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High Magnetic Field Phase in Two Dimensional Organic Superconductor 

’’-(BEDT-TTF)4[(H3O)Ga(C2O4)3]C6H5NO2 
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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, it is theoretically predicted that the so-called Fulde and Ferrell and Larkin and Ovchinnikov (FFLO) phase is stabilized near the upper critical field Hc2. In the FFLO phase, the order parameter oscillates in real space, leading to periodic nodal planes.  The FFLO phase is characterized by the Landau index N(>0) and N is expected to increase (N→N+1) with increasing field, where the Hc2 curve has a kink.  However, such successive transitions have not been observed so far in spite of extensive studies.  A highly two dimensional (2D) 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 successive FFLO transitions because of the high sample quality and strong 2D nature of the superconducting state.
Experimental 

Resistance of the ''-salt was measured by using a 30 T resistive magnet with a 3He refrigerator.  The single crystals were synthesized electrochemically.  
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Results and Discussion


The interlayer resistance has a broad minimum at 90 K and then increases down to ~5K with decreasing temperature [inset of Fig. 1]. A rapid drop due to the superconducting transition is seen at Tc (~5K).  The resistance increase below 90 K nay be caused by Fermi surface nesting. The field dependence of the resistance for the field parallel to the layer is presented in Fig. 1. At 0.4 K, the resistance steeply increases in the low field region up to 2 T, has a step behavior and then increases again above 12 T. As temperature increases, the step behavior is suppressed.   Since the magnetic torque measurements show that Bc2 is higher than 20 T at 0.5 K, the finite resistance below Hc2 suggests some vortex dynamics, likely melting of the Josephson vortices which penetrating the insulating anion layers. For 10 T < B < Bc2, the resistance slightly shows a periodic oscillation, which may be related to the formation of a FFLO phase. Figure 2 presents the field dependence of the interlayer resistance at various field angles. Above 15 T, we can observe quantum oscillations with a single frequency F= 220 T [inset of Fig. 2] in the perpendicular field (=0o).  This value corresponds to 11 % of the first Brillouin zone. 
Conclusions

Peculiar resistance behavior is observed in the superconducting state of ''-(BEDT-TTF)4[(H3O)Ga(C2O4)3]C6H5NO2, which is related to the vortex dynamics. A sign of the FFLO phase is found above 10 T.
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Fig.1 Field dependence of the interlayer resistance at various temperatures.  Inset: Temperature dependence of the resistance.
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Fig.2 Field dependence of the interlayer resistance at various field angles.  Inset: Quantum oscillation at 0.47 K.








