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Introduction
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Superconductivity is suppressed by an applied magnetic field. In most cases, this occurs through the formation of magnetic, non-superconducting vortices. In the absence of vortices, however, a BCS superconductor should be able to persist up to a field Hp , the field at which the Zeeman energy of the electrons exceeds the binding energy of the superconducting Cooper pairs. If however, the Cooper pairs can acquire a finite momentum sufficient to offset the difference in energy between the electron`spin-up’ and `spin-down’ states, an inhomogenous `FFLO’ superconducting phase [1, 2] separated by paramagnetic spin domains is predicted to be able to exist above this Pauli-paramagnetic limiting field Hp.  In experiments carried out this year at the NHMFL DC field facility in Tallahassee FL, we have found strong new evidence for the existence of such an FFLO superconducting state in the 2D superconductor K-(BEDT-TTF)2 Cu (NCS)2 for H || to the superconducting planes at H ≥ Hp.  
Experimental

We have made use of the NHMFL DC Field facility 35 T resistive magnets, dilution refrigerators, and top-loading single-axis rotators [3] and a custom-designed rotatable small-sample calorimeter [4] to carry out calorimetric and magnetocaloric measurements as a function of temperature, magnetic field strength, and magnetic field orientation. 
Results and Discussion


As shown in Fig.1, a first order phase transition occurs within the superconducting state at Hp = 21 T (for magnetic fields oriented sufficiently close to plane parallel to exclude magnetic vortices from the superconducting planes). In swept-field magnetocaloric measurements,

as shown in Fig.2 for fields directed parallel to the superconducting planes, we again observed a first-order hysteretic phase transition at Hp. The sign of the difference ΔT between the up and down sweeps confirms the high-field SC phase is paramagnetic [5]; the absorption / release of latent heat at Hp for up / down sweeps confirms the high field phase is higher entropy, as required for FFLO [6] and opposite to that which would be expected were the transition at Hp due to the formation of spin-density waves within a homogeneous superconducting state [7].  
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Fig.1 Field-angle dependence of heat capacity at 275 mK.  Transition to FFLO state occurs at Hp =21 T. the
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Fig.2 Magnetocaloric measurements of FFLO phase for H || plane parallel at 0.2 K.  Absorption / release of latent heat on up sweeps / down sweeps at (a) indicates high field state is higher entropy, as required for FFLO state. Irreversibility-induced warming peaks at (b) correlate with hysteresis seen in heat capacity for up & down sweeps.   









