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Abstract strengthsare then solved to best reproducethe measured
coupled response. Prior to application to the real machine,

The paper describes aattempt to model a linearly differentskew flag configurationandtheir validity shall
coupledmachine on the basis of thmeasured coupled pe studied in the simulations.

orbit response. The main emphasis is wmerstanding

the achievableresolution on theerror skew field for the 2 DEVELOPED SCHEME
specific ESRF machine, by testinglifferent skew

configurations in the simulations. It iund that the 2.1 Basic Relations

locally integratedskew field is sufficiently accurate to
describe the details of the linear coupling in sahulated

cases. Thedevelopedscheme is applied tahe real

machine, examining irdetail the obtained error skew

A shift Ay, of the verticalclosed orbit due to an
increment of the horizontal steerer strength satisfies

distribution as well as reproducibility of thmeasured Ayeo" = (b + oXeo)AVeo = DoYeo AXeo

coupling characteristics. Correction of coupling is also

attempted by utilising the obtained model. — &lXeo + AXAYo o (2.1)
1 INTRODUCTION where

Coupling correction is of great importance for non ) ; )
. e . k : Normal dipole, b, : Normal quadrupole,
diffraction limited light sources such as tB&RF. At the b,: Normal sextupole, a, : Skew quadrupole.

ESRF, the coupling is successfutlgrrecteddown below
1% with skewquadrupole correctorfor the daily user |t follows that (8yco)i the vertical displacement &th

operation. To obtain a full and consistent understanding g1 que tgj-th horizontal steerer may be expressed as
the coupling, as well as to pursue the limit aafupling '

correction, an attempt isnade to utilise the coupled
response matrix to model a lineadgupledmachine [1].

Byeo)i = T (0olyeo)sRs'Y) (Ry(H) a6y
The approach may be regarded as a dertgnsion of the S

linear optics modelling with the response matrix [2], _ | M) R (H) (A6 292
applied to the linear couplifg % (@l i [Rg O (22)
éﬁu"'% = D;\"/'H :‘j\\//ﬁ Eﬁz\"/'ﬁ (1.1) whereRgg(U)'s (U = H, V) are matrices defined as
Uy H
R,Y : Fromj-th steerer te-th sextupole,
where R : Fromk-th skew quadrupole tiesth BPM,
R : Froms-th sextupole ta-th BPM,
213, ; llz_ifflfrencle orbit measured at BPMs$ € H, V), Ry : Fromij-th steerer td-th skew quadrupole.
L : Kick angle given to steerers,
R, and R,,: Diagonal response matrices, A similar expressiorcan be found fofAx .);. The error

R,y and R, : Coupled response matrices.
v VA up P I skewfield z = [(a,0),, (b,1¥c0)] can therefore be solved

The large amount offata contained inthe coupled- via the standard matrix inversion (e.g. SVD method).

response matrix that come along with thiagonalpart in 2.2 Simulations

the usual response matrix measuremard, expected to ) )
depend onthe details of the coupling of the machine. 10 Study theeffectiveness othe scheme, thenachine

Since our goal is to construct a good model of the Iinearfr\}mu'ator (RACETRACK) was utilised in two ways: 1)
coupledmachine, we shalinstead ofattempting tofind 10 'epresenthe machine with unknown skewrrors,
the skew errors of the existing magnetsioduce certain 10m which thecoupled-responsenatrix is measured 2)

number ofskewquadrupoleflags into the machineTheir 10 reconstruct the former machinewith the skew
distribution asobtainedfrom the coupled-responsmatrix

fitting. To study the reproducibility of the coupling

made in a similar spirit [3].
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computation of equilibrium emittances were implementednlike the simulation, the non-trivialependence of the
following respectively the works in Refs. 3 and 4. A leas§VD inversion on the number of eigenvectdegenwas

square fit to minimise any couplimglatedfunction with
skew quadrupole correctorgvas alsoadded toenable a
coupling correction.

