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Fig. 1. Schematic setup of a QD coupled to MZM. The
QD is tunnel coupled to the nearest one of the MZM
which are located at the two ends of the nanowire.
The QD is connected to the electrodes, which forms a
closed detection circuit. Choosing the chemical poten-
tial of the superconductor as the zero-energy reference,
the chemical potentials of the left and right leads lo-
cate then at up,r) = e(Vo & V/2), respectively (with

e the electron charge).

51 N\ Dirac #2K 7 f, Roangik k38 548
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Fig. 2. Differences between the steady-state currents
and the differential conductances: (a) Current differ-
ences between the steady-state source and drain for
different QD-MZM coupling values; (b) the differen-
tial conductances. Other parameters are ep = 0,ey =
0.177, M\ = A= 21, T = 0.117..
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Fig. 3. Current differences between the steady-state
source and drain for different energy splitting ey values.
Other parameters are ep = 0, A\ = A\ = 211, IR = 211,
T=0.11I1.
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parameters are ey = 0.1/1,,ep = 0,IR = 2[1,,T =
0.177,.
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Fig. 5. Current differences between the steady-state
source and drain and the differential conductances for
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Fig. 6. Shot noise: (a) Without MZM (A; = 0); (b) with MZM (A1 = X); (¢) V = 0; (d) V = 10I1,. Other
parameters are eny = 0.1/1,,ep =0, A1 = A =2I1,I1, = IR, T =0.1171,.
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Fig. 7. Finite-frequency shot noise for different splitting energy ey values: (a) em = 0.1I7; (b) em = 1.0I7;

(c) em =2.0I1; (d) V=0 and V = 10IL,. Other parameters are ep = 0, A\1 = A =2I1,I1, = IR, T =0.111.

187302-7


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

38 % ) Acta Phys. Sin. Vol. 67, No. 18 (2018) 187302

_____________ 1.0 e
(c) (d) -
0.45 0.9
& 0.40 A
V=0 o7t V=121
PR . oo A= 1FL ..... A= 1FL
0.35 R A=30 A=3I
% 0.6
-15 -10 -5 0 5 10 15 -15 -10 -5 0 5 10 15

w/FL W/FL

8  HEAUREE A WTHORME AW (a) A = I1; (b) A =3I1; (c) V =0 X [RM; (d) KimE V = 1217, I’ X 15
mi; HAhSHep = 0,em = 0.11, I, = IR, T = 0.1,

Fig. 8. Finite-frequency shot noise for different coupling X values: (a) A = I'; (b) A = 3I1; (c) V =0; (d) V = 121I7,.
Other parameters are ep = 0,epy = 0.111,, I, = IR, T = 0.117,.

Sr(w)
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Fig. 9. Finite-frequency shot noise for different coupling Iy values: (a) I'g = 0.5I,; (b) I'r = IL; (¢) Ir = 2.0I;
(d) I'g = 3.0I%,. Other parameters are ep = 0,ep = 0.117,,A\1 = A =211, T = 0.111..
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Low-bias oscillations of shot noise as signatures of
Majorana zero modes”
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Abstract

Majorana zero-energy modes are their own antiparticles, which are potential building blocks of topological quantum
computing. Recently, there has been growing the interest in searching for Majorana zero modes in condensed matter
physics. Semiconductor-superconductor hybrid systems have received particular attention because of easy realization
and high-degree experimental control. The Majorana zero-energy modes are predicted to appear at two ends of a
semiconductor nanowire, in the proximity of an s-wave superconductor and under a proper external magnetic field.
Experimental signatures of Majorana zero modes in semiconductor-superconductor systems typically consist of zero-bias
conductance peaks in tunneling spectra. So far it is universally received that an ideal semiconductor-superconductor
hybrid structure should possess Majorana zero-energy modes. However, an unambiguous verification remains elusive
because zero-bias conductance peaks can also have non-topological origins, such as Kondo effect, Andreev bound states
or disorder effect. Therefore, it is important to investigate additional evidences to conclusively confirm the presence of
Majorana zero modes in the hybrid solid state devices. It has been suggested that the Majorana-quantum dot hybrid
system might be one of the solutions to the problem. Up to now, various Majorana-dot hybrid devices have been proposed
to detect the existence of Majorana zero modes. Most of these studies mainly focused on the limits of transport at zero
temperature, large bias voltage or zero frequency shot noise. Then a natural question is how the current correlations
between the electrons transport through the topological nanowire, especially still in the zero-bias regime. In this paper,
a specific spinless model consisting of a quantum dot tunnel-coupled to topological nanowire is considered. We present a
systematic investigation of the electron transport by using a particle-number resolved master equation. We pay particular
attention to the effects of Majorana’s dynamics on the current fluctuations (shot noise) at nonzero temperature and finite
bias voltage as well as at finite frequencies, especially in the low-bias regime. It is shown that the difference between the
electrode currents combined with the low-bias oscillations of finite-frequency shot noise can identify Majorana zero modes
from the usual resonant-tunneling levels. When there exist Majorana zero modes, on the one hand, the current difference

depends on the asymmetry of electron tunneling rate. The asymmetric behaviors can expose the essential features of the
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Majorana zero modes since the symmetric current difference is zero. And the zero-bias conductance peak appears for the
asymmetric coupling. Moreover, as the Majorana splitting energy increases, the current difference is suppressed while it
is increased with the dot-wire coupling increasing. On the other hand, the dynamics of Majorana coherent oscillations
between the dot and the wire is revealed in the finite-frequency shot noise. Due to the existence of Majorana zero modes
the finite-frequency shot noise shows oscillations with a pronounced zero-frequency noise enhancement. Especially in the
low-bias regime, the noise spectrum still exhibits an oscillation behavior which is absent from the large-bias voltage limit.
Furthermore, with the Majorana splitting energy increasing, the oscillations of shot noise become more obvious, but the
zero-frequency peak is lowered. When the dot is asymmetrically coupled to the electrode, the shot noise gradually changes
into the super-Poissonian statistics from the sub-Poissonian statistics. This indicates the crossover from antibunched
to bunched electron transport. As a result, the combination of the current difference and the low-bias oscillations of
finite-frequency shot noise allows one to probe the presence of Majorana zero modes. It is therefore expected that the
findings of this work can offer additional guides for experiments to identify signatures of Majorana zero modes in solid

state systems.

Keywords: Majorana fermion, quantum dot, shot noise
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