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This laboratory is studying electron beam dynamics in
the X-ray FEL machine, which will be built at RIKEN
SPring-8 as a future SR source. The SASE-FEL (Self Am-
plified Spontaneous Emission mode Free Electron Laser)
is the only one realistic scheme to realize X-ray laser in
Angstrom wavelength. It requires a long undulator sec-
tion and a low emittance electron beam with high peak
current. In order to saturate the FEL within 20 m long
undulator at 3 nm wavelength, the emittance should be
lower than 27-mm-mrad with peak current higher than 2
kA.

We are developing the low-emittance electron gun, and
C-band main accelerator in the X-ray FEL.

1. Development of low emittance electron gun

In the X-ray FEL, we need to generate low emittance
electron beam. The normalized emittance should be lower
than 2m-mm-mrad, which is much lower value than that
in any existing machine. To make the thermal emittance
smaller, a small size of the cathode must be used. We
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use single-crystal cathode made by CeB6 with 3 mm in
diameter, and applying high voltage of 500 kV in 50 mm
gap.

We developed 500 kV gun system, and started opera-
tion from Dec. 2003. The operation test results are

(1) After few hours HV processing, voltage on the gun
reached to 500 kV. There is no serious HV breakdown.

(2) It generates 1 A beam current stably in daily op-
eration.

(3) Beam emittance measured by double slits was 1.1
m-mm-mrad. This is one of the top values in this field.

(4) After three months operation, no deterioration on
the cathode is observed.

(5) Beam current and energy are stable enough for
FEL application.

In the next year (2004), we install pre-buncher cavity
after the gun. By feeding 238 MHz RF power, we will
start beam bunching test, where the bunch length will be
10 psec, and peak current a few 100 A. By monitoring
beam emittance using the same method, we will verify the
beam quality will match to FEL requirement.

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

Hardware R&D on the C-band 5712 MHz RF acceler-
ation system was originally started by T. Shintake in 1996
at KEK for the e T e Linear Collider project. We decided
to employ this system in our X-ray FEL. C-band system
will generated very high accelerating gradient of 35 MV /m,
thus 1 GeV energy will be obtained within 30 m long accel-
erator. In SCSS group, we are upgrading klystron power
supply, such as, 50 kV inverter type HV-capacitor charger,
a compact oil-filled pulse modulator.

In the next year (2004), we will start to feed high power
RF into accelerating structure, and investigate its high-
field performances, and reliability for a long period of op-
eration.

3. Laser alignment system development

In the undulator section, the electron beam trajectory
has to follow a very straight line, in order to maintain
enough power gain of FEL action. According to the nu-
merical simulation, the tolerance is the order of 10 micron-
meter in transverse direction.

To guide the beam through the long undulator section,
which is 22.5 m long in case of 1 GeV SCSS, we will install
beam monitoring station in each gap between undulator
segments, that is, 4.5 m steps. To apply focusing on the
beam we install Q-magnet, and to control the beam tra-
jectory we move the Q-magnet in transverse direction. In
order to monitor the electron beam position we are devel-
oping cavity-type beam position monitor (Cavity-BPM),
and align BPMs we use HeNe laser. Inserting iris aperture
into the Cavity BPM block, and monitor the iris image on
CCD camera located downstream. By simply weight aver-
aging of CCD pixel intensity, we found laser spot center.
Adjusting BPM position to bring center, and repeat same
process for all BPMs, and aligned.

To support these equipments stably, a new ceramic
support stand, using cordierite, was also developed. The
cordierite has very low thermal expansion ratio, ~2 x 107°
/C, and mechanically rigid, thus suitable to this applica-
tion.
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