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1.0 | — tune shift
We present the results of experiments to control the mode IE
coupling instability in the vertical direction using a feed-
back system. Presently, we can raise the instability thresh-
old from ~20 mA to 35 mA. The maximum current thresh-=
old is reached when the feedback is operated in a resistive -o.
mode.
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The transverse mode coupling instability (MCI) has been
studied for some time[1, 2]. In a simple physical picture ofigure 1: Example calculation of mode coupling instability
the instability, transverse oscillations of the head of a bundlising the MOSES code. The solid lines show the tune shift
resonantly drive oscillations of the tail through the shorof the m=0;t1 modes. The dashed lines show the growth
range transverse wakefield. The constant interchange of ttend damping) rates of the coupled modes above threshold.
bunch head and tail via synchrotron oscillations prevents

buildup of the oscillations and allows them to damp. HOW- yoncverse feedback (TFB) has been used to control the
ever, when the growth time of the tail oscillations becomeg;c| in the past[3, 4, 5, 6, 7]. For these experiments, the
comparable to the synchrotron period, the bunch motiofieg has heen operated in both resistive and reactive modes.
becomes unstable, resulting in a dramatic increase in the ha resistive mode, the TFB acts only to damp or an-
emittance. This can cause sudden beam loss or a limit {yampy coherent betatron oscillations. In reactive mode,
the bunch current. _ _ N the TFB shifts the coherent betatron frequency either up or

A normal mode analysis of the instability expresses thgown put does not actively damp coherent oscillations. For
bunch motion as a series of modes. The lowest modes &foiding MCI, the FB in reactive mode is adjusted such that
the dipole and head—tail, known respectively as the m=Qye sjope of the downward frequency shift with current of
and+1 modes. The oscillation frequency of the fit  {he =0 mode is reduced, thus reducing the coupling to the
modes appear as upper and lower sidebands of the Ml 1 mode and delaying the onset of the instability. Typ-
modg. The typical instability occurs when the frequency Oifcally, the TFB can be adjusted to have any combination
the dipole mode (m=0 mode) shifts downward as a funGs resistive and reactive components. Experimentally, both
tion of current and coincides with the = —1 mode as  modes have had some success in raising the threshold but
illustrated in a calculation using the MOSES code showghere is no clear evidence indicating an optimal configura-
in Figure 1. As the m=0 and m=-1 modes become mixeflon, or a clear theoretical understanding of the interaction
there is a rapid increase in the growth rate with current. ¢ the instability and the TFB.

For the present vacuum chamber configuration of the \e have recently begun experiments to control the MCI

Advanced Light Source (ALS), the MCl is observed in th&yith TFB in the ALS. Our studies employ a TFB system
vertical direction with a single bunch current©20 mA.  esigned for damping coupled bunch oscillations. We mod-
For a typical multibunch filling pattern, the single bunchitieq the system slightly for use with high single bunch cur-
current does not exceed 1-2 mA and thus the instability i$,n(s as described in the next section. Experimental results
currently of interest only to users who require high single, conclusions are given in sections Il and IV. General
bunch current. However, as small vertical gap (10 MMYarameters of the ALS are given in Table 1. A summary of

vacuum chambers have been installed in straight sectioffasurements of single and multibunch collective effects
to accommodate insertion devices, we have observed a q'?'given elsewhere[8, 9.

crease in the MCI threshold. So far, two small gap sec-
tions have been installed and the threshold has dropped by
~25%. The prospect of further vacuum chamber modifica- 2 TRANSVERSE FEEDBACK SYSTEM

tions has prompted further interest in studying the effect. A schematic diagram of the ALS TFB system is shown

“This work was supported by the U.S. Department of Energy unddf) Figure 2. Detailed description of the system in given
Contract Nos. DE-AC03-76SF00098 and DE-AC03-76SF00515. elsewhere[10]. The, y moments of the bunch are detected
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Parameter Description Value -95

E Beam energy 1.5 GeV J_ ;
C Circumference 196.8 m . loo

fv"f RF frequency 499654 MHZ % \imcfnléjﬁzggam, =155 psec
o RMSOE/E 7.1e-4 2 it T s ||
h Harmonic number 328 g ol T
a momentum compaction 1.594e-3 L M\f\mj

Qs Synchrotron tune 0.0075 sk !

o RMS bunch length 4.5mm i ” ” v - "

Qzy Betatron tunes (X,y) 14.28, 8.18 ' ' ' e (s ' ' '

