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Abstract

Graphene, atomically thin two-dimensional nanomaterials, may be considered as the ultimate na-
nomaterial for fabricating nanomechanical resonator due to its unique properties for studying its
quantum behavior of the motion. In this work, we theoretically demonstrate optomechanically in-
duced transparency based on the coupled graphene nanomechanical resonator-microwave cavity
system with a strong microwave pump field and a weak signal field under the condition of red side-
band. At the blue sideband, the signal field can be efficiently attenuated or amplified with calculating
the transmission spectrum of the signal field, depending on the power of a second “gating” (pump)
field which can behave as an optical transistor to amplify a weak microwave field. In addition, the
graphene optomechanics can obtain the slow and fast light effect with controlling the strong pump
field, and the slow and fast light effect can be switched via adjusting the detuning between the cavity
field and the pump field. This scheme may be a promising candidate for light storage and pave the
way for numerous applications in telecommunication and quantum information technologies.
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Figure 1. Schematic of a graphene mechanical resonator capaci-
tively coupled to a microwave cavity denoted by equivalent induc-
tance L and equivalent capacitance C in the presence of a strong
pump field @, and a weak signal field ws. The transmitted signal
field can be detected at room temperature by a spectrum analyzer
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Figure 2. The normalized magnitude of the cavity transmission [t* as a function of sig-
nal-cavity detuning As = @ws — @, with four pump powers (a) P;, = 0, (b) P, = 0.1 nW, (c) P;,
=0.5nW, and (d) P, = 1.0 nW, respectively
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Figure 3. (a) to (f) show the normalized magnitude of the cavity transmission [t as a
function of signal-cavity detuning A for six different pump powers under the condition
blue sideband A, = —wn,
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Figure 4. The magnified transparency window as a function of
probe-detuning with several different pump powers. The inset
shows the probe transmission as a function of the pump power
under the blue sideband
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Figure 5. (a) The phase of the cavity transmission as a function of
signal-cavity detuning A and (b) the group delay as a function of the
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phase of the cavity transmission as a function of signal cavity detun-
ing As and (d) the group delay as a function of the pump power P;,
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