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Fig. 1. Model Diagram. The system consists of a quantum
dot, a local large spin and a topological superconductor
which supports Majorana fermions. There is a temperature

gradient applied to the system.
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Fig. 2. Spin-resolved currents (a), (b), spin current (c) and charge current (d) as a function of temperature difference for $ = 1/2.
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Fig. 3. Spin-resolved currents (a), (b), spin current (c) and charge current (d) as a function of gate voltage for S = 1/2.

117401-4


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

Y 32 2 3R Acta Phys. Sin. Vol. 70, No. 11 (2021)

117401

0.02
P
29
~
=
—0.02 |
—4 -2 0 2 4
eo/meV
(b)
0.02
P
& or
~
[y
—0.02
—4 —2 0 2 4
go/meV

0.01 |
5
e OF
~
g
—0.01
—4 -2 0 2 4
eo/meV
0.04
P
0o
~
4
—0.04

eo/meV

4 S=10 B¢ B (a), HBEM T HE (b). ABER (c) FIHLAT I (d) BET LR A 2L ]

Fig. 4. Spin-resolved currents (a), (b), spin current (c) and charge current (d) as a function of gate voltage for S = 1.
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Abstract

In quantum transport, especially in spintronics, its central theme is to manipulate spin degrees of freedom
in solid-state systems, to understand the interaction between the particle spin and its solid-state environments
and to make useful devices. Recently, Majorana fermion has been introduced into quantum transport and
received much attention. In this paper, we study a thermal-driven transport model which consists of a quantum
dot coupled with two normal metal leads, a impurity spin (whose angular quantum number is more than or
equal to one-half) and a Majorana fermion. We focus on the interplay between Majorana fermion and the
impurity in this exactly solvable model. It is found that the system can generate thermal-induced spin current,
and the currents are affected by Majorana fermion and impurity. With large temperature difference, the
currents are sensitive to gate voltage, and the quantitative relation between spin-up current and gate voltage
tends to be linear when the coupling between Majorana and quantum dot is strong, showing Majorana fermion's
robustness. In addition, the spin current induced by Majorana fermion exhibits an oscillating antisymmetric
structure around zero-bias point. This spin current’s zero point is related to the angular quantum number of
impurity spin. These results are expected to be useful in thermal-electric conversion devices, and may be

observed in future experiments.
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