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DISCLAIMER 

This document was prepared as an account of work sponsored by the United States 
Government. While this document is believed to contain correct information, neither the 
United States Government nor any agency thereof, nor the Regents of the University of 
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assumes any legal responsibility for the accuracy, completeness, or usefulness of any 
information, apparatus, product, or process disclosed, or represents that its use would not 
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process, or service by its trade name, trademark, manufacturer, or otherwise, does not 
necessarily constitute or imply its endorsement, recommendation, or favoring by the 
United States Government or any agency thereof, or the Regents of the University of 
California. The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof or the Regents of the 
University of California. 
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Operational experience at the Advanced Light Source 

Alan Jackson 
Lawrence Berkeley National Laboratory, University of California, Berkeley, CA 94720 

October 1S, 1995 

The Advanced Light Source (ALS) has been operational for users since October 1993 when white light from a bend 
magnet was delivered to the Center for X-Ray Optic's (CXRO) x-ray microprobe end-station. Since then, the ALS has 
installed and commissioned three undulators and their beamlines (including monochromators and post-monochromator 
focusing optics), and eight bend magnet beamlines, including one dedicated to machine diagnostics. Apart from one 
serious outage, when scheduled beam was not available to users for 17 days, the ALS has enjoyed remarkable operating 
statistics, with typically 95% of scheduled beam-time delivered to the users. Beam quality has also been very good. 
With a vertical emittance measured at 0.06 nm-rad, the electron beam is kept stable to about one-tenth of it's transverse 
dimensions, in the face of changing error fields in the insertion devices (as their main fields are varied), temperature 
variations and floor vibration; The longitudinal motion of the beam, which leads to an increase in the electron beam 
energy spread, and thence, to a degradation of the undulator spectra, has recently been brought under control by the 
addition of an innovative feedback system. This paper focuses on those aspects of electron beam stability that we find 
most affect the ALS users: beam size and position, and energy spread. 

1. INTRODUCTION 

Currently, the ALS has three undulators, four undulator­
based beamlines and eight bend-magnet beamlines in opera­
tion, as indicated in TABLE I. 

As well as running in the nominal 1.5 Ge V multi bunch 
mode, where the starting current is 400 rnA, the ALS has also 
operated at 1.0 and 1.9 GeV, and with just two equally spaced 
bunches (starting current 20 rnA/bunch) at all three energies. 
In multibunch mode the beam lifetime was typically 12 hours 
at 400 rnA, and in two bunch mode this is reduced to about 
2 hours at 20 rnA/bunch due to the increase in Touschek scat­
tering. 

During normal operations the beam availability was typi­
cally 95%, as shown in Fig. 1. However; in April 1995 a prob­
lem occurred that kept the storage ring off the air for 17 days. 
The cause was eventually tracked down to a broken "finger" in 
the rf liner of a bellows assembly. The cause of the failure is 
still not known, but a new bellows assembly armed with diag­
nostic devices (E- and B-field rfprobes and a viewing port for 

Table 1. Beamlines at the ALS. 

Beamline Source Research 

an infrared camera), was installed in the storage ring during 
the September/October shutdown. 

From the earliest days of operation beam stability was a 
major concern of ALS users and, as is usual, a controversy 
developed as to whether the source (the electron beam) or some­
thing in the beamline was moving. The correct answer was not 
found until the end of 1994, after two new diagnostics were 
added to the storage ring. The first of these diagnostics was a 
new electron beam position monitor with a resolution of better 
than 1 micron and a frequency response from de to a few hun­
dred Hertz[ 1]. One of the first sets of data to be recorded using 
the new monitor is shown in Fig. 2. For the first time we were 
able to distinguish coherent beam jitter at the level of a few 
microns, and cyclic motion with periods of minutes, which in 
one case was correlated with temperature variations in the low­
conductivity water (LCW) cooling system. The second diag­
nostic was a bend-magnet beamline (BL 3.1), dedicated to ac­
celerator studies that gives a high resolution image of the elec­
tron beam with unity magnification[2]. In the remainder of 
this paper, we discuss the information on beam stability gath­
ered from these and other diagnostics. 

