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Abstract

The basic concept and main design features of the trans-
verse damping system at the SIS100 synchrotron are pre-
sented. SIS100 with five times the circumference of the
current SIS18 accelerator is a part of the Facility for An-
tiproton and lon Research (FAIR) which is the next accel-
erator complex being constructed on the GSI site. The ex-
isting GSI accelerators serve as injector for SIS100. The
SIS100 synchrotron will provide ion beams of high inten-
sities which can lead to transversal and longitudinal beam
instabilities. In order to damp the coherent transverse beam
oscillations, atransverse feedback system (TFS) isgoing to
be implemented in SIS100. The TFS presented is a feed-
back with areal-time digital signal processing for damping
of transverse injection oscillations, feedback curing trans-
verse coupled bunch instabilities, and excitation of trans-
verse oscillations for beam measurements and other appli-
cations. The data on the bandwidth and gain of the TFS
as well as the general description of the central processing
unit are presented.

INTRODUCTION

The transverse damping system for the SIS100 syn-
chrotron is a joint project of the Gesellschaft fir Schwe-
rionenforschung (GSI) and the Joint Institute for Nuclear
Research (JNR). For a large part this project is based on
the studies of the transverse damping systemsfor SIS18[1]
a GSl and for the LHC [2] at CERN. Genera description
of the transverse damper is based on [3, 4, 5].

The SIS100 synchrotronis a part of the Facility for An-
tiproton and lon Research (FAIR) which is the next accel-
erator complex being constructed on the GSI site [6]. It
builds on the experience and technological developments
already made at the existing GSI facility and incorporates
new technological concepts. The existing GS| accelera
tors serve as injector for SIS100 with five times the cir-
cumference of the current SIS18. The SIS100 synchrotron
will provide ion beams of high intensities. So, the peak
intensities of particles after injection into SIS100 will be
about 4 -10'3 for the proton beam with energy 4.5 GeV and
5 - 10! ions for the 238U2%+ beam with energy 0.2 GeV/u.
These intensities can lead to coherent transverse instabili-
ties. For example, thetheoretical predictionfor theinstabil-
ity rise time i, Of the 238U+ beam is about 2.5 ms[7].
Because the acceleration time is bigger than the instability
risetime it is necessary to suppress the transverse instabil-
ity in SIS100 as well asto damp the transverse oscillations
of the beam due to injection errors. The coherent oscilla
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tions of the beam must be quickly damped to preserve the
emittance blow-up. A transverse feedback system will be
used for stabilizing the beam. The system will be used also
for monitoring of beam transverse dynamics.

BASIC PARAMETERS

The transverse feedback system (TFS) will operate as a
beam feedback system which measures a transverse posi-
tion (vertical and horizontal) in the pick-up (PU) location
and applies a correction signal for damping the oscillations
by the kicker (DK) at every turn (see Fig.1). Electronics
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Figure 1: Layout of atransverse feedback system.
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for signal processing in the feedback loop is employed in
order to synchronizethe kick in DK with a particle, the de-
viation of which is measured by PU, and to obtain different
dependencies f(x) between the beam deviation x[n, s,] in
PU and the kick Az’[n, s] in DK at the n-th turn:

V BeBk Aml[n, s] =g f(x[n, se]) . 1

Here 3, and (5« are the transverse betatron amplitude func-
tionsinthe PU and DK locations; g isthe gain of the feed-
back loop. Power amplifierswith alinear characteristic are
normally employed. Hence, the transfer function f(z) of
this feedback loop islinear: f(x) = z[n, sq].

If the phase advance from PU to DK is equal to an odd
number of 7/2 radians, than the best damping will be for
the TFS with the ideal amplifier. In that case the coherent
transverse oscillations are damped if the decrement of the
oscillationsis bigger than the increment of the instability:

Trev _ 9 > h7 @)
Td 2 Tinst
where T}, is arevolution period of a particle in an accel-
erator and 74 is the damping time of the feedback [3].

