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Abstract

We use the self-consistent mean-field method to solve the energy gap of the topological super-
conducting surface state at the interface of the FeSeTe film. The approximate Hamiltonian is ob-
tained by the mean field approximation. The Bogoliubov quasi-particle transformation of the Ha-
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miltonian is simplified to a non-interacting quasi-particle system, and the Fermi operator expres-
sion of the energy gap is obtained. The expression is expanded at zero temperature and finite
temperature respectively. By using the commutation relationship of Fermi operator and the dis-
tribution characteristics of quasi-particle system, the energy gap self-consistent formulas under
two temperature states are obtained. After the superconducting transition temperature is calcu-
lated by the particularity of the superconducting transition, the relationship between the energy
gap and temperature in the range of zero temperature to superconducting transition temperature
is solved numerically. The study of the superconducting energy gap of the topological surface state
can obtain the change of the thermodynamic properties of the superconducting state. At the same
time, it has reference significance for finding Majorana zero modes suitable for topological quan-
tum computing.
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R T IR B FAAE 1937 SE B KRR AR Mjorana $2HY, S BT A G . BRI D 45445
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FHEPR[8], FeSe 148 78 A& 25 14 e 13 PR X 2R b8 T4, W FH T 8 4R 4R 745 [9] [10]. 2008 4F, M. K. Wu
GENKIL TS REARIRE N 8 K BIEE Sk, [MERMNZ, Wil 4.5 GPa [k Jy)5, SRR I
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Figure 1. Superconducting topological surface states coupled in FeTeSe. In the figure, red is the surface state, and the blue
region is the bulk state. (a) There are superconducting topological surface states at the top and bottom of the FeSeTe film. (b)
Two topological surface-state superconductors with opposite surfaces
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Figure 2. The energy gap changes with temperature. Near zero temperature, the energy gap decreases slowly, and the two
curves almost coincide. Near the superconducting transition temperature, the energy gap decreases sharply, indicating that

the superconducting state is rapidly changing to the trivial state
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Figure 3. Eigenenergy spectrum, energy spectrum about zero energy symmetry
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Figure 4. The temperature dependence of the band gap (a) is the intra-surface spin singlet pairing constant, and (b) is the in-
ter-surface spin triplet pairing constant
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