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Abstract Circumference 377.26 m
RF Frequencyrr 508.58 MHz

Beam tests of the KEKB bunch by bunch feedback system Harmonic number 640

prototypes have been performed in the TRISTAN-AR on

- . Tunevg, v, 10.16,10.23
both longitudinal and transverse planes. A two-tap FIR fil- Beam Energys 25 GeV
ter system consisting of hardware logic’s realized the func- Typical RF voltage ' 1 MV
tion of the phase shift by 90 degrees, the suppression of theTypicaI Synchrotron tune 0.22

static component and the delay of up to a few tens of turns
in longitudinal plane with 508 MHz of system clock. The
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 2 EXPERIMENTAL SETUP
system is a powerful tool to explore the source of the inst@ 1  Transverse system

bilities.

Longitudinal damping time. 216 ms
Transverse damping time, y 431 ms
Watural bunch length, 2 cm

A block diagram of the transverse feedback system proto-

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

The KEKB rings are designed to accumulate huge beam jC o
current with many bunches. Even with the great care on v A s o
the reduction of the possible impedance sources around a 8 2 —X) Lo

AT ¢
beam, unexpected impedance may remain high and may T

cause strong coupled bunch instabilities. The method to 1

analyze and suppress the instabilities has the key to achieve " — ™ Hev
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- NS 7% >
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 with Signals from a button electrode is divided into three
large power. The front-end circuit need to detect the inbranches by a power combiner and summed up again by
dividual bunch positions without disturbed by the signalshe other power combiner. As the lengths of the delay ca-
from the preceding bunches with enough resolution. Thigles which connect the two combiners are chosen to be of
signal processing system is a simple digital filter with thex + n) (n=0,1,2), wherex is constant and is the wave-
function of signal delay which correspond to phase rotdength of the detection frequency, this system works as an
tion thorough 90, and the noise elimination if necessary.FIR bandpass filter with the first center frequency &fn
The kickers should have enough shunt impedance over tiiée detection frequency is chosen to be the 4-th harmonic
necessary bandwidth without HOM’s. of the RF frequency. The differential of the two sine-like
We have installed prototype systems in TRISTAN accuburst signal by the 188hybrid is multiplied by the ref-
mulation ring (TRISTAN-AR) and examined the feasibility erence signal which is quadruple of the RF signal with a
of the system during the AR high beam current accumulalouble balanced mixer (DBM). Higher-frequency compo-
tion study. Related parameters of the TRISTAN-AR for thenents are rejected by a low pass filter (LPF) of which cutoff
high current study are listed in Table 1. frequency is 750 MHz.
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The stripline kicker has four electrodes with the length 08.1  Transverse feedback experiment
30 cm and the opening angle of 6fbtated45° 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-

Wg'cg tﬁa\f)e bgnq dV;';‘dtrl ft[\c;vm 95 tkaZ 0 Sgigﬂﬂz’z\giﬂﬂ'cumulme bunch train without the transverse feedback sys-
videdhe bandwidin Into two parts, from 1o Ztems. Maximum number of stored bunches was less than

(lower-band) and from 20 MHz to 255 MHz (higher-band)
L . g 25 bunches.
and used two stripline kickers for each amplifier sets. To-

tallv. four | band lifi d four hiaher-band With the transverse feedback system on, we success-
atly, four lower-band ampiifiers and four igher-band ams, ., -, mulated more than 300 bunches with the bunch
plifiers were used. The maximum power output for eac

pacing of 2 ns and the bunch current of 1 mA. Table 2

amplifiers was 200 W. shows the maximum number of accumulated bunches on

Ihe td%mpgngttzfrges ffortthhehbunch tlerrfnt of 4dm'g arShe bunch train mode with the bunch spacing of 2 ns to-
estimated about = s for the horizontal plane and abou gether with the state of each feedback system.
800 s for the vertical plane.

