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Fig. 1. The schematic diagram of the SSH chain with spin-orbit coupling coupled to the left and right leads. The red filled circles
denote the A atoms, the blue filled circles denote the B atoms, the black unfilled circles denote atoms on the leads. to describes the
hopping amplitude between two adjacent atoms on the leads. ¢, and tr, characterize the spin-dependent tunnel coupling
strengths between the SSH chain with spin-orbit coupling and the left lead, and that between the SSH chain with spin-orbit coup-
ling and the right lead, respectively. v and w are the intra-cell and inter-cell hopping amplitudes with the spin-conserving pro-
cesses, respectively. Whereas A, and Ay, are the intra-cell and inter-cell hopping amplitudes with the spin-flip processes, respectively.
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Fig. 2. (a), (b) The energy spectrum of the SSH chain with spin-orbit coupling for N = 10 and N = 50, respectively; (c) the wind-

ing number of the SSH chain with spin-orbit coupling as a function of the intra-cell hopping amplitude with the spin-conserving

process v . The parameters of the SSH chain with spin-orbit coupling are chosen as w = 1.0, A, = 0.1 and A, = 0.5.
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Fig. 3. (a)-(d) The distribution of probability amplitudes of the wave functions of the four nearly zero-energy eigenstates of the SSH

chain with spin-orbit coupling: (a)—(d) v =0.3; (¢)—(h) v = 0.6. The other parameters of the SSH chain with spin-orbit coupling

are chosen as w = 1.0, A, =0.1, Ay =0.5and N = 10.
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0.3; (b) v =0.6. The other parameters are the same as
Fig. 3.
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Fig. 5. (a) and (b) Energy spectrum of the SSH chain with
spin-orbit coupling in the vicinity of the zero energy; (c) en-
ergy spectrum of the SSH chain with spin-orbit coupling
coupled to the atom of the left lead j = —1 and that of the
right lead j =1 in the vicinity of the zero energy, where
tp = tgr = 0.1. The other parameters are the same as Fig. 3.
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Abstract

In the Su-Schrieffer-Heeger (SSH) chain, the nontrivial topological edge states will have different winding
numbers when the intra-cell and inter-cell hopping amplitudes are spin-dependent ones. Consequently, how to
detect the edge states with different winding numbers theoretically and experimentally has become one of
important topics in condensed matter physics. In this paper, in the framework of the tight-binding
approximation, we study the topological properties and the electron transport properties of the edge states of
the SSH chain with the spin-orbit coupling. It is demonstrated that the winding numbers of the quadruple-
degenerate and twofold-degenerate edge states are two and one, respectively. Importantly, the electron
transport properties in the vicinity of the zero energy can characterize the energy spectra of the edge states,
when the spin-polarized electrons tunnel into the SSH chain from the source lead, namely, the source lead is a
ferromagnetic one. With increasing the tunneling coupling strengths between the SSH chain and the two leads
from the weak coupling regime to the strong coupling one, the number of transmission resonance peaks of the
quadruple-degenerate with the winding numbers being two and twofold-degenerate edge states with the winding
numbers being one will be reduced by four and two, respectively. In other words, the transmission resonance
peaks related to the edge states will disappear when the SSH chain is strongly coupled to the two leads.
Therefore, these results suggest an alternative way of detecting the nontrivial topological ones with different

winding numbers by changing the number of transmission resonance peaks of edge states.
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