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Abstract strength perturbatiod¥: ; of the jth quadrupole is contained

Based on precise average beta function measuremer'ﬁsthe (2*174)x174 sensitivity matrig:
with errors of ~ 1 % for the locations of the 174 56;
quadrupoles an SVD based beta beat correction has been Sij = ks
applied using the individually powered quadrupoles as cor- !
rectors. Residual horizontal and vertical beta beats of which can be derived from the model. A Singular Value
and 3 % have been measured after correction. Beam badgdcomposition (SVD) technique is then used to “invert”
alignment techniques have been applied to determine BP®I and determine thék; as a function of thé3;. Feed-

An important ingredient for the successful compensa-
tion of the linear optical distortions is the precise measure-
ment of the average beta functions at the location of the : : : T _
quadrupoles. The presented procedure makes use of the* 'b'e'téiy 'b'éa't' ;3’% """" 3 model
fact that a betatron tune changeis related to the pertur- .|~~~ T | measurement-model ——— |
bationdk (s) of the focussing strength and the beta function | : :

B(s) around the ring:

1
V= %5(3)5/6(3)&9

Thus a change in the strength(s,) of quadrupole; al-
lows the average beta functig#(s,) at positions, to be
measured, by observiniy as a function obk(s,). The
error of this measurement defines the limit for the correc-
tion of the linear optics perturbations. Thus a sophisticated 0 100 150 200 250
procedure has been implemented which takes into account s m

known magnetic hysteresis effects and restores the betatron

tunes rather than the original quadrupole currents. In addiigure 1: Measured average beta functistpi@reyat the
tion, the quadrupoles are measured “magnet family” wisecation of 174 quadrupoles in comparison to the model of
in order to minimize the residual optical perturbations. Irthe unperturbed optics (solid lines)

order to increase the precision further, the tune is observed

for 5 different currents. The beta functions are then derived .

from a least square fit. As a result average measuremehts  Beta Correction Results

errors of~ + 1 % have been achieved. Fig. 1 shows the result of a beta correction reducing the
. : beta beat in the horizontal and vertical plane by a factor of 2
1.2 Beta Correction Algorithm with remaining beats of 4 % and~ 3 %. The quadrupole
The information about the horizontal and vertical betastrength variatiodk /k ~ 1.5e-3 with respect to the design
beatds; at the position of théth quadrupole caused by a strengthk is consistent with magnet measurements [1].

centers with respect to adjacent quadrupoles. ing —dk; into the “beta function correctors” restores the
ideal optics within the error of the beta measurement if the
1 BETA CORRECTION quadrupoles are the only source of the optics perturbation.
In order to optimize the performance of the SLS storage ,, [ ... .. o o - measurement |+ o |
ring a good understanding of the linear optics is necessary. betax beat ~4% : measuremem_m‘(’;;'l
Whenever possible, known differences between the real 25 |-------- R RRREREEE g e
machine and the underlying model should be minimized. o8 " @ } ! DD; oo } . Di B
For this reason, the 174 individually powered quadrupole§ 20 [cof /] {57 o SRl e B
in SLS storage ring have been used as “beta function COE— 5 ,1,.,\ TR TR Tl ‘\"-H\ " ...J.‘ ol (B |
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. % 10 | T A IFEC [T l” l | [ l L il ol AL T
1.1 Beta Function Measurement ‘ ’ ‘ 7 ’ , ‘ il ‘ ‘ - ‘ & ‘ ’
5 +-[{/{2 A e . Lol L-

o

N
o
r

P

average betay [m]
=
(92}

=
o

wu

1127



Proceedings of EPAC 2002, Paris, France

2 BEAM-BASED-ALIGNMENT (BBA) variationdr = 0.03, is possible without losing the beam, a
minimum beam offset 0§, ,.:» = 15pm can be easily de-

The BPM stations in the SLS storage ring are rIg"dlytected. Taking several data points by varying a local bump,

attached to the girders and serve as supports for the v fie . .
. oo e quadrupole-to-BPM alignment can be done with a pre-
uum system. According to the specifications of the BPQ q P g b

ision of~ 5 um. However some of the quadrupoles are at

support and the straightness rulers on the girders, ”}8\,\, beta values of 2.5 m which reduces the precision of the
quadrupole-BPM offsets are known to withirb0 um [2]. measurement te: 40 um

