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Abstract 
Silicon is known as a hard material against swift heavy ion irradiation. Any monoatomic swift heavy ions with any 

energy do not form ion tracks in Si. It was reported that only C60 ions with tens MeV have formed the tracks. The electronic 
stopping power (Se) threshold of ~30 keV/nm for the track formation was determined from an extrapolation from the track 
radii formed by 20-40 MeV C60 ions. Nevertheless, we have observed track formation in Si under 6 MeV C60 ions (Se = 
18 keV/nm), which is much lower than the extrapolated threshold. To clarify the mechanism of the track formation in Si 
much lower than the threshold, we have carried out following studies:  We have irradiated Si with 200 MeV Xe ions and 
3 MeV C60 ions, both of which provide almost the same Se of 14 keV/nm. Nevertheless, the tracks were formed under 3 
MeV C60 irradiation but not under 200 MeV Xe irradiation. According to past inelastic thermal spike (i-TS) calculations, 
the track formation cannot be explained by the melting transition but the vaporization transition. Since Si has quite high 
recrystallization susceptibility, tracks formed by the melting transitions are soon or later recrystallized and disappear. The 
vaporization transitions leave severe damage which cannot easily be recovered by the recrystallization. On the other side, 
the tracks formed under several MeV C60 irradiations by us well match with the calculated tracks by the melting transition. 
The tracks formed by the melting remain due to the high concentration of point defects induced by the relatively high 
nuclear stopping power of the MeV C60 ions. 
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Figure 1. Bright field TEM images of Si crystals 
irradiated with (a) 3 MeV C60

+ and (b) 200 MeV 
Xe14+ ions. Both the irradiations provide the same Se 
of 14.0 keV/nm but the different Sn, as shown in the 
figure. The fluence was 5  1010 ions/cm2 for both 
the samples.  
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Figure 2. Electronic stopping power (Se) dependence of 
radii of the melting and of the vaporized regions calculated 
by the inelastic thermal spike (i-TS) model from Ref. [7]. 
The mean radii of the tracks formed in Orsay and those in 
Takasaki (this work) are indicated by closed and open 
circles, respectively. Closed triangles indicate the results 
of monoatomic swift heavy ion (SHI) irradiation. 
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