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Fig.1 A schematic illustration of the combining

umklapp process
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Fig.2 The scattering channels of phonons undergoing

a combining umklapp process
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Fig.3 The frequency dependence of the relaxation rate
of TA1 phonons undergoing a umklapp process at 60 K
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Fig.4 The temperature dependence of the relaxation rate

of TA1 phonons undergoing a umklapp process at 250 cm ™'
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a umklapp process at 40, 60, and 300 K
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Three — phonon Umklapp Process in Single — walled Carbon Nanotubes

GU Yun - feng'®, CHEN Yun - fei'”

(1. School of Mechanical Engineering, Southeast University, Nanjing 211189 ,China; 2. Key Laboratory of MEMS of Ministry of
Education, Southeast University, Nanjing 210096 ,China; 3. College of Electronic and Mechanical Engineering, Nanjing Forestry
University, Nanjing 210037, China)

Abstract: The calculation of the relaxation rate of the three — phonon umklapp process in single — walled car-
bon nanotubes is introduced. Selection rules are determined for the umklapp process. The equations are devel-
oped to get the relaxation rate, and the high and low temperature limit approximations. The rate varies linearly
with the square of the frequency under the linear phonon dispersion assumption. The rate varies exponentially
with the inverse of temperature in the low temperature limit, and linearly with temperature in the high tempera-
ture limit, respectively. Inclusion of all the phonon branches leads to the increase of the number of the scatter-
ing channels, and the number of the singularities on the total relaxation rate line. Another result is that the
rate increases at least one order of magnitude.

Key words: carbon nanotube; umklapp process; relaxation rate; phonon



