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Fig. 1. (a) Schematic of a T-shaped double-quantum-dot (TDQD) structure with the quantum dot (QD) in the main channel coup-

ling to the first Majorana bound state (MBS) which is labeled as 11 . The MBSs are assumed to generate at the ends of the one-di-

mensional nanowire with strong spin-orbit interaction which suffers from longitudinal magnetic field and superconducting proxi-

mity effect. (b) Spin-up illustration of our considered TDQDs in the Nambu representation. The electron and hole parts of the QDs

and the MBS part are colored differently for comparison.
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Fig. 2. Linear-conductance curves in different cases: (a) Spin-down result of the linear conductance; (b)—(d) spin-up conductance in

the cases of em =0, 0.1, 0.5.

PR, AT LA S Ve AR A 5 7 RE B S 9
AR AR B R B S AL GRS A5 Xl
B T AR T KR 2 i 1 s M ) 2 A R
BZHRRIAH AR DT, X4 RA BT T
Lh AT N RS W iz PR
TR, X AR AR A S K S s 45

PEAT AR RE. B, 76 Nambu R4 26l %k R
7R IR, i 1(b) Fros. AMER I, 45 M2 h
34 T IR SR A LAY, 20wl e T R P

T A3 R By P 2 o 8 2 X {Eﬁ%?i%?lé@%‘,

2

T 9 WLESHE (e o SRR iz A7 B 2 8 1 £
. AR, MRS R 1 RS 1 15 S A i
TR T s 2

R IR X— BT e, B EH S MR A%
VNGRS W
1

Gy=E—ertily— —0
ddet ( St - BT Tior

- )‘2Gr11> )
(18)
Hrp, Gy 2 B AP RS 1 IE IR AR AR R AL, 3%
A
—1

/\2

Eyiot— —m

G = E+i0t

M (18) AT AT I T 2 FE28 4 i ) e
. 46 B = o0 BRI T . Gl o 46 HEIE TR LA
ERESE, X 5 R A AR D AR A T eI
A, B0 TR A T R RO T X
R RAT B TR S5 2 = O, EARIEL
S . I, 76 B = —ep BATET, T
SF 17 1 48 B BB G e — 0, T 1028 RS
4655 TH PR A A, LAY, T LU AR

E+e +ilp —

t2
0
E+€2 +10+

|
PN AR RESHAE T, R en =22, GY
¥l TI0g5. XRUER Tz firh, B4
WRAE S REBHHETW. 55— HH, X TE=0
MEE R UF R Y e AR 0B, G, =0, R
BESEvE LRI AN NNESE o SO AT 1k
WHLSHE NS AR ) ZS R G TG, TR 52
PINFERRNT T,

057301-5


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
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 73, No. 5 (2024) 057301

t2
T1(E—=0 %—[E 'F—io.} A2,
n ) Fea il - g vl
[[A=N
. . t2F
Gdd,eT(E%O)%1/2 lpo—m .
2

R 2 IR R A AT, BT Gy
(B — 0) RYBIRI 562 1 B T i Mo SR 7
TR RIS,

—
928

= (a) P e1=0,0=0 — &m=0

= ol A=0.1, 0.3, 0.5 — em=0.1

I — =05

T

g 0.9

IS

i

Z 06}

Z 0

g

3

S 03}

3

5}

= :

3 0 |Spin up v )
—2 —1 0 1 2

1.0

n (c) AP &=0,0=0

< sk A=0.1, 0.3, 0.5

L

<

g 06t

g

<

k3]

= 04k

e}

g

- 0.2 — em=0

§ — en=0.1

3 0 'Spin up ) ) - em = 0.5
-2 -1 0 1 2

15

n (e) P e1=0,0=0.5n

< =

< ol A=0.1, 0.3, 0.5

L

<

€ 09

<

g

2 0.6

R

g

3

. 03

3

g .