Bunch current H:off 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- 1mA 18 20 —  >300
back system prototype. 2mA 20 70 20 > 170

4 mA 25 25 65 > 100

DBM  750MHz

38dB | > T1apFIR

Filter Table 2: Maximum number of stored bunches with the
bunch train mode. H means horizontal system and V means
vertical system.

use |2 1008 RF SW 3008 The maximum 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 feed-
back system to the equally filled mode such as 8 ns or 10 ns
spacing mode and succeeded to suppress the instabilities.
Longiudinal | We have measured the growth and damp of the insta-
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
Figure 2: Block diagram of the longitudinal feedback SyS_abOUt 16QO turns. The growth time of the instabilities just
tem prototype installed in AR. after turnlng. off the feedback system was abdut 3 ms
for both horizontal and vertical planes, much faster then

The longitudinal position of a bunch is measured withne radiation damping time. The damping time just after
a wideband phase detection system. Using same BPF ag¢hing on the feedback was less than 1 ms for horizontal
the DBM as the transverse system, the sine-like burst sigiane about 2 ms for vertical plane, which are consistent
nal from a bunch is multiplied by the quadruple of theyth the rough estimates of the damping times. By arrang-
RF signal. This time the nominal phase is adjusted tgq the data in a two dimensional array of bunch number vs.
be 90" shifted from that of the bunch. By rejecting thereyolution time and making the Fourier transform of each
higher-frequency component with the LPF, baseband siggys, we get the change of the modes of the oscillation
nal of a synchrotron oscillation is detected as the form o§f the bunches in time domain. Figure 3 shows an exam-
~ I, ® sin(w;t) if the amplitude® is small. ple of the growing modes of vertical instabilities starting

The signal process is performed with a two-tap FIR filtes ms after turning off the vertical feedback system. The
realized by a simple hardware system. Detailed descriming pattern was equally spaced mode with 5 bunch spac-

tion of the filter System is written in the reference[l]. Weing, 2 mA/bunch. C|ear|y Only one mode Corresponding to
have used a four cells of series-drift-tube type longitudinalp 2 MHz is growing rapidly.

kicker just same structure as used in ALS at LBNL[2]. To- | the horizontal plane, three modes corresponding to

tal shunt impedance was about 18 knd the maximum g 4 MHz, 22.2 MHz and 25 MHz were growing rapidly.
feedback voltage was 1.7 kV/turn.

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 thiirned 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 SNl e

kicker was adjusted with the same situations. Ut 2 5i25040 Gz ST 0,500 Lz
In the bunch train mode with the bunch spacing of 4 ns

and the bunch current of 2 mA, the synchrotron oscillatiofrigure 4: Beam spectrums (a) with longitudinal feedback
was successfully damped up to 6 bunches. However, whegt (b) with longitudinal feedback on. Without the feed-
we injected the 7-th bunch, it occurred strong quadrupolgack, there appeared many synchrotron sidebands corre-
oscillation in the 7-th bunch and was impossible to dampsponding to the strong longitudinal oscillations. The am-
though the first sideband was suppressed. It obviouspfitude 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 bunchegout 120 mA.

space and 2 mA/bunch, we successfully suppressed the lon-
gitudinal oscillation. However, if we once turned off thecillation. Also our system worked as the instrumentation
feedback system, we could not re-capture the oscillatiaiwol for other experiments, such as the first ion trapping
when turning on the feedback until the total current has reexperiment[4]. They clearly observed the individual oscil-
duced from 120 mA to 90 mA. This shows that the maxiation of bunches in the bunch train with 2 ns spacing.
imum feedback voltage was insufficient. With the equally The longitudinal system worked, though it also showed
spaced mode with 5 bunch space and 1 mA/bunch, we altfee insufficient feedback voltage for the oscillation with
successfully suppressed the oscillation. This time we easrge amplitude. Invest much more power in the final am-
ily re-captured the oscillation after turning off the feedbacllifier and the use of kickers with larger shunt impedance
system. Figure 4 shows the beam spectrum with the longaill be necessary for the KEKB rings.
tudinal feedback off and on.
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