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In addition, the two vibrating mirrors can
also be coupled through the electrostatic
force or Coulomb interaction for charged

vibrating mirrors.
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The coupling of NV spins between  \, = se. mimzessia T, HTFAHEH/ER
mechanical resonators can be

achieved extrinsically (external R EIRETF. BIERE, B 2
magnetic field gradients) or Al AR, DA = QAT
intrinsically (mechanical strain).
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In the condition of the strong-driving regime, i.e., the pump field is more stronger than

the probe field, according to the linearized Langevin equations of Equation 9 to Equation

11, the Hamiltonian in the rotating-wave approximation |16, 17| is (h = 1)

oo r : - : - g
Hpwa 7)-A,,($a' 4 uq()a}()a! - ..'.'QOa:t,dag + gi1(baydo™ + daydo™) 4 gg(&a;()a* + dasdo™)

+J(e®da}day + e ?8aydal). (16)

In order to investigate the role of phonon-exchange interaction, two bosonic modes A, and
A_ are introduced as following

A, = fbéay — e®hdas, A_ = e Phbay + féas, (17)
then, the Hamiltonian of Equation 16 reduces to
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Hpwa = 50.00"+0, AL Ay +@0_ALA_+§,(60” AL+ A d0™)+g (60~ AL+ A_d0™), (18)

where resonance frequencies and coupling strengths are as follows
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g+ fg1 — €®hgs, g- = e ®hgy + faga, (20)

with the two parameters of
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When the two mechanical modes have the same frequencies, wy = ws, and coupling strengths,

gy = g1 = g, the coupling strengths in Equation 20 can be simplified as
V29(1+e ) _ g(1 —e®) ‘
A , g = ——— (22)
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In Equation 22, when # = nx for an integer n, the spin mode is decoupled from one of the

two hybridized mechanical modes A_ (for an even number n) and A, (for an odd number

n). These features mean that the dark-mode effect can be broken by tuning the modulation

phase 0 # nw.
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