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Abstract permendur pole pieces (a saturation fielg2B3 T) are
arranged, as shown in Figure 1. Unlike the conventional
We designed a high-field multipole wiggler which carhybrid multipole wiggler,eachpole piece has side magnets
produce &igh flux of hardX-rays everwith asynchrotron on both sides to strengthen the magnetic field between the
radiation source of a relatively low energy. In this desigmupperandower magnetarrays. The sizes of the magnets and
the polepieces arenade othigh saturation materi@ndthe pole piecesveredecided so as tmptimize thefield strength
permanent magnet arrangement is devised to enhance ahe cost effectiveness for a 110 mm width of the magnet
field strength. Ahalf-scale modevasmanufacturedandit array and a 10 ciwigglerperiodlength. Theparameters of
wasconfirmed by fieldneasurements fgenerate a magnetic the model wiggler are summarized in Table 1. Each main
field up to 3 T in agreementith field calculations. The full magnet of thenodel wadabricatedvith ten magnet blocks
scale wiggler can achieve the same field strength at tttehave the same condition as the full scale, though the

doublegap width. number of blocks was toorlze forthe modelmain magnet.
For the same reason, each side magnet is made of two
1 INTRODUCTION magnet blocks glued to each other. The main and side

Multipole wigglers are expected to provide hard X-rajn@dnets are supported by corresponding magnet holders
radiation inthe VSX lightsource[1], a VUVandsoftx-ray ~made ofstainless steeindthe magneholdersarebolted to
high-brilliance synchrotron radiation source being plannéjStainiess-steel base plate. The pigeeis dovetailed and
by the University of Tokyo. Since theitizal photon 9/u€d to @ pole piece holder and its verticalipos can be
energy of a multipole wiggler is proportional to thduned ywthm a range of about 1 mm by a bolt joining the
magnetidield andthesquare othe electron beam energy, aP°!€ Piece holder to the magnet holder. All of the side and
high-field multipole wiggler can radiate high-energy™@n magnets and pole pieces are alspperted by a
photons in aelectron storageng of a relatively lovenergy stainless-steel protective bar WhIC'h pass in the x-direction
such as the VSX light source. It can also reduce the toffough shallow grooves made in their front and back
wiggler length for aequiredphoton flux with theesutant ~ Surfaces.
production economy.

Design study of a high-field multipole wiggler was
performedvith the help of a 3dield calculation program [2]
and ahybrid structure[3] waadopted.This wiggler has the v
ability to generate a magnetic field more than 3 T on x
calculationand it differdrom theordinary hybridvigglerin /
that, in order to strengthen the magnetic field, each pole z
piece issurrounded bjour permanent magnets optimized in
size. A half-scale model (1/2 in dmensions and 1/8 in ——>
volume for one period unit) with three poles was
manufactured arits field measurementsere made toerify
the magnetic performance. In this paper, we report the
structureandfield measurements of theodel wiggler.

Pole Piece

2 STRUCTURE OF MODEL WIGGLER
Side Magnet Main Magnet

2.1 Magnetrray Figure 1: Schematic view of the magaety ofthemodel

The magnet array has a hybrid configuration where Nd-Ferultipole wiggler. Tharrows orthe magnetidicate the
B permanent magnets (a remanent fieJdlB®8 T) and directions othe magnetization.



Table 1. Parameters tife modelmultipole wiggler

Period* 10 cm

Main Magnet Size* 110 x 75 x 36 mm
Side Magnet Size* 425 x 75 x 18 mm
Pole Piece Size* 25 x 66 x 18 mm
MagnetArray Size** 110 x 75 x 182 mm
Number ofPoles 3

Gap 2-100 mm
MagnetMaterial Nd-Fe-B B=1.28 T)
Pole PiecéMaterial Permendur 82.3 T)

* The values of theggarameters adoubledor the fullscale
wiggler.
** End platesandmagnetholdersarenot included.

