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CORRECTION OF LINEAR COUPLING ON THE BASIS OF
RESPONSE MATRIX MODELLING AND X-RAY PINHOLE
MEASUREMENT

R. Nagaoka, P. Elleaume, L. Farvacque, J.M. Filhol, ESRF, Grenoble, France

Abstract

A new attempt ismade to model a linearlycoupled
machine using themeasured coupled-orbit response.
Rather than seeking for the skeamrors ofthe existing
magnets, the aim is to obtain affective skew error
distribution that consistentlydescribes the measured
coupling characteristics. Such a solution is actufaiynd,
which is assured by the simulation that theasuredrbit
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wherea represents aarray ofskew errors, theositions
of which are defined bythe modelR),; andRV); are
respectively, the horizontal response matrix freteerel]
to skew quadrupole k, and the vertical from skew
quadrupoleé to BPMi. It is assumed that thegre known

cross-talk provides sufficiently accurate information on thccuratelyfrom the diagonalmatrix analysis. Theskew
locally integrated skew errors in the ESRF configuratiogfTors canthus besolvedvia the matrix inversion (e.g.
To pursue thdimit of correction, aroptimisation of the SVD method).

skew correctorposition is thermadewith respect to the

obtained errodistribution, with which alarge reduction 2 MODELLING OF A LINEARLY

by nearly anorder of magnitude isachieved orthe model COUPLED MACHINE [3]
as compared to the standard correction. The astapk in i .

realising the lowest coupling values on tieal machine 2.1 Simulation

with additional gorrectors are d_escribed. fhe regime  \jinimisation of the orbit cross-talk
where the magnitude of the orbit cross-tallai®ady too
small to bemeasuredthe X-ray pinholes are utilised,
which are capable ofmeasuring the vertical emittance

down to several picometres.
couplings. The relation turns out tependsensitively on
1 INTRODUCTION the steerer-BPM-skew correctaonfiguration. In thecase
The correction of linear coupling is of great importance af ESRF, the best solutions for the couplirayen
the ESRF [1], as the coupling is inversely proportional tacrease the orbit cross-talk.
the brilliance, the principal machingerformance. The

iund to bemade
effectively with a generalleast square method, readily
bringing the rms of the cross-talk orldbwn to several
microns. A noteworthy finding resulted, however, that the
reduced orbit cross-talks do not necessarily produce smaller

coupling at the ESRF isorrected tobetter than 1% for i T .

daily operation from the initial value ddrgerthan 10% E o : " i' 8
with 16 skewcorrectors.Focusing upon thdact that a 5 L ’A N a4 a3
non-zero off-diagonalorbit response matrixotherwise § oo 8% M'k: :ﬂ—’n“f 1. ﬁ
called the orbit cross-talk, results from thénear P R Pl A " )
coupling, thecorrectionstarts from minimising the orbit § e r n P
cross-talk to aertaindegreewhich provides a goodbase 3 -

for the subsequent resonanaempensations. This Z oo ¥ e
motivated us to develop an improvednimisation of the £ oo IEJ
orbit cross-talk to further reduce the coupling. 0 200 Posi;g‘; ] 600 800

In the meanwhile, an accurate calibratiorgoédrupoles
was carried out using thediagonalpart of the response
matrix [2], which triggered our second motivation to solve

for the skewerrors from the off-diagonal matrix, as a Ajthough the orbit cross-talkand the betatrormotions

natural extension of the work on thegonalmatrix. In  gagisfy the same coupled equations, the fact thafbotieer
the coupled equations of the orbit response duesieesier gre special periodic solutions is suspected to be the

excitation, the skew strengthappearlinearly in the ynderlying reason for this non-trivial correlation. With
dipolar terms for the orthogonal orbit. A vertical Orbitrespect tothe solution of Eq. 1 for the specifESRF
shift Az due tojth horizontalsteerer byA8y;, can be configuration, wefind that there isnot a good enough
represented for example in the matrix notation as resolution to identify the individuatilt errors of the
guadrupoles. Howevelpcally integratedstrengthscan be
well reproducedFig. 1), whichdescribethe coupling of

Figure 1: Locally integrated skew strengths (every 10
meters) between the original and reconstructed machines.
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the original machine locallgndglobally in asatisfactory
manner. In contrast to the workade onthe same
principle [4], the importance of building aaffectiveskew
distribution may therefore be stressed, which also
conforms with the fact that the skews errors dueettical
orbit offsets in the sextupoleare comparable to the
guadrupole tilts for the ESRF machine.

