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Abstract

The operation of a longitudinal multi-bunch damping sys-
tem using digital signal processing techniquesis shown via
measurements from the LBL Advanced Light Source. The
feedback system (developed for use by PEP-II, ALS and
DA®NE) uses a pardld array of signal processors to im-
plement a bunch by bunch feedback system for sampling
rates up to 500 MHz. The programmable DSP system al-
lowsfeedback control aswell as accelerator diagnostics. A
diagnostic techniqueisillustrated which uses the DSP sys-
tem to excite and then damp the beam. Theresulting 12 ms
time domain transient is Fourier analyzed to providethe si-
multaneous measurement of growth rates and damping rates
of al unstable coupled-bunch beam modes.

1 SYSTEM DESCRIPTION

Figure 1 presents a block diagram of the processing system
developed for use at the SLAC PEP-11 accelerator.[1]
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Figure 1: Block diagram of the longitudinal feedback system.
The array of digital signal processors operate in parallel to com-
pute correction signals on a bunch by bunch basis.

The PEP-11 prototype longitudinal feedback system was
installed a the LBL Advanced Light Source and com-
missioned for routine operation in September 1995. The
ALS implementation requires a 500 MHz bunch crossing
and error correction rate to control the fully popul ated 328
bucket ring. The ALS machine has displayed evidence of
strong longitudina instabilities since commissioning in
April 1993[2]. Operated in conjuction with an al-mode
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transverse feedback system[3] the feedback systems have
demonstrated increased intensity and reduced linewidths of
the emitted higher order undulator radiation. The feedback
systems suppress coupled-bunch instabilities up to the full
(400 mA) operating current of the storage ring.

2 EXPERIMENTAL RESULTS

One interesting feature of the programmable system isthe
capability to record the bunch motion as the feedback sys-
tem operates[4]. Observing the motion as thefeedback sys-
tem isturned off displays the growth of unstable bunches,
while recording the motion when the feedback signals are
turned back on reveal s the net damping in the system. Fre-
guency domain information can be computed from these
time-domain data sets via use of Fourier transform tech-
niques.

An example measurement using this grow-damp tech-
niqueisillustratedin Figure 2. In thisexperiment the beam
isinitialy stable under the action of the feedback system.
Under software control the feedback gainis set to zero, and
after a holdoff interval the DSP processors start recording
the bunch motion. For tho4055 < t < ton the growing
bunch oscillationsarerecorded, and at ¢,,,, thefeedback gain
isrestored to theoperating value. The motion ( now adamp-
ing transient) continuesto be recorded until ¢,,,,.., & which
time the DSP's stop recording but continue computing the
feedback signal (controllingthe beam). The datarecordsare
stored inadual-port memory whichisaccessibleto an exter-
nal processor (thetotal record lengthis 1008 samplesof each
of 324 bunches). After the data array is read, the DSP pro-
cessors can be triggered again to record another transient.

Figure 2a shows the envel opes of the synchrotron oscil-
lations of each of 328 bunchesfor such atransient. We see
a complicated growth of motion up to 6 ms, followed by
damping of themotion. Inthisrepresentationthe phaserela
tionship of theindividual bunch oscillationsis not obvious.
If thedatais arranged in a 2 dimensional array of bunch #
vs. sample number, each row (containing the oscillation co-
ordinate of each of 328 bunches sampled on a single turn)
! can by Fourier transformed to reveal modes of oscillation
of thebunches. ThisFourier transformiscomputed for each
sampling time (turn number) inthearray. Theresulting data

1 Dueto the action of the downsampled processing, the datafor the var-
ious bunchesare actually sampled on different turns corresponding to the
sampling pattern and downsampling factor. In the post-processing an in-
terpolating filter is used on each bunch’scolumnin the raw data array to
compute the oscillation co-ordinates over the non-sampled turns, effec-
tively time-aligning all the bunch co-ordinatedatabeforethe Fourier trans-
forms are taken.
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Figure 2: Grow-Damp Transient and Fourier Transform showing two beam modes



(figure 2b) shows the presence of two modes of oscillation
(modes-95 and -124) inthetransient.? The growthrates and
damping rates for each mode can be found viathe numeric
fitting of exponentia curvesto thedata(figure2c,e). Figure
2d,f present the effective growth rate and damping rate vs.
mode number - showing the action of the feedback system
in turning the net growth rate from positive to negative.

The instability growth rate per mode is due to a net
effective impedance ( from a summation over revolution
harmonics)[5]
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where 7; is the growth time of mode I, I, the beam cur-
rent, Z(w) thetotal ringimpedance, e thecharge of an el ec-
tron, @, the synchrotron tune (f;/ fre»), o~ the rms time-
of-arrival variation of particles within a bunch, and N the
number of bunches.

Thesystem providesadamping rate whichisproportional
to the feedback gain; the net response of the system is de-
termined by the difference between thetwo ( natural growth
and feedback damping) rates
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which is plotted per excited modein figure 2f.

This approach directly measures the unstable modes of
the ring - with a variant of thistechnique it is possible to
measure damping/growth rates for naturally stable modes.
For this measurement a narrowband excitation at the de-
sired mode frequency isinjected into thefeedback system at
the error summing node (see figure 1). The grow-damp (or
damp-damp) transient can be recorded and processed just
asfor the self-excited case. If this measurement isrepeated
for several modes (or an excitation is applied which excites
several modes) the effective gain of thefeedback systemvs.
mode can be determined.

3 SUMMARY

The time domain transient techniques illustrated require
only afew ms of beam motion and are essentially invisible
to users of the storage ring. The information obtai ned from
the analysis of the time domain data reveals growth rates
and damping rates of beam modes and is useful in check-
ing or adjusting the feedback system. The time domain

2The Fourier transform of a spatial record of length N is decomposed
into N/2 spatial frequencies - in this representation the 328 modes of the
bunch system are folded into the 164 modes of the turn Fourier trans-
form. Each computed” mode” actually containstwo true beam modes cor-
responding to the upper and lower synchrotron sidebandsaround a partic-
ular revolution harmonic[6].

techniques, in conjunction with off-line FFT analysis, are
complementary to narrowband detection in the frequency
domain, inthat they alow the quantification of many unsta-
ble modes in a single non-destructive transient, and do not
require repetitive narrowband steady state swept frequency
domain measurements of each potentially unstable mode.
The essential advantage of the time domain technique is
speed - successive narrowband sweeps of each possibly
unstable mode can reveal the same information. However,
for an accelerator with potentially hundreds of unstable
modes and constantly drifting parameters the speed ad-
vantage makes the time-domain techniques very useful as
accelerator diagnostics.
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