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Abstract

We have been 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 4-mm 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 method of these magnet plates has also been successfully developed to
fabricate longer undulator magnets. As a next step of the development, 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 are also developing a
compact undulator frame, in which magnetic attractive force between the main undulator magnets is effectively cancelled
out by the above cancellation method using repulsion magnets. This undulator is designed as a light source for an XUV-
FEL development which has been undertaken in the experimental plat-form at SP-8 for the JST-MIRAI project. Target
parameters of the undulator for this experiment are: period length, Au=25mm, field strength K=1.4 at the gap=Smm or
larger, and number of period=80. The magnet array is divided into two segments 1m long each, gap of which can be
controlled independently.
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Figure 1: Schematic illustration of multi-pole
magnetization employing a linear motor, where
perpendicular geometry is adopted [10, 12].
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Figure 2: PMM (Plate Monolithic Magnet) 100 mm long,
20 mm wide and 2mm thick with a period length, Au of
4 mm, which are coated with TiN. A pair of these plates is
opposed to form the undulator field [10, 12].
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Figure 3: Result of the magnetic measurement for PMM
100 mm long; (a) undulator field with Au=4 mm at a gap
of 1.6 mm, and (b) an electron orbit with energy of
2.5 GeV[10, 12].
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Figure 4: Magnetic measurement for PMM 200 mm long,
where 2 PMMs (100 mm long each) are connected; (a)
undulator field with Au=4 mm at a gap of 1.1 mm, and (b)
an electron orbit with energy of 2.5 GeV[10, 12]. Green
arrow shows the connection point.
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Figure 5: Magnet arrangement to cancel 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 10-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 cancelling magnets. Case for the
period length of 10mm is shown.
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Figure 7: Design drawing of the JST-MIRAI XUV-FEL
undulator 2m long. It is composed of 2 segment undulators
(U#1 and U#2) 1m long each. The gap of each segment can
operate independently.
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Figure 8: Field strength as a function of the magnet gap for
PMM with Au=25 mm: Results for other period lengths
(Au=4 mm and 10 mm) are also shown.
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Figure 9: Force before and after magnetic cancellation for
the JST-MIRAI XUV-FEL undulator with Au =25 mm.
Test measurement was made in case of 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).

Figure 10: Installation of magnets to the compact slender
and light-weight frame of the JST-MIRAI XUV-FEL
undulator.
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Figure 11: 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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