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Pulsed NMR Spectrometer for Ultra-low Temperature Experiments
at Bay 2 of the NHMFL High B/T Facility
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Introduction 

To meet the users’ need to carry out NMR studies on materials such as quantum fluids and solids, heavy fermion compounds and quantum magnets at high magnetic fields and ultra-low temperature conditions, we designed and built a pulsed NMR spectrometer that can operate together with a dilution refrigerator and a nuclear demagnetization refrigerator. To test the performance of the spectrometer, we carried out NMR experiments on a system of 3He adsorbed on a mesoporous media MCM-41. The system itself bears significant scientific interest, as previously considerable effort has been made to observe the crossover from 2D to 1D motion of the adsorbed 3He [1][2]. 
Experimental 

The NMR experiments of 3He adsorbed as an approximate monolayer on MCM-41were carried out in Bay 2 of the High B/T facility at UF. The total number of spins was ~ 1020. The sample cell was thermally anchored to a solid silver rod extending from a Cu nuclear stage which can reach as low as 0.10 mK in a field of 8T. We measured the nuclear susceptibility, the spin-spin relaxation times and the spin-lattice relaxation times for temperatures 0.08<T<1.0 K. 
Results and Discussion


Fig.1 shows the NMR signal amplitude as a function of the inverse temperature. The signal amplitudes follow Curie’s law all the way down to about 0.125 K, which is completely different from the expected behavior of a bulk Fermi liquid. Fig. 2 and Fig. 3 show the temperature dependence of the nuclear spin-lattice relaxation time T1 and the nuclear spin-spin relaxation time T2, which have the same trend as a function of temperature but a large difference in the scale.
Conclusions

We have demonstrated high sensitivity capability for a newly established broad band NMR capability in Bay 2 of the High B/T facility. The preliminary NMR results show the adsorbed 3He atoms have different dynamics from expected Fermi liquid behavior, reflecting the unusual behavior of 3He in reduced dimensions. 
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Fig.3 T2 as a function of temperature





Fig.2 T1 as a function of temperature





Fig.1 Amplitudes of NMR signal versus the inverse of temperature