The presented beam-based alignment technique allows to
measure these offsets for the adjacent quadrupole-BPM
combinations withum precision. These offsets can be use-2 BBA Results
to calibrate the mechanical positioning system (POMS) |1 order to have a well defined tune variation
which monitors relative position changes of BPMs with ré{s5y = +0.025) during the beam-based alignment measure-
spect to adjacent quadrupoles using linear encoders [3]. ment, the previously measured average beta functions (see
section 1.1) are used to determine the allowed change of
2.1 BBAProcedure quadrupole strength. A hysteresis correction restores the
The applied method [4, 5] is based on the well knowrprbit_al_tu_nes after e_ach qu_adrupole variatiqn cycle, i_n order
fact that if the strength of a single quadrupgla the ring is to minimize the residual d|stort|o_ns of the I_mear optics.
changed, the resulting difference in the closed atbjt s) Fig. 3 shows the result of a single vertical BPM offset
is proportional to the original offset, of the beam af.
The equation for the resulting difference orbit is:

0.012 fit(offset = 47.5 +- 0.5pm) —— |
Ay"(s) — (k(s) + Ak(s))Ay(s) = Ak(s)y,(s).

0.014 T T T

T T T
ARIDI-BPM-07ME

The difference orbit is thus given by the closed orbit foré oo local bump scan
mula for a single kick, but calculated with the perturbed€ o0.008 -
optics includingAk(s). From the measured difference % 0.006 |-
(3
quadrupole 5 0.004 | BPM offset
BPM © 47.5um
beam with bump 0.002 |- l b
beam 0 J L 1 L
””””””” -04 -03 -0.2 -01 0 0.1 0.2 0.3 0.4
,,,,,,,,,,,,,,,,,,,,,, } ybpm y Yopm [MM]
Y~ Ybpm a

Figure 3: BBA data for BPM ARIDI-BPM-07ME showing
a vertical BPM offset of 47..ym with respect to the adja-
cent quadrupole ARIMA-QMD-07 at a beta function of 18
m

measurement for ARIDI-BPM-07ME. After taking a ref-

erence orbit, the adjacent quadrupole ARIMA-QMD-07 is
Figure 2: lllustration of the beam-based alignment techehanged byAkl = 0.017 n1 ! followed by a variation of a
nique applied to the quadrupoles with adjacent BPMs  local orbit bump of£0.4 mm. The square of the standard

deviation of the difference orbit, excluding ARIDI-BPM-
orbit the kick and thusy, can be easily determined and 07ME, versus the BPM reading is fitted by a parabola. The
compared to the nominal orbit,,, in the BPM adjacent difference between the minimum of the fit and the zero
to the quadrupole, yielding the offset between BPM andeading of the BPM determines the BPM offset. In this
quadrupole axis. The precision of the method is very mucbase the measurement reveals an offset of gmh5within
improved by taking difference orbit data for several localan error of+0.5 um. Fig. 4 summarizes the result for 66
beam positiong, varied with an orbit bump. The princi- vertical BPM offsets with measurement error variations be-
ple of the method is illustrated in Fig. 2. The error of thetween< 1 um and 50um. The offset distribution is fitted
nominal positionys,., for which the beam goes through the by a gaussian shifted by0.11 mm with a standard devia-
center of the quadrupole is then given by the resolution afon of 0.24 mm. Three BPMs show offsets larger than 0.5
the BPM system. In the SLS storage ring, a difference orbihm.
with an amplitude of fum can be clearly resolved [6]. This  The offsets have been fed into an SVD based global or-
results in a resolution for the local kick ef 0.25urad for  bit correction code in order to determine the correspond-
quadrupoles at vertical beta values of 20 m. Since a chan@igy corrector pattern. These corrector predictiorgol
in quadrupole strength akkl = 0.02 m~! causing a tune changé&) can be compared to the actual corrector settings
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Figure 4: Vertical BPM offsets with respect to adjacen
quadrupolesin the SLS storage ring. The offset distribution
is fitted by a gaussian shifted by0.11 mm with a standard [4]
deviation of 0.24 mm. The measurement error varies be-
tween< 1 pm and 50um.

(5]

(“present kicK) for a flat orbit. Fig. 5 depicts both patterns
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1 Figure 5: Comparison of actual corrector settingeésent
kick”) for a flat orbit and predictions for the correction of
the vertical BPM offsets ick changé) predicting an rms
kick reduction by 20 %. The squares(im kick) denote
the differences
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3 SUMMARY

The beta correction reduces the beta beat in the horizon-
tal and vertical plane by a factor of 2 with remaining beats
of ~ 4 % and~ 3 %.

Several vertical BBA measurements have been carried
out revealing BPM offset distributions with standard devi-
ations of~ 0.3 mm and variations ok 10 % over sev-
eral months. Horizontal BBA measurements taking into
account path length effects in the determination of the dif-
ference orbit have just been started. The “dynamic” beam-
based alignment based on the modulation of quadrupole
currents, at<10 Hz [7], observing the modulation fre-
guency component in the resulting orbit [8] is planned.
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