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Evidence of Topological Nodal-Line Fermions in ZrSiSe and ZrSiTe
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Introduction 

The recently discovered topological semimetals, including Dirac, Weyl and topological nodal-line semimetals, have attracted intensive attentions. The ZrSiSe and ZrSiTe were predicted to share similar crystal and electronic structures with the nodal-line semimetal ZrSiS. Here, we report evidence of nodal-line fermions in ZrSiSe and ZrSiTe using quantum oscillation studies. 

Experimental


We have synthesized ZrSiSe and ZrSiTe single crystals and carried out the dHvA and SdH quantum oscillation studies. The magnetization measurements were performed by using a SQUID magnetometer at Tulane. The high field transport measurements were performed by using a 31T resistive magnet at NHMFL. 

Results and Discussion
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Fig. 1 dHvA oscillations at different temperatures in (a) ZrSiSe and (b) ZrSiTe. (c) SdH oscillations at different field orientations in ZrSiSe.

We have observed dHvA oscillations in both ZrSiSe (Fig. 1a) and ZrSiTe (Fig. 1b), and probed properties associated with Dirac fermions, including light effective mass, high quantum mobility, and non-trivial Berry phase. From the angular dependence of dHvA and SdH (Fig. 1c) oscillation frequencies, we found that the Fermi surface enclosing the nodal-line states displays 3D signatures in ZrSiSe while 2D signatures in ZrSiTe, consistent with their structure characteristics. From the magnetotransport measurements, we have derived an exceptional high Dirac fermion density in ZrSiSe and ZrSiTe, which is expected in nodal-line semimetals. Furthermore, we have demonstrated the accessibility of atomically thin layers of these materials through mechanical exfoliation.
Conclusions

In this letter, we report evidence of nodal-line fermions in ZrSiSe and ZrSiTe probed in quantum oscillations, and demonstrated the accessibility of their atomically thin layers. Our findings pave a way to further understand exotic properties of the nodal-line semimetals, as well as explore the novel properties in reduced dimensions.
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