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Fig. 1. Schematic of the considered quantum dot-SSH chain hybrid system. The hollow circles denote atoms on the leads, the shad-

ow circles are the quantum dots, red circles are the A atoms, the blue circles represent the B atoms.ty is the hopping amplitude

between the two nearest-neighbor atoms on the leads. t; (7 = L,R) describes the strength of tunneling coupling between the lead-n

and quantum dot-n, 7 is the strength of tunneling coupling between quantum dot and SSH chain, v and w denote the intra-cell

and inter-cell hopping amplitudes, respectively. N is the number of unit cells.
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Fig. 2. (a) Energy spectrum of the SSH chain; (b) and (c¢) Energy spectrum of the quantum dot-SSH chain hybrid system, where

(b) 7=0.01 and (¢) 7 =1.00. Here, w = 1.00 and N = 10.

01,00, w3 M@y, AN, FH S A0 i IF R 4.
I, FREAMES LRI 7E S SSH e F4EHE
G PR E A S AR L RCR, 7E SSH L+
EAE A W I R R AR LRI . R,
T A5 -SSH 5 4% 72 G0 1% DU 15 I 3 2R A8 X BT
SSH JF FHEAAEINSASIIIBIE, Kl 3(a) FEl 3(b)
JiiR. FEv > wiBE T, #lin, v =150, HilZE
M TETITBE R 2, AHR L, FREAIER R o1 Fll o, B
SRILTLRAE S SSH R F A5G AP It 4 1Y
AR LR AR, B2, SSH R F4E A | A Wisi i T
1 5 4 LI B BB KT HAb -, B, & F
JE-SSH IR T 4% R 4o iy — 5 /) I 1 G A% N T
SSH JFEFHEAMAAENZASIITEIE, WK 3(a) FIEl 3(c)
FFR . Y8755 SSH JE 8% o f A i, B
T =1.00, {XFEv > wHET, i, v=2.00, fF1E
TEAIFRSGA, HERAMER o1l o, Ik
f, HILRANAE S SSH R FAERE A 1 A~ 1 4

By LR, U, SSH IR T4 7E . A
I J5UF ) o i LA L /N T A A 3(d) B
. I, R -SSH TR R G H R L 4
SHMNLT SSH BT HENFAE I Z ST IE.

32 EFE-SSHETHREAZHNEFHIZ
i
3.2.1 =F.455 SSH R-T4£5548 609 H

%, A Fr i T A -SSH 5 T4k 7 45 U i 7 I
NGB W T35 5 R, BIE 2(b) Ho/hF
0.8 M. YT S -SSH JF 155 R 48 54Mn e il
AT, B -SSH R T4 R G0 570 A7 ik AR
Bk o FN g, BRI A -SSH R T8 RS
L2k, DRI, ¢ e AOBICIEDK 5 0 o T i
FebE, UHOE IS0 B Tz feE. oy e,
X R = tr. MiTH-SSH R FHE RS 5

077301-4


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 B ¥ R Acta Phys. Sin.

Vol. 69, No. 7 (2020) 077301

0.4 @ v=0.50, w=1.00, N=10
) °
1 I
0.3F 1 2 !
| -u- el I
o | & o] :
§ 0.2 ||
|I |
0.1} I
ll A /.\ !
RN
| o / !
ol ¢ w*eooeooesoese’e o
0 4 8 12 16 20
m
0.6
() 7=0.01, v=1.50, w=1.00, N=10
05} m "
|
1
04F 5 k
| -m- \<P1|2 i
~  03f o= | |
IS ' i
= 02f 1 i
|
01} | ,'
| .
1
0r [EE RS S S EEESEN RN S =R N
o1 R
0 4 8 12 16 20
m

0.30
(®) 1 20.01, v=0.50, w=1.00, N=10
] .
0.25
* /)‘l
0.20 | - o] 3
-®- |<//’2|2 ]
w0150 - |3l
= 2 [
g i - |4l
- 0.10} i |
i
0.05} ‘.\ 2 .|
\j
ol ¥ Wosssssssase®d ¥
005 e
0 4 8 12 16 20
m
04 b @ 7=1.00, v=2.00, w=1.00, N=10
. ’
! i
0.3 1 5 |
x e
o I @ [ i
N 0.2 1 |
S \ .
! i
0.1r R /q |
]/ \ / \
[ §
ol @ P etssnsannete e ¥

0 4 8 12 16 20
m

Bl 3 (a) SSH 755 1 % REAE UK bR AUTE 48 AL B B LA, Kb, v = 0.50; (b)— (d) = F &-SSH [ 755 R 4 1 E fig
3l B BT 45 AR 5 8 I JLER MR, Hor: (b) 7 =0.01, v = 0.50; (¢) 7 =0.01, v = 1.50; (d) 7 = 1.00 v = 2.00

Fig. 3. (a) The probability distributions of wave functions of the zero-energy modes at each sites in the SSH chain with v = 0.50;

(b)-(d) The probability distributions of wave functions of the zero-energy modes at each sites in the quantum dot-SSH chain hy-
brid system, where (b) 7 =0.01, v = 0.50, (¢)7 = 0.01, v =1.50, (d) T = 1.00 v = 2.00.
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Fig. 5. The transmission probability versus the energy of incident electron for different strengths of tunneling coupling at 7 = 0.01,

v =0.60, w=1.00 and N = 10.
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Fig. 7. The transmission probability versus the energy of incident electron for different strengths of tunneling coupling at 7 = 0.01,
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Abstract

The Su-Schrieffer-Heeger (SSH) is a typical one-dimensional system with topological edge states, which has
been experimentally realized in the photon and cold atom systems.Therefore, how to confirm the existence of
the edge states from theoretical and experimental has become one of the most important topics in condensed
matter physics. In this paper, using the tight-binding approximation and transfer-matrix method, we have
studied the transport signatures of electron through a quantum dot-SSH chain hybrid system. Here,the two
quantum dots play a role in modulating the tunneling coupling strength between the SSH chain and the two
electrodes.When the quantum dots are weakly coupled to the SSH chain, the quadruple-degenerate edge states
of the quantum dot-SSH chain hybrid system correspond to that the SSH chain has two degenerate zero-energy
edge states; whereas the twofold-degenerate ones correspond to that the SSH chain has no edge states. While
the quantum dots are strongly coupled to the SSH chain, the edge states only exist when the intra-cell hopping
amplitude is larger than the inter-cell hopping amplitude. In this situation, however, there is no edge states in
the SSH chain. In particular, when the quantum dot-SSH chain hybrid system is strongly coupled to the two
external electrodes, the number of transmission resonance peaks of the edge states of the quantum dot-SSH
chain hybrid system will be reduced by 2. For example, in the case of the quadruple-degenerate edge states, the
number of transmission resonance peaks will be two; whereas in the case of twofold-degenerate ones, that will
disappear. Therefore, by modulating the tunneling coupling strength between the quantum dots and the SSH
chain and that between the quantum dots and the two external electrodes, we can observe the variation of the
number of transmission resonance peaks of edge states to detect whether the SSH chain is in the nontrivial

topological state or not.
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