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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.
Until now, we have completed 25 devices, generating syn-
chrotron radiation with the highest brilliance, which pro-
moted new sciences utilizing coherence property of the
radiation. In addition, we are engaged in 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 per-
manent magnets was tested by using the linac at the Po-
hang Light Source in Korea. The thermally treated mag-
net samples showed greatly improved resistance to elec-
tron irradiation. The thermally treated magnet samples
with very high coercivity showed little demagnetization by
radiation.

(2) Development of cryogenic undulators

Short periodicity in an undulator brings a number of
benefits as a synchrotron light source. It increases the
number of undulator periods and produces brighter radi-
ation. At the same time, high energy radiation becomes
available at synchrotron radiation facilities of medium or
small size. In SASE-FEL (Self-Amplified Spontaneous
Emission) facilities, a short period undulator is also at-
tractive, because it lowers the electron beam energy neces-
sary for FEL operation and reduces the size of the facility.
After the advent of in-vacuum undulators, short period
undulators have been widely used at small gaps in many
synchrotron radiation facilities. In order to pursue shorter
periodicity, however, further improvement of the magnetic
performance is needed. Although a superconductive device
is a prospective candidate, there still remains technologi-
cal R&Ds such as the thermal budget problem and new
magnetic field correction methods. In order to solve these
problems, we propose a new approach for the construction
of a high performance short period undulator, in which the
permanent magnets are used at cryogenic temperatures.
In this so-called cryogenic permanent magnet undulator
(CPMU), the magnetic field performance is improved by
roughly 30% compared with the current in-vacuum undu-
lators. Since the CPMUs are operated at the temperature
of liquid nitrogen or higher, a cryocooler with sufficient
cooling capacity (several hundred watts) is available and
the thermal budget is no more a problem. Moreover, there
is no quench in the CPMUs and stable operation of the un-
dulator can be expected. In this year, we have studied the
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characteristics of NdFeB magnets at cryogenic tempera-
tures and started the fabrication of a prototype undulator.

2. Development of Exotic Undulators

(1) Novel undulator with controllable polarization

After magnetic field measurements, the multi-
operation-mode undulator have been installed in BL17
SU/RIKEN beamline of SPring-8. Experiments to be
done at the beamline require linearly/circularly polarized
light and fast helicity switching of circular polarized light.
Therefore, the undulator has three operation modes; it
works as a helical undulator for circular polarized light,
figure-8 undulator for linear polarized light and asymmet-
ric figure-8 undulator for fast helicity switching. In order
to realize three types of undulator, the undulator consists
of electromagnets and permanent magnets.

At the period of beamline study, the power distribu-
tion pattern was observed directly by irradiating a fluores-
cent screen made of high-density sintered alumina called
a screen monitor. Furthermore, undulator spectrum were
measured by using a monochromator. The measured pat-
tern and spectrum agreed with the results which calculated
using measured magnetic fields. Now, in order to use all
operation modes at user time, we are preparing the feed-
forward table of the steering coil for COD correction.
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