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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 secondary electron yields for cluster projectile ions, by
measuring lattice disordering and electronic sputtering of WOs thin films with high-energy heavy ion irradiation, by
observing local structure and hardness change for NiZr alloy with heavy-ion irradiation, as well as by observing a shape
elongation of Au nanoparticles embedded in SiO, substrates with coverage of ITO (In;xSnsO,, x ~0.1) and NiO after
energetic heavy ion irradiation.

Keyword: swift heavy ion, heavy-ion irradiation, charge-state distribution, charge-state effect, WO; films, lattice
disordering, electronic sputtering, compound alloy, local structure, amorphous, nanoparticle elongation
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Figure 1. Evolution of mean charge-state for 12 MeV
(C1.3.4.5.6+ jons after C-foil penetration.
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Figure 2. Convoy electron yield in C-C collisions,
normalized to single atom projection.
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Figure 10. Optical absorption spectra of Au
nanoparticles covered by (a) a-C and (b) ITO layers,
measured by linearly polarized light parallel (90°) and
perpendicular (0°) to the ion beam. Notes like 1E11
indicates fluence of 1 x 10'! ions/cm?. The spectra are
vertically shifted for clarity.

2020 fEJE GEEEE SMTIE R EE

DNKAT, FEdE Si0 LIS TIE, DETENnA A
HEANTIEREAL L7z LiNbO;, FEAW'E SisNg, FESLE
Si. fEfmtE AIN 72 ElcoXHE STV 5,

AT TIX, ZEEE B Z LA DE, %f
G DTN L Si0, Fof & DO FEIZ Au T/ kLT %&
TRk &/ 7200 FHHIZ Si0, FbK FIZ Au & 3 nm @
JES TETFE—LZE L, SHEGLEE T ki1
EREESED, F/RTFOY A XTI OWEETEER
KEFHRFY, REHEOY A XA5HD Au T/ ki k
R DMEOWEEEZERT 22 LN TE D, f5H
ERNLT /RO A R FT DIz, Z D8R0
HETHD, AROMEIOHEEE An T/ Ki+D E
W~ 72 bha ARy Z Y 77 EOFET 50-100
nm FEEHERE S5, 20X 912 LTER LZREHS
FEIHEA A RE 21TV, T RO/ ED ES
U % R Y oy s & B FE T MR (TEM)
BELCRMIN L 7=,

Fig. 10 1% EFLo HETIER L7230k 2 200 MeV
Xe* A A o TR L7284 O % B & T o B
YATKIT DRI AR RV TH D, ERmEICA
F e — L EARE 45°TAS L, B — A O & R
RN LB AT (BE) SRS LR E
0° (90°) fRtE K55, T/ Kir-03%H50 (FHk L
TRV THE, 0°0£90°0D A~ FuiE—# L,
FEFAENEE Z 0 0° L 90° 07 [ A FELE T IIIC 7 D & A
A7 ME—E L7 < 725, Fig. 10(a)l% Au T /KL
F% 50nm DJE S OIEFHERFE (a-C) JETHIE L7
B, Fig. 10(b)iZ IniSnO, (ITO,x~0.1) THE L 7=
B CORERTH 5, a-C THEE L 77k TIPSR
215 eV fHEIZ Au T /R iz kAR E 77 K€ 3k
ES(SPRY UL SR X4 5, SPRIZZ/DIRINIZ 72 B 3
M 1% 10 jons/cm? F CTHABRIZEHRI S5, [
HEET 0°L 90°D AT MLZ—HLTEY ., 1F
LA EFEHAEAE & TV Yy, 5 x 10" jons/ecm? ULk
TIEAR & TRRART PV E g (T ak)
NHEIL, FBWEHERNEZ > TWnWbH EEZ NS,
SPR V=7 IR 27 12 B8, FERRE SR D ALY
R UiZ~2eV £+ (SPR OUr<) TEAELTEY, —
M Au F R0 SPRICHEEINT 5 Z & ZoRIB L
TW5, 728, 1.4 eV HEOREITRESRD ) A X
Thh, F-REELEL L HITS5eV FTICE— 7 DAk
FET 50, ZHUX SiOy M D SRR T 5, [F
BROAE 573 Fig. 10(b) TH B S 15, 1TO THE L
72T Au T/ B SPR I 1.9 eV U1
N5 (Fig. 10(b) . a-C THEL-HE (2.15eV)
K VIR R F—ANCBN S DX, ITO OF D a-C
LV EWETREZ LoD Ebivd, BEE 1x
102 ions/cm? & TIE AR & FHDO AT FVIRIZIE
H72 > TWAHA, 1x102 jons/cm? T SPR 2SHAME 724y
%Rk, 0°A~L7 FLTO SPR B — 727 73 90° AL
7 MTOE—7 LR 3 VX —fICBH S D
R, T 2R 005w, DEDAF L E—LDH
P ONTWD FFEE —HT 5, (D LKL
X— 7 b B, ) FiHEMRE 5%x10% jons/cm? T
£ SPR ' — 7 [ ZHIZ K& < 3T %, Fig. 10(a),(b)D
e A5, ITO THE STZ Au R+ DR K



[H31-1]

DREBREHEREZZEL TS EEZXLND, FERE
\Z TEM TH#1%2 L7= ITO B O Wi TEM 4 % Fig. 11
\ZR7, ITOES Aud /Ki ¥4 In, Sn, Au &\ o
TR EEDORE TR NG D720, TEM BT
BTIHELS > TLE IR, K< ABER—F%E
W= ERIR OGN - < S ABLIE v, Au T/ Ri 1
DHHERLI-LDOTHD EE 2 HND, ITO B X
DREENICAOND S 9 —DDEIX TEM HORE
TERRRIZHTRO - D ICHERE S B2 R FETH 5,

Figure 11. Cross-sectional TEM image of 50 nm-ITO/
Au NPs/SiO; sample (black layer) irradiated with 200
MeV Xe!'** ions to a fluence of 5 x 10'* ions/cm?.
Surface side is covered by deposited carbon.
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