
半径50ナノメートル (波長387.85nm)

共鳴条件�

光の方向	

散乱電場の様子（ナノ、共鳴）	

強い光散乱	

共鳴による力の増大	



T. Iida & H. Ishihara,  Phys. Rev. Lett. 90, 057403 (2003) 

For a CuCl nano-particle (50μW/100μm2 Γ=0.06 meV)

ナノ微粒子を動かす？ 



Size-selective sort and manipulation 

Phys. Rev. Focus. 11, Story 6, 11 Feb. (2003)

共鳴光学応答を用いることの面白さ	

For a CuCl nano-particle (50μW/100μm2 Γ=0.06 meV)

Γ=0.02 meV

T. Iida & H. Ishihara,  Phys. Rev. Lett. 90, 057403 (2003) 



Macroscopic (mechanical) degrees  
of freedom of nanoparticles  

µm ~ cm 

Microscopic (quantum) degrees of  
freedom of nanoparticles 

+ - 

+ - 

~ nm 

~ nm 

Excitonic wavefunctions depending on  
                 the size, shape, and internal structure 

ナノ物質におけるミクロ自由度とマクロ自由度	 



Macroscopic (mechanical) degrees  
of freedom of nanoparticles  

Microscopic (quantum) degrees of  
freedom of nanoparticles 

µm ~ cm 
+ - 

+ - 

~ nm 

~ nm Resonant Radiation Force 

共鳴光学応答を通した
ミクロ自由度とマクロ自由度のインタープレイ	 



吸収線の揃ったナノ微粒子を選別するには？	

 

 

High efficient QD laser 
High sensitive biosensor 

Quantum dots assembly with  
the large inhomogeneous line width  

 

Nano optical chromatography 

Laser with narrow line width 

QDs strongly resonant with the laser frequency move to further 

共鳴輻射力により個々のナノ構造の量子力学特性を 
非接触かつ直接的に選別！	



ナノ領域での共鳴光マニピュレーション	

Laser Tweezers
in mm regime

Atom cooling 
in atomic regime

µm
non resonance

classical treatment

Atomic scale
resonance

quantum mechanical 

Nanoscale regime

nm

ナノ構造の「個々の量子力学的個性」を反映した輻射力による運動	



輻射力による単一CNTの選択的運動操作	

共鳴輻射力による単層カーボンナノチューブの常温選択的トラップ	

散逸力によるサイズ選別	 勾配力による選択的トラップ	 Warping選択的トラップ	

H. Ajiki, et al.: Phys. Rev. B80, 115437 (2009) 

parallel 

perpendicular 



共鳴円偏光によるエナンチオマー分離	



Control of the inter-particle force by laser irradiation

Switching of attractive and repulsive forces by polarization

+ 

- 

+ 

- + - + - 

T. Iida and H. Ishihara: Phys. Rev. Lett. 97, 117402 (2006)

光誘起ドット間相互作用	

attractive force

repulsive force

Manipulation of collective motion 
of a particle assembly

Potential applications
Control of inter-particle distance
Manipulation of cluster shape 
Arrangement of particles 
Control of aggregation and dispersion



輻射力顕微鏡の可能性	

Dipole forbidden anti-
bonding state

3.20452[eV]ω =

z-pol.

y-pol.

Dipole allowed bonding 
state

3.2042[eV]ω =

z-pol.

y-pol.

Different images for the different polarizations 
even for the same frequency 

Sweep QD<1> // xy-plane

z 
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y 

<2> 

<1> 

50nm 

z-pol.
y-pol.

T. Iida, H. Ishihara, Nanotechnology 18, 084018 (2007) 

No need to detect scattering light

It will be possible to prove the electronic wavefunctions by utilizing the degrees of freedom of 
the frequency, incident direction and polarization   
	



負の散逸力 

Phys. Rev. Focus 
Story 21 (2008) 

z-pol. 
Incident light <2> 
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Induced  
polarization 

60nm 

60nm 

Radius of each QD: 20nm 
T. Iida and H. Ishihara: Phys. Rev. B77, 245319 (2008) 
       (Phys. Rev. Focus 21, Story 21, 25 June (2008)) 



実験例（有機分子） 

有機分子微粒子にドープした色素への	
共鳴光をアシストしてトラップ時間を増大

C. Hosokawa et al., Jpn. J. Apl. Phys. 
45, L452 (2006) 

H. Li et al., J. AM. CHEM. SOC 128, 5711 (2006) 

色素でラベルした抗体を色素に	
共鳴する光で選択的にトラップ	

色素への共鳴光を用い選択的な分子捕捉	

ヘムを導入したタンパク質分子
の共鳴トラッピング	

T. Shoji et al., J. Phys. Chem. C 117, 117 
(2013) 

Resonance trapping of individual multiple  
fluorophore-labeled antibodies 

Selective resonance trapping	
to sort and manipulate fluorophore-labeled  
biomolecules and complexes may be possible.	



Transport of selected semiconductor quantum dots



Schematic diagram of experimental setup

superfluid helium-4
T = 2K

Wavewlength: 355nm(3.49eV)
Pulse duration: 10 nm
repetition rate ~10 MHz 
Power: 0.1 mJ/pulse 

For ablation

Wavewlength: 387nm(3.20eV)
Pulse duration: 100 fs
repetition rate ~80 MHz 
Power: 50mW 

For manipulation



Schematic diagram of experimental setup

Small box with a pinhole

Si substrate

CuCl

Manipulation laser

Ablation laser