With the ESRF machine that consists of GRasman-
Green cells, having 7 BPMs per cell and 3 steerersgder
in eachplane, it isfoundthat the skewerror of asingle
magnet cannot biglentified evenwith a perfectfit of the
coupledmatrix. However, a locallyintegratedskew field
so obtained issufficiently accurate to describeven the
position dependence ofhe linear coupling in altreated
casegFig. 1). With the schemes of 4 to 10 skiags
per cell, coupling correction could also be efficientigde
by minimising the coupling of theeconstructednachine
and applying the resultantorrector strengths to the
original machine.
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Fig. 1. Locally integrated skew strengths (every 10

meters) between the original and reconstructed machines.

3 APPLICATION TO THE REAL
MACHINE

3.1 Obtained Skew Distribution

The analysis was made for two particular cases, the best

corrected and uncorrecteupling. The response matrix
fit was made according tthe following steps: 1) Use of
the optics and steerercalibration determinedfrom the

diagonal part of the response matrix fit [2]. 2) Use of 10

skew flags per cell. 3) Inversion of matricesch
containing Ry of two steerers. 4) Averaging over all
computed distributions to minimise the imperfections.
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Geometric Coupling

carefully followed to findthe optimum point (Fig. 2).
The fit in most casesreproducedthe measured coupled
orbit down to a few microns in both planes.

The distribution of theuncorrectedmachine shows
several localised peaks (Fig. 3). Theckthe consistency
of the results, thalifference ofthe two distributions is
compared to the actually applied skew correctotere a
good agreement is obtained (Figs. 4).
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Fig. 3. Skew distribution of the uncorrected machine.
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Figs. 4. Comparison ofa) the difference ofthe two

distributions with (b) skew corrector distribution.
3.2 Description of the Coupled Machine

The obtained coupling parameters foe two cases are
summarised in Table 1.

Uncorrected Corrected

—
40 60 80 100 120 1.

Number of Eigenvalues

20 0

Fig. 2. Geometric coupling of theeconstructedmachine

Ratio of normal mode invariants 0.0459 0.0034
Ratio of geometric emittances 0.0754 0.0056
Ratio ofH function based emittance®.0125 0.0011
Betatron coupling coefficienk| 0.0068 0.0043

versusNeigen The optimum isaround 60 inthe shown
case.

Table 1. Computed coupling parameters.
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Fig. 5. Comparison ofmeasuredrertical dispersiorwith
the calculated, for the uncorrected machine.
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Fig. 7. Positiondependence ofhe computedcouplings,
for the uncorrected machine.

The results for theorrected case armaore or less within
what expected from the measurements. Foutizerrected
case, the vertical dispersion is particularly wefproduced
(Fig. 5), while the tune separation toskghtly lesser
extent, however due probably to a measuremertror
(Fig. 6). The ratio of thesquaredbeam sizeglivided by
the unperturbed betas, which is expected to represerd
closely themeasuredcoupling, shows darger variation
than the geometric coupling (Fig. Mlowever, it still
underestimatethe measured/alue by more than &ctor
of two, which is yet to be understood.

3.3 Coupling Correction

As the obtained skew distributicappearsonsistent, a
coupling correction was attempted as in thinulation.
Anticipating theneed ofiterationsdue to imperfections,
both the number of skew flagsd steerers fothe matrix
acquisitionwere reduced tominimise therequired time.
Starting from theuncorrectedmachine, the measured
coupling reached~1% fromits initial value of ~30% in
just two iterations that were performed.

4 CONCLUSION

With the aim of obtaining a consistemtodel of the
linear coupling of the ESRF machine, by whichptosue
the limit of coupling correction, an attempt wasde to
obtain aneffective skew quadrupoledistribution of the
machine through a fit of theneasured coupled-response
matrix. It wasfoundthat, although the resolution may
not be as good as tietect asingle magnet skew error, a
sufficiently accurate modelling can be made witreduced
number of skew components thedpresentthe locally
integrated strength.

The obtained error skew distribution appears satisfactory
in all aspects considered: Degree offit of the measured
coupled-response matrix. 2) Consistency between
coupling corrected and uncorrectedistributions. 3)
Description of themeasuredtoupling characteristics. The
first test of the couplingcorrection based on the
modelling had successfully brougtdwn the coupling to
~1% level within few iterations.
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