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Dynamics of Fermi Gas in 1D Nanotubes
Huan, C., Masuhara, N. (High B/T facility, NHMFL); Candela D. (Univ. of Massachusetts), Adams J., Lewkowitz M. (Univ. of Florida), Sullivan, N.S. (High B/T facility, NHMFL)
Introduction 

Interesting new quantum features are predicted for quantum gases (3He, 4He, H2, HD) constrained to move in the interior of nanotubes for which the de Broglie wavelength and/or Fermi length become comparable to or larger than the channel size.  We have used NMR techniques to follow the motion of 3He atoms adsorbed in mesoporous MCM-41 which has diameters of ~ 1.4 nm and lengths of ~ 300 nm.
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Pulsed nuclear magnetic resonance techniques were used to determine the variation of the dynamics of the 3He atoms as a function of temperature. The motion of the atoms modulates the nuclear dipole-dipole interactions between the atoms and this is the main mechanism for the nuclear spin-spin relaxation. The relaxation was observed to consist of two components (see inset to Fig. 1). The short relaxation was attributed to the 3He atoms on the wall and the much longer component that was associated with diffusion of the atoms along the quasi-1D channel of the MCM-41.  
Results and Discussion


The temperature dependence of the long time relaxation component shown in Fig. 1 exhibits the characteristic T3/2 dependence (solid black line of Fig. 1) expected for a Fermi gas in 1D. The short relaxation time is almost temperature dependent and that is expected for the wall atoms where the dominant motion is that of quantum tunneling of one 3He atom with one or more neighbors [1].
Conclusions

Special NMR techniques have been used to probe the dynamics of a Fermi gas constrained to 1D and pave the way for testing Luttinger liquid behavior in a system without electric charge.
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Fig.1   Observed temperature dependence of the nuclear spin-spin relaxation time for 3He atoms adsorbed on MCM-41.