Table 1: Nominal ALS parameters. Figure 3: Vertical transients for several settings of FB gain

for single bunch current of 0.7 mA. Transients are expected
to be 10-20 times faster with the preamplifier in the FB
loop.
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— . data shown below. Only the vertical FB loop was closed
y— during the experiments.
We characterized the damping rate of the TFB by mea-
o suring directly measuring the transient response of the ver-
tical betatron oscillations in response to an impulse exci-
tation. We can generate a small amount of vertical kick
using the pulsed horizontal kicker magnets used for injec-
tion. We used a spectrum analyzer tuned to a vertical be-
EDIAD) tatron line in tuned receiver mode. Shown in Figure 3 are
Lo __ S __ Receiver1 _ _ _ _ 3 several vertical damping transients for high, moderate, and
zero FB gain for a single bunch current of 0.7 mA. These
Figure 2: Block diagram of transverse FB system. Theneasurements were made in the nominal configuration of
system is identical for horizontal and vertical directions. the FB system with no preamplifier and no front—end at-
tenuation. The damping rate with no FB is dominated by
at two points in the ring, with nominal betatron phase difhead—tail damping from the small positive chromaticity of
ferences (modul@r) of approximately 65 and 245 degreesthe lattice.
in thez, y directions. The beta functions at the two pickups Unfortunately, we have not yet succeeded in making
are equal. The two signals can be combined in any propatamping rate measurements for the conditions used in the
tion. This signal passes through a single turn notch filtevCI studies because of a drop in the signal/noise as we in-
to remove the DC orbit offset and is then delayed the agrease the resolution bandwidth of the spectrum analyzer
propriate amount and amplified with a 150 W solid statéo accommodate the faster damping rates. However, if we
amplifier. The kicker is a single plate of a pair of striplinescale the measured damping rate by the expected increase
kickers. The other plate is used independently for drivingn gain used in the MCI studies, we expect damping times
betatron oscillations for tune measurements. on the order of 15-5@sec, faster than the synchrotron pe-
The detection of the transverse momehf\{) rather riod of 90 usec. We are currently working to directly mea-
than the position&z) makes the TFB gain linearly depen- sure the damping rate of the FB for very high gain opera-
dent on current. The summing of the signals from two picktion.
ups allows the FB signal to have an arbitrary phase with
respect to the betatron oscillation, allowing arbitrary com- 3 RESULTS
bination of resistive and reactive components in FB. Ordi-
narily, the FB is adjusted to be purely resistive, maximizingo date we have used TFB in two conditions to control the
the damping rate. VMCI. In the first, the FB was configured as described in
The TFB system as shown in Figure 2 is intended fothe previous section except without the preamplifier. As the
damping transverse coupled bunch instabilities for a misunch current surpassed the instability threshold, the FB
imum bunch spacing of 2 nsec and is not optimized fogain and phase were empirically adjusted to maximize the
damping high current single bunches. For our experimenssable threshold. The maximum stable single bunch cur-
in damping the MCI, we modified the system by attenurent was 27 mA. An example of the spectrum of a vertical
ating the input signal to the receiver by 20 dB in order tanonitor signal is shown in Figure 4. The signal spectrum
not saturate the front end electronics at high single bunakithout FB above the MCI threshold for a bunch current of
current. A 26 dB gain preamplifier was also inserted im22 mA is shown on the left and the spectrum with FB on
mediately before the high power amplifier for some of that the same current is shown on the right. In both cases the
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signal is excited using a tracking generator driving the ver- Unfortunately we were not able to directly measure the
tical kicker plate not used by the FB. At this bunch current-B phase and determine the combination of resistive and
the m = 0 mode signal has shifted from the zero currenteactive FB. However, measurements of the tune shift with
betatron frequency at the center of the frequency span tairrent for the case of FB on and off are identical, indicat-
nearly 3/4 the synchrotron frequency. The= —1 signal ing that the FB was in a resistive mode.
appears at the synchrotron sideband and does not depenth the second configuration, a preamplifier was added
on external excitation. The signal at the zero—current vebefore the power amplifier. In this configuration, the max-
tical betatron tune is not understood but may correspond tmum stable bunch current was 37 mA. Unfortunately, it
a radial mode. When the vertical FB loop is closed, th&vas not possible to measure the betatron tune abdve
m = —1 mode signal dissappears and the= 0 signalis mA because the strong FB damping depressed and broad-
depressed. The vertical beam size also returns to the noaned the signal below the noise floor of the spectrum ana-
inal size as observed on the transverse beam size monitgezer. However, tune shift measurements below 6 mA with
and without FB are identical, indicating that the FB phase
appears to be purely resistive.

We are currently trying to understand the reason for the
current limitation with FB. We believe the limit results

MKR #1aFRQ 12,68 kHz from the maximum FB voltage available.
| ‘ ? TR
o g 4 CONCLUSIONS AND ACKNOWLEDGEMENTS

. We have used TFB in the resistive mode to damp the MCI
I s in the vertical plane and raised the instability threshold
: ; i from~20 mAto 37 mA. Future plans include measurement
‘ ; ; ' of the threshold with TFB as a function of FB phase, devel-
T T e Al mstc7 =" opmentof beam transfer function measurements to directly
SN U WA ENRS N S S measure FB gain and phase.
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FB on and then = 0 signal is depressed. The signal at

the zero current vertical betatron tune is not understood but

may correspond to a radial mode.
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