Abstract

V't ' <" fhe PEP Storage Ripg has been equipped with & wide
e wind bean feedback system capable of damping the verti-
Ly ~-al and hordizontal wotion of s$i% bunchee. The cacilla-

tion detection is done at a gsymretry polnt on the
Storage Ring and feedback 15 applied at the same loco~
tion one orbital period later. The signal is synchro-
nously gated and the systex appears as twelve independ-
ent feadback loops, operating on the two coordinates of
each of the six bunches, Two beam deflection electrodes
are driven each by a low-Q push-pull ampiifier which is
tuned at the 72nd harmonic of the revolution frequency
and suppressed-carrier modulation fs gencrated by a
sequencq of the detected *wmch oscillations. The design
parareters are reviewed as vall as the salient fealures
of the hasdware, and the impact of rhis system on the
machine ion is eval d in the light of emperi-
wmental resulte.
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Introduction

Many civcular acceleratorF and storaga rings have
used, in the past, some kind of beam feedback technique
to pravide dawping or ant!~damping for “heir coherent
transverse instabilities. In some cases, feedback can
be more than a diagnostic tool and becowes indispsnsable
to the proper operation of the machine.!

While the criteria for selecting the loop gaina of
cheng systems are not very different between one and
1nother, the hardware design can 2iffer considerably
depending on the numher of bunches and rhe number of
nodes ona wat~z to damp, and alse it can differ aimply
becavse of tne pcarticulasr fnclination of the designers.
There gre rocsibly three argas where they can exercise
their fngenuity or their preference: the bemm oscilla-
tion deteetfon circults, tha information storage and
vhasing alatenc, the amplifier chain emd the beam
kicker, For instance, *he Rels. 2-5 describe, among
others, systems which hzve beenr comrissioned over the
past five years and ofi¢r quite A variety of approaches
in the three above-mentisnzd areas. Keeping with this
tradition, we present hers: the design for a wide band
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Fig. 1. PE' Tranoeerse heap fecdback system.

gram depicts a one-beam, one coordinate aystem only.
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feedback systom tieating two beams om a bunch by bunch
basis. We chose to use a system in which the bease
deflenting electrude is Jdriven by a radiofrequency
amplifier operating on 3 carrier at 9.8 Miz: this fre-
quency 1s tle 72nd harmonic of thuy beams' orbitel fre-
quency. Double-sideband, suppressed-carrier modularion
is used so the carrier 16 in faet not present in the
elecgrode and there is ao deflecting current when the
beaps are not escillating coherently. This schema
results in low power dissipotion when the beamd dre
quiet, The modulation program is furnished hy a st
of normalized oscillatim detectors and the unfiltered
hunch position information is held until the wnaxt
machine turn in an enalog memory.

Svstem Descriptien

The deflecting electrodes are situated 3t & polut
on the circunference of the storage -ing equidistant
hetween two interaction points, & locatfon at which the
six bunches of tir two PEP beans pass at equal intervals
of a little more than one mic¢roseécond. The bandwidth of
the pystem, 0.82 MHz, is chosen so that each bunch is
treated nearly Independently, or to pur it another way.
so that the normal node frequencias of the angemble of
six bunches all fall withio the pasgband of the systea.

The damping rate required of the feedback deter-
mines the loop gain. Ve designed for a damping time of
700 microseconds at & beam energy of 4 GeV oy equiva-
lently 2.8 milliseconds at 16 GCeV. The naximym current
which can be driven b» the final amplifier into the
deflecting electrnde, determines the maximum gmplitude
of coharent beam motirn which can be acted on by the
system vithovt saturation. The PEP feedback system is
designed to handle arplitudes up to 2 aillimevera which
produce electrode currents up to 20 anperes.

Tha vertical znd the horizontal eysteus are of
coutrge identical and each one contains 6 independen:
signal pathr, one for each bunth. These signal paths
are alternutely emabled for 1.2 ve; rhis time is appromi-
mately ¢,ual to three output-circuit decay time con-
stantr., Flgure ! d=picts one of these signal paths; some
such =8 the multiplexer, the modulator and the power
amplifier are common to the five other loops.
The bean signals ave obtained from a pair of
strip lines, one palr for each begn. bhen
they reach the support buildiog where the
processing circuits are installed, the pulses
are bipolar with peaks measuring appronimately
¥ . 21 volt per mA of aveTIge current pat bunch
| for the vertical pick-up glectrode, and per-
[—— haps half as large for the herizontal pick-up
: electrode which s further away from the
baatr. The time between the posicive and the
negative excursion of cthe pulse is of the
order of 1.5 ns, and the amount of wodulacion
abgerved an the creat of the pulse as a re-
sult of beam osciilations in mearly 3T per
millimeter fur the verticsl pick-up and half
this smount fur the herizontal pick-up. Each
of these signals is split chree times in
order to be eimultaneously applied to three
datectors.

