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Abstract

This paper outlines a general beamline smoothing
concept based othe use of First Principle Component
analysis. Beamline smoothing is commonly used for theg
detection of blunders in the positioning of beam elements an{
to provide a smooth particle beapath with thefewest
adjustments to individual beam components. It also provide
the data for assessment of the achieved positioning quality.

|. INTRODUCTION

During the last thregearsthe Advanced PhotoBource
(APS) has been under construction at Argonne National
Laboratory.The APS is a 7-GeV synchrotrdight source
which is being used for basic researchmaterial science,
chemistry, physics, biology, and medicine.

The APS consists of a 70m-lodigear accelerator, a
positron accumulatoring (PAR), a synchrotroming (SY)
with a circumference of 368m, and the storage ring (SR) with
a circumference of 1104m (Fig. 1). The 40m electron linac
uses 200-MeV electrons fdhe production of positrons. In
the 30m-long linear accelerator section following the electron
linac, the particles gain a mass of 44@V beforeentering
the positron accumulatoring. From there thebeam is
injected into thebooster synchrotron which accelerates the
positrons from 450 MeV to 7 GeV before entering the stora
ring. The storagering can accommodate up to 68 x-ray
beamlines.

Fig. 1 APS site overview
[Il. THE BEAMLINE SVOOTHING CONCEPT

The global positioning accuracy for the beam
mponents is determined by systematicl random errors.
hen performing least squares adjustments of simeey
measurements, the data is assumed trdge of systematic
errors; otherwise theconcept of least squares is not
applicable. Many precautiorsse taken toeduce theeffects
of systematic errorgduring the measuremergrocess by
applying special survey procedures [2].

9 Using error propagatiofor the measurementetween
two primary control points [3}ieldsthe absolute positioning
envelope as shown in Fig. 2.

The absolutesrror envelope isninimal in thevicinity of

The most demanding relative alignment tolerance IIshe connection to the primary control network points and

. e . : feaches its maximunhalfway between thespoints. The
required forthe positioning of the storagang multipoles. . o
) . actual smooth beamline represented by the magnet fiducial
The maximum tolerable transverseand vertical

. Iy marks meanders within the boundaries of @beoluteerror
displacements for these beam components mustithen . ST X
+0.15mm [1] envelope as deplcted liye dashed line in Fig. 2. The ideal
- ' reference line given by the lattice coordindims each beam
component is shown as a solid straight line connecting the
two primary control points.

[l. ALIGNMENT TOLERANCES

The global alignment tolerance requires the positionin
of all beam componentgithin an envelop of £5mm otheir
ideal position. The circumference of the storaigg should
be within £20cm of the nominal design value.
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Fig. 2 Absolute error envelope Fig. 3 Smoothness criteria
IV. ALIGNMENT RESULTS

The task of the alignment team is to ensursn@oth After the completion of the storagmg girder alignment
particle beamline. It is of no importance to the operation dfie positions ofll quadrupoles, sextupolesid dipoles were
the accelerator wether thisurve is identical tathe ideal measured once monasing laser trackers [8]. In order to
reference line or one of many smoathrves within the obtain the connectiorbetweenindividual tracker setups,
boundaries of theabsolute error envelope as long as additional temporary control pointsvere installed and
smoothness between adjacent beam components nmisasured. The datmas analyzedsing a bundle adjustment
guaranteed. Therefore the goal of the relative alignsiept routine developed at SLACThe differences between the
is to obtain a smooth beamline withm@nimum number of resulting magnet positions from the bundle adjustment and
required adjustments to individual beam elements. the ideal locationsvere then subjected tahe smoottcurve

Different concepts have been proposed to tackle this tasiting operation.

See forinstance the approach taken by DESY to perform the The results of the smoothing process be seen in Figs.
relative alignment oHERA [4] or the route taken BERN 4 and 5for the transversand vertical deviations from the
for smoothing the SPS beamline [5]. ideal position. One cageethat thesmooth curve deviates

The approachused for smoothingthe APS booster from the ideal position by +4mm, within the confines of the
synchrotron and storage ring beamlines is based on aenvelop for the absolute positioning of beam components.
developmenbtriginating atSLAC for the relative alignment Finally Figs. 6 and 7show the histogramé$or the
of the SLC [6]. It is a general beamline smoothitmncept deviations of the multipoles from the smooth beamline. All
based on First Principle Component analysiand is components have been placgithin the 2 range. Out of
applicable to almostall bealines independent of the 680 multipoles, only 3% ithe transverse directioand 2%
beamline geometry.The beamlinggeometry is of no in the vertical direction havbeen placed ithe & to 20
importancebecauséhe algorithm operates on th#ferences range. The achieved relative position tolerances are +0.09mm
betweenthe idealand actuameasured position of theeam transverseand +0.07mm vertical, wellwithin the specified
component. tolerance level.

Principalcurvesaredefined as smooth, one-dimensional
curves passinghrough the middle of a p-dimensional data V. SUMMARY
set, minimizing the sum of the perpendicular distaricas
the data points to the curve. The result is a non-parametric Considering that arelative positioning accuracy of
curve with a shape suggested thy data. Theurves are +0.09mm in the transverse directi@md +0.07mm in the
found in an iterative processtarting with the principal vertical direction was achievednd taking intcaccount the
component line [7]. standard deviatiorfor the determination of the magnetic

A smoothness criteribas to baelefinedthatwill stop the center versusthe mechanical center of +0.075mm, the
iteration process orthe curve would approach each data position betweemagnetic centers is estimated to be within
point, thus defeating the purpose of smoothing. Irctise of +0.125mm [9].
the APS, all multipoles aresupposed to be aligned to The successfualignment of theAPS storageing is also
+0.15mm relative to each othérhat means that theiddle documented by theapid progress in the commissioning
component of thresuccessive beam elements numbered 1,gtogram. Shortly after the start of the storageg
and 3 in Fig. 3,should not deviate from atraight line commissioning phase, theam wagransported around the
connecting the end components by mdran Ah, which is whole ring using only four horizontal and threevertical
+0.15mm for the APS. correctors. Multipleturns have been recorded e mean

time and rf capture of the beam has been demonstrated.
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Fig. 4 Transverse displacements
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Fig. 5 Vertical displacements
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Fig. 6 Histogram of the transverse displacements of all
storage ring multipoles

Histogram of Smoothed Y Components in Storage Ring (Q+S)
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Fig. 7 Histogram of the vertical displacements of all
storage ring multipoles
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