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Excitons in the optical properties of nanotubes1
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We present ab initio calculation of self-energy and electron-hole interaction (excitonic) effects on the optical spectra of
single-walled carbon and BN nanotubes. We employed a many-electron Green’s function approach that determines both the
quasiparticle and optical excitations from first principles. We found important many-electron effects that explain many of
the puzzling experimental findings in the optical spectrum of these quasi-one dimensional systems, and the calculated spectra
are in excellent quantitative agreement with measurements. In carbon nanotubes, excitons can bind by as much as one eV
in semiconducting nanotubesa). We discovered that bound excitons also exist in metallic carbon nanotubes with binding
energy of many tens of meVsa). Excitonic effects are shown to be even more inportant in BN nanotubes than in carbon
nanotubes. Unlike the carbon nanotubes, theory predicts that excitons in some BN nanotubes are comprised of coherent
superposition of transitions from several different subband pairsb). We have also calculated the radiative lifetime of excitons
in semiconducting carbon nanotubes. Assuming a thermal occupation of bright and dark exciton bands, we find an effective
radiative lifetime of the order of 10 ns at room temperature, in good accord with recent experimentsc).
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