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Scope of Research
]

Particle accelerators have contributed to the progress of science in a variety of fields. Our current research is in neutron
science and participation in the International Linear Collider (ILC) project. The following subjects are our focus: 1) neu-
tron beam focusing by modulating sextupole magnets, 2) neutron acceleration/deceleration, 3) compact neutron source
including ion source, 4) permanent quadrupole magnets for final )
focusing of ILC, 5) nondestructive inspections for superconducting =
accelerating tube towards higher yield and performance and multi
layered film structure for RF, and 6) their subsidiary subjects.
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RF Synchronized Short Pulse Laser Ion
Source

In order to enhance the accelerating efficiency of a
front-end ion accelerator and develop a compact ion beam
injector, we were studying an RF synchronized short pulse
laser ion source.

The interaction between lasers and matter is promising
for producing high current ion beams. In conventional laser
ion sources, laser plasma is produced in a field-free region
with a laser pulse whose pulse duration is more than a few
nanoseconds. In this case, laser plasma expands before ions
are extracted and the pulse length of obtained ion beams
is over a few microseconds. Since the operating frequen-
cies of RF ion accelerators are usually between a few tenths
of MHz and a few hundred MHz, the ion beam must be
bunched before acceleration. To keep beam emittance
low, bunching should be performed adiabatically and the
length of bunching section must be long. If an ion source
can produce a short pulse ion beam, ions can be accelerated
without the bunching process and the bunching section is
no longer needed. An interaction between matter and ultra-
short (femto-second) pulse laser would allow production of
plasma with a short pulse structure (<5 ns). If the produc-
tion of the plasma occurs in RF electric field, ions can be
extracted without expanding, and pulse length of obtained
ion beam would be shorter than 5 ns. Ion beams can be
accelerated as micro bunches (Figure 1) by connecting an
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Figure 2. Design of RF resonator.

RFQ (radio frequency quadrupole) linear accelerator to this
ion source directly.

A proof-of-principle experiment was performed to
produce a short pulse laser ion beam. In this experiment,
hydrogen gas was ionized with 40 fs laser in RF electric
field. To generate the longitudinal RF electric field, a 53.3
MHz RF resonator was designed and fabricated (Figure 2
and 3). The Q factor of the resonator was 190 and the gap
voltage was 2.5 kV with 250 W input power. A pulse gas
valve unit with a piezoelectric element was set in the reso-
nator and a H, gas jet was supplied into the laser interaction
region just before laser irradiation.

Tuning the laser power density to 10'“-10" W/cm?,
charge particles extracted by RF electric field were detect-
ed by the ion probe at the exit of RF resonator. The detected
current was changed depending on initial RF phase (Figure
4). Positive current was detected in a phase range between
180 degrees and 270 degrees. The pulse length of the ion
beam was 3.1 ns (FWHM) and the peak current was up to
1.2 mA with an initial RF phase of 240 degrees. This pulse
length is short enough to inject into the accelerating section
of RFQ to enhance its accelerating efficiency of RFQ.
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Figure 4. Measured current at the exit of the RF resonator with various
RF phases.
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