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Abstract: We have reported superconductivity (SC) in arrays of multi-walled carbon 

nanotubes (MWNTs) from viewpoints of both abrupt resistance drop with Tc = 12K [1] 
and Meissner effect with Tc = ∼20K [2]. Based on these reports, some theories for the 
SC have been proposed and are attracting considerable attention [3-5]. One of the very 
interesting points of the SC is electron correlation in one-dimensional space; i.e., 
interplay between SC phase (phonon-mediated attractive Coulomb interaction) and 
Tominaga-Luttinger liquids (TLL; repulsive Coulomb interaction).  

Here, we report the detailed observation of this interplay in relationships of 
normalized conductance vs. ev/kT of partially end-bonded MWNTs [6]. We find that the 
observed results are qualitatively consistent with previous reports of TLL states in CNTs, 
while a deviation due to emergence of the SC appears at temperatures < Tc and small 
eV/kT values. We interpret this based on carrier-doping and low-energy theory [7]. Half 
carrier filling and a large electron-phonon coupling parameter may lead to electron 
coupling with low-energy acoustic phonons and, then, cause transitions from 
spin-density wave regime to SC phase via TLL states.  
 
References 
[1]I.Takesue, J.Haruyama et al., Phys.Rev.Lett.96, 057001 (2006) 
[2] N.Murata, J.Haruyama, M.Matsudaira, Y.Yagi, E.Einarsson, S.Chiashi, S.Maruyama, T.Sugai, N.Kishi, 

H.Shinohara et al., Phys.Rev.B 71, 081744 (2007)  

[3]E.Perfetto and J.Gonzalez, Phys.Rev.B 74, 201403(R) (2006) 
[4]T.Koretsune and S.Saito, To be published on Phys.Rev.B 
[5]K.Sasaki, R.Saito et al., J. Phys. Soc. Jpn. 76, 033702 (2007)    
[6]M.Matsudaira, J.Haruyama, N.Murata, Y.Yagi, E.Einarson, S.Maruyama, T.Sugai, H.Shinohara, To be 

published on Physica E (In submission to Phys.Rev.Lett.) 
[7]D.Loss and T.Martin, Phys.Rev.B 50, 12160 (1994-II) 
 
Corresponding Author: Junji Haruyama 
E-mail: J-haru@ee.aoyama.ac.jp 
Tel&Fax: 042-759-6256 (Fax: 6524) 
 


