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Abstract Circumference 377.26 m
RF Frequencyrr 508.58 MHz
Harmonic number 640
Tunev,, v, 10.16, 10.23

Beam Energy 25 GeV
Typical RF voltage 1 mv

Beam tests of the KEKB bunch by bunch feedback system
prototypes have been performed in the TRISTAN-AR on
both longitudinal and transverse planes. A two-tap FIR fil-
ter system consisting of hardware logic's realized the func-

tion of the phase shift by 90 degrees, the suppression of thel’ypical Synchrotron tune 0.22
static component and the delay of up to a few tens of turnsl_ongitudinal damping timse 2'1 6 ms
in longitudinal plane with 508 MHz of system clock. The Transverse damping time Ey 43'1 ms

transverse systems were purely analog system without an
digital signal processing part. More than 100 bunches with
maximum current of 376 mA have been accumulated suc- Table 1: Main parameter of TRISTAN-AR
cessfully with the bunch spacing of 2 ns. The growth time

and the growing modes of the transverse instabilities has
also been measured with the memory function of the two-
tap FIR filter. It suggests that the bunch-by-bunch feedback
system is a powerful tool to explore the source of the inst&® 1  Transverse system
bilities.

Watural bunch length, 2 cm

2 EXPERIMENTAL SETUP

A block diagram of the transverse feedback system proto-

1 INTRODUCTION type at TRISTAN-AR is shown in Fig. 1. Signals from a

The KEKB rings are designed to accumulate huge beam jQ[L i

current with many bunches. Even with the great care on v A s o

the reduction of the possible impedance sources around a j@m
beam, unexpected impedance may remain high and may T
cause strong coupled bunch instabilities. The method to 5%

analyze and suppress the instabilities has the key to achieve reom — - oy

the expected quality of the rings. A straightforward and the verical  Jagd % t@ Sy

only realistic method is to apply bunch by bunch feedback oy oy

based on very fast digital technology with the wide band-

width up to 255 MHz and large power to supply enough vorzontal | so% @

negative impedance. The target of the KEKB bunch feed- NE 74;} >

back systems has been set to achieve the damping time — N

of about 1 ms both on the transverse and the longitudinal
planes for the minimum bunch spacing of 2 ns.

The feedback system consists of three major parts: Figure 1: Block diagram of the transverse feedback system
front-end circuit to detect the bunch positions, a signal prd?rototype installed in AR.
cessing system, and kickers and wideband amplifiers withutton electrode is divided into three branches by a power
large power. The front-end circuit need to detect the ineombiner and summed up again by the other power com-
dividual bunch positions without disturbed by the signaldbiner. As the lengths of the delay cables which connect
from the preceding bunches with enough resolution. Thile two combiners are chosen to becof nA (n=0,1,2),
signal processing system is a simple digital filter with thevhere o is constant and\ is the wavelength of the de-
function of signal delay which correspond to phase rotaection frequency, this system works as an FIR bandpass
tion thorough 90, and the noise elimination if necessaryfilter with the first center frequency of\ic. The detec-
The kickers should have enough shunt impedance over ttien frequency is chosen to be the 4-th harmonic of the RF
necessary bandwidth without HOM's. frequency. The differential of the two sine-like burst sig-

We have installed prototype systems in TRISTAN accural by the 180-hybrid is multiplied by the reference sig-
mulation ring (TRISTAN-AR) and examined the feasibility nal which is quadruple of the RF signal with a double bal-
of the system during the AR high beam current accumulanced mixer (DBM). Higher-frequency components are re-
tion study. Related parameters of the TRISTAN-AR for thgected by a low pass filter (LPF) of which cutoff frequency
high current study are listed in Table 1. is 750 MHz.



The stripline kicker has four electrodes with the length 08.1  Transverse feedback experiment
30 cm and the opening angle of 6tated45° from hor-

) i . . ... _We have encountered heavy coupled bunch instabilities
izontal plane. As it was impossible to prepare amplifier

Both in horizontal and longitudinal planes and could not ac-

wglcgtna\ée bgnqt;’;']qtr; frtom 95 tkaZ 0 ;gil—l\f th’z\éviﬂﬂ'cumulate bunch train without the transverse feedback sys-
vided the banawidin Into two parts, from 1o Ztems. Maximum number of stored bunches was less than
(lower-band) and from 20 MHz to 255 MHz (h|gher-band)25 bunches

and used two stripline kickers for each amplifier sets. To- )

tallv. four lower-band amplifiers and four hiaher-band arms With the transverse feedback system on, we success-
Y, Tour low pimiel urhig I[lully accumulated more than 300 bunches with the bunch
plifiers were used. The maximum power output for eac

lf 200 W spacing of 2 ns and the bunch current of 1 mA. Table 2
am%' 'er was L0 W. for the bunch ¢ shows the maximum number of accumulated bunches on
The damping times for the bunch current of 4 mA A%he punch train mode with the bunch spacing of 2 ns to-

estimated about 4.0@3 for the horizontal plane and abomgether with the state of each feedback system. The maxi-
800 us for the vertical plane.

