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The main mission of our laboratory is to develop in-
sertion device technology for SPring-8, the 8-GeV syn-
chrotron radiation (SR) facility of third generation source.
Before now, we have completed 25 devices, generating syn-
chrotron radiation with the highest brilliance, which pro-
motes new sciences utilizing the coherence property of the
radiation. In addition, we are developing an FEL in the
soft X-ray region based on the combination of high gradi-
ent LINAC and a mini-gap undulator of in-vacuum type.

1. Development of short period undulators

(1) Radiation induced demagnetization of permanent
magnets

Radiation induced demagnetization of undulator per-
manent magnets was tested by using the linac at the Po-
hang Light Source in Korea. The resistance to radiation
of the magnet was remarkably increased around the liquid
nitrogen temperature.

(2) Development of cryogenic undulators

In order to pursue a short periodicity of undulators, an
improvement of the magnetic field performance of magnet
materials is indispensable. By using the permanent mag-
nets at cryogenic temperatures higher than the liquid ni-
trogen temperature, the cryogenic permanent magnet un-
dulator can increase the field performance by ~30% com-
pared to the existing in-vacuum undulators. Based on the
current SPring-8 in-vacuum undulator design, a prototype
undulator has been developed with high B, NdFeB mag-
net (NEOMAX 50BH) arrays (15mm period and 60cm
length). Although the expected increase of the magnetic
field was confirmed in this prototype undulator, mechani-
cal deformation of the undulator components due to ther-
mal shrink was not negligible. We will improve the undula-
tor design to solve this problem for the undulator operation
in a storage ring. Two novel undulators that utilize high
temperature superconductors (HTSCs) were proposed and
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R&D has been started. One is called cryoundulator plus
(CU+), and the other is called Superconducting Perma-
nent Magnet Undulator of pure type (SCPMU).

CU+ is an extension of the Cryoundulator under devel-
opment in our laboratory and equipped with ring-shaped
HTSCs to enhance the magnetic field. It takes advantage
of gap movement to magnetize the HTSCs, which is an
intrinsic function of undulators. Experiments have been
performed to demonstrate the principle of CU+, which
gave promising results. SCPMU has been proposed for
the development of an undulator with a shorter period
and stronger field and it can produce a much stronger field
than is achieved by undulators with conventional perma-
nent magnets if the critical current density of HTSC is
high enough. The concept of SCPMU was verified by ex-
periments performed using HTSC samples and a normal-
conducting electromagnet.

2. Development of exotic undulators

(1) Novel undulator with controllable polarization

The multi-operation-mode undulator has been installed
in the BL17SU/RIKEN beamline of SPring-8 where SR ex-
periments require linearly/circularly polarized light and a
fast helicity switching of circular polarized light. There-
fore, the undulator has three operation modes; helical un-
dulator mode for circular polarized light, figure-8 undula-
tor mode for linear polarized light, and asymmetric figure-8
undulator mode for fast helicity switching. In order to real-
ize the above three operation modes, the undulator consists
of electromagnets and permanent magnets.

As a result of the test operation, we found electron
beam instability in the figure-8 undulator mode. The cause
of the instability is under investigation using the 3D mag-
netic field data with SPring-8 Accelerator Devision’s co-
operation. On the other hand, the helical undualtor mode
has no effect on the operation of the storage ring. There-
fore, in order to use the helical undualtor mode at user
time, we are preparing a feed-forward table of the steering
coil for COD correction.
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