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Introduction

A spatially modulated superconducting state, the Fulde-Ferrell-Larkin-Ovchinnikov (FFLO) superconducting phase, has been considered as one of the most exotic field-induced phases. So far, there have been only handful systems hosting the FFLO state, because its formation requires several strict conditions such as dominant Pauli-limiting effect with a large Maki parameter and a large mean free path. In this respect, high-quality FeSe single crystal is a promising system for hosting the FFLO states. In fact, a low temperature upturn was observed in the in-plane upper critical field [1], which may be a signature of the FFLO state. Therefore, further systematic studies, e.g. by using external pressure, are highly desirable to confirm the presence of the FFLO state in FeSe.

Experimental 

High quality single crystals of FeSe were grown by flux methods. Using a homemade indenter type pressure cell, transport measurements under pressure were done in a 35 T resistive magnet at NHMFL, Tallahassee.
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The temperature dependence of Hc2 at each pressure is shown in the Fig. 1(a). The slope of Hc2 near Tc, which are inversely proportional to the <vF2>c, the average Fermi velocity along the c-axis, significantly decreases with increasing pressure. As the vF,c is enhanced under pressure, the orbital effect, that is negligible in the ambient pressure, is expected to become important competing with the Pauli-limiting effect. The relative importance of the Pauli-limiting effect over the orbital effect is probed by the Maki parameter , defined as  = Hc2/Hc2,orb, As shown in Fig. 1(c), the Maki parameter  is reduced with increasing pressure, which exhibit similar pressure dependence of (dHc2/dT|Tc)/Tc. This observation suggests that the Pauli-limiting effect is systematically reduced by modifying its Fermi surface under pressure. The reduction of the Pauli-limiting effect significantly affects on the FFLO signature at low temperatures in FeSe. The clear upturn of Hc2 at low temperatures above the expected WHH behavior is gradually suppressed with pressure and, eventually, Hc2ab(T) recovers the WHH-behaviour at high pressure as shown in the Fig. 1(b). These results demonstrate that the low-temperature upturn is stable only when the Pauli-limiting effect dominates over the orbital effect and strongly support the formation of the FFLO state as an origin of the low-temperature upturn in Hc2ab(T).
Conclusions

In conclusion, the systematic pressure dependence of the in-plane upper critical field in FeSe shows that the low-temperature upturn is suppressed with lowering a Maki parameter at high pressure, consistent with the formation of the FFLO state.
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Fig.1 (a) Temperature dependence of the upper critical fields for H//c and H//ab at different external pressures. Solid lines are the WHH curves. (b) The normalized Hc2 as a function of the reduced temperatures. (c) Pressure dependence of the Maki parameter (upper) and the slope of Hc2 near Tc (lower).








