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The Advanced Electron Beam Physics Laboratory is
developing key technologies for X-ray Free Electron Lasers
of an 8 GeV energy scale, to be constructed at the RIKEN
SPring-8 site as a future SR source in the near future.
XFEL, based on SASE (Self Amplified Spontaneous Emis-
sion Mode Free Electron Laser), is the only realistic way
of creating X-ray lasers with Angstrom wavelength. It re-
quires a long undulator section (~ 80m) and a low emit-
tance electron beam (~ 1m.mm.mrad) with high peak
current (~ 2kA), and very tight trajectory straightness
(< 10 micron-m). We are developing all these technologies
except the undulator. In order to demonstrate SASE mode
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FEL operation, verify the key components, and debug, we
are constructing a test FEL accelerator of 250 MeV elec-
tron energy. The first lasing is scheduled for November
2005.

1. Construction of the test XFEL accelerator

Before the 8 GeV XFEL construction, it is definitely
necessary to check the basic design for SASE mode FEL,
debug the hardware in detail, and feedback onto the tech-
nical design. For this purpose, we are constructing a
test FEL accelerator at the SPring-8 site, which is about
1/20 downsize, and has beam energy as low as 250 MeV.
However, it will equipped with all the required hardware
items: (1) low emittance electron source, (2) C-band high-
gradient accelerator, (3) chicane type bunch compressor,
(4) in-vacuum undulator, (5) high performance beam po-
sition and profile monitor, (6) soft-X-ray detection and test
application station, (7) control system, (8) radiation shield
tunnel, (9) high precision cooling water system. The con-
struction is being carried out in collaboration with Chief
Scientists Kitamura and Ishikawa and their group. Fortu-
nately we have strong support from a JASRI team with
technical aspects and manpower. This will be much more
important in the 8 GeV XFEL construction.

2. Low emittance electron gun and injector de-
velopment

In the X-ray FEL, we need to generate a high qual-
ity electron beam, whose normalized emittance should be
lower than 1 7.mm.mrad, which is a much lower value than
in any existing machine. We have developed an HV elec-
tron gun with a CeB6 thermionic cathode which is 3 mm in
diameter. The first model started operation in Dec. 2003,
and we found beam emittance lower than 1.1 7.mm.mrad
at 1 A current and 500kV extraction voltage.

In 2004, we designed the following hardware compo-
nents, and some of them have been already fabricated: (1)
beam deflector (2nsec portion will be removed), (2) pre-
buncher cavity (238 MHz), (3) Booster cavity (476 MHz),
(4) S-band APS structure for buncher, (5) S-band travel-
ing wave structure to accelerate the beam to 30 MeV, (6)
all the high power amplifiers required for those cavities, (7)
control system and software, (8) trigger and RF reference
distribution system. All these components will be installed
into the test accelerator this year (2005).

3. C-band high gradient accelerator system de-
velopment

Hardware R&D on the C-band 5712 MHz RF accelera-
tion system was originally started by T. Shintake in 1996
at KEK for the e + e— Linear Collider project. Using two
50 MW C-band klystrons, a very high accelerating gradient
of 35 MV/m will be generated in four accelerating struc-
tures. An active length of just 230m will be enough for
8 GeV acceleration.

In 2004, we tested the accelerating structure with high
power. So far, we did not see any serious HV break-
down up to a 31 MV/m accelerating gradient. However,
we found that the dark-current emission was rather higher
than our expectation, that is, the emission charge per rf
pulse reached the same order as the main beam charge
of 0.5nC. Fortunately, all of the dark-current is gener-
ated at the metal surface, the phase space distribution of
which is (r, r’), and which has a blank hole at the cen-
ter where the main beam is located, enabling us to cut all
dark-current by means of a properly designed collimator.
Motor-controlled collimators will be installed at various
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locations in the test accelerator.

In the XFEL machine, the voltage fluctuation of the
klystron power supply directly affects the X-ray spectrum
wavelength, so we need a highly stable power supply. An
IGBT switching inverter HV generator for capacitor charg-
ing is under R&D. Recently a voltage ripple as low as
3x107* has been achieved. Before the XFEL construction
starts, we wish to complete R&D for a power supply with
stability 3 x 1075 and ripple 1 x 107°.

4. Stable installation technology development

In the undulator section, the electron beam trajectory
has to be very straight, in order to maintain enough power
gain of FEL action. Until 2004, we worked on developing
a high precision cavity type BPM, HeNe laser alignment
system, temperature stable stand using cordierite ceramic.
We continued this R&D and developed the following in-
strument in 2005.

(1) Concrete floor-grinding machine

In order to place equipment stably on the floor, we de-
cided to make a flat surface by grinding the concrete floor.
For this purpose we developed a new machine, which has
a rotating grinder with a diamond compound inside, and
is mounted on a precise mover which can be digitally con-
trolled in the x, y, and z directions. This new machine can
grind concrete to a very flat surface: the flatness is better
than 30 micron-m/m, and the tilt is lower than 30 micron-
m/m.

(2) Air-pad mover for precise alignment

The flat floor will provide a very stable setting for the
support stands. However, since the surface contact is so
good, it is rather hard to move the equipment without
lifting it. But, for the alignment process, it is better to
move it horizontally and not lift it. To accomplish this, we
put air-pads on all the bottom sides of the stands. With a
pressurized air supply, even a heavy mass like the klystron
and its tank (in total 3 ton) can be moved smoothly. These
two technologies can also be used in industrial applications.
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