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Fig. 1. The characterization of the ZrSiSe single crystals and nanoflakes: (a) The crystal structure of ZrSiSe; (b) the EDS spectrum

of ZrSiSe crystal; (c) the single crystal X-ray-diffraction data of the (00n) surfaces of the sample; (d) the resistance varies with tem-

perature at zero field. The inset is the optical graph of ZrSiSe flake device, and the white scale bar is 5 pm.
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Fig. 2. The SdH oscillations of ZrSiSe nanoflakes: (a) Magnetoresistance of ZrSiSe nanoflakes under perpendicular magnetic field at

different temperatures; (b) the extracted SAH oscillations of magnetoresistance verus 1/B; (c) fast Fourier transformation spectra of

the oscillation in (b); (d) the temperature dependence of FFT amplitude in (c). The solid line is a fit to the Lifshitz-Kosevich for-

mula and gives the cyclotron effective mass of 0.13 m,.
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Fig. 3. PHE measurement in ZrSiSe nanoflakes: (a) The measured PHE and the corresponding fitting curves under different B fields

when the temperature is 2 K; (b) the amplitude of PHE varies with magnetic field when temperature is 2 K. The inset displays the

schematic of the device configuration for PHE measurement; (c) angle dependence of the planar Hall resistance taken at different

temperatures when the field is 9 T; (d) the amplitude of PHE varies with temperature when the field is 9 T.
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Fig. 4. Origin of the measured PHE: (a) In-plane AMR verus angle 6 at various fields when temperature is 2 K. Solid red curves
represent the fitting curves; (b) the amplitude of AMR varies with field at 2 K. The cyan curve is the power law fit curve for the
experimental data points; (c) R, and Rj| extracted from the experimental date in panel (a). the red and blue solid curves represent
the power law fit curves for R, and R, respectively; (d) the orbits obtained by plotting R,, and R,, with 0 as the parameter at spe-
cific magnetic field.
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Abstract

Planar Hall effect(PHE) is a newly emerging experimental tool to detect chiral anomaly and nontrivial

Berry curvature in topological semimetals, as chiral-anomaly-induced negative magnetoresistance is sensitive to

the angle between magnetic field B and current I. Here we demonstrate the PHE in a topological nodal-line

semimetal ZrSiSe device by electric transport measurement. According to our analysis, we conclude that the

PHE results from the trivial anisotropic magnetoresistance (AMR). We argue that there is no inevitability

between PHE and chiral anomaly, and some other mechanisms can induce PHE. This work indicates that PHE

cannot be considered as evidence of chiral anomaly and one may seek for non-topological origin in such studies.

Keywords: topological semimetal, planar Hall effect, chiral anomaly

PACS: 72.15.Gd, 73.23.—b, 73.43.Qt DOI: 10.7498 /aps.68.20191501

* Project supported by the National Key Research and Development Program of China (Grant No. 2017YFA0303203), the
National Natural Science Foundation of China (Grant Nos. 91622115, 11522432, 11574217, U1732273, U1732159, 61822403,
11874203, 11904165, 11904166), and the National Science Fundation of Jiangsu Province, China (Grant No. BK20160659).

1 Corresponding author. E-mail: songfengqi@nju.edu.cn

227203-8


http://dx.doi.org/10.7498/aps.68.20191501
mailto:songfengqi@nju.edu.cn
mailto:songfengqi@nju.edu.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