2.2 Application to the Real Machine
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Figure 4: Predicted tune separation of the uncorrected
coupling, in comparison with the measured one.

3 COUPLING CORRECTION

Having obtainedthe effective errorskew distribution of
the ESRF machine, onean attempt to correct the
coupling on the model. The resulting skeserrector
strengths agree well with those actuallytainedfrom the

standard corrections on the field.
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Figure 2: Obtained skew distribution of the uncorrected
coupling.
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Figure 3: Predicted vertical dispersion of the uncorrected o
As an useful application of the modelse@archwas made

for the mosteffective correctopositions with respect to
With the measurednatrices, theeffect of averaging turns the skew errors. Placing 96 skessrrectors around the
out to be particularly important in removing timvolved model machine at alloweldcations, minimisation of the
imperfections. Equation 1 is solved with the Swiizthod normalmodecoupling wasmadewith the bestcorrector

for a pair of steerers belonging to the same family, optigdethod, taking account of the correlation among the
wise, whose skew distribution msveragedver theentire Selected correctors. A large reduction +®.05% was
pairs. Searching the best number of eigenvectofsuisd obtained on the model coupling with 16 selected

to be equallyimportant. Themeasured coupledrbits are correctors, as compared to ~0.3% reached wittsttrlard
reproducedypically to few microns rms. The resultant correctors(Fig. 5). Interestingly, the orbit cross talk is
skew distribution of the machine without couplingsimultaneouslysuppressed irthe optimisedcorrection.
Figure 6 summarises the relatibetweenthe coupling
and the orbit cross-talk for the three characteristic coupling
as well as the tune separatiaaround the coupling states: 1)}UncorrectedBestcorrectedwith 2) the existing

coupling, in comparison with the measured one.

correction exhibits several localised peak§-ig. 2). It
reproducesvell the measuredrertical dispersior{Fig. 3),

resonance (Fig. 4), i.e. the two major
observables. Most computations wenadewith 10 skew
flags per cell. Althoughvalid solutions can be obtained

with a smaller number of flags, it results in increasing the

magnitude of the individual skew strengths.

3120

104

—® - -
-

Best16
Standard

1

2

3

4

Number of Iterations

Figure 5: Correction efficiency of the most effective
correctors, in comparison with the standard ones.
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coupling correctors, and with 3) the most effective correctors.
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4 um of predicted).Togetherwith the vertical dispersion

10 " 16
S l-"’ \ ° which is reduced to~0.3 cm rms(instead of0.15 cm
o — . . . .
£ N — 14 gg predicted),the reachedsetting is expected to be in the
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Figure 6: Relationbetweenthe couplingand the orbit
cross-talk for thredlifferent correctionstatesdescribed in
the text.

Figure 8: The two beam images of tkeay pinholes at
. . ) . the lowest coupling achievee\( ~12 pmrad). Note that
16 additional skew CorrectovsereInstalledaccordlngly n the beta values at the source poiate approximate|y
the ring. Anticipatingunavoidable discrepancies between2.7 m horizontally and 35 m vertically.

the model and the real machine as well asréldeiction of

the orbit cross-talk which would prevent from iterating the 4 CONCLUSION

response matrix analysis, an alternatoerection method |1 \y45 demonstrated that from theupled-responsmatrix
was prepared. The developed scheme minimises the it cross-talk), sufficientlaccuratenformation can be
vertical beam sizesneasuredwith the X-ray pinhole g racted on the source of the linear coupling, namely the

cameras atwo different locations in the ring. Utilising otfective errorskew distribution. The presergpproach

the bending magnet radiation, the pinhole set-ups Ryefore has the great advantage of understanding
capable ofmeasuring the vertical emittancéewn 10 5 o anitatively the local details of the coupling of the
pmrad. Detailsare found inRef. 5. Simulationsshow | ochine. which is  of particular importance  for

that with the vertical dispersiomcludedwith a proper gy nchrotron light sources. Thelerived model was
weighting, the minimisation of the vertical beam sizes @ﬁccessfully utilised to perform the mostffective

the two pinhole locations manages to reduce the couplingyrection byoptimising thecorrectorlocations. Starting

from the model solution, minimisation of twovertical

0.084 beam sizesmeasuredwith X-ray pinholes managed to

? lower the coupling to ~0.3% from th&tandardvalue of
0032 P ~0.8%. The reason for the remainidigcrepancy to the
......... e mieimimimimpmi =i me = o ~20 pm¥rad i ing i ; ;
00300 .': i r pmirad - predicted coupling is to be investigated.
[
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