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Abstract

We are exploring a novel method to fabricate undulator magnets having a very short period length of a few mm. Plate
monolithic magnets (PMM) made of Nd-Fe-B, 100mm long with 4-mm period length have been successfully fabricated.
The period length allows us to obtain 12-keV radiation with the first harmonic of this undulator in the 2.5-GeV light
source accelerator. A connection of these PMMs has also been successfully developed to fabricate longer undulator
magnets. As a next step, we are developing a magnetic cancellation method of an attractive force produced by the
undulator main magnets by using repulsion magnets. The attractive force is effectively cancelled out by them placed
outward in the magnet gap. We found that the repulsion magnets made of PMM were easily optimized in the present
system where the main magnets were also made of PMM. We also develop a compact undulator frame, in which attractive
force of the main undulator magnets is effectively cancelled out by the cancellation method using repulsion magnets. This
undulator is designed as a light source for an XUV-FEL which has been undertaken in the experimental platform at
SPring-8 for the JST-MIRALI project. Target undulator parameters for this experiment are: period length, Au=25 mm, field
strength K=1.4 at the gap=6 mm or larger, and number of period=80. The magnet array is divided into two segments I m

long each, gap of which can be controlled independently. The undulator system is as light as 500 kg/m.
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Figure 1: (a) Schematic illustration of multi-pole
magnetization employing a linecar motor, where

perpendicular geometry is adopted, and (b) formation of
an undulator field in perpendicular magnetization[10, 12].
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Figure 2: Magnetized plate magnets 100 mm long, 20 mm
wide and 2 mm thick with a period length of 4 mm, which
are coated with TiN. A pair of these plates is opposed to
form the undulator field[10, 12].

| FS16_FS19
T T

T T T T T T
gap=2.0mm

A
gap = 1.6mm MM“MMMMMMMMMn

0

000 b gap = [.dmm MN“MMMMMMM“MM

0
. A ) ) A ) . .

20 60 100 140 180

7 (mm)

B(G)

816 FS19
00 vap = 2.0mm |

"~

0
0.03 | gap = 1.6mm

)
003 ["eap = 1. 4mm JWW\ANUWWWNW
0 —H
L

1 L 1 L I L 1
20 60 100 140 180

displacem

z (mm)

Figure 3: Results of the magnetic measurement for the
plate magnet 100 mm long: (a) undulator field with a
period length of 4 mm measured at gaps of 1.4, 1.6 and 2.0
mm, and (b) electron orbits with an energy of 2.5 GeV at
the same gaps[10, 12].
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Figure 4: (a) Undulator field 500 mm long with a period
length of 4 mm measured at a gap of 1.2 mm. (b) electron
orbits of with a 2.5-GeV energy. A series of five PMM is
connected longitudinally and magnetized to form a field
500 mm long. It is then opposed to the other series
magnetized in the same way[9].

3. REMBZAWETUIDaL—2HiZR
5| NHEREDFRF

RO PMM ZRAWBER T Yol — 2T,
FORAHNNIEF LRI MNRE DI DR R LT,
ToValb—FRIKOa L RIMeEBFFTES, EBHIZ,
PMM %Rl U7z O3B AT |2 K DR 1A 8 7 XA+ H
THE. T Valb—HDI) O/ B AR DD
EMAHEIZ2 D, ZO A EHWRIT IR KICRDT

y [}

Main magnets:
| Attractive force

Repulsion magnets
Repulsive force

[ 4

Figure 5: Magnet arrangement to cancel the magnetic
attractive force between the main magnet arrays. The
attractive force of the main magnets is cancelled by the
repulsive force produced by the repulsive magnets
arranged at both sides of the main array. A case for 4-mm
period length is shown.
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Figure 6: Measurement of the force generated between the
undulator magnets 200 mm long. The attractive force
without repulsive magnets (blue circle) is well suppressed
(orange circle) by the repulsive magnets. The result for the
period length of 4 mm is shown.
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Figure 7: Photograph of the JST-MIRAI XUV-FEL
undulator 2 m long. It is composed of 2 segment undulators
(U#1 and U#2), 1 m long each. The gap of each segment
can be changed independently.
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Figure 8: Installation of magnets into the compact, slender
and light frame of the JST-MIRAI XUV-FEL undulator.

Gap — Magnetic force

600.0 % ) .
'y ~Main attractive force: g>4.6mm
Z5000 % *Repulsive force: g>4.6mm
2000 % - Force after cancellation: >4.6mm
2400
s 7.0 °.
3000 228 -L=200mm
7.0 -
g 63 7.8
200.0 5
[0 82 o
£1000 5.9 95 L] ° -483 -36.6
= 93 By _Jé.igﬁ ®
T e 0ee 14 0¥ 1 _f%g;ml 2 ;‘Mﬁﬁmwa
2 0 5 7.7 LBy #8575 20 25
Z1000 9 101855 4585 Gap [mm]
7] . ® -143.4 p
2 B33 e -1859 7.7
2000
:
300 e 3184
4941 @ -364.817.9
-400.0 -493.6 “364.2
-500.0 sz -441]
-584.9 @8 “a¢ Undulator magnet for JST-MIRAI
5847 @

-600.0 XUV-FEL(~50nm) @5SP-8 site :

6000G@ g=6.4mm & Au=25mm
eDERAE e@x2 erfat+FR(E)

-700.0

Figure 9: Force before and after magnetic cancellation for
the JST-MIRAI XUV-FEL undulator with Au =25 mm.
Test measurement was made for the magnet length of 200
mm. The attractive force without repulsive magnets (blue
circle) is well suppressed (red circle) by the cancelling
magnets (orange circle).
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Figure 10: Magnetic measurement for the 2m-long magnet
array of the JST-MIRAI XUV-FEL undulator with Au=25
mm. It is composed of 20 PMMs (100 mm long each)
connected. Field strength at gap=6.4 mm and orbit for the
2.5-GeV electron beam with zero emittance are shown.
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Figure 11: Characteristics of the radiation from the JST-
MIRAI XUV-FEL undulator. Present result represents the
nature of the undulator radiation for the electron beam
energy from 380 to 400 eV.
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