The circuit for the Normalized Detector
has been ansivzed elsevhere® but we reproduce
on Pig. 2 » block disgrom and on Fig. 3 &
typieal set of input-cutput waveforms for one
bunch. Together with the pick-up electrode
this detection systen has s sensitivity of
500 oV¥/mn (vertical ayatenm) and the automatic
gain control ¢ircuir can operate reliably with
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Fig. 2. Prineiple of the beam oscillation detection.
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beanm currents in the range of 0.5 to 15 oA aversge per
bunch,

Figure 4 shows time-demain waveforms for the sodu-
lator. Figure 47a) vrepresents a superposition of sam-
ples of the detector outpur (Fig. 3(b)). These samples
are associated with the oscillation of ane bunch only;
the time positioning of the sulciplexer pulse alcng the
detector outpur permiva the adjustmant of tho proper
dplay ior each loop. Figure 4(b) is 3 superposition of
9.8 MHz RF bursts with varying amplitudes; this pulee
is applied to the power amplifier and is timed in such
8 way ac to arrive at the kicker electrode 1.2 us
before the bunch. Twelve AP cyclea 2lapse Juring the
pulse wid~h, and che heam 18 kickad ot the peak of the
last half eycle.

We now turmn £O & desctiption of the power amplifier
circuit,
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Fig. 4. (a) Multiplexer autput for one bunch.
The modulation 18 not synchronized with the
machina rewolution frequuncy. (b) Medulator
output for the above imput. The corrvier fre-
quency is equal to che 72nd harmonic of the
revolution frequency.

Powr fiers

The two pover asplifiers are located {n the Zunnel
as close as posstble to the dvflection electrodes. To
minimize the length of the RG17 connecting vables, and
since the amplifiers are wounted belcw the beam pipe,
we fade the two agsemblies mirror imsges of one another
(Fig. %),
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Fig. 3. Detector typical isput—output waveforms:
(a) Input beam pulse; the modulation has been set
i0 times lorger so as to be visible on the photo-
grapk. (b) Detector responge to 3%, 30 kHz modu-
lation: cach step coryesponds to 3 machine period.
The wsodulation freguency and the revolution fre-
quéncy are net synchronized.
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Fig. 5. Two views of the powey amplifiers in the
tunuel,



Each civcuit consists of thres push-pull stages as
shown fn Fig. 6. All tank cireuits are repistively
loaded to reduce their § and ebtain the required cver-
ail bandwidth of 820 kHz.

Figure 7 shows the input and output waveforms of

the power suplifier for & square-wave phase modulation.
The maximum power dissipated in che deflection slectrode
is of the order of )00 watts; to this power one must
add some higher-order mode losses and, as a result,
water cooling wvas desmed necessary,
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Fig. 6. Circuit diagram
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Fig. 7. HResponse of the power ampli-
fier to a square wave phase¢ 2odulation.

Performance znd Imprevements

The transverse feedb-ck system ham been used to
conttol unstable coherent beam oseillations when they
have arisen in PEP, although such oscillations have
seldca been troublesome in routine operacd a. With the
aysten off and with the besvc frse of unsi.ble coherenmt
oscillations, the nolse-driven gpectrum of baam motion
reveals peaks st the horizontal and vertical betatron
frequencies which are routinely used Lo medsure these
frequencies. Turning the Faedback system on at high
gain obliterates the peake and produces broad notches
at these frequencies instead.

At timas, the feedback system has failed to danmp
unrcable cojexent oscillacions when we expected that it
would succsed. When this has happened the eystem turned
out to be saturated by a signel not at the [requency of
the unatabla transverse cacillation, but at the (much
lower) mynchyotron oscillstion fraquancy, We plan to

ot the power amplifier.

ameliorate this problem by rolling off the low fze-
quency response of the oseillation detectora te dis-
criminate against the synch'atron frequency,

Presently both the vertical and the horizontal
power amplifiers are tuned to the 72nd harmonie ef the
revolutfon Erequency. In the future we plan to tune
one of the anplifiers to the 96th harmonic {13 Miz), to
minimize the effect of the coupling between the vertical
and the horizontal defleccion elecr
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We want to thank Jim Weaver for his design <i the
pick-up strip lines and the deflecting electrodes, Len
Genova for his arsistonce with the power supplies and
the interlocks, and Evin Grund for helrisg bringing the
systex in comriseion.
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