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SLSVERTICAL EMITTANCE TUNING
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Abstract dispersive 4,=0) locations of the lattice in order to con-
To establish ultra-small vertical emittances1( pm.rad trol spurious vertical digpersi% and betatr.on COl_JpIing.
at 2.86 GeV) is one important aim of future linear col-At the SLS 24 non—d|sper3|ve and 1.2 dispersive skew
f]uadrupoles have been installed for this purpose. All 120
the EU-project TIARA (Test Infrastructure and Ac:celer-sexmpoIeS in the SLS are equipp_ed with extra windings
ator Research Arelstarted with contributions from the W?iﬁrggtl)gZZTar:g r(jeerg;:'?ﬁd jg SA?]OLZ Zgrr:ﬁzt(gfdfgg gg_
SLS as part of the SVET (SLS Vertical Emittance Tuning ! 1on. ning .
work package WP6 [1].) at the SLS. By utilizing various ired to be for example skew quadrupoles or correction
correction techniques the SLS is already close to this goﬁ?xtupole_s. Since 1.2 of them have been devoted to non-
with emittances ok 2pm.rad at 2.4 GeV under the con- inear optics correction [3] 36 are left to be used as skew

straint of maintaining user operation conditions. One Oguadrupoles which in principle also opens the possibility

o I : . : -to perform a BBA on 36 sextupoles by using those skew
the limiting contributions is the remaining spurious verti d les [4]
cal dispersiom, of 1.4 mm RMS which can be reduced byqua rupoles [4].
careful re-alignment and the application of dispersiaefr
steering techniques. The latter require orbit manipufstio G|RDER RE-ALIGNMENT WITH BEAM
which are only partially compatible with the user opera-
tion mode. A first application of dispersion-free steering In order to approach the ultimate limit, which is given
techniques demonstrates thgtcan be reduced tal mm by the present), measurement resolution @£0.1 mm,
at the expense of large orbit excursions which require a stources ofy, need to be eliminated. After analysing tfie
multaneous betatron-coupling correction by means of skevertical corrector pattern, girder-to-girder misaligrmissin
quadrupoles in order to benefit in terms of a further reduehe arc centers at the location of the central dipolesiBX
tion of vertical emittance. Therefore possible girder angvere identified to be the major sourceigf As a result a
magnet misalignments are analyzed which allows one te-alignment campaign has been initiated to eliminatesthes
localize the sources af, and to eliminate them by re- misalignments. As a side effect this re-alignment reduces
alignment. A re-alignment campaign based on vertical suthe RMS vertical dipole corrector strength freai40urad
vey data has been initiated. Following this path the goal t® <100 prad. The described pattern analysis requires=an
achieve emittances close to 1 pm.rad is within reach.  SVD orbit correction scheme utilizing a large number of

(preferably all) eigenvalues in order to localize the girde

INTRODUCTION to-girder distortions [5, 6].

One of the main aims of 3rd generation synchrotronligb* . ...
sources like the SLS and future damping rings is the mir | R )  clonent on firder © |
. . . . . . . . quadrupole-girder: nean=0.0080102333 rns=0,0177489 nax=8.844755 X
imization of the vertical emittance. This goal is accom ool Gas e + W .

plished by the careful correction of betatron coupling an
spurious vertical dispersion to very small values. Furthe
more light sources need a well defined control of the vert
cal emittance in order to vary the beam lifetime.

It is unfortunate that even after excellerty ym RMS) o e i
Beam-Based Alignment (BBA) of Beam Position Monitors -t 1
(BPMs) with respect to adjacent quadrupoles [2] remainin .2 "
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vertical orbit deviations in sextupoles, due to the presenc s tnl
of mechanical misalignments, leads to significant betatron o "y
coupling and spurious vertical dispersion. Figure 1: Quadrupole misalignments (green + symbolsyin

A way to correct for this coupling is the introduction the sectors left and right of the injection straight. The red
of extra skew quadrupoles at dispersive £0) and non- lin€ is the corresponding girder fit for eight girde345-
48, G01-04). The deviation of the individual quadrupole
1The research leading to these results has received fundimg f errors from the fit (blue x symbols) features an RMS vaiue
the European Commission under the FP7-INFRASTRUCTURES20 of onIy ~18 um which is~10 times smaller than the fitted