Energy Range 

3.1 
6.1.2 
6.3.1 
6.3.2 
7.0.1 

Bend magnet 
Bend magnet 
Bend magnet 
Bend magnet 
US undulator 
US undulator 
US undulator 
US undulator 
Bend magnet 
Bend magnet 
Bend magnet 
~end magnet 

Electron bean diagnostics 200-2SO eV 
250-600eV 
500eV-4keV 
50-lOOOeV 
60-1000eV 
70-1200 eV 
20-310 eV 
5-30eV 
700eV-6keV 
30-1500 eV 
3-12 keV 
3-12 keV 

S.O 
9.0.1 
9.0.2 
9.3.1 
9.3.2 
10.3.1 
10.3.2 

High-resolution zone-plate microscopy 
Calibration and standards, EUV optics testing 
Calibration and standards, EUV optics testing 
Surface and mateials science, spectromicroscopy 
Surface and materials science 
Atomic and molecular science 
Chemical dynamics 
Atomic and molecular science, materials science 
Chemical and materials science 
Fluorescence x-ray microprobe 
Deep-etch x-ray lithography (LIGA), surface analysis (TXRF) 
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FIG. 1. FY'95 Operations. Beam availability as a fraction of scheduled beam time. 

FIG 2. Electron beam motion measured in straight section 
4, and LCW temperature. A strong correlation is seen be­
tween the vertical beam motion and the LCW temperature. 

2. COUPLED-BUNCH INSTABILITIES 

The fastest beam motion in the ALS electron beam re­
sults from interactions between the 320 electron bunches in 
the form of so-called coupled-bunch instabilities. These beam 
oscillations occur at sub-harmonics of the synchrotron and 
betatron frequencies and are seen by the users at frequencies 
of tens to hundreds of kilo-Hertz, i.e., far too fast for most 
experiments to notice. The result of these instabilities, as far 
as the user is concerned, is a reduction in photon beam bright­
ness, particularly from undulators. 

Transverse coupled-bunch instabilities lead directly to an 
increase in the transverse emittances. The instability is medi­
ated through the impedance of the vacuum vessel, which in 
the case of the ALS is larger in the vertical plane because of 
the narrow vertical gaps in the undulator vacuum vessels. Fig. 3 
shows the increase in vertical beam size observed in BL 3.1 
when the vertical coupled-bunch instability is active. 

The longitudinal coupled-bunch instability generates a 
beam energy oscillation and, through phase mixing, leads to 
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FIG 3. Vertical beam blow-up caused by the transverse 
coupled-bunch instability. The lower picture shows the 
instability suppressed by feedback. 

an increase in the energy spread. In the ALS we observe the 
relative energy spread, <JE1E, increase from it's expected value 
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of 8 X 10-4 to 3.2 X 10-3' i.e., an increase of a factor of 4. For 
bend-magnet beamlines, this manifests itself in an increase in 
the horizontal beam-size through the equation 

where a is the beam-size, ~ is the amplitude function, E is the 
beam emittance, and TJ is the dispersion function (which is 
finite at all the bend magnet source points). _ 

For undulator beamlines the result is spectral line-width 
broadening: 

In the U5 devices (which have 89 periods) the natural 
line-width is 0.48% RMS, to be compared with line broaden­
ing due to energy oscillations of 0.64%. 

The solution to coupled-bunch instabilities is feedback. 
In the ALS this has been implemented through a novel system 
that observes the motion of each bunch individually, on a turn­
by-tum basis, and gives an appropriate feedback kick through 
special broad band electrodes. The systems are described in 
detail in references 3 and 4. 

With all feedback systems operational the ALS beam 
parameters have been measured to be: 

3. BEAM JITTER 

ax = 4 X 10-9 m-rad 
ay < 1 X 10-10 m-rad 

aEm= 8 x 10·4 

Beam jitter is that motion of the beam that can be ob­
served with the naked eye (or other instrumentation!), i.e., 
motion that has frequencies from a few to a few tens of Hertz. 
It is particularly worrisome to the experimenters since this 
period is in the range of typical instrument integration times 
and therefore it contributes directly to "noisy" data. The main 
causes of beam jitter are floor vibration and acoustic "noise" 
in cooling water circuits from air bubbles and turbulence. In 
the ALS the dominant perturbation is floor motion transmitted 
to the storage ring magnets at a frequency of around 14 Hz, 
through a torsional mode of the ALS girder/magnet assembly. 
The electron beam motion, measured at the end of a straight 
section (see Fig. 2), is 20 f.liil peak-to peak in the horizontal 
plane and 4 f.liil peak-to-peak in the vertical (to be compared 
with beam sizes at this point of220 f.liil RMS x-25 f.liil RMS). 
The resulting increases in beam emittances are negligible. -

Beam motion at harmonics of the electrical power sys­
tem (as has been observed at other facilities), is at least an 
order of magnitude smaller than the effects described above. 