Bunch current H:0ff  H:On  H:off H:On

2.2 Longitudinal system V:off V:off V:On V:On
Figure 2 shows a block diagram of the longitudinal feed- ; 22 ;g 58 Z) i ?28
back system prototype. The longitudinal position of a 4 mA o5 o5 65 > 100
paliEiNG 2Tap FIR Table 2: Maximum number of stored bunches with the
bunch train mode. H means horizontal system and V means
vertical system.

mum stored beam current of 376 mA with the transverse
feedback system on was achieved with the bunch train
mode of 4 mA per bunches. We also applied the feedback
] system to the equally filled mode such as 8 ns or 10 ns
spacing mode and succeeded to suppress the instabilities.
Lgngimd@ We have measured the growth and damp of the insta-
e bilities in time domain employing the memory function of
the two-tap FIR filter complex. As the filter has 1 Mb of
— memory, we have recorded the oscillation of all the bunches
about 1600 turns. The growth time of the instabilities just
Figure 2: Block diagram of the longitudinal feedback sysafter turning off the feedback system was ab®ut 3 ms
tem prototype installed in AR. for both horizontal and vertical planes, much faster then

bunch is measured with a wideband phase detection S);E-e radiation damping time. The damping time just after

tem. Using same BPF and the DBM as the transverse S);él_rning on the feedback was less than 1 ms for horizontal

tem, the sine-like burst signal from a bunch is multiplied®’@"€; about 2 ms for vertical plane, which are consistent
by the quadruple of the RF signal. This time the nominalith the rough estimates of the damping times. By arrang-
phase is adjusted to be 96hifted from that of the bunch. N9 the datain atwo dimensional array of bunch number vs.
By rejecting the higher-frequency component with the Lpgrevolution time and making the Fourier transform of each
baseband signal of a synchrotron oscillation is detected 5VS: We get the change of the modes of the oscillation
the form of~ I,® sin(w,¢) if the amplituded is small. of the bunches in time domain. Figure 3 shows an exam-

The signal process is performed with a two-tap FIR fiItePIe of tfr][e growing n’;fodhes of \{ertllc;al :jns taimtles start_lpk?
realized by a simple hardware system. Detailed descri _ms after turning off the vertical feedback system. ©

tion of the filter system is written in the reference[1]. We.IIIIng pattern was equally spaced mode with 5 bunch spac-

have used a four cells of series-drift-tube type longitudin g 2 mA/bunch. Clearly only one mode corresponding to

kicker just same structure as used in ALS at LBNL[2]. To- 0.2MHzis growing rapidly. In the horizontal plane, three
tal shunt impedance was about 18 &nd the maximum modes corresponding to 9.4 MHz, 22.2 MHz and 25 MHz

feedback voltage was 1.7 kV/turn. were growing rapidly.

14.5dB 19dB RF SW 30dB

3.2 Longitudinal feedback experiment

3 BEAM TEST OF THE FEEDBACK SYSTEMS , . . ,
As it was impossible to accumulate the multi-bunched

General information of the high beam current study of ARbeam without transverse feedback system, we always
is written elsewhere[3]. We therefore concentrate only thieirned on the transverse systems with the maximum gain
subject concerning to the feedback experiments here.  during the longitudinal experiments. We have at first tuned
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Figure 3: Growth of the vertical coupled bunch oscillation
observed with the two-tap FIR filter.

the tap positions of the two tap filter to have the maximum
gain with the positive feedback loop. Also the phase of the
kicker was adjusted with the same situations.

In the bunch train mode with the bunch spacing of 4 ns_ . o
and the bunch current of 2 mA, the synchrotron oscillatioffigure 4: Beam spectrums (a) with longitudinal feedback
was successfully damped up to 6 bunches. However, wh&ff (P) with longitudinal feedback on. Without the feed-
we injected the 7-th bunch, it occurred strong quadrupof@@ck, there appeared many synchrotron sidebands corre-
oscillation in the 7-th bunch and was impossible to dampPonding to the strong longitudinal oscillations. The am-
though the first sideband was suppressed. It obviousRfitude of the first sideband has reduced down to -30dB
shows there is huge longitudinal impedance in the ring. with the longitudinal feedback. The total beam current was

In the equally spaced bunched mode with 10 bunché@Pout 120 mA.

space and 2 mA/bunch, we successfully suppressed the lony; .. . :
Lo o . cillation. Also our system worked as the instrumentation
gitudinal oscillation. However, if we once turned off the

... tool for other experiments, such as the first ion trapping
feedback system, we could not re-capture the oscillation X ST .
. . experiment[4]. They clearly observed the individual oscil-
when turning on the feedback until the total current has re=’ ; T .
ation of bunches in the bunch train with 2 ns spacing.

duced from 120 mA o 90 mA. This shows that the max- The longitudinal system worked, though it also showed

imum feedback voltage was insufficient. With the equall : g o .
spaced mode with 5 bunch space and 1 mA/bunch, we a?ﬁg)e insufficient feedback voltage for the oscillation with

successfully suppressed the oscillation. This time we eadJ¢€ amplitude. Invest much more power in the final am-

ily re-captured the oscillation after turning off the feedbacIP“f'er and the use of kickers with larger shunt impedance

system. Figure 4 shows the beam spectrum with the Iongvl\£III be necessary for the KEKB rings.

tudinal feedback off and on.
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