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 Regarding recent pronounced applications of quantum beams, such as X-rays and 
neutrons, to material analyses, we have selected “swift heavy ions (SHIs)”. 

 With extremely high energies, heavy ions do not ‘’collide’ with atoms, but …
 Interactions with SHIs and solids are still under investigation, not fully understood.

 Understanding of the mechanisms of the shape elongation of nanoparticles.
 Since the nanoparticles are objects of nanometric sizes, they can be witnesses of the 

SHI/solid interaction in the nanometric sizes.  New aspects of the SHI/solid 
interaction are clarified.

• H. Amekura, et al., Counterevidence to the ion hammering scenario as a driving force for the shape 
elongation of  embedded nanoparticles, AIP Advances 7, 085304-1-7 (2017).

 H. Amekura, et al., Are the triple surface plasmon resonances in Zn nanoparticles true?, Nanotechnology 
28, 495712 (2017).

 Birth of a new interdisciplinary field which can be 
called “High-energy Nanotechnology”.

 We have been struggling with identification of 
the mechanism of the shape elongation of 
nanoparticles.

Follow the successful past examples using SHIs.
●Flux pinning centers for oxide superconductors: All the 
physics was clarified by SHI experiments. Based on them, 
the real products were made by a cheaper chemical route.

●Nano-pore filters: Small but sustained demands due to 
extraordinary quality.

Shape Elongation of Embedded Nanoparticles by Swift Heavy Ion Irradiation (~100 MeV)
Cross-sectional view of 
elongated NP composite

Under swift heavy ion (SHI) irradiation, 
spherical metal nanoparticles (NPs) 
mbedded in matrix, such as silica, 
elongate parallel to the beam, and change 
the shapes to prolate spheroids and finally 
to nano-rods.

Recent Highlight :  A major model “hammering & Melting” 
was excluded from the wide-ranged fluence dependence.
We have evaluated the fluence dependence of the shape elongation
of nanoparticles using the optical linear dichroism spectroscopy.
The observations were inconsistent with the model above mentined.

Since all the NPs elongate to the same direction, anisotropy 
of each NP is additively summed up, and then macroscopic 
anisotropic properties are observed. 
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 Although Ion implantation technic have been developed as a doping method for 
semiconductor device fabrication process, this technic is also applied in the field of 
surface modification of various materials.

 Ion implantation is a technic to implant ion physically, and it is not a chemical 
equilibrium process. It is expected that this technic is useful for  non-equilibrium  
materials synthesis and surface modification

 Material synthesis and surface modification 
using features of ion beam (any ions into any 
substrates, precise controllability of ion range 
and dose, high density electronic excitation and 
local temperature raises, crystallization and 
amorphization, etc.)

 Functional Materials utilizing features of 
ion beam

・A. D. Pogrebnjak et al. , Journal of Alloys and Compounds 679(2016)155.
・R. Sato, M. Onuma, K. Oyoshi, and Y. Takeda, Journal of Applied Physics 117(2015)113101.
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