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Fig. 1. (a) Resonance tunneling model of isolated quantum
dot coupled leads-quantum dot system; (b) the isolated Ma-
jorana zero mode coupling with two chiral Majorana fermi-
ons 71 (blue line) 72 (red line) -Majorana zero mode o2
system model; (c) isolated Majorana zero mode coupling
with two chiral Majorana fermions-Majorana zero mode
model to achieve resonance tunneling, followed by coupling
with another Majorana zero mode to achieve braiding

model.
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Fig. 2. Circuit diagram of isolated quantum dot (QD2)
coupled with quantum dot (QD1)-TSC system.
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Fig. 3. Relationship between effective transmission T and the energy levels €4, and €4, of the two quantum dots with different
coupling strengths: (a) tzg= 0 meV; (b) ;3= 0.025 meV; (c) tz9= 0.05 meV; (d) tg= 0.1 meV. Here It =12 =1meV  the tem-

perature is set to 20 mK.
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Fig. 4. Relationship between conductance G and energy levels of two quantum dots g, , €q, at different coupling strengths:
(a), (b) Corresponds to conductance Gy and G, with tqq = 0 meV, respectively; (c), (d) corresponds to conductance Gz and Gy, re-
spectively, with tgq = 0.025 meV; (e), (f) corresponds to conductance Gz and G| , respectively, with tqq =0.05 meV; (g), (h) cor-

responds to conductance Gy and Gy, respectively, with tgq = 0.1 meV_ Other parameters are the same as those used in Fig.3(a).
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Abstract

We study the resonance exchanges of two chiral Majorana fermions in two distinct systems theoretically in
this work: one is an isolated Majorana zero mode interacting with complexes formed by two chiral Majorana
fermions and a Majorana zero mode, and the other involves isolated quantum dots that are coupled to a system
composed of Majorana fermions and a quantum dot. Our research results reveal that both of these coupled
systems can facilitate the effective transmissions of the two chiral Majorana fermions as 71 — —y2 and v2 = —v1,
and the resonant tunneling effects in the two systems are equivalent. Therefore, quantum dots can replace
Majorana zero modes to achieve resonant tunneling. In order to observe the resonance exchange of two chiral
Majorana fermions with the two quantum dots, a circuit based on anomalous quantum Hall insulator proximity-
coupled with s-wave superconductor is proposed as shown in figure. The numerical results indicate that the
resonant exchange of chiral Majorana fermions can be modulated by the coupling strength between the two
quantum dots, and it is particularly noteworthy that the tunneling process is independent of the
superconducting phase. If one of the chiral Majorana fermions undergoes resonance coupling with another

quantum dot or Majorana zero mode, an additional negative sign is obtained, leading to —vy2 — 71 . After

experiencing two resonance exchange processes, the n

final result is v1 — 72 and 72 — —v1, which implies ~ @

the realization of non-Abelian braiding operations. Our TSC W TsC
conclusion is that the modulation of coupling strength D,

between two quantum dots can be used to achieve the QAHI 4\ Z /F QAHI
switch of Majorana fermions braiding-like operation, \ \; \,:' %
which is independent of superconducting phase. 7 QD1

Therefore, the designed scheme provides a new way for

adjusting the braiding-like operation of Majorana Js " "

fermions. These findings may have potential

applications in the realization of topological quantum

N
I )
computers.
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