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Abstract

To satisfy the need of users of the synchrotron radiation at
SRRC, the photon flux at the end station hasto be kept at a con-
stant with minimum fluctuation. The sources of flux variation
attributable to the electron beam in the storage ring have been
carefully studied and the effects on the flux have been investi-
gated. The sourcesincludefloor vibration, power supply ripples,
cooling water, ion trapping and transverse instability. The cures
attempted or in planincluderemova of vibrationsources, reduc-
tion of ripple, local orbit feedback, ion cleaning and damping. A
special diagnostic beamlinehas been constructed and used solely
for accelerator studies and improvements.

I. INTRODUCTION

The electron storage ring at the Synchrotron Radiation Re-
search Center (SRRC) [1] was constructed and successfully
commissioned in 1993 [2] and routinely operated for research in
1994 and 1995 [3]. All of the design parameters have been real -
ized inthefirst two years of operation[4]. For reliableand useful
operationfor scientific research, most users demand aflux stabil-
ity AI/1 of about 0.5% at theend of thephotonbeam lines. Such
a requirement puts a stringent stability condition on the stored
electron beam over the useful lifetime, typically fiveto six hours
for SRRC.

The reduction in photon flux has been calculated for a Gaus-
sian beam with rms beam size ¢, ~ 50 pm passing through a
dit with 50 ym opening. Normalized to the flux of beam with-
out orbit deviation, thereduction in intensity as afunction of de-
viation of the beam controid is shown in Fig. 1. It can be seen
that to keep the flux reduction to less than 0.5%, the beam hasto
be kept at a constant position of about 10 mm inthe storagering.
Thiscal cul ation has al so been confirmed by an experiment which
records the reduction of photon flux as a function of controlled
beam offset introduced by alocal orbit bump in the storagering.
Thefound rate of reduction in the photonflux isabout 1% per 10
pmoffset [5]. Intheabsence of any feedback systemfor the pho-
ton beam line, any sources capable of generating more than 10
1m oscillation has to be identified and suppressed. Ideally, the
beam oscillation can be damped by synchrotronradiation within
one damping time. However, some sources of perturbation of a
dynamical nature can create beam oscillation and hence flux re-
duction in the beam line. In thisreport, five possible sources of
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perturbation are identified and their effects on the beam stability
have been studied.
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Figurel. Intensity reduction as afunction of beam centroid off-
Set.

1. SOURCES AND CURES OF ORBIT
OSCILLATION

A. Power Supply Ripple

The closed orbit correction system in the SRRC consists of 47
beam position monitors (BPM) and 24 horizontal and 30 vertical
correction dipoles. The system is capable of correcting the orbit
toabout 0.15 mmin thevertica planewhich isabout the resolu-
tion of the current BPM system. The power supplies of the cor-
rectors have 60 Hz rippleto the order of about 200 PPM which
in turn causes photon beam oscillation of about 60 m. A crash
program has been initiated to reduce the 60 Hz ripple to better
than 50 PPM which reduced the corresponding photon beam vi-
bration to about 13 um [6]. In the mean time, the power sup-
plies have also been modified to have bandwidth larger than 300
Hz for the anticipated |ocal feedback application to be discussed
later.

B. Vacuum Pump and Water Temperature

A vibration at 29.5 Hz with the amplitude of about 6 ;zm has
been identified and its source traced to be Turbo pumpsin the
ring. This has been confirmed by turning off the pumps and ob-
serving that the spectral pesk at 29.5 Hz disappears. Another os-



cillation at about 0.01 Hz with the amplitude of about 10 xm has
been identified as shown in Fig. 2. This oscillation has been at-
tributed to the water temperature variation in the cooling water
system of the main magnet supply. Fig. 2 aso shows that the
ring BPM system is capable of resolution of about 2 pm which
isrequired for future globa feedback system.
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Figure 2. Orbital fluctuation from the beam position monitor
system.

