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Figure 1 (Color online) Sketch of the proposed setup for optically de-
tecting Majorana Fermions (MFs). (a) a quantum dot (QD) embedded in
a nanomechanical resonator (NR) driven by two-tone fields; (b) the en-
ergy-level diagram of a QD coupled to MFs and NR, (c) the iron chains
on the superconducting Pb surface, and a pair of MFs appear in the ends
of the iron chains. The nearby MF is coupled to the hybrid QD-NR sys-
tem.
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Figure2 The absorption spectra of probe field as a function of the probe detuning Apr under different conditions. (a) Without considering any coupling,
i.e., g=0 and $=0; (b) the QD-NR coupling strength is g=0.06 and S=0; (c) the QD-MF coupling strength is f=0.05 GHz and g=0; (d) considering both

the QD-NR coupling and QD-MF coupling, i.e., g=0.06 and =0.05 GHz.
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Figure 3 (a) The probe absorption spectrum under em#0 (the solid line) and em=0 (the dashed line), respectively; (b) the linear relationship between

the distance of peak splitting and the coupling strength £.
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Figure 4 (Color online) The exciton resonance spectrum as a function
of Apr with g=0 and g=0.06 at the QD-MF coupling strength f=0.1 GHz.
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Majorana fermions detection based on a coupled quantum
dot-nanomechanical resonator system

CHEN HuaJun', FANG XianWen, CHEN ChangZhao & LI Yang

School of Science, Anhui University of Science and Technology, Huainan 232001, China

Motivated by a recent experiment providing evidence for Majorana zero modes in iron (Fe) chains on the superconducting
Pb surface, in the present work, an optical method for probing Majorana fermions is proposed theoretically, which is
very different from the current tunneling spectroscopy experiments with electrical means. The optical detection proposal
consists of a hybrid quantum dot-nanomechanical resonator system driven by one strong pump field and one weak probe
field. With the optical means, the signal in the coherent optical spectrum indicates a distinct signature of Majorana
fermions in the end of iron chains when the quantum dot coupled to Majorana fermions. In addition, an optical scheme
for determining the coupling strength between Majorana fermions and the quantum dot is also introduced, which affords
a straightforward method to measure such coupling. We further investigate the role of the nanomechanical resonator in
the hybrid system. The vibration of the nanomechanical resonator behaving as a phonon cavity will enhance the exciton
resonance spectrum, which is robust for the detection of Majorana fermions. This optical scheme affords a potential
supplement to detecte Majorana fermions and supports to use Majorana fermions in Fe chains as qubits for potential
applications in quantum computing devices.

Majorana fermions, quantum dot, nanomechanical resonator, optical detection
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