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A highly charged ion (HCI) has a large potential en-
ergy and is accompanied with a strong electric field. Us-
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ing this unique property, we have been studying formation
mechanisms of nano-structures and ultra-sensitive elemen-
tal analysis of adsorbed atoms.

The interaction of highly charged ions with gaseous tar-
gets has been studied via (i) angular differential energy
gain spectra and (ii) multiple electron processes in close
collision conditions.

In order to realize positron cooling of HCIs, positrons
have been successfully accumulated in a multi-ring trap
(MRT) employing high-density electron plasma as an en-
ergy degrader. Eventually, ~10° positrons were stably ac-
cumulated. The accumulation efficiency achieved here is
more than 30 times larger than the best value ever achieved
by other techniques under ultra high vacuum conditions.
It was further confirmed that the stacking technique works
perfectly, guaranteeing this UHV scheme can be applied in
various fields of science including antihydrogen synthesis.

We have performed measurements of recoil ion momen-
tum distributions using a TW-fs laser system. A laser in-
tensity as high as 107 W/cm? and recoil momentum dis-
tributions up to Ar®* were successfully measured.

We have been developing a so-called “cusp trap”, which
consists of an anti-Helmholz superconducting coil and an
electric octupole trap. The cusp trap will be used to syn-
thesize and store antihydrogen atoms. The time evolution
of electron plasma in the cusp trap has been investigated
for the first time.

Antiprotons, as many as 5 million particles, have suc-
cessfully been trapped and cooled in a large multi ring
trap. Further, we have also developed a technique to ma-
nipulate the antiproton cloud, which enables for the first
time to extract a strong monoenergetic antiproton beam
of 10-250eV.

Development of SLOWRI, a slow RI-beam facility
based on the projectile fragment separator and the rf ion
guide method, is in progress. Slow RI-beams have been
produced with an overall efficiency of 4% by thermalizing
energetic ions from the RIKEN projectile fragment sepa-
rator RIPS in a He-gas cell and guiding them by dc and
rf fields to a vacuum vessel. A limiting effect is space
charge. Since the ionization of He atoms by the energetic
ions creates a region of high space charge, many of the
thermalized ions of interest are pushed to the walls of the
gas cell. These losses have been investigated for different
incoming ion intensities.

Experiments using slow RI-beams are being tested off-
line. An ion-trap setup for precision hyperfine structure
spectroscopy has been installed at the on-line beam line. A
multi-reflection time-of-flight mass spectrometer achieved
a mass resolving power of 110,000 for A = 28 ions. A
collinear laser spectroscopy setup aiming at isotope mea-
surements of Ni isotopes was prepared for off-line tests.

We have studied dynamical and permanent irradiation
effects on inorganic materials by fast heavy ions.

(1) We have applied a seismological method to ana-
lyze acoustic waves that were observed from short-pulse
irradiations of 3.8 GeV Ar ions on various materials. The
analyses show that the motion at the wave source is almost
isotropic in metals.

(2) We irradiated 26 MeV /u Xe ions on a Fe-50%Rh in-
termetallic compound that has an antiferromagnetic phase
below room temperature and a ferromagnetic phase above
it. We have found that the Xe irradiation stabilizes the
ferromagnetic phase even at 15K. It is known that Fe-
rich FeRh compounds (for example, Fe-45%Rh), which
contain Rh-vacancies and/or Fe anti-site defects, do not
show ferromagnetic-antiferromagnetic transition and are
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still ferromagnetic at liquid helium temperature. If such
lattice defects are produced in the Fe-5%Rh compound by
Xe irradiation, we can explain the irradiation-induced fer-
romagnetic state at 15 K.

We have been investigating a mechanism for observed,
optically forbidden transitions as well as optically allowed
transitions in a resonant coherent excitation of Li-like ions
under the planar channeling condition. We have obtained
information for the trajectory amplitude of channeling ions
where the optically forbidden transitions occur using the
relation between trajectory amplitude and energy deposi-
tion of channeling ions. Our preliminary analysis indicates
that the optically forbidden 2s-3s transition of Fe?** does
not occur near the channel center.

Three-dimensional medium-energy ion scattering (3D-
MEIS) has been developed for crystallographic structure
and elemental analysis of materials. The system of 3D-
MEIS is that a pulsed He™ ion beam with a pulse width of
1.3 ns at a medium energy of 100keV is used for an inci-
dent beam, the particles scattered by atoms in a sample are
detected using a three-dimensional (position-sensitive and
time-resolving) detector. 3D-MEIS spectroscopy provides
information on the two-dimensional blocking pattern and
flight times of particles scattered from a crystalline sam-
ple. Recently, in order to examine the performance of 3D-
MEIS, we have observed He particles scattered at a grazing
angle on the Si surface. The results show that 3D-MEIS is
a good technique for analyzing the scattering angle depen-
dence of the stopping power. This spectroscopy has been
also utilized for analyzing the strain of SiGe thin films. It
was found that 3D-MEIS is feasible to analyze the strain
of thin films.
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