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direction, Z. It is possible to use a moving coil to obtain
Abstract the field map averaged over the length of the caoil.

Two insertion device magnetic structures havéeen Although thisapproach isnot sufficiently accurate
preparedfor the Advanced Photon Source (APS) FEL to obtain the harmonic spectrum, it g®od enough for
project [1]. The magnetic structurese standard APS the trajectory straightness determination. The
undulators, 2.4 m long with a 3.3-cnperiod. disadvantage othe moving coil is azero drift in the
Measurementsnd tuning of the undulators havebeen integrator thaleads tothe needfor a largedataset and
completed at a magnetic gap of about 9.3 mm, where K &xtensive data reduction to obtain reliable results.
3.1. Special measuremeiand tuning techniqueswere  Consequently, it is better to use the moving coil for
used to satisfy the tight trajectory straightness requiremergferencemeasurementand to apply the Hall probe for
tuning purposes. The tests show that the Serngrobe
provides reliableresults after properalignment.  The
measurement resultseshown in Fig. 1 for one of the
evices used ithe FEL beam line. It is worth noting

at a very precise alignment in the verticallivection is
required forthis specific Hall probeandfor the undulator
itself.

that the second fieldintegral be less than 3.3 kG—gm
The magnetidield strengths of the undulators must be
well matched;this leads to the requirementthat the
magnetic gap must be controlled to better than 1
microns.  Proper phasingpetween the undulators is
ensured by adjusting the length of ttift space between
the undulators. Thdrift spacelength that isneeded is
strongly affected by the end fields of the magnetic
structures. The results of measurements of the magnetic

field and calculations of the drift length are provided. 00—
‘S 80
1. HORIZONTAL FIELD =Yl
MEASUREMENTS =
S 40—
The tightrequirements for vertical trajectory straightness g 20—
of FEL insertion devices means that not onlyfield ‘T 0
integrals, but the magnetfield map as well, must be =
measured tchigh precision. The measurements of the ': -Se
horizontalfield in the presence of atrong verticalfield © 40—
(up to 1 T) is difficultdue tothe planar Hall probeffect f:’ i
[2], but precise alignment of the proban eliminatethis o -60—
effect for one particular pair gfoles. The taskecomes > _go—..i
even more complicated for an undulateith a large :
number of poles that are not aligned with perfect accuracy. -100
Due to specific tolerances afach particular magnetic -1000 0 1000
structure, it is by no meandear that it is possible to 7 (mm)

align the probe taneasurghe horizontalfield precisely

enough along the entidevice. To prepartor the FEL

project at the APS a test warformed to check the : - :

reliability of horizontal field measurements [3]. Two cl\:/lomparlson. The particlenergy is assumed to be 220
ev.

types of probeswere tested. Thesewere a custom-

designed two-axis Sentron analog Hall transducer [4] and a

two-axis Bell probe. A stretched-wire rotating caild an

81-mm-long moving coil were used to make thference

measurements. Insertion device Undulator A #3 usasl 2. RESULTS OF TUNING

for these measurements with a gap of 11 amd a peak

field of about 0.85 T. As the result of this test, a Sentro Fefavi .
probe was chosen for horizontal field measurements. .”The permanent support system for the oes 1S an

. X L L I-ﬁstyle fixed-gap structure, which allows only minor gap
main advantage othis probe isits small sensitivity t0  iavions of 9.3 0.2 mm. To facilitate shimming, the
angular orientation. Thigeaturemakes it possible to

obtain the proper field man of a device with maseviods initial tuning for the FEL project wagerformedusing a
. prope P . aYI00S ¢ frame variablegap mechanism thallowed full side
andimperfect alignment of the poles in the longitudinal

access for magnetic measurements. After performing the

Fig. 1 Hall probe measurementgith different Y offsets.
A moving coil reference measurement isncluded for
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Fig. 2 Horizontal trgectory of the first two FEL devices. The dark line is thggleé-averged traectos.

tuning on theC-frame and moving the devices to the
fixed-gapsupport,changes inthe field integralsand the

3. DISCUSSION

sag profilewere measured because of differences between

the magnetic structure supporting pointSonsequently,
it was found necessary to perform &ll set of
measurements on the fixed-gap suppoudriter toset the
proper value of the wiggler strengplarameter K, to tune
the trajectoriesand tofind the breaklength necessary for
proper phasing of thedevices. Toaccomplish this, a
feature waglesigned toallow access tadhe gap ofdevice
for the magnetic sensors all along the device lerait,a
set of measurements wpsrformedwith the Hall probe

and moving coils using this feature. Measurements of the

gap atseverallocations along thelevice were performed
with an accuracybetter than 5um to provide areference
so the gap profileould bereproducedafter moving the
device to its location on the beam line. Tireaklength
requiredfor proper phasing wasalculatedfrom measured
datausing theupgraded MA codd5]. The device was
divided into 3 parts: acentral part, and upstream and
downstream terminations. Polynomial fitting was
performed tosmooth thechanges associatedith local
distortion of phases. The break length is stroragfigcted
by the specific sag configuration of tdevice andvaries
by a few millimeters from device to device (see Table 1).

TABLE 1

UNA #21 UNA #22
DS end (cm) 19.68 20.44
US end (cm) 20.02 20.12

It is possible to change threquiredbreaklength to some

extent by phase shimming. The results of final tuning ar/hile there are local

shown in Figs. 2and 3 for horizontal and vertical

trajectories, respectively. The requiremenBd kG-cm2
corresponds to 4fm of trajectory displacement for a
particle energy o020 MeV. The maximum distortions
for the first two devices are smaller thatb pm.

We would like to discuss some specifiequirements
associatedwith this project. Planadevices atsmall
energy provide quite strong natural focusing in the vertical
direction due to edgefocusing from the magnets with
parallel edges. The focusing of a device is given by [6]:

K2
2y? %

ZLW

1
fy

where the relativistiey is the ratiobetweenthe particle’s
total energy and its rest energy, &21A,, f, is the
focusing length of the deviceyyLis the total length of the

device,and Ay is the period length of the wiggler or

undulator.

This focusing makes the vertical alignment of the
device critical: in our case the device must be alignizd
an accuracy of 5Am. It also means that measurement of
the magneticenter ofthe device isnecessary irorder to
find the difference between timeagnetic and the geometric
center, if any. Such measuremewtsye performedising
the well-known fact that the vertical magnetic field has its
minimum at the median plane of the pair of poles that is
the source of the magnetifield in hybrid structure
devices. Scanning of thdield in the verticaldirection
using the Hall probe allows one to obtain the location of
the magnetic center with a precision better thafa pm.
The set of measuremermsrformed onthe FEL devices
showedthat the magnetiandgeometric centersoincide
more closely than the positiomaccuracy required1].
distortions associated with
shimming at a particular pole or with the strength of the
adjacentpermanent magnet¢see Fig.4), the averaged
behavior of the magneticenter follows the geometric
center quite well. This means that for our particalse
the geometry of the device can be used agefeeence for
alignment.
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Fig. 3 Vertical trgectory of the first two FEL devices
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