The value of 74 must be defined also with account of
emittance growth due to injection errors. So, the relative
emittance blow-upis[5]:
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where F. isaform factor of the emmitance blow-up preser-
vation; o isan initial RMS beam size; eiy; is an amplitude
of injection errors of abeam; 74.. is adecoherencetime. It
isassumedin (3) that all particles of theinjected beam with
the emittance e are being injected without an initial angular
injection error (Az’(sinj) = 0) and the Twiss parameter «
at theinjection point is a(sinj) = —8'(sinj)/2 = 0.

The maximum value of the form factor F'. = 1 corre-
sponds to 74 = Tinge When the maximum emittance blow-
up occurs. Therefore, the TFS must provide a minimum
value of the form factor F. for minimizing the effect of the
emittance blow-up.

Dependences of the form factor F'. on the instability rise
time rynst > 7q @eshownin Fig.2 for different values of a
decoherencetime 4., and adamping time 74 .
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Figure 2: Dependences of the form factor F. on the in-
stability rise time 7. Solid line Tgec/Trev = 300,
Tda/Trev = 40; dashed line: 7gec/Tvev = 100, 7a/Trev =
40; doted line: 7qec/Trev = 300, 74/Trev = 60; dash-
doted line: Tgec/Trev = 100, 7a/Trev = 60.

Itis clear from the graphic chart in Fig.2 that at nominal
beam intensity, when the instability rise time 7, iS about
hundred turns, the form factor F'. of the emittance blow-
up preservation is less than 0.16 for 74 = 407}, and for
Tdec > 100T}e,. Hence, g = 0.05 will be used for the TFS
at the SIS100 synchrotron.

The gain g and the maximum expected injection error
einj Yield the maximum deflection 6., that isrequired (see
equation (1) for Az’ = 6):

9€inj
Omax = . ()
v Bex
The deflection 0 is delivered by a kicker with an integrated

transverse electric or magnetic field or both (stripline
kicker) of the following magnitude:

Ik
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where G,c is the velocity of a particle with the energy
my.¢® and the charge ¢; . is the length of a kicker. If
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G- = B« = 19.1 m and the electrostatic kicker with I, =
1 m and the aperture of 100 mm will be used for the TFS
with the gain ¢ = 0.05, then the amplitude of a high volt-
age Uy needed for damping oscillations e;,; = 3 mm of the
2381728+ peam after injection into SIS100is

U = 2.4kV. (6)

The main instability mechanism that a feedback has to
handle is the resistive wall instability. The lowest fre-
quency for thisinstability is[8]

fmin :min‘k_Q|freV7 (7)

where k is aninteger; frev = 1/T ey istherevolution fre-
quency of aparticle; Q isthe machinetune. For SIS100 we
have fuin =~ 0.2y > 20kHz.

The highest frequency of a damper system corresponds
to the bunch repetition frequency f1, [4] or the highest
unstable mode of the coasting beam or the long length
bunches after injection from SIS18 into SIS100. It was
shown in [7] that the whole frequency range up to 20 MHz
can lead to problems for the beam stability in SIS100.
Hence, the bandwidth A f of the TFSis

20kHz < Af < 20 MHz. (8)

The datafor Uy and A f are the basic parameters of the
TFS at the SIS100 synchrotron.

TECHNICAL CONCEPT

Basic variant of the TFS at SIS100 is a traditional feed-
back circuit with an electrostatic defl ector whose el ectrodes
are supplied in a counter phase by classical wideband am-
plifiers (“push-pull mode’). The similar system is under
construction at the LHC (CERN) [2]. The layout of the
TFSisshowninFig.3.
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Figure 3: Layout of the transverse feedback system at the
SIS100 synchrotron.