3 0 +Spin up ) . ) em = 0.5
—2 -1 0 1 2

1.0

(g) AP £,=0,0=0.5n

oslh A=0.1, 0.3, 0.5

0.6
0.4

0.2

Linear conductance/(e>h~1)

K3 e1 =0 MARRZEIRET B BRBEE BRI R Rl S

BT LIRER, TS R B AR R O
SIGITERT, H AR T B A N R S R L
GERPHAE. 350 A AT A (P ) R
FATE (AP B By, NS B E
to=0.5. [AlNf, B p, = p=0.5. FERLEERS |-, AT LA
PE— A SR

Bl 3 43T ie T S8 em A A XTZME FL S 152
Wi P PR LA B BRE M A AR T, R

1.0

()P £=0,0=0
A=0.1, 0.3, 0.5

0.8

0.6 [

0.4

0.2

Linear conductance/(e?h~1)

0 Spin down
-2 -1 0 1 2
1.0

(d) AP £,=0,0=0
A=0.1,0.3, 0.5

0.8

0.6

0.4

0.2

Linear conductance/(e?-h~1)

0 Spin down — e, =0.5
-2 —1 0 1 2
1.0
f) P &=0,0=0.5n
0.8 A=0.1, 0.3, 0.5

0.6

0.4

0.2

Linear conductance/(e?-h~1)

0

'Spin down

-2 -1 0 1 2
1.0

(h) AP & =0, 6=0.5n

oslh A=0.1,0.3, 0.5

0.6
0.4

0.2

Linear conductance/(e?h~1)

'Spin down

-2 -1 0 1 2

(a), (b) 0 = OFF ) [ HETFATAEHIZERL S8 (), () 0= O

B e S AT A M 3 (o), (1) 6 = 0.5m I FIEFATE5 ML M R (), (h) 6 = 0.5m I /Y [ e S AT S5 M 2t g 5%

Fig. 3. Linear conductance spectra of the TDQD system with ferromagnetic leads when €1 = 0: (a), (b) Linear conductances in the

P spin configuration with 6 = 0; (c¢), (d) linear conductances in the AP spin configuration with 6 = 0; (e), (f) linear conductances

in the P spin configuration with 6 = 0.57; (g), (h) linear conductance in the AP spin configurations with 6 = 0.57.
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Fig. 4. Magnetoresistance (MR) of the TDQD system with
ferromagnetic leads when €1 =0, A =0.1: (a) MR in the
case of em = 0; (b) MR in the case of em =0.1.
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Fig. 5. Hlustration of our considered TDQDs with ferromag-

netic leads in the Nambu representation. The electron and
hole parts of the QDs and the MBS part are colored differ-

ently for comparison.
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Fig. 6. Linear conductance spectra of the system with ferromagnetic leads when €1 =0,
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(e), (f) linear conductances in the P spin configuration with 6 = 0.57; (g), (h) linear conductances in the AP spin configuration

with 6 = 0.5m.
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Abstract

The significant potential applications of Majorana bound state (MBS) in topological quantum computing
manifest the importance and necessity of relevant in-depth research. To understand the physical properties of
MBS, the most practical approach is to integrate it to a mesoscopic circuit and then investigate its quantum
transport behaviors. In this work, we investigate the transport properties in the systems with MBS, and provide
theoretical support for its further understanding and detection, by utilizing the nonequilibrium Green’s function
method and scattering matrix theory. Specifically, we investigate theoretically the transport properties in a
T-shaped double-quantum dot structure, by considering MBS to be coupled to the dot in the main channel,
which shows that in the linear transmission region, when the level of side-coupled dot is tuned to the Fermi
energy level, the contribution of MBS to the conductance is eliminated under weak and strong Coulomb
interaction. The side-coupled dot is far away from the Fermi energy level, leading to different results. When
Majorana zero mode is added, the linear conductance is independent of the level of the side-coupled quantum
dot, and the conductance plateau appears. However, with coupling between the MBSs, the linear conductance is
the same as that without coupling between the MBSs. The decoupling phenomenon of the MBS remains strong.
Therefore, the signature of the MBS can be eliminated by adjusting the level of the side-coupled quantum dot
or the inter-MBS coupling. When ferromagnetic leads are introduced, the appearance or disappearance of the
conductance plateau is clearly dependent on the difference between the magnetic field direction and the lead
polarization direction in the system, whereas the decoupling behavior of the MBS is still existent. This work
contributes to further explaining the decoupling phenomenon of MBSs in a T-shaped double-quantum-dot

system, and presents a theoretical approach to more in-depth understanding and detection of the MBS.
Keywords: Andreev reflection, Majorana bound state, quantum dot, decoupling
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