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Fig. 1. Schematic diagram of the non-Hermitian spin-orbit
SSH model. A and B represent two kinds of lattices, and
purple-up and green-down arrows represent imaginary po-
tentials iy and —i7y, respectively. Light-green and black
lines denote intracell hopping v and intercell hopping w,
and the blue and pink lines describe the intracell spin-orbit
coupling A, and the intercell spin-orbit coupling A, .
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Table 1. The BDI and BDIT classes for Her-

mitian and non-Hermitian Hamiltonians.
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Class T(T+) rec-) Ct T- C
BDI +1 +1 0 0 1
BDIT 0 0 +1 +1 1
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Fig. 2. (a), (b) The energy spectra of system in the momentum space under the Hermitian condition with A =0.3: (a) § = 0.4;

(b) 6 =2.5. (c) Phase diagram in the momentum space, where yellow region corresponds to Z = 2m, green region corresponds to

Z =z, and purple corresponds to Z = 0. (d) Energy spectrum with the change of dimerization parameter 9.
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Fig. 4. Band structures for different values of imaginary potential ~v: (a) v=0.3; (b) v=+7/5; (¢) v=0.8; (d) v=1.0;
(e) v~ 1.986; (f) v =2. Correspond to the respective points in Fig. 3. The blue lines indicate the real part of energy, and the red

lines correspond to the imaginary part. Other parameters are A = 0.3 and § = 0.4.
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Fig. 6. Energy and probability density spectra with open boundary conditions: (a) 6 = —0.7; (b) § = —0.32; (¢) § = —0.23; (d) § =
0.32. The other parameters are A = 0.3 and v = v/7/5.
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Fig. 7. Real and imaginary parts of energy for different ~: (a), (b) 6 = —0.4; (¢), (d) § = —0.2; (e), (f) 6§ = 0.4. Left panel shows
the real part of energy, and the right corresponds to the imaginary part. Other parameters are A = 0.3. The red lines describe the

real and imaginary parts of zero energy states, respectively.
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Topological properties of the one-dimensional
PT -symmetric non-Hermitian spin-orbit-coupled
Su-Schrieffer-Heeger model

Li Jia-Rui  Wang Zi-An  Xu Tong-Tong'
Zhang Lian-Lian = Gong Wei-Jiang

(College of Sciences, Northeastern University, Shenyang 110819, China)

( Received 24 April 2022; revised manuscript received 31 May 2022 )

Abstract

The topological property and the energy property of one-dimensional non-Hermitian spin-orbit-coupled Su-
Schrieffer-Heeger (SSH) model are investigated theoretically, by introducing spin-dependent imaginary
potentials with gain and loss effects. It is found that the imaginary potential leads the imaginary energy spectra
to appera in the topologically nontrivial region of this system, and the P7 phase transition to happen in the
topologically trivial region. In addition, the imaginary potential energy and spin-orbit coupling work together to
make the topological phase transition occur in the topologically trivial region, and the topological non-trivial
region becomes wider. The energy spectrum results show that the imaginary potential energy and the spin-orbit
coupling can obviously control the zero-energy states of the system, which mainly lies in the presence of four
zero-energy states with four different localities and numbers. This shows the special adjustment effect of
imaginary potential energy and spin-orbit coupling on the energy band structure of the system. It is believed
that these results are helpful in understanding the topological phase transition behavior of P7T -symmetric non-

Hermitian system.

Keywords: P7 symmetry, topological phase transition, Su-Schrieffer-Heeger lattice, spin-orbit coupling
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