The position monitor picks up signals from a bunch or a
portion of the coasting beam. These signals are treated first
by the monitor electronics and are then passed on to the
feedback processing and power electronics which drives
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the kicker. The synchronization and adjustment of signals,
the gating on the consecutive bunches or samples of the
coasting beam, the data conversion and the digital signal
processing are provided by the Central Signal Processing
(CSP) unit. The CSP unit can provide different types of
cycles. Each cycle has a set of coefficients that must be ad-
justed to the working regime of the accelerator and of the
feedback system when the accelerator is running.

The Field Programmable Gate Array technology [9]
will be used for the CSP unit with the ALTERA de-
vice and the analog 1/0 modules of two-channel 12 bit
125 MSPS anaog-to-digital converter and two-channel
14 bit 165 MSPS digital-to-analog converter. The high
speed on-board ADC and DAC will be used for produc-
ing the output voltage according to the required transfer
function.

The CSP unit is clocked at fox = 100 MHz. The vari-
able clock frequency fvar = hfrev, Which is the high or-
der harmonic of the revolution frequency and can be gen-
erated by the RF system of the SIS100 synchrotron, must
secure the bandwidth of the TFS at the lowest revolution
frequency f.ey = 155.8kHz for the 23828+ beam after
injection into SIS100. Therefore, h = 320 can be used.

Thefrequency fy., issufficient for operation of themain
components of the CSP unit (closed orbit suppression by
a notch filter, one-turn betatron phase adjustment, etc.).
However, two frequencies f., and f.;x must be employed
for operation of a programmable delay. The transit time of
the signal from pick-upsto the kicker should be matched to
the beam flight time by introducing a programmabl e del ay.
The dependence of the particle speed on the energy during
accel eration leads to the necessity of variable delay chang-
ing during acceleration. The programmable delay will be
split to the fixed delay and the variable delay adjusting the
phase of the signal according to the particle energy.

The delays must be accurate enough so that measure-
ment and deflection are related to exactly the same beam
portion within the time resolution of the system. Since the
monitor is sensitive to position and the kicker acts on an-
gle, it is necessary to ensure the correct odd multiple of
/4 betatron wavelengths between the two devices. This
phase adjustment is provided by a virtual pick-up which
is generated by combination of signals from two beam po-
sition monitors that are shifted on ~ \/4 betatron wave-
lengths between these pick-ups. The phase adjustment al-
lows obtaining the correct odd multiple of /4 betatron
wavelengths between the virtual pick-up and kicker.

The control sequence of digital instruction words gener-
ated by the CSP unit will be used for adjusting all parame-
tersto the particle energy.

An electrostatic deflector (kicker) and a classical ampli-
fier with tetrodes are proposed for the TFS at SIS100. The
deflector and the power amplifier as well as the driver am-
plifier of the LHC Damper [2] can be used as prototypes
for the SIS100 Damper. The amplifier with tetrodes must
be closely placed to the deflector in order to match the out-
put circuit of the amplifier with the input impedance of the
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deflector. Tetrodes are also an adequate choice for the radi-
ation background at SIS100.

The electrostatic deflector is a vacuum tank in length of
1.2 m with devices of a signa input. The stainless steel
304L or 316LN can be used for the tank. Two electrodes
in length of 1.0 m, having the form 90°-sectors with the
aperture of 100 mm, are located inside the tank. The elec-
trodes are fixed with the help of ceramic rings that pro-
vide the high accuracy of arrangement of the electric axis
of a deflector. From the radio physical point of view it is
only a capacitor loading for the amplifier. The additional
capacitor coupler from each electrode on 502 loading is
installed for reducing the impedance of the deflector and
for absorbing the higher order modes induced by the beam.
For providing the weak dependence of the deflector’simpe-
dance on the frequency from 20 kHz to 20 MHz, the thick-
ness of awall of the tank should be more than skin depth
0(Wmin) = 3.4mm of the stainless steel at the lowest fre-
quency 20 kHz. Therefore, thewall thickness of 15 mm can
be used.

The kicker with a strip-line and the power amplifier with
an output impedance of 50 Q2 will be also studied during
R& D stage as an dternative variant of these devices.
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