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Abstract

Studies concerning the influence of linear and laear
imperfections in the ELETTRA Storag&ing are
presented. Tracking simulations show tfiakd errors and
orbit errors insextupoles perturb the machiperiodicity
with a consequent reduction ithe dynamic aperture,
injection efficiency and lifetime. To improve thmachine
performances it isimportant to determinethe actual

storage ring optics and the perturbation of the periodicity

A useful method toanalyze perturbedoptics is by
measuringand fitting orbit response matrixdata. This
method allows to determine the magnet gradient
distribution and, by adjustingthe quadrupole field
strengths, it is possible t@storethe periodicity of the

lattice. At ELETTRA we have analyzed measured

response matriceand reconstructedhe real optics of the
machine. The results of the analyai® presented ithis

paper.

1 INTRODUCTION

ELETTRA is a 2.0GeV (2.4 GeV at 5% ofthe user
time) third generation synchrotrodight source. The
lattice is of the expandedChasman-Greertype with
vertical and horizontal tunes of 8.2and 14.3. Thebeta
functions, shown in Figure 1 together wikspersion are
8.2 m horizontallyand2.6 mvertically in the center of
the dispersivefree straight sections. The emittance is
nm rad at2.0 GeV. The maximum horizontaispersion

is 0.4 m. During commissioning of the Storage Ring i

October 1994 a first measurement wagperformed to
determine optical asymmetries in the lattice.
techniques used werpost-processing of theneasured
response matrices as well as correlating tahits to

quadrupolesetting variations. For the analysis of th

sensitivity matrices a computer program wesveloped
[1] that minimized thex? differencebetweenthe model
andthe measuredesponse matrix varying thiedividual
gquadrupolestrengthsand using a non lineamethod of
minimization  called simplex multidimensional

minimization. Itanalyzedbeta beats, beta functions andth

phase advance and it was also abledwectthe optics to
the nominal one. Both asymmetry measuremegate a
beta beating in the lattice of 20% horizontadlgd 10%
vertically.

The workpresented inthis paper is amore complete
analysis of the problemeelated tooptical asymmetries.
We use a linear perturbation approach in whichntioelel
response matrix igxpanded tdfirst order in quadrupole
strengths.

The goal of this study is to constructsalf-consistent
first order optics model of ELETTRA whichgives us

detailed information about beta functions, dispersion, gr
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Figure 1: Linear optics of ELETTRA

dient errors, correctorstrengtherrors and beamposition
monitor linearity factors.

2 THE METHOD

The methodused toinvestigate optical asymmetries in
the lattice is based on linear analysis of the measured orbit
response matrixdata [2]. A measuredorbit response
matrix M ..sureq IS g€nerated bychanging thesteering
magnet excitatiorand measuring the orbithangewith
beam position monitors (BPMs). Mathematically, the

rbit response matrix M is defined by the relatimtween

the x, y orbit perturbations at BPMand the 6, , 6,
ghanges in steering magnet strengths:

It is also possible tgenerate a modeksponse matrix
M mogei@SSUmMing a gradient distribution in the storage ring
andusing anacceleratoroptics program tocalculate the
model. The accelerator programed inour case is MAD
[3]. The actualradientdistribution of the machine can
be determined by varying a set of parameterth@model
and minimizing the x? deviation between Masyeqand
M modei The parameterghanged inthe MAD model are
e quadrupole fields arttie bending gradientsince the
bendingmagnets have gradient component forvertical
focusing.

There are96x2 BPMsand 82x2 steering magnets, so
thereare 31488 elements in the fullgoupledmatrix and
15744 elements in the uncoupled matrix. For the analysis
of the perturbed beta functions we haveleveloped a
computer program GRAFI{GradientFit) thatvaries the
gradientsand minimizes thex? difference between the
measured matrix and the modaling themethod of SVD
(singular value decomposition). Since actually the
response matrix is not a linear function of tradients,

e programmust beiterateduntil it converges to the
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minimum chi-square.For the analysis of thaorizontal
andvertical dispersion we hawesedthe program LOCO
(Linear Optics from Closed Orbits) [4]. Thessponse
matrix has been measuredwith the program GLOC
(Global and Local Orbit Correction) [5].

2.1 Quadrupole strength analysis

The storage ring hathree groups ofquadrupoles: 24

long (Q2), 24 medium (QF), 60 short (24 Q1, 24 Q3, 1

QD). For the fit wehave varied in the optics model

individually quadrupole andending strengths. Table 1
reports theaverage quadrupolgrengthsobtained foreach

group, the rms and peak to peak variations.

