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Fig. 1. Schematic diagram for the spin splitting of the
drumheadlike surface states. The green solid line represents
the nodal loop, and the pie-shaped disk represents the dis-
persion relationship of the spin-splitting drumheadlike sur-

face states.
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Fig. 2. Probability of electron spin-flipped reflection Ry vs.
E for different angles of incidence 6 (relative to z axis). Ag
is the effective energy gap when 6 is zero. Relevant para-
meters take: B=C =1eV-nm?, X\ =0.01 eV-nm, |kg| =
1.1ko = 1.54nm~! D =3eV.
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Fig. 3. Probability of spin-flipped reflection solved by
Green's function as a function of energy with the following
parameters: E_=—FE;=8meV, I'=0.5, 3.0, 5.5 meV.
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SPECIAL TOPIC — Quantum transport in topological materials and devices

Spin-dependent scattering induced by surface states in
spin-degenerate nodal-line semimetal”

Liu Li-Shuo  Chen Wei

(National Laboratory of Solid State Microstructures and Collaborative Innovation Center of Advanced Microstructures,
School of Physics, Nanjing University, Nanging 210093, China)

( Received 20 May 2023; revised manuscript received 27 July 2023 )

Abstract

The topological nodal-line semimetal is characterized by the conduction band and valence band of electrons
crossing along a one-dimensional line or closed loop in reciprocal space, with each nodal line carrying Il Berry
phase. According to bulk-boundary correspondence, there exist drumheadlike surface states with weak
dispersion at the boundary of system, surrounded by the projection of nodal loops onto the surface Brillouin
zone. In most of nodal-line semimetals, the spin orbit coupling effect is weak, leading to the absence of a spin
configuration for surface states under the single-particle picture. However, the featured weak dispersion of
drumheadlike surface states enhances the electron-electron interaction effect, which triggers out ferromagnetic
instability and causes spin splitting in the surface state. In this work, spin-dependent scattering caused by
ferromagnetic surface states in spin-degenerate nodal-line semimetals is considered. It is found that both spin-
splitting drumheadlike surface states can lead to resonant spin-flipped reflection. This physical process is
reflected in a double-peak structure in the spin conductance spectrum. Specifically, we deal with the scattering
problem induced by surface states in normal metal and nodal-line semimetal heterojunctions by using the
scattering matrix and the Green’s functions theory, respectively, and obtain consistent conclusions. The result
points out that spin-degenerate nodal-line semimetal surface states can still lead to spin-dependent transport,
which provides a new perspective for the detection and potential application of spintronics in nodal-line

semimetals.
Keywords: nodal-line semimetal, drumheadlike surface states, spin-dependent transport

PACS: 72.10.-d, 72.25.-b, 71.70.-d DOI: 10.7498 /aps.72.20230811
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