[image: image1.jpg]<



[image: image1.jpg]

FFLO Phase in Two Dimensional Organic Superconductor 
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Introduction

In conventional superconductors, the superconducting order parameter is spatially homogeneous. However, when the superconductivity is in the clean limit and the orbital effect is strongly quenched, Fulde and Ferrell, and Larkin and Ovchinnikov (FFLO) phases can be stabilized in high magnetic fields.   The necessary conditions for the FFLO phases are satisfied when the magnetic field is applied parallel to the layers in high-quality two dimensional (2D) superconductors.   In the FFLO phases, where the order parameter oscillates in real space, the upper critical field (Hc2) is expected to exceed the Pauli paramagnetic limit (HPauli).   An organic superconductor''-(BEDT-TTF)4[(H3O)Ga(C2O4)3]C6H5NO2 (''-salt, hereafter) with Tc=5 K is one of the best candidates to investigate the FFLO phases because of the high sample quality and strong 2D nature of the superconducting state.
Experimental 

Magnetic torque and resistance of the ''-salt were measured by using a 31 T resistive magnet with a 3He refrigerator.  The magnetic torque was measured by a microcantilever technique.  The single crystals were synthesized electrochemically.  
Results and Discussion
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Magnetic torque curves as a function of field at various field angles  are presented in Fig. 1.   In the superconducting phase, we see large hysteresis because the flux lines penetrating the superconducting layers are strongly pinned.  When the field is applied exactly parallel to the layers (=900), we note that hysteresis is observed up to ~25 T, which is defined as the irreversibility field (Hirr).  As the field is tilted from the layers, Hirr is quickly reduced and no hysteresis is seen at=00.    Oscillatory behavior (dHvA oscillation) is observed for ~00 above ~20 T, showing the high sample quality.  In Fig. 2, Hirr is plotted as a function of .   The critical field Hc2 should be higher than Hirr.   For comparison, two characteristic fields,  Honset and Hkinks are also plotted, which are the onset and kink fields of the resistive transition, respectively.    The kinks are evident only in a very narrow angle region at high fields.   The kinks are likely ascribed to the commensurability effect between the FFLO wave length and the vortex lattice constant.  
Conclusions

The phase diagram is determined from the magnetic torque and resistance measurements.  The FFLO phase is present in the very narrow angle region at high fields above ~12 T. 
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Fig.1 Magnetic field dependence of the torque at various field angles. 
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Fig.2 Phase diagram at 0.5 K.  FFLO phase is indicated by red shaded region.  








