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DISPERSION AND BETATRON FUNCTION CORRECTION IN THE
ADVANCED PHOTON SOURCE STORAGE RING USING
SINGULAR VALUE DECOMPOSITION *

L. Emery, ANL, Argonne, IL

Abstract mining accurate positions of the beam relative to sextupole
agnetic centers is not a trivial measurement.

. m
Magnet errors and off-center orbits through sextupoles per- Another fitting method uses measurements of several tra-

turb the dispersion and beta functions in a storage rin%Ctories throuah parts of the rina made linear by turnin
(SR), which affects machine performance. In a large rin gnp 9 y g

such as the Advanced Photon Source (APS), the magn xtupoles off [2]. Since the AFS ring can store beam W't.h
ol : . atleast two of the 40 sectors with sextupoles turned off, this

errors are difficult to determine with beam-based methods. o . e
) method initially held promise. However, the difficulty here

Also the non-zero orbit through sextupoles result from user . . .
s the confounding of the calibration factors of quadrupoles

requests_ for steering at light source points. F(_)r eXped\é\'/ith the gain errors of the beam position monitors.
ency, a singular value decomposition (SVD) matrix metho

analogous to orbit correction was adopted to make globﬁll We decided to adopt a philosophy similar to orbit correc-

corrections to these functions using strengths of severa?n where we make corrections to the lattice functions di-

quadrupoles as correcting elements. The direct responl%aeCtIy without identifying the source of errors, even though

matrix is calculated from the model of the perfect lattice : 'i clizritru\:vbhaa;'it;:r;dsvs; Tnaegansitrgr:ﬁgslz'[ggg(;Srllztit:)c:g:rnocr-s
The inverse is calculated by SVD with a selected numbéf\d F()jetermine cdrrections by applving a change in set-
of singular vectors. Resulting improvement in the lattic Yy appying 9

functions and machine performance will be presented points to a small set of magnets. This idea is particularly
" applicable to the APS storage ring since all quadrupoles are

individually controlled. It is hoped that the goal of improv-
1 INTRODUCTION ing machine performance can be attained by reducing the

The lattice functionsfs, 8, 7., andn,) in the APS stor- lattice perturbatlon_globally an_d not necessarlly by making
. . a complete correction at all points around the ring.
age ring are perturbed from those of the ideal model be-

cause of possible quadrupole calibration errors and off-

center orbits through the sextupoles. It is desirable to cor- 2 METHODOLOGY
rect these lattice functions because they have some impar‘f;[ough one may guess that the correction of the lattice
on machine performance such as injection efficiency, d¥[m

namic aperture, momentum aperture (for Touschek life- ctions to be more complex than orbit correction, the
. P L P . process is mathematically analogous to orbit correction be-
time), tune adjustment, and orbit correction.

Th it b based methods that achi the ab cause the perturbations of the lattice functions are derived
Iire f?XItSd r—tzam-. ased metho St a ag 'IeV? the abQy&m similar differential equations with driving terms linear
goal by Tirst determining an accurate modet of the g, 4o magnet error (fgt the relevant quantity that obeys

from a fit to experimental data, then making changes to tk}flinear differential equation is\3/3) [3]). Any such for-

quadrupole magnet setpoints to compensate for the C""I'brrﬁhlation can be turned into a matrix correction algorithm

tion errors (see for example [1]). The machine functionfsor use in a control system operator interface.

after correction agree well w_|th_the ideal. - As in orbit correction, the correction setup requires first
The above method and S|mllar methods are difficult t%alculating a response matrix in which each element cor-
apply to the APS storage nng for sevgral reasons. _F ésponds to the response a measurement quantity makes to
one, the strong sextupoles in the APS ring can potential Yie action of a control quantity. For example, in the
produce a significant focusing magnedic field that Confus“%ﬁ)rrection the measurement quantity is the disp;ersion mea-

with the nearby quadrupoles. When the method has begﬂred at the SR beam position monitors (BPMs) and the

gpplled to smalle.r fings as in [41, th(? sextupolgs were el";l:'ontrol quantities are quadrupoles in the dispersion match-
inated from the fitting process by simply turning them o

d maki ts with a stored b ith ing section. The response matrix is then inverted using
and maxing measurements with a stored beam with uncqf gular value decomposition, a standard matrix inversion

rected chromaticity. The APS ring has such a large natur gorithm that allows some flexibility in controlling the

chromaticity that the beam cannot be stored when the Sexz,, ¢ of correction and stability of correction. For in-

tupole magnets are turned off. If the sextupole; are left Otance, selecting only a small number of the largest singular
the focusing eﬁfect_ of the .S’exprIeS cou_ld be mcluded Falues (SVs) reduces the ability to correct the short wave-
a known qua_n_tlty in the fitting by suppying the horlzon'Iength features, but tends to stabilize the correction in the
tal beam position through the sextupoles. However, deteﬁ’resence of measurement errors or model inaccuracies.
*Work supported by U.S. Department of Energy, Office of Basic En- | N€ response mat”X_|S ConStrUCteq by combl_nlng the re-
ergy Sciences, under Contract No. W-31-109-ENG-38. sults of several calculations, each using a baseline model of
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the ring plus a small change in one particular magnetic ele- 8,
ment representing the control quantity. Télegant [4] 1
code was used to make the calculations. The output data ;|
(lattice functions) is written in the Self-Describing Data s
Sets (SDDS) file format [5, 6], which comes with a pow— 15¢
erful postprocessing toolkit. For each lattice function to be >
corrected, Tcl/Tk scripts composed of postprocessing com-,
mands generate the response matrix, the inverse resporise 5|
matrix, and a magnet setpoint delta file to write to the ac-

celerator control system. 0 o
The corrections were applied separately to the lattice 0 5 10 15
functions in APS storage ring. Correcting all lattice func- s (m)

tions simultaneously can be done in principle using an all-
inclusive matrix. Correcting only3,, say, could affect
71, Since quadrupoles are control quantities for both lattice
functions. Considering the main harmonic component of
each lattice perturbation, it is hoped that correction inter-
action between the lattice functions is not significant. For =
the APS ring, where,, = 35.2 andy, = 19.3, the 35th ¢
harmonic of quadrupole correction dominates#ghecor- £ 200}
rection, the 70th harmonic dominates thg correction, «
and the 38th and 39th harmonics domindfe Sincern, = 100}
unigquely uses the skew quadrupolggremains corrected 0
after any regular quadrupole change. AUAMREANY V VVU L VWV

