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The Effect of Chemical Pressure on the Electronic Nematic Structure of FeSe
Coldea,  A.I.; Blake, S.F. (Clarendon Laboratory, Oxford  Physics, UK) and Choi, E.S. (NHMFL, Tallahassee)

Introduction 

FeSe is structurally the simplest iron-based superconductor but one of the most intriguing electronically, with extreme tunability in its electronic and superconducting properties. With a superconducting transition of 8.7K, FeSe undergoes a structural transition around Ts~87 K but does not order magnetically at any temperature and it is driven by the orbital degrees of freedom stabilizing a nematic electronic state [1]. Furthermore, FeSe shows a strong increase in superconducting transition temperature under pressure [2], also a similar increase by intercalating various organic and non-organic elements between the van-der Waals layers. An alternative tuning parameter to pressure is the chemical pressure generated by isoelectronic substitution of Se for S [3], which affects the crystallographic structure in a similar way to applied pressure by bringing the FeSe layers closer together, increases the bandwidth and potentially suppresses the electronic correlations. Previously, our quantum oscillation and ARPES data of FeSe show that at low temperatures the Fermi surface has 3 different bands, one hole and two electron bands [1,4]. One of the electron-like bands has a substantially larger effective mass (6me) than the others, suggesting a strong orbital-dependent renormalization effect, similar to that determined by ARPES.

Experimental 

We have performed magneto-transport measurements on different crystals of FeSe1-xSx as a function of temperature down to 0.4K and orientation in magnetic field up to 45T in order to understand the evolution of the Fermi surface when the structural transition is suppressed, as shown in Fig.1.
Results and Discussion

Quantum oscillation measurement is a powerful technique that allows a precise determination of the cross-sectional areas of the Fermi surface and the corresponding orbitally-averaged quasiparticle masses. We find that by using chemical pressure in FeSe1-xSx the size of the Fermi surface increase and the degree of mass renomalization is altered. Our data also indicates the dominance of a low frequency in the quantum oscillations for higher substitution and the angular dependence suggests that the Fermi surface remain quasi-two dimensional (see Fig.1).

Conclusions

The quantum oscillations observed in single crystals of FeSe1-xSx have shown that the chemical substitution effect is a clean way to tune the Fermi surface of FeSe. This effect follows the applied pressure effect in suppressing the nematic state [5] but it does not stabilize a new magnetic phase once the structural transition in suppressed suggesting that the Fermi surface, correlations and disorder may play a role in stabilizing enhanced superconducting state in FeSe.
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Fig.1  a) Magnetoresistance of FeSe1-xSx (x=0.09 and x=0.12) for a magnetic ﬁeld applied along the c axis (θ=0) at 0.4 K. b) Fast Fourier transform of the same data showing the changes of extremal areas with chemical pressure. The inset represents the calculated Fermi surface of FeSe. 


c) The angular dependence of magnetoresistance and irreversible field in FeSe1-xSx (x=0.09).