1/INFRA-2010-2.2.11 project TIARA (CNI-PP). Grant agremmh no . L
261905. RMS girder misalignments.
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After an inspection of the vertical misalignment datanot follow this movement completely a successive beam-
which were taken for all quadrupoles in 2010, it turnedased calibration of 6 quadrupole/BPM pairs leads to a fur-
out that the corrector settings are closely correlated ¢o ttiher reduction to 3&rad (magenta bars).
measured quadrupole positions. Furthermore the misalign-
ments of the 177 quadrupoles are highly correlated sinc , , | "ece fesiiemen: goicfor: nemns -6 ez o-o: no o200 ot |
they are grouped on 49 girders Wthh are the main SOUW; After Re-alignment GB1-4+BBA: mean= —8.819, rns= 0,038, nax= 0,867 nrad NN
of the misalignments. As an example Fig. 1 depicts thg
quadrupole misalignments (green + symbols) in the se% ,,| I

h
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tors left and right of the injection straight. The red line
is the corresponding girder fit for eight girdeiG45-48,
GO01-04). The deviation of the individual quadrupole errorss _, ,
from the fit (blue x symbols) features an RMS value of onI)g
~18 um which is~10 times smaller than the fitted RMS § ™[ :
girder misalignments. Figure 2 summarizes the necesse s oo B f
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o | girder dpitch {nean=-8,0176735 rns=0,058381 nax=0,142) nrad —— |
- girder dheave {nean= 8.8698408 rns=0.317366 nax=0.673} [nn] F—H—
girder dpitch -1 signa
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Figure 3: Vertical corrector kicks in sector 1 before (red
bars), after the re-alignment (green bars) and after suc-
cessive beam-based calibration of 6 quadrupole/BPM pairs
(magenta bars). An RMS kick reduction by a factorgf

8.6 -

8.4

% oo | ii | could be achieved.
; .,‘T_,,_j_g'_*?ﬁ e ﬂrq“'r'—.*— By fitting individual quadrupole misalignments to the
5 - % . - \*’i;‘_r achieved corrector pattern by means of a model based SVD
Foe - i S g T fit [9, 10] one can estimate the remaining misalignments af-
H i" i ter re-alignment (See Fig. 4). One has to have in mind that
AT s 1 heave changes are not well reproduced by the SVD fit since
they have a rather small influence on the corrector pattern.
s - 100 0 200 250 It can be seen that the girders are nearly perfectly aligned

position of girder center [nl

after the correction (black circle). As a result of the recen

Figure 2: Pitch (red + symbols) and heave changes (blue v

0.8 o, T
symbols) for all girders based on the quadrupole misaligr § , , | Before olonont; on Sirder  +
ment Survey data taken In 2010 : 0 L uadnupole-girder; negg=d,! 595539-85 rHE=A,08659297 nax=a !_331 x

R
. . Soer j
pitch (vertical angle) changes (red + symbols) and hea\ ¢ _, , | !
(vertical position) changes (blue x symbols) for all gigler = -e.a} x '
(] ¥
Since the suggested heave corrections exceed +0.6 mr = -e-6 - - -
reference line (blue line) has been defined by a gaussian % . [after sloment. on Cirder = |
: . s uadrupole-girder: nean= e-05 rngdp nax= x
to the corrections. It should be noted that the re-alignme 3 .4 e L ieal correctifs cv. DoAroero afpits
of the girders to this smooth non-zero reference line do¢$ **
not effect the machine performance due to its long spati ?E-M
wavelength. § -0
1 -8,6
In April 2011 the re-alignment campaign was launche: 3 ..

based on the 2010 survey data. Since then9 outof 12s¢  ° * * * * & = = = @

tors were successfully re-aligned. The re-alignment was

merely done with stored beam and running fast orbit feedrigure 4: Model based SVD fit of vertical quadrupole mis-
back [7] since the girders are remotely controlled [8] an@lignments with successive girder fit to the corrector pat-
the orbit effects of the proposed girder movements can liern before and after the re-alignment.

