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Abstract section,seeFig. 1. It iseasy to imagine that the BPMs
that are installed in the vacuum chamber and whose signals

The Advanced Light Source (ALS) storage ring [1], a symrould be used foorbit feedbackwould follow the thermal

chrotron light source of the third generation spgecified to distortions and mechanical vibrations of the vacutham-

maintain itselectronorbit stable within one tenth of theber andthereforecompromise the quality of the orbibor-

rms beam size. In the absence aledicatecbrbit feed-back rection.

system, severalorbit-distorting effects wereinvestigated, On the other handhe needfor better control of the

aided by anew interactivesimulation tool, thecodeTRA- photon source-point locatioriscreasedvith the degree of

CY V. The effort hasled to abetter understanding of the sophistication the users applied to themd stations, most

behavior of a variety ofcceleratosubsystemsand in con- notably with theincreasedspatial resolutionrequired by

sequnence produced a substantial improvement in day-to-gagroscopy experiments. For thisason aask force was

orbit stability. established that had the mandate to improve the ALS orbit
stability by about a factor of ten and thus meet the original
specifications.

1 INTRODUCTION The diagnostics applied tthe stabilization problem

can be groupedhto four classesdirect andindirect orbit

The ALS electron storage ring [1] is third-generation monitors such as thelectron BPMsand readoufrom a

light-source with very tighelectron orbit tolerance®ur- photon-beamfeedback-system; precision dial indicators,

ing user runs, the orbit should not vary by more than 1/liear potentiometers and inclinometers; temperature moni-

the rms beam size in any of the straights, amounting to @0s for air, water, and storage-ring girders; and, last but not

u horizontally and 2 p vertically. Stability requirements least, the simulatiomodeTRACY V [2]. This code was

this tight would normally require aorbit-feedbacksystem, upgraded and amendedveraltimes in thecourse of these

but over the nearly four years of storage-ring operatianvestigations to betterepresent the influence of lattice

such a system has not yet been implementedl&, magnet strengthand location variations of theelectron

mostly because oBeam-Position Monitor (BPMjnotion  orbit.

associated with the complex mechanical design of the ALS From the beginning, the taslorce concentrated on

vacuum chamberand girdersthat eachspan an entire arc investigations of thermal effects for two reasons: thermally

Vacuum Chamber

@
=
o
m

BPM 1

S5m

Figure 1. One out of twelve storage-riag sections showing outlines of girder, vacuum chamber, ladticecorrector
magnets, and locations of the beam-position monitors (BPM).
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induced deformations of the girddrad causegoor conver- display of results. With the exception dynamicaperture
gence ofthe survey/alignment cycles [3] when the latticealculations the response to user input is automatic and
magnets were put in place during the construction phaseabhost instantaneous.
the storage ringandsecondly, a vertical orbit oscillation In the context of orbit stability investigation$RA-
with a 15-min.periodhadbeen completely eliminated byCY V furnished closed-orbitalculations for given sets of
keeping the cooling water temperature of the ALS magnédstice-magnet strengtrend misalignment valuesand for
constant withint0.1°C [4]. On several occasions, howevergombinations oftcorrectorstrengths. The computations are
other causes of orbit distortionvsere discovered and suc-based on measured and adjusted sensitivity mathegse-
cessfully eliminated. scribe the response of the BPMsdanges in each indi-
vidual correctorFor analysis of actuairbits, TRACY V
can be linked to eithearchived data or tgrograms that
2 TRACY V capture BPMdata on-line. Orbit correction can beer-
formedusing the local-bump, ast-effective corrector, and
The simulation code TRACY V is a “virtuahachine’rep- singular-value decomposition methods. Misalignmeait
resenting the ALS storage ring, written Borland Delphi2 ues for lattice magnets can be set either individually or in a
for WindowsNT. The code calculatesand displays many special ganged mode whetee horizontal misalignment of
machine functions, such as linear optics functiand the all magnets on ongirder progressively increases from the
closed orbit for a given set of magnet parameters; it also ioeations of the QFA magnets, see Fig. 1, to the QF mag-
cludesanalysis tools fomeasured data. A Graphicdser nets at the ends. An example of a closed-orbit distortion
Interface providedlexibility in the modes of usage andcaused by this kind of girder deformation is given in Fig. 2.
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Figure 2. Horizontal closed-orbit distortion around the entire storage#2@§)( full scale) as measured on 9/12/@fpen
symbols) and simulated by TRACY V (continuous line), assuming a progressive girder deformation of up to 31

3 TYPICAL ORBIT DISTORTIONS the orbit distortion and could be simulated by exciting two
corrector magnets, one at the location frefrerethe crane
The storage-ring orbit is continuously being monitored hwas leavingand one where it went. Thesecondbuilding
a set of new BPMs thatreinstalled at bothends ofmost crane showedimilar effects, and once known they were
of the straightsand termedD-BPMs to distinguish them eliminated administratively by regulating the use of the
from the arc BPMs shown in Fig. 1. The ID-BPlsl® in- cranes.
herently more sensitivand less beam-currentdependent _ . ] .

than the arc BPMs because they use one common amplifie[ L2212 o
chain only, in a multiplexingnode[5]. Archived ID-BPM X1 o |
datataken over a 12-hoyeriod are displayed ithe ALS - SN P B

control room [6]and give a very good indication of the
orbit stability. An example of these signategorded at the
end of summer 1996eforethe workdescribechere began,
is given in Fig. 3.

