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Probing Mixed Spin Singlet-Triplet Pairing in 2D NbSe2 Under High Magnetic Fields
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Introduction 

Two-dimensional (2D) superconductivity has been recently discovered in monolayer NbSe2. The presence of strong spin-orbit interactions (SOIs) with unique Ising-like spin textures has endowed the material with very high upper critical fields and great potentials in realizing 2D topological superconductivity (TSC). Of particular importance in the search of 2D TSC in this material system is the SOI-induced spin singlet-triplet mixing of the Cooper pairs in the superconducting state. To date the existence of such mixing has not been demonstrated.
Experimental 

Tunnel junction devices of atomically thin NbSe2 were obtained by mechanical exfoliation followed by direct transfer onto Si substrates with pre-patterned Pt electrodes covered by a thin layer of insulating Al2O3 as tunnel barrier. The samples can be maintained very clean in this lithography-free fabrication method, and spectral information in the superconducting state can be obtained. The differential resistance of the junction as a function of bias voltage V was measured at different temperature T and in-plane magnetic fields H. Field dependence up to 45T was measured at Cell 15 in the NHMFL. 

Results and Discussion


Fig. 1(a) shows the normalized differential conductance of our tunnel junction as a function of V and H at 300mK in a contour plot. Quasiparticle peaks corresponding to the divergent density of states in the superconducting phase are clearly seen. With increasing H the superconducting gap decreases to zero continuously at a critical field ~38T. Fig. 1(b) shows the H-dependence of the superconducting gap at different T. The gap closes continuously at all T, indicating a second-order paramagnetic limited phase transition in the whole superconducting phase diagram. The observation is in stark contrast to conventional BCS superconductors, in which at low temperatures the superconducting gap exhibits an abrupt first-order phase transition due to the zero spin susceptibility of the spin-singlet Cooper pairs. Because of the spin triplet pairing component in 2D NbSe2, however, a significant spin susceptibility is present in the superconducting phase. This changes the order of the transition to second-order, as revealed by our experiment. 
Conclusions

Unusual continuous second-order paramagnetic limited phase transition in 2D NbSe2 has been observed by tunneling spectroscopy under high magnetic fields. The results show strong evidence of the mixed spin singlet-triplet pairing due to the strong SOIs in this material. Our results pave the path for the search of 2D TSC.
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Fig.1 (a) Normalized differential conductance of 2D NbSe2 tunnel junction at 300mK shown in a contour plot as a function of H and V. (b) The extracted superconducting gap as a function of H at different T. A continuous second-order transition is seen at all temperatures.









