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Abstract

The present status of feedback systems to counteract un-
wanted beam motion and coupled-bunch beam instabilities
in the BESSY II storage ring is reviewed.

1 INTRODUCTION

BESSY II [1] is a high-brillance synchrotron radiation
source in Berlin/Adlershof. The first beam was stored in
April 1998, regular user shifts started in January 1999.

Several effects tend to reduce the brillance of the syn-
chrotron radiation delivered to the users:
� Unwanted motion of the closed orbit e.g. from ground

vibration or from power supply ripple may increase the ef-
fective beam emittance seen by the experimenter.
� Longitudinal coupled-bunch oscillations caused by

higher-order modes (HOMs) of the rf cavities may limit the
beam current, deteriorate undulator spectra, and increase
the beam size in dispersive regions.
� Transverse coupled-bunch instabilities from HOMs

and due to the resistive-wall effect may also limit the beam
current and increase the effective emittance.

Plans to counteract these effects by feedback systems are
reviewed in this paper. For each project, the layout of the
system and its expected performance are described, and the
present status is reported.

2 LOCAL ORBIT FEEDBACK SYSTEM

Slow orbit drifts (<1 Hz) can be handled by the global orbit
correction system of the storage ring using corrector coils
integrated in the sextupole and dipole magnets. To counter-
act orbit motion in the 1-100 Hz regime on the 1�m level,
the rate of sampling and correcting the beam should be of
the order of 1 kHz, and dedicated computer hardware and
magnets are required. As a prototype, a local feedback sys-
tem with a closed bump enclosing an undulator (U-49) will
be installed and tested in summer 1999. For a review of
local and global correction schemes see e.g. [2].

As outlined previously [3, 4], the feedback system uses 4
window frame magnets, each equipped with horizontal and
vertical coils on a yoke of granulated iron. Their design is
a compromise between low inductance, low eddy currents,
space requirements and sufficient kick strength. Excited by
bipolar 20V/20A power supplies of 1 kHz bandwidth, each
corrector magnet produces a maximum kick of 0.9 mrad
horizontally and 0.7 mrad vertically (at a beam energy of
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Figure 1: Vacuum chamber and corrector magnets to be in-
stalled on either end of the undulator chamber. The draw-
ing shows the upstream end (beam from left to right).

1.7 GeV). The distance between the magnets, 255 mm from
center to center, defines the dynamic range for displacing
the beam to be�0.23 mm horizontally and�0.18 mm ver-
tically.

Figure 1 shows the magnets and the vacuum chamber to
be installed on either side of the undulator. The chamber is
tapered from an octagonal cross section (65 � 35 mm) to
the elliptical profile (60�16mm) of the adjacent undulator
chamber, and a bellow is placed between the two magnets.
Beam position monitors (BPMs) on both sides of the undu-
lator yield the electron beam position and angle within the
closed bump.

In addition to the electron beam position, the information
from photon BPMs is available. By rejecting photoelec-
trons below a tunable threshold, the background radiation
from the adjacent dipoles can be suppressed [5].

The hardware (vacuum chamber, magnets, power sup-
plies) has been delivered and awaits installation in the next
suitable shutdown period. Software development is under-
way. Tests performed using Motorola MVME-162 CPUs
under VxWorks were satisfactory. However, to allow for
more flexibility, the use of VME-based DSPs is considered,
while a VME master CPU would establish the communica-
tion with the BESSY II control system.
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Figure 2: Layout of the longitudinal feedback system

3 LONGITUDINAL BUNCH-BY-BUNCH
FEEDBACK SYSTEM

The BESSY II storage ring is operated using four DORIS-
type pillbox cavities with a rich HOM spectrum. Damp-
ing antennas have been added to suppress the most promi-
nent HOMs [6], and tuning the HOM positions by control-
ling the cavity temperature is in preparation. Furthermore,
the design of Landau cavities to further suppress coupled-
bunch instabilities and to increase the bunch length is un-
derway. In addition to these measures, a longitudinal feed-
back system (LFB) will be installed in summer 1999.