C. Local Feedback System

To decouple the photon beam stability from the beam oscil-
lation inside the storage ring, a local feedback system has been
congtructed. Such a system consists of x-ray Photon Beam Po-
sition Monitor (PBPM) with resolution of about 1 ;m and Lo-
ca Bump Control and Optimization System. The vibration of
the photon beam can be reduced by steering alocal bump of the
electron orbit. In case that the local bump is not well matched,
residual oscillation in other part of the storage ring, hence other
beam lines, can be generated. Such aleakage can cause cross-
talking of various local bump controls. To reduce the cross-
talking, the correlation will be calculated by adigital signa pro-
cessing (DSP) technique with a gain- bandwidth of 300 Hz [7].

A test of theeffect of the prototypesystem hasbeen carried out
in April 1995. The reduction of photon beam by about factor of
three vibration and the spectra pesk at 29.5 Hz can be seen in
Fig. 3.

A final system will be perfected and installed at every photon
beam linewhich requires better than 1% stability. Theresolution
of the PBPM system is about 1 xm implying that the ultimate
beam stability achievable by the local feedback system is about
0.1%. When the cross-talk among various beam line becomes
too largefor local feedback system to be effective, aglobal feed-
back system will be provided.

D. Transverse Oscillation and Damping System

Vertical coherent oscillation has been observed sincethe com-
missioning timein 1993. When the storage ring current is more
than 100 mA and thegap of electronissmaller than 100 bunches,
the coherent oscillation can be excited [8]. The strength and
threshold of this oscillation depends on gap size, vacuum con-
dition and chromaticity of the ring. For stable operation, large
positive chromaticity has to be introduced in both vertical and
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Figure3. Effects of local feedback system.

horizontal plane. Cleaning electrode and RF-knockout method
have been tried to show some effects on the instability.
Althoughlarge chromaticity has been shown to be effectivein
controllingthe oscillation, it is not compatiblewith the injection
process. It reduces the dynamica aperture of the stored beam,
and finally is not sufficient for higher current of 400 mA antici-
pated for future operation. Therefore, an activetransversedamp-
ing system has been introduced to damp the oscillation. Pre-
liminary test of the damping system shows that the beam can
be effectively stabilized and also has longer lifetime. In Fig. 4,
the sidebands created by transverse oscillation were effectively
eliminated with damping system on. In the future operation, the
transverse instability will be controlled by the damping system
and sextupoles will be used to optimize the lifetime and injec-
tion requirement. Gap between the electron trainwill bereduced
to minimum for the reduction of single bunch intensity and the



increase of the total current.
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Figure4. Effect of transverse damping system.

1. OTHER PERTURBATIONS AND FUTURE
PLANS

In the longitudinal plane, both the single bunch and couple-
bunch instabilitiesand the beam growth have been observed [9],
[10]. Effective method of preventing the single bunch growth
is harder to achieve. Fill up the ring with as many bunches of
electrons as possible is the operational strategy to stay below
the threshold by reducing the single bunch intensity. An active
damping system will be constructed to suppress the longitudi-
nal coupled-bunch effect which causes afactor of two growthsin
momentum spread and hence horizontal emittance and will aso
spoil the spectral distribution of the future undul ator beam line.

At stong users’ reguest, the SRRC intends to raise its opera-
tion energy from 1.3 GeV to 1.5 GeV. Besides the hardware and
equipment upgrades in order to operate the storagering at 1.5
GeV reliably, al the beam stabilization methods have also to be
ableto operate a higher energy.

At present, the SRRC has three bending magnet beamlines.
An 1.8 Tesla permanent magnet wiggler was installed and com-
missioned inMarch 1995. Three additional x-ray beam lineswill
be completed in July 1995. Two dedicated beam lines for x-ray
lithography and micromachining will also be availableinthefall
of 1995. The U5 and U10 undulators and their associated beam
lines will be completed in two to three years. By that time a
self-consistent, user friendly orbit correction, local feedback and
global feedback system should bein placeto assure beam stabil-
ity for al users.
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