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Unconventional Superconductivity in Layered Dichalcogenide NbSe2
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         Fig.1 77Se 1/T1 for Ho∥c.
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Fig.2 93Nb 1/T1 vs. T for Ho∥c, fit by four different gap functions shown in Fig.3. 
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Fig.3 Gap functions used for fitting 93Nb relaxation data: a modified BCS gap, anisotropic gap, 2‑gap and constant DOS in the gap.


[bookmark: _GoBack]	Superconductivity in the cuprates has inspired recent reinvestigations of low dimensional superconductivity in layered chalcogenides.[1] The layered material NbSe2 exhibits a charge density wave (CDW) phase transition at TCDW = 33.5 K and a superconducting (SC) phase transition with Tc(Ho = 0) = 7.2 K. The relationship between the CDW and SC phases has remained controversial since their discovery. NMR experiments using 93Nb (I = 9/2) and 77Se (I = 1/2) as probe nuclei were undertaken in an effort to elucidate the nature of superconductivity in this material. Data show that the spin-lattice relaxation rate 1/T1 follows the classic Korringa behavior (T1T = const.) in the normal state. However, relaxation results below Tc are different for the two nuclei. Both exhibit anomalous behavior unexpected for a conventional BCS superconductor.

Experimental
	Experiments were performed using the Condensed Matter NMR facilities at the NHMFL in the temperature range 0.3 – 40 K and in fields up to 5T. The single crystal NbSe2 sample was prepared by P. Shirage at the Indian Institute of Technology Indore.

Results and Discussion
	Fig.1 shows the temperature dependence of 1/T1 for 77Se at a field of Ho = 2.35 T with Ho∥c.  In the normal state, Korringa behavior is found with 1/T1 ∝ T. Below Tc the 1/T1 data shows a vestige of small coherence peak followed by a power law behavior. Preliminary analysis suggests that 1/T1 ∝ T3/2 implying a complex gap structure. Fig.2 shows 93Nb 1/T1 data where the relaxation rate is linear in temperature above Tc but, in contrast with the 77Se data, is linear below Tc. This data is fit with various superconducting gap models: a modified BCS gap function, anisotropic gap, two-gap and constant DOS in gap shown in Fig.3. Constant DOS in the gap was the only model to fit the data, implying almost gapless superconductivity in this highly anisotropic system. Vortex contribution to relaxation has not been ruled out but is unlikely, due to the low transition temperature of the system.

Conclusions
	The results obtained provide information on the nature of superconductivity in NbSe2 and the unusual gap structure of this state. The 93Nb relaxation data is consistent with effective gapless superconductivity, in sharp contrast with the tunneling data.[2] The difference between 77Se and 93Nb implies that these nuclei sample different regions of the Fermi surface as could be deduced from band structure calculations. Further analysis is in progress to connect these results.
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