Table 1 : Fit quadrupole strengths

Quadryoles | <K> rms peak to

m deviation | peak (%)
(%)

Q1 -1.9322 +0.96 +2.35

Q2 2.2423 +0.21 +0.37

Q3 -1.3321 +1.56 +3.5

QD -1.3864 +0.76 +1.25

QF 2.2236 +0.35 +0.6
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Figure 2: Perturbed Optics

beta-beat. Thenaximum variations of the beta functions
from the modelare 33% horizontallyand22% vertically,
while the rms perturbatiorare 1.32 m in thehorizontal
planeand 0.68 m in thevertical plane. Thebetatron
tunes of the fitmodel agreewith the measuredtunes
within the accuracy of the measurement.

Optics simulations show that sudieta beatingcan be
easily achieved by including in the MAD model optics the
actual magnetfield errors available from magnetic

To evaluatethe accuracy ofthe analysis method ten measurementand generatedrror distributions with the

orbit response matricdsave beeranalyzed and we have following

found that the variation in th@radientfit between the
different data sets is about 0.12%.

The response matrices analysis hasnrepeatedising
also the program LOCO tbave a comparisowith the
resultsobtainedfrom our program. We haviound that
the gradientdistribution obtainedwith the two programs
differ by about 0.15%. Thélifference is due tahe fact

that in the LOCO program it is possible to vary also the

corrector strengths and the BPM gathss increasing the
accuracy ofthe fit. The rms variations in thguadrupole
groupsare particularly largecomparedwith the available
magnetic measurement since theg not merelydue to
calibration errors but they taketo accountthe effects of
longitudinal
bending magnetilts and orbit errors in sextupoles. To
increase the accuracy tife gradientfit it is necessary to
insert in the MADmodel used to calculate M, the

actual rotation magnet angleand the longitudinal
misalignments. We have not yet included in madel a
realistic distribution of alignmengrrors since atpresent
only partial surveydata is available on

magnets. In autumn of thigear more precise survey
measurement will be done usindgaer-trackesystem for

the realignment of the machine. Then we can insert in ou

model the actual error distribution and evaluate the
influence on the storage rirmptics. Using thendividual
quadrupolegradientsdetermined bythe fit, it is possible
to compute the beta functions. Tperturbedoptics is
shown in Figure 2.

The Figures 3 and 4 show the horizontal and vertical

magnet misalignmentsguadrupoles and

transverse
alignment errors but not about the rotation angles of th

rms values: Ax=Ay=As=0.12 mm and
Ap=AP=AB=30 prad. From the simulatiordata we have
evaluated that the contribution on the beta beat from orbit
errors in sextupoles is about 19% horizontatipd 7%
vertically.
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Figure 3: Horizontal beta beating
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Figure 4: Vertical beta beating
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2.2 Dispersion analysis

The analysis of the response matrix gives aksiled
information about the horizontal and vertical dispersion.

The calculateddispersion includeshe gradient errors
obtained from the response matrix analysis and dipele

only gradientand dipole errors.This confirms that the
parameter values obtain@dth the linearresponse matrix
analysis accurately predict the true storage ring.

As pointedout in section 2.1when a complete set of
survey data is available, more investigations will be
performed to analyze the effectsqfadrupole andbending

errors which come from variations of dipole magnetmagnets tilts and longitudinal misalignments on Ik

strengths. As shown in Figure and 6 the fitted
dispersion overlap very well theeasureddispersion for
both  the horizontaland vertical planes. A small
discrepancy betweerthe fit and measuredhorizontal
dispersion (0.16% rmsalue) is due to the fact that we
have neglected in the model the dipole kigkserated by
the transversequadrupolemisalignments. Thegreement
of the measured andfitted dispersion confirms the
correctness of the used analysis method.

‘ —&—Dx_measured- - ®- - Dx_fit ‘

beat. It will be also possible to get mopeecise
information on orbit errors in sextupoles, corrector
strength errors and BPMs gain factd@scethe analysis

is completed the final goal of restoring the periodicity of
the machine will be performed.
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Figure 5: Measured and calculated horizontal dispersion
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Figure 6: Measured and calculated vertical dispersion

3 CONCLUSION

Analysis of themeasuredbrbit response matrix is a

powerful way to get informatiorroncerningthe storage
ring optics.

From this study wédiave been able to reconstruct the

actual beta functions of the machine. Wavedetermined

the gradientvariations ofquadrupoles in eachroup and

we have seethat the beta beatingbtained inthe past
(20% to 10%)are now incremented td33% and22% for

the horizontal and vertical plane respectively. From optics
simulations we have evaluated that the beta beating can be
partially attributed toquadrupoles andbending magnet
tilts and longitudinal misalignmentnd partially to orbit
errors in sextupoles. The dispersionand tune
measurements show vergood agreementwith the
calibrated model even if the model takes iotmsideration
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