter logic on it.

Before the completion of the board, we made a prototype of
the 2-tap filter circuit which can work under the bunch frequency

270 of 6.4MHz. The prototype consists of a 125 MHz analog-to-

Figure 2. The complex logarithm of the FFT of the OSCilIationglogI;Aa;(;o(?i\é?tr;ﬂgggéagﬂ82\/2ret\g::iﬁiﬁ?gg?\jz\)( Ig)f(rggtlgg;j ina

) ) ) . . back-end and circuitry of a 2-tap digital filter. The digital fil-
of bunches in the ring and observed their oscillations with oyt ~onsists of an ALU (SN74HC283) that performs a subtrac-

position detection system. The_ output of the front-end circyjg, operation and memories (HM62832UHP-15) which store
is sent to a CAMAC module which packages a 500 MHz flagfje hosition of bunches through hundreds of turns. The size of

analog-to-digital converter chip(SONY CXA1276) and 4 kbyt&g,emory is 4 kbytes in total. These three components of the filter

memory (Fast ADC module). . are packaged in a 1-span CAMAC module. The tap positioning
The method of the analysis is as follows. The longitudingf the 2-tap filtering can be set through the CAMAC command

position, that is, the timing of these bunches (here we eXplag‘ri/ easily. We found that the 2-tap filter has the desired fre-

the method by an example of the 4-bunch case) were recordedcy performance in various tap positionings in bench tests
in the memory over 1024 turns at real time. After data-takingiih a network analyzer.

we perform the discrete Fourier transformation on these 4 data,
namely, we get 4512 complex values that are the frequency IV. FEEDBACK EXPERIMENT IN AR
spectrum of the oscillations. When bunches oscillate we can

find peak(s) in these data. Now we pick up the value at the Experimental procedure

peak and get the complex logarithm of this value. Manifestly

the argument of this complex value corresponds to the phaseclq ck the performance of the position detection system and the

the bunch oscillation an_d Its abSOIU'_[e value is p_roport|onal EQtap filter explained above. The basic experimental conditions
the logarithm of the oscillation amplitude. A typical exampl . <\ \marized in Table |

is shown in Fig. 2. We can easily recognize that 4 points are

90

e made an experiment of the longitudinal feedback in AR to

aligned along a line of 75 degrees and2®B0 degrees. This Table |

means that the mode of coupled bunch oscillation was 2. We Condition of Experiments.

know that the accelerating cavity in AR has a higher order mode

the of 1463.7MHz from other measurement. This frequency is beam energy 2.5 GeV

1842 times of the revolution frequency of AR. The data strongly circumference/revol. freq. 377 m/795 kHz
suggests that the bunch oscillations correspond to this higher beam current 3 ~5mA

order mode. synchrotron frequency/ 20 kHz/0.025

lll. Prototype 2-tap FIR filter Because thedngitudinal kicker is still on the design stage, we
In our feedback system, the signal process (phase shiftused the accelerating dties as a longitudinal kicker. Due to the
90 degrees and elimination of DC offset) is done by a 2-tap FrRrrow bandwidth of the cavity, we can make the experiments
filter realized by a pure hardware system. As the algorithm ofily with single bunch. But an experiment with the closed loop
the 2-tap filter has already been given in the paper[3], we wilf the feedback system is essentially important particularly for
give only a short explanation on the 2-tap digital filter here. Ighecking the performance of the signal process system. In AR
general, the output of an FIR filter is obtained as the linear cothere are two RF stations, EAST and WEST, each of which has
bination of the data which have been obtained as a time serigégccelerating caties. Our kicker was 4 cavities in the WEST.
z(1),z(2),--- In the case of two tap filters, the linear combiThe position detection system and the signal process system sit
nation is a sum of only two terms whose coefficients are 1 and the southern part of AR. The processed signal was transferred
—1. Then the outputy, of the filter is given by through a coaxial cable of length ef 140 m to the WEST and
the accelerating signal was phaseedulated by this processed

y = [z(n1) — z(n2)]/2. signal.



100 — , : — established a bunch-by-bunch position-detection technique even
in the bunch frequency 6500 MHz. Applying this technique,

we observed the bunch oscillation in AR. When the ring was
50 |- ] operated with 4 bunches, we succeeded in identifying the mode
of the coupled bunch instability by analyzing the data taken by
our system.

The design and the fabrication of the prototype of the 2-tap
filter completed recently. The frequency performance was mea-
sured in a bench and expected characteristics were obtained.
0 |- This prototype was actually used in the longitudinal feedback
experiment in AR.

The experiment of the longitudinal feedback has also been

100 ‘ | . performed. The kicker for the feedback system was not an
° 0 e o0 o0 1000 actual one but the accelerating ites. The oscillation was
safely damped by the feedback system and the damping time
Figure 3. The observed oscillation just after the feedback wa roughly, 0.1 ms was obtained. Based on the experiment, we
turned off. The horizontal axis is the turn number and the vertiave confirmed that the 2-tap filter system is powerful for the
cal axis is the longitudinal position in an arbitrary unit. signal processing of the longitudinal bunch feedback systems.

longitudinal position
o

turn
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about 30 dB. When we closed the feedback loop the side-bands
disappeared.

Next we increased the tuning angle to the positive direction
and found the side-bands appeared again. After that, the gain
of the feedback was increased. Then the side bands disappeared
again. With these procedure we found that the instability with
the growth time of about 0.1 ms could be damped by our feed-
back system.

We observed the oscillation also by a turn-by-turn position
detection system. The front-end circuit of the measurement sys-
tem was equivalent to that of the feedback system but it was
completely independent of the feedback loop. By this system
we could observe the change of the oscillation around the mo-
ment of feedback on/off. An example of the observed data is
shown in Fig. 3. We catch that the oscillation grows with the
growth time of about 300 turns or 0.36 ms.

V. SUMMARY

We have developed a new position detection systems for the
longitudinal and transverse planes with the detection frequency
of 2 GHz. Through the experiments performed in AR, we have



