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The development of an angstrom free-electron laser
(XFEL) is anticipated as a revolutionary tool for both the
materials and life sciences. This research program, which
aims at the creation of XFEL sources, includes the trial
construction of a soft x-ray FEL and the development of
methods and instrumentation for bringing new future pos-
sibilities in synchrotron science. More specifically, aiming
toward the development of a compact FEL facility, we are
developing a high DC voltage low-emittance e-beam gun,
a high-gradient C-band linear accelerator, an in-vacuum
mini-gap undulator with short period length and 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 have begun construction of a prototype free-
electron laser facility with a beam energy of 250 MeV, a
1/32 model for the proposed XFEL facility. A 500-kV
DC gun was successfully constructed last year. Other in-
jector components, including a pulsed chopper, 238-MHz
pre-buncher 476 MHz booster, S-band pre-buncher, S-band
linac and chicane energy filter are currently under con-
struction.

We have adopted the C-band accelerating system for
the main linac. The cavity has a choke-mode structure for
suppressing wakefield effects due to intense electron beams.
High field testing has been successfully concluded using
a klystron output power of 53 MW, corresponding to an
accelerating gradient of 32 MV /m. We intend to attempt
higher gradients by suppressing dark current.

Observation of the electron beam will be accomplished
using cavity beam position monitors (cavity-BPMs) with
20nm resolution. An important factor is accurate align-
ment of the BPMs; we have developed a laser-based align-
ment concept in order to obtain an accuracy of 5 pum.

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

New copper I-beams were built to improve reproducibil-
ity of the magnetic field in terms of phase error. I-beam
distortion was found to have significantly improved, but
there still remain problems with the magnetic field at
the junction between the magnet units, which we are not
studying.

R&D on field measurement techniques after installation
of a vacuum chamber, for which two candidates have been
considered. One is the pulsed-wire method, which is faster
than other conventional methods and permits obstacles,
such as the vacuum chamber, and the other a Hall probe
within the vacuum chamber, which would require careful
measurement of the Hall probe in order to obtain accurate
feedback of the position of the probe. We feel that many
components may be developed with this method, which
will be utilized next year.

3. Development of coherent x-ray optics for

SASE-FEL in the x-ray region
With the development of a new technique for mirror-
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coating without deterioration of the surface figure, we have
developed an x-ray-focusing system that has produced a
focal spot of 48 nm x 36 nm, the smallest yet seen in the
world. The system has been applied to scanning x-ray
fluorescence nanoscopy. Diamond crystals, a candidate for
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monochromator crystals for XFEL, were test using both x-
ray and optical techniques. A Fabry-Perot interferometer
was created in the hard x-ray region for the first time, in

collaboration with a research group in Taiwan.
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