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The main mission of our laboratory is to develop accelerator
technology for X-ray FEL machine. In FY2006, big
achievement was made. We firstly observed the lasing at 49 nm
of SASE mode FEL at SCSS test accelerator, which was
constructed during 2004 ~ 2005. At SPrin-8 site, 8 GeV X-ray
FEL is under construction, in which our laboratory is deeply
involved in building low emittance injector and C-band main
accelerator.

1. Low emittance electron injector system
(1) CeB6 single crystal thermionic cathode for low emittance
gun.

Single crystal CeB6 has high emission density (>100 A/cm2)
and long life time (>5,000), with very flat cathode surface.
Evaporation of material from cathode surface provides
self-cleaning effect, and forming a flat surface along (110)
crystal orientation, which is very important to obtain low
emittance beam. The slice emittance of emitted electron is equal
to the intrinsic thermal emittance, which is 4 =.mm.mrad for 3
mm diameter. According to the theoretical analysis, the slice
emittance from the thermionic gun is held constant during beam
acceleration in DC field in the gun, followed by velocity bunch
compression, rf acceleration up to high energy. Only when the
beam is over compressed, the emittance is broken due to mixing
beam tails into core part.

The 500 kV gun with 3 mm diameter CeB6 cathode has been
installed in the 250 MeV SCSS test accelerator, and provided
low emittance beam into the injector and contributed the first
lasing.

(2) Development of injector complex based on velocity
bunching, and chicane bunch compressor.

The beam current intensity available from the thermionic
cathode is a few Ampere, which is much smaller than the peak
current required at the undulator for SASE-FEL. Therefore,
bunch compression is necessary to increase the peak current by
factor of 10°~10*. We have to maintain low emittance beam
through this compression, and this is one of the most important
technical challenge.

According to the relativistic theory of motion, we know that
the bunch length on the electron rest frame can be kept constant
when we compress the bunch length as inversely proportional to
the beam energy, thus the high beam quality is maintained.

Based on this theory, beam dynamics was analyzed using
computer simulation, and the injector system was designed,
which was installed in the SCSS test accelerator.

From the FEL power gain, we evaluated the electron beam
quality, and we found the beam brightness being 200
AJ/(mm.mrad)?, which is close to the design value. Through this
analysis, we confirmed our injector system showed design
performance, which meets the requirement for the X-ray FEL at
Angstrom wavelength range.

2. C-band Accelerator Technology Development

By using C-band accelerator, higher accelerating gradient
is available, thus we can make shorter the X-ray FEL facility,
which is about two times smaller as compared to traditional
S-band accelerator. C-band accelerator technology was
developed by H. Matsumoto and T. Shintake at KEK under the
ete- linear collider R&D during 1996~2000. We have
developed 50 MW C-band Kklystron, the choke-mode
accelerating structure (HOM damping structure), C-band
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waveguide system, the inverter type high voltage capacitor
charger  for PEN, RF-pulse compressor using
three-coupled-cavity chain.

After moving to RIKEN, we choose the C-band system in our
X-ray FEL project to accelerate beam up to 8 GeV within 400 m
long accelerator tunnel. Already, two C-band systems were
installed in the SCSS test accelerator (two 50 MW Klystrons,
and four accelerating tubes), and provided a 250 MeV beam at
35 MV/m accelerating gradient.

In order improve beam stability of the accelerator, we are

performing following R&D.

(1) Highly stable inverter type high voltage capacitor charger.

(2) Compact klystron power supply. Modulator and pulse
transformer are housed in one tank made by steel frame,
which provide superior EM shield and better temperature
stability.

(3) Highly stable high voltage monitor having very low
temperature coefficient < 100 ppm/deg-C.

3. Accelerator Technology Development
Our laboratory is performing following technology R&Ds.

They are not only required for X-ray FEL, but also applicable to

other accelerators and also industrial products.

®  Beam deflection kicker having sub-nanosecond raise time.

®  Frequency stabilized 238 MHz sub-harmonic buncher
cavity.

® 476 MHz sub-booster cavity.

®  APS(Alternating Periodic Structure) for low emittance
beam acceleration.

® Integrated waveguide system. Magnetic coupled power
pickup.

® Cavity-BPM for sub-micron meter resolution and

micron-meter absolute accuracy.

Alignment system using HeNe laser beam.

Concrete floor grinding machine “Yuka-to-Kensaku”

Stable support using cordierite ceramic.

Bunch length monitor using transition radiation at mm

wave.

Stable granite table for injector parts.

High precision distributed temperature control for water

cooling system.

®  |Q( In-phase-Quadrature) phase detector

® Fast ADC (12 bit, 238 MHz) having differential signal
input port.

®  Phase stabilized RF master oscillator.

®  Four parallel solid state amplifier (12 kW).

® 476 MHz, IOT rf amplifier.

Some of those developed technology has been employed in to

other accelerator, and also industrial applications.
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