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Abstract

When single swift heavy ion in MeV/u energy range irradiates solid matter, unique characteristic features that cannot
be brought about by any other means like photon or electron impacts are exhibited as a result of cumulative effects of
consecutive elastic and inelastic collisions between the projectile ion and target atoms. Those interactions of energetic ions
with materials are the basis of wide range of applications, such as material analysis, material modification and so on. The
present coordinated research is intended to clarify those collision processes inside the solid target as well as to quest for
controlled modification of physical properties of solid material. In collisions of swift heavy ions, energies transferred to
target electrons via inelastic processes are larger than those to target nucleus via elastic collisions by three orders of
magnitude. Such target-electron excitations are considered to play a role in material modification, as they take place as
deep as the ion range of 10 um inside the solid. The energy of the excited target-electrons is transferred to target lattice
and provides ultrafast local heating along the ion path, through which a cylindrical damage region of several nm of
diameter, i.e., an ion track, is formed when the electronic energy is larger than a material-dependent threshold value. In
the present coordinated research, we extensively continue our previous efforts by measuring charge-state evolution of
heavy ions after penetrating C-foils, by measuring secondary electron yields for cluster projectile ions, by observing local
structure and hardness change of intermetallic compounds with heavy-ion irradiation, by observing irradiation effects of
ceramics oxides, by observing the cluster effect on the ion-track formation, by observing dynamic behavior of lithium ions
in lithium oxide ceramics, and by metamagnetic-material formation with heavy-ion irradiation.

In the year of 2023, a significant progress has been made on ion-track formation by observing ion tracks for the first
time in diamonds via irradiation with Cg ions, which was published in Nature Commun. 15, 1786 (2024).

Keyword: charge-state distribution, secondary electron, cluster effect, amorphous, radiation effects, hardness, local
structure, Cqp ion, ion track, dynamic measurements, Lithium, Hydrogen, Lithium-cobalt oxides, elastic recoil detection
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Figure 1. Theoretical total and partial charge-exchange
cross sections for W' ions colliding on Kr atoms,
calculated with and without taking the rotational
interaction into account.
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Figure 2. Schematic view of the experimental apparatus
for zero-degree electron spectroscopy equipped with a
backscattering beam monitor.
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Figure 3. XRD profiles for NizZr7o sample before and
after100 MeV Au ion irradiation. (a)wide range scan,
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Figure 9. Bright-field transmission electron microscopy
(BF-TEM) images of diamond irradiated with 6 MeV Cego"
ions: The ion tracks are observed as black dots in (a) the
top-view configuration and as thick lines below the
surface marker layer in (b) the side-view configuration. In
(b), a Pt layer was deposited as a surface marker on the
irradiated surface of the diamond before thinning.
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Figure 10. BF-TEM images of diamond irradiated with (a)
200 MeV Xe'** ions (b) 2 MeV Cgo" ions: Both images are
in the top-view configuration. Both of the ion beams
provide almost the same electronic stopping power S, of
29 keV/nm. The tracks are observed only in (b).
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Figure 11. Temperature dependences of electric
resistivity and magnetization in CrGeTes irradiated with
200 MeV Xe ions.
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