dynamically handled by the orbit correction system. This

procedure allows a very precise control of the re-alignmemé-alignment of sectors 3,5 and 10 at the beginning of Au-
process since the corrector variations within the feedbagust the vertical RMS kick of all vertical correctors was
loop directly reflect the girder manipulations. As an exfeduced to~81 urad which corresponds to a reduction by
ample the vertical corrector kicks in sector 1 are showa factor 1.7 with respect to the initial RMS value before the
in Fig. 3 before (red bars) and after re-alignment (greecampaign started. The remaining sectors 4,9 and 11 could
bars). It can be seen that the RMS kick reduces from 14%t be re-aligned yet since persisting motor readback fail-
to 55urad. Since the=20 m long arc vacuum chambers doures do not allow one to move most of the girders in those
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sectors. It is expected that the vertical RMS kick will gathe compensation of betatron coupling both methods have
down to~60 urad once the problem has been solved.  been tried leading to dispersion valuessaf mm in both
Unfortunately there was not much time to investigateases. Figure 5 depicts the orbit excursions with an RMS of
the effect on spurious vertical dispersion and betatron cod10 xm after the reduction of the vertical dispersion from
pling. Nevertheless dispersion values closextb mm 1.4 mm to 1.1 mm using the individual corrector method.
could be achieved recently utilizing the 12 dispersive skewn eigenvalue cut-off had to be applied in order to limit the
quadrupole corrrectors which goes beyond the previowsrrector strength and orbit variation.
“hard limit” of 1.3 mm [5].

SUMMARY
DISPERSION-FREE STEERING A nearly complete vertical re-alignment of the SLS has

Ik_Jeen carried out within a few months. The vertical RMS

In order to reduce the spurious vertical dispersion fu .
. . : . . corrector kick could be reduced from 140 4e81 prad.
ther one can also think of applying dispersion-free St@e”nlt is expected to achieve-60 urad after completion of

techniques which involve manipulations of the vertical or;

bit. At the SLS these manipulations must be compatiblg1e re-alignment. The procedure is based on the vertical

with the steerings for insertion devices if they are sup[ioseOluadruPOIe survey data taken in 2010 and involves the re-

to be applied under user operation conditions. Two diffel.r—nofgaﬁwon?;ﬁllgde:g(t).\r/]eT:Sqtoﬁg.??egggggi V\fll:]he(;ggu:?;'
ent methods have been tried before the re-alignment igndP—g with operating ! ' uiting

ing the mentioned constraint. The first method utilizes thgorregtorl_chang(ets ??r\]/e bgsn useFEiI to estlmtattt-:‘htrletr:em@n—
73 individual vertical correctors in order to correct forve Ing misalignment of the girders. Fiease note that there 1S

: . : . : : qsignificant difference to the beam-based girder alignment
tical dispersion. To this end the dispersion response of all: . .

. . L . Initially proposed where the girders are moved based on or-
correctors is determined within the machine model. Th it measurements I81. Two different dispersion free steer
corresponding response matrix is then inverted using SV [8]. P

with a properly chosen eigenvalue cut-off in order to keed techniques have been successfully applied to minimize

the orbit variations small [11]. The second method uses purious vertical dispersion. Both methods involve vaitic

- . . rbit deviations which are potentially incompatible witfet
bumps consisting of 3 successive correctors instead [2]. )
oo . . ser operation mode at SLS. Nevertheless both methods al-
principle both methods will converge to the same optimu . ) .
1w one to correct vertical dispersion to valued mm. It

when using a large number of eigenvalues. But the lat Is,planned to utilize these techniques after the re-alignime
method has the advantage that the superimposed bumps% L o chniqu grime
ain in order to minimize dispersion.

not cause a betatron oscillation around the ring and th@¥
is more promising in terms of the compatibility with the
user operation mode. Both methods have the inherent prob- REFERENCES
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lem that the orbit excursions potentially enhance betatr
coupling due to orbit excursions in sextupoles but it ha!
been shown in the case of the SPS that it is possible to g2l
duce the betatron coupling simultaneously [12]. Ignoring
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