2.2 Mechanical Support

3 FIELD MEASUREMENTS

Detailed field measurements were performed by a field
measurement system which consists of an automated
three-axis positioning bench with a Hall probe. In the
measurements, therfaces ofhe polepiecetips werefixed

on the same plane as those of the magnets.

Figure 3 shows the measured field distribution along
the z-axis at seven magnetic gaps. The magnetic field at
three peaks corresponding to the three poles, one central
peak (PeakIgndtwo side peakéPeak?), in the distribution
exceeds 3 T at the gap of 3.5 mm or less and Peakl has a
slightly lowerfield than Peak2. Thaveragg@eak feldwill
approach tohe Peakfield more closely than the Pedfiéd
if the number of poles increases. The field distribution
becomes a sineurvewith increase othe magnetic gap.

The stand of the model multipole wiggler mechanically

supports the magnatraysandadjusts their gap. Thstand
is 600 mm x 400 mm x 987 mamdconsists of foulinear
guidesand aball screwjack whichdrivesthe uppemagnet
array ofapproximately 50 kg. Thieandle ofthe ballscrew
jack gives a1 mm gaphange per threternsandtheclamp
lever can fixthe handlefor safety. Thedriving range of gap
is 2-100 mmandlimited by the stopper on the linearide.
In addition, the projections of 1 mareestablished on two

i : -1
stainless-steel end plates of each magnet array in order tfgat

the upper magneloes nostick to the lower magnefThis

stand resists the absorptivity of 1700 kg at the magnetiE

field of 3.5 T,and itdoes notumble by agreatearthquake.

Figure 2 shows a whole view of the model multipole

wiggler.

Figure 2: Photograph of thraodel wiggler
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Figure 3: Field distribution along the z-axis at seven
differentgaps.

Thefield distribution of thex-direction inthecentral
pole at two different gaps is shown in Figure 4. The
magnetidield atthe gap of 3 mndrastically changesround
the x-position of 12.5 mm which corresponds to the half
width of the pole piece, while the distribution curve at the
gap of 30 mm is relativelymooth. Thédull-scale wiggler
will also have asudden decreasettife magnetidield at the
x-position of about 25 mmHoweversuch dield decrease
is expected not to affect the beam seriously, because the
dynamic aperture limited by sextole magnet fields and
magnet alignmerdrrorsin alow-emittanging such as the
VSX light source is comparablath the polepiece width of
the full scale wiggler[4].Figure 5 shows the magnéefiild
of the y-direction in the central pole at the gap of 30 mm.
The field around the gap center (y=0) is willefl with a
hyperbolic cosineurve.
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Figure 4: Field distribution of the-direction inthecentral

pole at twodifferentgaps.
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Figure 5: Field distribution of thg-direction inthecentral

pole at the gap of 30 mm.

Figure 6 shows the galependence dfiepeak (Peakl)
field obtained by the field measurements.
peak fields othe modelandfull scalearealso shown in the
As shown in Figure 6, the

same figure for comparison.

The calculated

—e— measurement(model)
— — -calculation(model)
------- calculation(full scale)

Magnetic Peak Field [T]

P T A A A R B,
0 5 10 15

Gap[mm]

30

Figure 6: Measured (solid line) and calculated (long- and
short-dashed lines) gap dependence of the magnetic peak
(Peakl) field.

4 CONCLUDING REMARKS

The model wiggler succeeded in generation of a magnetic
field more than 3 T, as predicted by the field calculations.
The full scale wiggler will attain the same field at a gap
twice as wide as the model. Such a high-field multipole
wiggler is expected to contribute to developments of
scientific researches requiring hard X-rays, because it can
produce hard X-ray radiation even in a low-energy ring.
Furthermore, if the magnetic structure adopted in the
multipole wiggler isapplied toundulators, it willguarantee

a high magnetifield even for ashortundulator periodX, <

4 cm) and provide a highly brilliaWUV to soft X-ray
radiation, keeping a magnetic gap sufficiently wide for a
satisfactory beam lifetime.
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