In addition, one can reduce the possible interaction by w w w ‘ ‘ ‘
selecting quadrupoles at “good” locations as correctors for 0 200 400 600 800 1000
each lattice function. For instange, should be corrected s (m)
using quadrupoles wherg > 3, andn, = 0. Figure 2: Original dispersion

A practical aspect is the time required for collecting
measurement data. Since lattice functions are physicalysing all 40 SVs for the matrix inversion gave a stable cor-
derived quantities, the correction could take a shift. Preection probably due to the large ratio of number of read-
existing Tcl/Tk applications are used to measgrand3  backs to correctors. After several iterations, theper-
and write results to a file. It takes about one minute to mak&rbation rms was reduced from 37 mm to 7 mm. Fhe
dispersion function measurements at all SR BPMs (whic@t one location measured in each sector (Figure 3) clearly
number greater than 360). Thaeadback consists of a se- shows the reduction of the 35th harmonic component. The
quence of relatively accuratemeasurement at quadrupoleamplitude of quadrupole relative strength change was about
positions, each taking 5 to 7 minutes for bgthandg,. 6 X 1073, After the correction the beam lifetime im-
Therefore, to make several correction iterations practical,
the 8 readback can only consist of a handful ®fvalues
spread uniformly around the ring. One must assume that
the readbacks sample a smooth global perturbation consist- 50| ji

Figure 1: APS sector lattice functions

4001

T T
uncorrected

corrected
ing of a few harmonics such that reducing the perturbation
at the measurement points with a few-SVs correcting ma= Z

trix will reduce the perturbation at all points. < Y}@ \
Another operational issue is the requirement of standartf iﬁf v
200 400

izing the quadrupole magnets after every correction before -50|
making another lattice function measurement.

6OO 800 WO‘OO
3 RESULTS s (m)

The current unperturbed lattice functions for the APS sec- Figure 3: Reduction im, error by matrix correction
tor are shown in Figure 1. The ten quadrupoles in the sec-
tor are designated A:Q1 through A:Q5, then B:Q5 to B:Q1proved from 28 hours to 37 hours for the standard user fill
Figure 2 shows the perturbegd with a dominant harmonic pattern, presumably due to an indirectly-caused increase in
at the integer tune of 35 appearing as a 5-period modulatiomomentum aperture (not measured). The emittance in both
due to the 40-fold symmetry of the lattice. planes did not change appreciably.

The dispersion correction uses all SR BPMs, and 40 It is expected that correcting the vertical dispersion will
A:Q5-B:Q5 quadrupole pairs as 40 individual correctorsieduce the vertical emittance ang coupling of the stored
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beam. Also, the injection losses from incoming particle - ;
motion growing iny will be reduced. 18| i I !
There are 19 skew quadrupoles distributed around the 16|

ring and available as correctors. (A 20th skew quadrupole 14
was removed because of a redesign of a vacuum chamber)

[
]
e
I

==

Ten of the skew quadrupoles are located inghenatching "2 i
section (near A:Q4), and the other nine are in a nominally = 9} A8 /g, rms = 0.17 -
dispersion-free section (near B:Q3). The SVD matrix in- 8l J N
version automatically eliminated the latter nine since they 6l ‘\1 I/*"{'""”I*/ |
have no effect om,,. R
Given that there are about 360 dispersion measurement é’f % % % % % % g % 2
points and only nine independent correctors, the correction S R R B B G

can be made with as many as nine SVs. Trying eight SVs Figure 5:3 modulation a
for the matrix inversion produced large skew quadrupole

setpoint changes, and caused a divergeneg iand a no- turned out to be insufficient in representing the overall per-
ticeable tilt on the synchrotron light beam image. Thigurbation. As a compromise, readings at 12 A:Qls are
is surprising given that the ratio in the number of readtaken, the A:Q1s being selected for their proximity to the
backs and correctors is large. There may be significant &gmall vertical apertures. The control quadrupoles selected
ror due to smalley coupling in the BPMs. Also the skew are the 40 A:Q4s, which havg > 3,.

quadrupo|e_t07y response matrix may be sensitive to er- There was not much Opportunity to test various numbers
rors in the phase difference between thandy motion. 0f SVs for3 correction. Figure 6 shows the resultifig at

The corrections made with four SVs gave more reasonable measurement points from using 8 SVs on the original 20
results, which demonstrates the flexibility of SVD decomteadbacks, then 8 SVs again with the same 12 readbacks.
position_ Figure 4 shows the overall improvemenWQf The modulation was reduced from 17% to 9%. The short
The minimum rms achieved was 2.4 mm, a threefold revavelength modulation that remains appears to be outside
duction in this case. According to lifetime measurementéhe range of the global correction.

the vertical emittance was reduced by approximately afac- 10.5
tor of two, making the ratio to horizontal emittance about 14 g

—

several A:Q1 quadrupoles
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