4. BEAM DRIFT 

Beam drift describes the motion of the electron beam 
measured in seconds through hours (or the length of a typical 
fill) - times that are usually much longer than experimental 
integrating times. At the ALS its causes are associated with 

undulator gap changes, and temperature changes in large mass 
syst~ms such as air temperature and the temperature of water 
cooling systems. 

Each of the undulators has an unwanted dipole compo­
nent that varies with its gap setting. This causes a shift in beam 
position manifesting itself as a closed wave around the storage 
ring with an amplitude of up to± 0.6 mm (from each undula­
tor), in both the horizontal and vertical planes. Such motion is 
intolerable to most experiments. The solution is to use two 
corrector magnets in each plane at the ends of the undulators 
to compensate for the undulator dipole field. The settings of 
the correctors are determined by minimizing the orbit distor­
tions seen at a series of gap settings, then using these values in 
a lookup table that is continuously scanned and interpolated 
by the computer control system as the undulator gaps are 
changed. Fig. 4 shows the currents required in the four correc­
tor magnets necessary to compensate the dipole field in the 
BL 7.0 undulator. Note that the corrector strengths are not sym­
metric (indicating that the error fields are not uniformly dis­
tributed along the undulator), and that they are not monotonic 
(indicating a complex mechanism in the generation of these 
fields). Using this compensation method the beam motion has 
been reduced to below 10 f.liil for all settings of the three undu­
lators. This value is limited by the accuracy of the beam posi­
tion (BPM) monitoring system, and will be improved as more 
accurate BPMs are installed in the storage ring straight sec­
tions. 

Fig. 4. Corrector-magnet currents required to compensate 
for the steering effects of the BL 7.0 undLilator. 

Other beam drifts have been measured with three dis­
tinct cyclic periods: 

The first, with a period of two minutes, has been corre­
lated with temperature variations of± 0.3° C in the self-con­
tained RF cavity cooling water system. Improved control has 
led to temperature regulation of better than ± 0.05° C in the 
system, and at this level the effects on user beam are negli-
gible. -

The second has a period of 10 to 15 minutes and is caused 
by temperature variations in the LCW system, as indicated in 
Fig. 2. We found that ± 0.5° C variations in this system re-
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suited in electron beam motion of± 2 J..IID vertically. However, 
although the periodicity of photon beam motion observed in 
the beamline was well correlated with the electron beam mo­
tion, the magnitude of the effect was much greater than could 
be explained by the electron beam motion, indicating that the 
main problem was the effect of the LCW on beamline optical 
components. The solution to this problem was either to re­
place the beamline cooling systems with local stand-alone sys­
tems, or to better regulate the temperature of the LCW system. 
After extensive monitoring of the LCW system, the cause of 
its temperature variations was traced to air-fans in the cooling 
towers that are used to control the water basin temperature by 
varying the evaporation rates! This is about as far away as one 
can get from the control usually exercised by accelerator physi­
cists. However, once the source of the problem was found, a 
relatively simple (and inexpensive) solution was implemented, 
resulting in temperature regulation at a level better than± 0.1° C 
over a typical fill of 6 hours, and the effects on beamline per-
formance are now negligible. · 

The third kind of drift has a period of 45 - 60 minutes. 
We have not yet found good correlation with any specific tem­
perature variations, but there is some evidence that this motion 
is caused by variations in the regulated air temperature. This 
aspect of beam motion is still under investigation. 

S.SUMMARY 
( 

In its two year life as a user facility theALS has achieved 
a remarkable operations record, providing high quality beams 
of undulator and bend-magnet radiation to the user commu­
nity, with exceptional efficiency. Users on undulator beamlines 
have the freedom to tune the radiation spectrum as they wish 
without affecting other users, and short-term beam position 
has been reduced to an acceptable level, measured at a small 
fraction of the beam size .. 

In the immediate future, the main priority in the devel­
opment of the facility is to add to the complement of insertion 
devices and beamlines--one more undulator will be installed 
this year and another in May 1996-and to improve the stabil­
ity of the source still further to meet the ever more demanding 
requirements of synchrotron radiation-driven science. 
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