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A peak in Raman shift gives 
information on phonon energy 

Yu et al., J. Phys. Chem. B105 (2001) 

G-band 

Radial breathing mode (RBM) 

Phonon dispersion relation of graphene 

Raman spectroscopy


1meV=8/cm




Chirality and Fermi energy  

G-band : LO/TO modes 

How about RBM? 

Motivation


Chirality dependence originates from 
(1) Curvature-induced mini energy gap 

(2) Chirality dependent electron-phonon interaction 

Sasaki et al., PRB78 (2008) 
Farhat, Sasaki et al., PRL102 (2009) 



Many theoretical works on G-band 
Fermi energy dependence:

Piscanec et al., PRL93 (2004)

Lazzeri et al., PRL97 (2006)

Ishikawa et al., JPSJ75 (2006)

Popov et al., PRB73 (2006)

Caudal et al., PRB75 (2007)

Das et al., PRL99 (2007)


Phonon self-energy 

Fermi energy and Chirality   



Fermi energy dependence


Pauli’s exclusion 
principle 



Chirality dependence


Zigzag SWNTs 

Curvature-induced 
energy gap


extended tight-binding calculation: 
G. G. Samsonidze, Saito et al., APL. 85 (2004)




El-ph interaction of RBM


Suzuura et al., PRB65 (2002)  
Sasaki et al., PRB78 (2008) 



(9,0) SWNT




(9,6) SWNT




Softening of RBM in metallic SWNTs  

Curvature effect 

Chirality dependent e-p interaction 

Summary


Sasaki et al., PRB78 (2008) 
Farhat, Sasaki et al., PRL102 (2009) 
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Experiments

(12,0) or (11,2)




Metallic-SWNT experiments


Farhat et al., PRL102 (2009) 
C. L. Kane and E. J. Mele, Phys. Rev. Lett. 78, 1932 (1997). 
L. Yang, et al., Phys. Rev. B 60, 13874 (1999). 
L. Yang and J. Han, Phys. Rev. Lett. 85, 154 (2000).


Uniaxial and torsional strain




Relationship between RBM and LO/TO




El-ph interaction of RBM