Of the phenomena displayed in Fig. 3, the stegnge
indicated by the asterisk is certainly the most intriguing. Its
investigation stimulated théevelopment offRACY V to
accommodate the effect girder deformationsand in a de-
dicatedexperimentwhere a girdewas locally heated by a
hot-air gun, dial indicators mounted on the girder showed in
fact several instantaneous position shifts of up ta.16a-  Fig. 3. Horizontal (X) and vertical (Y) ID-BPM signals
ter on, however, a step change was unambiguaesigla-  from sectors 4 and 7, taken on 8/31/96. Grating otits
ted with the movement of one of the two buildicgnes. yespond to 15@ vertically, and 1hour, horizontally. The
In another experiment it was shown that the perturbationjistration shows 1-hour oscillations, long-term drift, and
the magnetic field across a storage-ring straiglticed by 5 10-min. stephange (rarked by anasterisk at the bot-
the presence or absence tife crane,was associatedvith o). Signals have no validity during refill times.
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4 AIR TEMPERATURE STABILIZATION
pro
After ascertaining in experiments that the hourly orbit
oscillations were associated with air temperature changes ¢
about 2C andcorresponding girder temperature changes of
0.2°C these distortionsould substantially beaeduced by a
series of improvements to the system dah@ependent air-
handling units that supplychilled air to thestorage-ring
tunnel. Thechangesincluded using temperature sensors |
with 0.1°C sensitivity, relocated tothe outer perimeter of
the storage ringaveragingtheir readout toregulateall air-
handling units with identical set values;and forcing the
tunnel air to move in a spiralling pattern upstream by
directingthe outletheads ofthe air-handlingunits and de-

strong enough to perturb thetored electrorbeam. This

blem can again be solved administratively.

]
. L '

ploying four additional fans on the tunnel floor. These im-
provements also cured most of the long-term drift problems
seen before.

Another type of orbit distortionsnanifesteditself as
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four-hour, 1004 humps on the ID-BPM display. Tweau-
seswere identified tocontribute to these phenomena, one

associatedvith the switchovebetweentwo water chillers Figure 5. Vertical ID-BPM signals observed on 2/64er
of differentsize that supply their-handlingunits during Substantially improving the temperature-stabilizatiGre-

nighttime and daytime, respectivebndthe other oneri-
ginating in theenhancedvaterflow of a building air-con-
ditioning system that utilizes the same chillefhese ef-

ting units 15Q, vertically, and 1 hour, horizontally.

Last, but certainly not least, it should beentioned

fects were eliminated by using the larger of the chillers aghgt the ALS orbit is heavily affected by the changing mag-

default and reducing the water flow through a bypass in

air-conditioning unit.

ipet fields when insertion-devicgapsare opened or closed.

This effect is suppressed by applying corretive set values to

The striking improvement in orbit stabilitgbtained the steerer magnets in a feed-forward mode [7].

after resolving all these issues is shown in Figs. 4 and 5.
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With all these measures, ALS hamched arimpres-
sive level of orbit stability, eveexceedinghe tight speci-
fications mentioned at the beginning. The reduction of tem-
peraturevariations in the tunnel ta0.1°C also largely
reduceghe arc vacuum-chamber deformatioard in this
way leads tomuch more stablarc-BPM positions. This
eliminates one of the major obstacles for the implementa-
tion of an orbitfeedbacksystem,andsuch a systencould
now be developed to reach even better orbit stability, below
+1 u vertically.
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Figure 4. Horizontal ID-BPM signalsbserved on2/6/97
after substantially improving the temperature-stabilization.
Grating units 150, vertically, and 1 hour, horizontally. ]

(2]
5 ADDITIONAL EFFECTS AND OUTLOOK

3
One other flavor of orbit distortion, a stehangewithout el
apparenteturn,used to occuabout 30 minutedefore a
refill of the storage ring was planned. It turned out that
effectwas caused bythe excitation of the last two of the
four dipole magnets in the booster-to-storage-fB3S)
injection line. Even though these magnets are located a%yt
1.5 mawayfrom the storage ring, theiringe fields are [7]

(5]
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