MAGNETIC PERFORMANCE OF

INSERTION DEVICES AT THE

ADVANCED PHOTON SOURCE

E.R. Moog, I. Vasserman, M. Borland, R. Dejus, P.K. Den Hartog, E. Gluskin, J. Maines, and
E. Trakhtenberg, Advanced Photon Source, Argonne National Laboratory, Argonne, IL 60439

Abstract

The insertion devices (IDs) atthe Advanced Photon
Source have been magnetically tuned ninimize the
integrals of the field through théevices and taninimize

the variation of those integrals with gap, with a goal qf,

2 MEASUREMENTS OF THE FIRST AND
SECOND FIELD INTEGRALS

It is important that the integrals of tHeld through
the ID not change by much as the ID gaghsanged, so
at the neeffect of agap change onthe particle-beam

not perturbing the stored particle beam. Measurements Qfseq orbit is small. The firsind second fielintegrals
the particle beam motion as the ID gap was changed fougl oty the horizontakind vertical components of the

that the closed-orbit distortion was better than the magneticfield must be small enough to meet the APS

requirementand agreedwell with predictions based on
magnetic measurement results.
magnetic tuning is t@nsurehigh brilliance in thelow-

order harmonics by keeping the rms phase error small.

1 INSERTION DEVICES AT THE APS

Another goal of thg,

requirementthat the particle beam be stable to within
% of its emittance. If compensation by losairage-
ring steering correctors iglied upon, this translateimito

first field integral changes of no more than 100 G-cm and
second field integral changes of no mdran 100000 G-
cn? [1]. Without compensation, theequirement is a

The AdvancedPhoton Source (APS) has 23 insertionvertical firstfield integralchangeless than 26.5 G-cm, a

devices(IDs), of which 18areinstalled on thestorage

horizontal first field integral change less than 1G2m,

ring. Thirteen of the installedevices are 33-mm-period a vertical second fieléhtegral changeless than 37400 G-

undulators. Other installed undulators have periods of
mm, 55 mm,and 18mm; an85-mm-periodwiggler and
an elliptical wiggler with a 160 mnperiod complete the
list of installeddevices. The elliptical wiggler wasuilt
jointly by the Budker Institute of Nuclear Physics
(Novosibirsk, Russiaand APS; all the rest of the IDs
were built andtuned to demandingpecifications by STI
Optronics (Bellevue, WA). The IDs havendergone
further refinement of their magnetfield at APS since
their delivery. The straight sectiongherethe IDs are
installedarelong enough toaccommodateéwo standard-
length (2.4-meter) IDs, but only the sector that
occupied by the 55 mm and a 33 mm undulatorrhae
than one ID installed at present.

An early conceptual version of tf88-mm-period un-
dulators wasntended tohave aminimum gap of11.5
mm. The tuningcurve for this undulatorhowever,
predicted a decrease hrilliance of about #actor of 3
when moving at constant photamergyfrom the third
harmonic atclosedgap to the first harmonic at more
open gap. The usepseferrednot to have such &rge
discontinuity in briliance as the photoanergy was
scanned. In order to eliminate this jump, two thingse
done: the undulator magnetic design wabkanged to
increasethe magnetidield so the third harmoniowould
extend to lower energygndtighter toleranceswere placed
on the straightness of the vacuusmamber sathat the
undulator would be able to go to smaller gap.
undulators currently installed call go to aminimum
gap of 10.5 mm.
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2f?, and ahorizontal second fieldintegral changeless
than 11200 G-cfa

Measurements of the firsind secondntegrals of the
vertical and horizontal components of the magnefield
through each ID were made as a function of gap; one goal
of the magneticfield refining was to minimize the
changes in these integrals. Tdevelopment of magnetic
tuning techniques is anngoing process atAPS. New
techniguesare applied tolDs thatare subsequentlytuned
or retuned. The totahnge spanned bihe field integrals
as the gap is changed is shown in Fig. 1 for the APS IDs
iis they are presently configured.

Changes in the field integrals as measured in the mag-
netic measurement facility magiffer from the changes
when the ID is installed in the storage rifgpwever, due
to different environmental magnetic fields [2]. Tvena-
dium permendumpoles in these hybrid IDsan serve as
field shunts, either removing horizontal components of
the environmental field at small gap or focusingestical
environmental field across the gap at small gap.

