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Quantum oscillations in a topological semimetal: SrAs3
Kim J.S., Kim H.I., Ok, J., Mok Kwon, C.I.(POSTECH, Physics); Kim, J.H., Jo, Y.J. (Kyungpook U., Physics); Choi E.S. (NHMFL); Kang, W. (Ewha U., Physics); Kohama, Y., Kindo, K. (ISSP)
Introduction 

Topological semimetals, a new class of metals with characteristic textures of spins or pseudo-spins in momentum space, have attracted a lot of interest these days. Very recently, SrAs3 (AE = alkaline earths) was theoretically proposed as a candidate of topological nodal-line semimetal (TLSM) possessing a one-dimensional band crossing line and the resulting torus-shape Fermi surface (FS). SrAs3 is a layered material in a monoclinic structure, consisting of As layers sandwiched by Sr atom. According to the recent band calculations, band crossing occurs very close to the Fermi level (EF), leading to the torus-shaped FS with a characteristic pseudospin texture, defined by sublattice symmetry of the As lattice. Thus SrAs3 offers a model system to investigate the pseudospin texture of the torus-shaped FS, which can be detected by magnetic quantum oscillations.
Experimental 

High quality single crystals of SrAs3 were grown by Bridgman methods. Angle-dependent Shubnikov-de Hass (SdH) oscillations were measured up to 31.6 T using a resistive magnet at NHMFL, Tallahassee.
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The SdH oscillations in the in-plane resistivity at different field orientations is shown in the Fig. 1(d). A systematic change in SdH oscillations were observed whose corresponding SdH frequency and Berry phase are presented in Fig. 1(e). The observed SdH frequency increases from F ~ 14T to 30 T as the applied field direction gets closer to the b-axis [Fig.  1(e)], consistent with the calculated torus-shape FS. When magnetic field is applied parallel to θ ~ 0o (H // kc), an electron orbit, consisting of opposite pseudospin states is formed, whose SdH oscillations have a finite phase offset due to the Berry phase of π [Fig. 1(e)]. On the other hand, When the magnetic field is applied along the b axis, which is same direction with center axis of the torus, two inner and outer orbits have the same pseudospin for each, and no Berry phase of the SdH oscillations is expected. Indeed, near θ ~ 90o (H // b), we observed a clear Berry phase change from π to 0, as the Landau orbit continuously evolves to the inner orbit (red line of inset). At the same time, we observe SdH oscillations with higher frequency F ~ 130 T, corresponding to the outer orbit (blue line of inset). These results providie a strong evidence of torus-shaped FS with a characteristic pseudospin texture, i.e. nodal line semimetal.

Conclusions

In conclusion, the angle dependent SdH oscillations of SrAs3 shows a Berry phase crossover near b-axis, together with additional oscillations due to larger FS, consistent with the torus-shaped FS with a pseudospin texture of nodal line semimetal.
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Fig. 1 (a) Crystal structure of SrAs3 (b) Schematic illustration of the torus-shaped Fermi surface and the pseudospin texture. (c) Optical image of SrAs3 single crystal. (d) Magentoresistivity at various angle taken at T = 2 K. (e) Angle dependent Shubnikov-de Haas (SdH) frequency and the corresponding Berry phase. The relative field orientation in the momentum space is presented in the inset








