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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
several consecutive elastic and inelastic collisions between the projectile ion and target atoms. Those interactions of
energetic ions with material 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 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 material modification, as they
take place as deep as the ion range of 10 um 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. 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 observing charge-
state evolution for C-ions after penetrating C-foils, by measuring electronic sputtering yields of SiC and KBr with high-
energy heavy ion irradiation, by observing amorphization processes of inter-metallic alloys with heavy-ion irradiation, as
well as by observing an elongation of Au nanoparticles embedded in amorphous C-covered SiO; substrates irradiated with
energetic heavy ions.

Keyword: swift heavy ion, heavy ion irradiation, charge-state distribution, electronic sputtering, lattice disordering, SiC,
KBr, bandgap scheme, intermetallics, hardness, amorphous, nanoparticles elongation
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Figure 1 Charge-state distribution for 184 MeV (a) W**
and (b) W3°* jon after C-foil penetration.
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Figure 2 (a) Areal density of Si (10 cm) collected in
C-foil sputtered from SiC, (b) XRD intensity of SiC vs
ion fluence (10*2 cm?) for 198 MeV Xe (A), 99 MeV Xe
(0), 89 MeV Ni (Vv), 60 MeV Ar (o) and 55 MeV CI ()
ions with the equilibrium charge. An estimated error of
the areal density and XRD intensity is 10 %.
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Table 1 Electronic (Se¢), nuclear (Sn) stopping powers
(keV/nm) near surface of SiC and KBr, and projected
range (Rp in um) for 198 MeV 1¥Xe, 99 MeV *Xe, 89
MeV *Ni, 60 MeV Ar*” and 55 MeV CI*" ions calculated
using TRIM1997M4 and sputtering yield Y (per ion) of SiC
and KBr. S¢? (keVV/nm) is the electronic stopping power
averaged over the depth of dxe (um) relevant to XRD and
Yo (10*2cm?) the XRD intensity degradation.

lons Se Sv Rp
(keV/nm)  (um)

Y S™Mdxe) Yb
(102cm?)

SiC

198 MeV Xe 20.74 0.0735 15.3 258 17.62(10.5) 0.41

99 MeV Xe 17.2 0.129 10.2 200 13.53(6.5) 0.29
89 MeV Ni  11.35 0.0207 10.3 110 9.91(8.5) 0.145
60 MeV Ar 6.4 0.00924 10.5 44.4 5.97(9.2) 0.052
55MeV Cl 6.1 0.00794 10.1 40.0

KBr

198 MeV Xe 12.38 0.0508 27 713 11.63(8) 2.35
99 MeV Xe 9.7 0.089 18.3 500 8.5(8) 1.3
89 MeV Ni 6.81 0.014 18.3 113 6.64(8) 0.64
55MeV Cl 3.65 0.0053 17.9 30

Table L IZRT, BoHiiz A 8y & U o 7 SR T
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% Table L IZ”d, ETEA NNy Z Y o 7ICFHE5T
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Figure 3 Sputtering yields at S;=10 keV/nm vs bandgap,
Eq (eV) for SiC and KBr (e), other datal*l and LiF (e)°],
E, dependence of the upper limit of the sputtering yields
at Se=10 keV/nm is indicated by dash line for Eg >3 eV.
Similarly, Eq dependence is shown for Se =15 keV/nm
(dot line) and 5 keV/nm (dot-dash line).
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