Proceedings of the 19th Annual Meeting of Particle Accelerator Society of Japan
October 18 - 21, 2022, Online (Kyushu University)
PASJ2022 THOA04

BEBRPT DIV —FOREICH T HEBSIEREEED/NEES

DEVELOPMENT OF A VERY-SHORT-PERIOD UNDULATOR EMPLOYING A NEWLY
DEVISED MAGNETIC CIRCUIT

ER

Shigeru Yamamoto **)

A) Photon Factory, Institute of Materials Structure Science, High Energy Accelerator Research Organization, KEK

Abstract

We have been exploring a novel method to fabricate undulator magnets having a very short period length of a few
mm. Plate type magnets 100mm long with 4-mm period length have been successfully fabricated [1-3]. A connection
method of these magnet plates has also been successfully developed to fabricate longer undulator magnets [4-5]. Test
experiments for light generation using the real electron beam based on two kinds of sources were performed. One was
done at an S-band linac of the Tohoku University [6], and the other was at an experimental platform for a laser wake
field acceleration in SPring-8/RIKEN [7]. As a next step of the development, we have been trying to produce higher
magnetic field at very-short-period lengths of the undulators. For this purpose we are devising a new type of plate
magnets of the undulator, one period of which consists of 4 magnetic domains (or blocks), whereas the plate magnets
developed so far for the very-short-period undulators employs 2 domains per one period of the magnetic circuit. Present
status of the fabrication of the new magnets and the result of magnetic field measurement will be reported. Also we are
developing a compact undulator frame, in which magnetic attractive force produced by the main undulator magnets is
effectively cancelled out by repulsion magnets placed outward in the magnet gap. We found that the repulsion magnets
made by the 2-domain type plate magnets were very useful for this purpose. Present status of the development will be

reported.
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Figure 1: (a) Schematic illustration of multi-pole
magnetization employing a linear motor, where

perpendicular geometry is adopted, and (b) Formation of
an undulator field in perpendicular magnetization[14, 16].
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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[14, 16].
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Figure 3: Result of the magnetic measurement for the
plate magnet 100 mm long; (a) undulator field with a
period length of 4 mm measured at a gap of 1.4, 1.6 and
2.0 mm, and (b) orbit of an electron with energy of
2.5 GeV at the same gaps[14, 16].
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Figure 4: Two important types of Halbach magnetic
configuration; (a) M=2 type in which one period consists
of two magnetic blocks, and (b) M=4 type in which one
period consists of four magnetic blocks. This type is
commonly used in ordinary undulators.
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Figure 5: State of the art of the formation of the magnet
plates for M=4 type Halbach configuration; (a) comb-
shaped magnet plates 100 mm long (Au=4 mm), (b) an
expansion of the central part the comb-shaped plate., and
(c) the expansion with a magnet piece inserted between
the comb tooth.
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Figure 6: State of the art of the formation of the magnet
plates for M=4 type Halbach configuration; (a) comb-
shaped magnet plates 100mm long (Au=10mm), (b) an
expansion of the central part the comb-shaped plate., and
(c) the expansion with magnet pieces inserted between the
comb tooth.
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Figure 7: Result of the magnetic measurement for the
M=4 and M=2 type magnetic circuits 100mm long
(Mu=10mm). The field amplitude is enhanced from
6400G (M=2 type) to 9200G (M=4 type).
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Figure 8: Magnet arrangement to cancel magnetic
attractive force between the main magnet arrays. The
attractive force is cancelled by the repulsive force
produced by the magnets arranged at both sides of the
main array. A case for 10-mm period length is shown.
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Figure 9: Measurement of the force generated between
the undulator magnets 200mm long. The attractive force
without repulsive magnets (blue curve) is well suppressed
(orange curve) by the cancelling magnets; (a) a case for
the period length of 4mm, and (b) for the period length of
10mm.
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