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An angstrom free electron laser (XFEL) is expected as a
revolutionary tool for both material and life sciences. This
research program, considered as an R&D for realizing XFEL
sources, includes trial construction of soft x-ray FEL and
developments of methods/instrumentation for bringing new
possibilities in the future synchrotron science. In concrete terms,
to realize a compact FEL facility, we are developing a
low-emittance e-beam gun of DC high voltage type, a
high-gradient linear accelerator of C-band type, an in-vacuum
mini-gap undulator with short-period length, various types of
x-ray interferometry for the characterization of XFEL.

1. Development of low-emittance electron linear
accelerators for SASE-FEL in the x-ray region

We constructed the prototype free electron laser facility
with the beam energy of 250 MeV, which is the 1/32 scale

model for the proposed XFEL facility. The prototype accelerator
employs 500-kV pulse electron gun using CeB6 single crystal
cathode, whose excellent performance was verified last year.
This year we have developed all injector components and
installed them into the prototype accelerator, that is, the pulsed
chopper, 238-MHz pre-buncher, 476-MHz booster, S-band
pre-buncher, S-band linac and the chicane energy filter.

We adopt the C-band accelerating system for the main
linac. Using 50 MW Klystron and rf pulse compressor, the
system drives two accelerating tubes at 35 MV/m, which is
enough to obtain 250 MeV by two C-band systems.

During November beam run, all hardware components and
control software were tested. 1 A beam was generated from the
electron gun, followed by forming bunched beam in the injector
system. The bunched beam was accelerated through C-band
system. The first light was the spontaneous emission from the
undulator, which was successfully observed from downstream
beam line.

We will start machine tuning and hope to achieve
SASE-FEL operation soon.

2. Development of undulators for SASE-FEL in
the x-ray region

For the SCSS prototype accelerator, another in-vacuum
undulator was constructed, the specifications of which were the
same as those of the existing undulator for the SCSS project,
constructed in 2003. It was found during the field correction
that individual magnet units have significant errors and the
resultant phase error was around 10 degree. After commission-
ing of the accelerator, the electron beam was injected to the
undulators and synchrotron radiation was observed in an optical
region. It was found in the following beam commissioning that
the newly constructed undulator has significant multipole field
error. In order to correct it, the undulator was taken away from
the accelerator tunnel and transported to the undulator assembly
hall. After correction of field error, it was verified that the
multipole components were reduced significantly.

3. Development of coherent x-ray optics for SASE-FEL
in the x-ray region

Super-smooth x-ray mirrors have been developed and
applied to advanced x-ray imaging for the use of highly coher-
ent x-rays from x-ray free-electron lasers. Collaboration on the
mirror figuring technology with a group of Osaka University led
to the fabrication of aspherical x-ray mirrors with
sub-nanometer figure errors. Two-dimensional focusing system
with the mirrors gave the world’s smallest x-ray focal spot with
the diameter less than 30 nanometer, resulted in the develop-
ment of a high-resolution scanning x-ray fluorescence micros-
copy capable of imaging chemical elements in biological cells.
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