Measurements of changes in the fmsd second field
integrals,and of changes inthe tune,were also made
using the particle beam in the storage ringThese
measurementare complicated by other sources of orbit
andtune motion,particularly becausethe gapchange is
relatively slow (approx. 1 min.) and thudulator-induced
orbit and tune changes are quite small. déalwith this,

Theye measurehe difference inorbit andtune between two

states of an undulator: "large" gap, typically 45 mm, and
"small" gap, typically 11 mm. We take, typically, 10
measurements per state, alternating randobdiween
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Figure: 1 First and second integrals of the vertcahorizontal components of the magnéef&d througheach of
the IDs, as measured in the APSgmgtic measurement facifit

states to reduce thaffect of drifts. These two gapsere the device. Fig. 2 shows a typical result fiisplacement
chosen because the extrema in figlgtgrals asmeasured in the vertical plane, along with the fit from the
in the lab ofteroccur atthese gaps.Each measurement simulation.
consists of acquiring the orbit (heaviyeraged taeduce While orbit displacementlata can be measuregsily
electronicnoise andfast beam motionandthe spectrum and accurately,the small tunechangesthat resultfrom
aroundthe vertical tune line (which isasier to measure changing an ID gaprenot readily measured. Whave
precisely than the horizontal tune). found that in general the vertical tunbange islessthan
The orbitdifference is determinedfter processing the 0.001, which is close to the limit of our ability to
orbits for eachstate to remove spikes that sometimesneasure.
occur due to malfunctioning beam position monitfks Measurements of the changesthe first and second
The undulatorerror field is modeled inthe accelerator integrals made using this beam-based technique agtee
simulation program ELEGANT using two angle kicks pethe results of magnetic measurements of the IDswhet
plane of beam motion, one eachend ofthe ID. The carried out before the ID was installed on the storage ring.
first integral is related to the sum of the kicks for a single
plane, while thesecondntegral isrelated tothe value of 3 PHASE ERRORS

the upstream kick. Thiprovides exact modeling of the  phaseerrors are another measuretbé quality of an
first and secon_d integrals by giving the simulation contrqlnqulator magnetic field. Amall rms phaserror is
of the change inslopeandangledue topassage through npeeded inorder to producéiigh-brilliance peaks in the
undulator spectrum, although theffect of alarge rms
phaseerror is greatefor high harmonics than for low
10[ . ] ones. The IDsundergotuning to decreasethe phase
: errors, and, as with the field integrals, progressibelyer
| results are being achieved. The phase errors for all the 3.3
L b (o j B cm undulatorsareshown in Fig. 3. The phase faned
| primarily by placing shims on top of the magnets on the
ol . i undulators. The magnets are recesdightly (<0.5 mm)
. as compared to the poles in these hylbid, sothere is
W N h B space to place shims without affecting the minimum gap.
- 1 | | NP R L O It has proved very useful in the tuning of theseices to
' : : c : haveshims thatare near-pure,i.e., thataffect only the
; o aee e Een 1050 phase or only the trajectory. #andardtrajectory shim
s (m) would be one that covers half of the magnet inltbam
Figure: 2 Difference in vertical orbit for twdifferent ID  direction and the whole magnet in the transverse direction.
gaps, as a function of positioround the ring. The (Four of these would commonly hesedtogether: one on
points are theneasuredlisplacementalues,andthe line €ach side of each dohe two poles thaface one another

is the fit from the simulation. The ID iscated atabout across the gap.) This shiserves to weaken the kick
25 m. given by the poleand thereby changes the angle of a

vertical orbit change (um)
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Figure: 3 Rmsphase errors oéll the APS 33 mm
undulators, at gap of 11.5 mm.

particle's trajectory through the ID. This shihgwever,
also has a strong direct effect on the phaseaasheseen
by placing two such shimadjacent toone anothemith

the opposite correction. The neffect onthe phasewill

be large, particularly for IDs that hawemall magnet
recesses, whereas thengll be no net effect on the
trajectory angle. If the length of the shim in theam
direction is made shorter, however, the dirfteéct on the
phase will be much smaller compared to éffect on the
trajectory [4]. For many of the undulators, it waand

1, 0.98,and 0.90, respectively. Theeffect on higher
harmonics is more pronounced, as can be seéiigin4.

The present phase errommeet the original design
intention for the standard 33-mm-period undulddecause
they were intended to be used ithe 1st, 3rd, and
occasionally 5th harmonics. Should a user want to use
higher harmonics, however, an undulatath a smaller

rms phase error would be advantageous.

4 SUMMARY

The IDs at the APS more than meet thgquirements for
magneticfield quality, so that userare now allowed to
changetheir gaps freely. Theequirementswill become
more demanding in the future as the quality of dtoeed
beam is improved or as users do more work at higher en-
ergy. We are developing techniques and applying them to
IDs to further refine the magnetic field quality. The long-
term magnetic performance of the IDs mayeffected by
radiation damagethough no effect has been seepet.

This is under experimental investigation [5].
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Figure: 4 Calculatedon-axis brilliance, beginning at the 6th harmonic.

The solid line is for38mm-period

undulator with the smallest rms phaseor (2.5 degrees), anthe dottedline is for an undulatowith an rmsphase

error of 4.6 degrees, at 11.5 mm gdghe brilliance above

50 kekWasbeen multiplied by a factor of 4 fatarity.

While this difference in rmphase error has no effect at lower gies, it would affect the brilliance atdhier enegy.
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