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Abstract

When even a 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 several consecutive elastic and inelastic collisions between the projectile ion and target atoms. Such interaction
of energetic ions with materials is the basis of a wide range of applications, like materials analysis, materials
modification and so on. The present study is intended to clarify those collision processes inside the solid target as well as
to quest for controlled modification of physical properties of solid materials. In collisions of swift heavy ions, energies
transferred to target electrons via inelastic processes are much 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 materials modification, as
they take place as deep as an ion range of 10 pum inside the solid. Since each inelastic collision process is strongly
affected by the charge and electronic states of the projectile ions, information on the distribution and evolution of charge
states in matter is essential for the basic study and applications of heavy-ion irradiation. Another cumulative effect of
collisions of secondary ions and electrons, kicked out from the target by the projectile ions, cannot be neglected. It is
also known that the intensity of such secondary particles is affected by the cluster effect, brought by vicinage effects of
projectile ions. The energy of the excited target-electrons is transferred to the 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 study, we
extensively continue our previous efforts by measuring equilibrium and pre-equilibrium charge-state evolution for W
ions after C-foil penetration, an observation of cluster effects in convoy electron yields for C-cluster ions formed in
C-foils, initial charge dependence of swift-heavy-ion irradiation effects on WO; thin films, swift-heavy-ion irradiation
effects on atomic lattice structure and magnetic properties of CeO, non-magnetic oxides, and direct observation and
electronic stopping power dependence of ion-tracks created on CeO,, as well as tracing ion track temperature created by
grazing angle irradiation of amorphous SiN films.
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Figure 1. (a) Charge-state distribution for 1.0 MeV/u
W!'3* projectile ions after penetration through 2.1, 3.1, 5.0,
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MeV/u W% (q = 13, 15, 28, 29, 30, 38) projectile ions
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Figure 2. Convoy electron yields emitted from Cs¥, C;",
and C cluster ions through C-foils at 3.5 MeV/atom.
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Figure 11. Heavy-ion-irradiation induced magnetization
of CeO; as a function of ion fluence.
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Figure 12. HAADF-STEM images with intensity profiles
of CeO; irradiated with (a) 100 MeV Kr®* to a fluence of
1.0x10" cm™ and with (b) 340 MeV Au?" to a fluence
of 3.0x102 cm™2.
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Figure 13. Transmission Electron Microscope (TEM)
image of Au-nano-particle-deposited amorphous SiN
film after irradiation with 380 MeV Au ion beam.
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