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Introduction 
A metallic single-wall carbon nanotube (SWNT) is 

considered to be an ideal one-dimensional (1D) conductor 
because the electronic states along the circumference of a 
SWNT are quantized [1, 2]. In such a system, a 
Tomonaga-Luttinger-liquid (TLL) state should be realized. 
In this study, we investigated the 1D electronic states in 
SWNTs by photoemission spectroscopy [3].  
 

Experimental 
The photoemission experiments were performed using 

synchrotron radiation at the beam line BL-11D of the 
Photon Factory, High Energy Accelerator Research 
Organization (KEK). The instrumental resolution was 50 
meV. SWNT samples were prepared by the laser 
vaporization method. The mean diameters of SWNTs in 
the SWNT-A and SWNT-B samples are 1.37 nm and 1.25 
nm, respectively. 

  
Results and Discussion 

Figure 1 shows the photoemission spectra of the 
SWNT-A sample and Au measured at hν=65 eV. The 
observed photoemission intensity decreases rapidly near 
the Fermi level (EF). This spectral feature is different 
from that of Au (3D conventional metal). 

As the origin of the peculiar spectral feature near EF, 
we consider the suppression in density of states near EF 
seen in a TLL state. The theoretical calculation for the 
TLL state in the metallic SWNT was performed on the 
basis of the bosonization theory of a 1D electron system; 
the calculation spectrum has a spectral function of ω0.4 at 
zero temperature, where ωis the energy measured from EF 
[4]. 

The observed spectral features are not contradictory to 
the theoretical calculation of the TLL state. Figure 2 
shows the photoemission spectra plotted on a log-log 
scale. The figure clearly indicates that the spectra have a 
power-law dependence on binding energy. From fitting 
with ωα, the exponents were estimated to be 0.42±0.10 
and 0.46±0.10 for the SWNT-A and SWNT-B samples, 
respectively. The theoretical calculation predicted the 
exponent of 0.4 for an isolated metallic SWNT [1, 4]. The 
power-law behaviors of the spectral function show good 
agreement with the theoretical calculation and consistent 
with the results obtained from previous transport 
experiments [5]. 
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Figure 1: Photoemission spectra of SWNT and Au near 
the Fermi level. A solid line indicates ω0.42 broadened by 
the energy resolution. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2: Photoemission spectra of SWNT samples 
plotted on a log-log scale.  
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