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The main mission of our laboratory is to develop insertion
device technology for SPring-8, the 8-GeV synchrotron
radiation (SR) facility of third generation source. Before now,
we have completed 25 devices, generating synchrotron radiation
with the highest brilliance, which promotes new sciences
utilizing coherence property of the radiation. In addition, we are
developing an FEL in the soft X-ray region based on the
combination of high gradient LINAC and 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

permanent magnets was tested by using the linac at the Pohang
Light Source in Korea. Stability of irradiated magnet at low
temperature was tested. The irradiated sample kept in room
temperature showed any change. This confirms the reliability of
cryo-undulator that requires works in room temperature for
maintenance.

(2) Development of cryogenic undulators

Magnetic measurement on the cryoundulator prototype
was performed using an apparatus with two long bellows, which
eliminated the effects due to atmospheric pressure. A stainless
steel pipe was supported by a vacuum duct installed between the
two bellows and a Hall sensor was attached to the end of the
pipe. While the Hall sensor was being moved along the
undulator axis to measure the magnetic distribution, the pipe
was tilted due to torque generated by the expansion and shrink
of the bellows. In order to compensate it, the tilt angle was
measured with a clinometer placed on the vacuum duct. As a
result of the measurement, it was found that the peak field
increased according to the temperature decrease.

In addition to permanent magnet cryoundulators to be
operated around 140K, we have proposed another concept of
cryoundulator in  combination with bulk high Tc
superconductors (HTSCs). In this concept, ring-shaped bulk
HTSCs (bulk rings) are mounted on magnetic arrays that consist
of PrFeB permanet magnets, which makes it possible to operate
the undulator around liquid Nitrogen temperature, or lower. This
enables us to utilize the bulk HTSCs to enhance the magnetic
field. During the proof-of-principle experiments, it was found
that the performances of bulk rings degraded after several trials.
In order to investigate the reason, we measured the spatial
profile of the magnetic field generated by the bulk ring and
found that an electromagnetic stress could damage the bulk ring
mechanically.

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
experiments require linearly/circularly polarized light and a fast
helicity switching of circular polarized light. Therefore, the
undulator has three operation modes; helical undulator mode for
circular polarized light, figure-8 undulator mode for linear
polarized light, and asymmetric figure-8 undulator mode for fast
helicity switching. In order to realize the above three operation
modes, the undulator consists of electromagnets and permanent
magnets.

Now, we can use the helical undulator mode which provides
left and right-hand circular polarized light. The radiation of the
helical undulator mode has been used for the experiments of the
photo emission spectroscopy and the soft X-ray emission
spectroscopy.
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