The LFB electronics developed for the ALS (Berke-
ley), PEP-II (Stanford) and DA�NE (Frascati) [7, 8] will
be used in combination with a kicker cavity designed
for DA�NE [9] and modified for a bunch frequency of
500 MHz [10]. For details on the kicker cavity see [11].

Figure 2 shows the LFB schematically. The bunch signal
from a pickup passes a comb filter to produce a 3 GHz sig-
nal for phase detection. The moment signal (phase�charge)
is digitized at a rate of 500 MHz, downsampled and dis-
tributed to an array of DPSs, where a correction signal is
computed. The D/A-converted correction signal QPSK-
modulates a carrier at 1374 MHz (11/4 times the rf fre-

Figure 3: Long. damping rate versus phase deviation.

quency). A simulation demonstrates the beneficial effect
of this particular modulation scheme [13].

The longitudinal damping rate can be expressed as [12]

1

�
=

frf �

2 �sE=e
�G; (1)

wherefrf is the rf frequency,� is the momentum com-
paction factor,�s is the synchrotron tune, andE is the beam
energy. The feedback gain i.e. the kick voltage per unit
phase deviationG = �U=�� is limited by the phase res-
olution and by the maximum amplifier powerP = 220 W
via�U � p

2RsP , whereRs = 960 
 is the kicker shunt
impedance. Assuming 50% power loss and saturation of
the amplifier at�� = 7 mrad as an example, the maxi-
mum damping rate is about 1000 s�1, as shown in figure 3.
If necessary, the damping rate can be improved by adding
rf power, by using more kickers, or – subject to operational
experience – by increasing the gain.

The LFB electronics is currently being tested at SLAC,
Stanford. The kicker cavity as well as the amplifier and
other commercially available components have been deliv-
ered.

4 TRANSVERSE BUNCH-BY-BUNCH
FEEDBACK SYSTEM

Apart from the transverse impedance of HOMs, the
resistive-wall impedance can be quite significant for a syn-
chrotron light source with narrow undulator chambers. For
BESSY II, transverse growth rates of the order of103 s�1

were estimated [14].
The transverse feedback system (TFB) for BESSY II is

modelled after the analog system developed for the ALS
[15]. Figure 4 shows a block diagram of the TFB, where
signals from two sets of button-type pickups approximately
90� apart in betatron phase are used. The moment signals
(displacement�charge) are detected at 3 GHz, differenced,
mixed down to baseband, and combined in proper propor-
tion. For offset rejection, the correction signals from sub-
sequent revolutions are subtracted. The resulting kicks are
provided by stripline kickers driven by 150 W power am-
plifiers. A 180� power splitter is used to drive opposite
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Figure 4: Block diagram of the transverse feedback system.

electrodes. Alternatively, the full power could be applied to
a single electrode. The kicker geometry and performance
is described in [11].

The damping rate of the TFB can be written as

1

�
=

f�
p
�1 �2

2E=e
�G; (2)

where�1 and�2 are the beta functions at the pickup and
at the kicker position, respectively, andG = �U=�y is the
feedback gain i.e. the kick voltage per unit displacement.

With a 150 W amplifier connected to each pair of elec-
trodes and assuming 50% power loss, the vertical damp-
ing rate is shown in figure 5 at both ends of the relevant
frequency range. In this example, the amplifier saturates
at �y = 1 mm, leading to a maximum vertical damping
rate of 5300 s�1 at low frequency, dropping to 3500 s�1 at
250 MHz. Due to the smaller shunt impedance in the hor-
izontal plane (where the resistive-wall effect is irrelevant),
the horizontal damping rates are� 0:7 times smaller.

The design of the kicker has been finalized, and its in-
stallation is scheduled for fall 1999. Power amplifiers have
been purchased. The two receivers have been completed,
the mixing chassis and the digital interface to the control
system are underway.

Figure 5: Transverse damping rate versus displacement.
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