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tuning the cavity-control field detuning. For the nondegenerate case, two
transparency windows are observed and the absorption spectrum can switch
between a single Fano resonance and double Fano resonances. Furthermore, we
show that the output probe field can be greatly amplified or completely suppressed
due to the complex interference effect by tuning the amplitude and phase of the
mechanical driving fields. Our results can be extended to the optomechanical system
with multiple membranes, which enables us to control the light propagation more
flexibly.
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1 Introduction

Optomechanical system usually consists of the electromagnetic cavity and the mechan-
ical oscillator coupled by radiation pressure [1-3]. In the past decades, both linear and
quadratic optomechanical coupling have been under extensive exploration, where the cav-
ity resonance frequency linearly and quadratically depends on the displacement of the me-
chanical oscillator, respectively. In particular, tremendous progresses have been made in
optomechanical systems, such as ground state cooling of the mechanical oscillator [4, 5],
optomechanical squeezing of light and mechanical motion [6-9], quantum entanglement
between mechanical oscillators [10, 11]. Furthermore, the optical response of the op-
tomechanical system can exhibit some interesting phenomena by driving the cavity under
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different conditions, including optomechanically induced transparency (OMIT) [12-19],
optomechanically induced amplification (OMIA) [20, 21], and Fano resonance [22, 23].
OMIT is the analog of electromagnetically induced transparency (EIT) [24, 25], which re-
sults from the destructive interference between different excitation pathways in atomic
vapors and various solid-state systems [26—29]. Recently, different types of OMIT, such
as nonlinear OMIT [30-32], two-color OMIT [33], vector OMIT [34], reversed OMIT
[35-37], and nonreciprocal OMIT [38, 39], have been extensively explored. Besides the
nonreciprocal OMIT [39], the spinning optomechanical system also provides a platform
to study quantum effects such as nonreciprocal photon blockade [40] and nonreciprocal
optomechanical entanglement [41]. Closely related to EIT, the Fano resonance with asym-
metric line shape was first explained by Ugo Fano in terms of the interference of a narrow
discrete resonance with a broad spectral line or continuum [42, 43]. These phenomena
can have potential applications in slow light [44, 45], optical switching [46], sensing [47],
and so on.

In this work, we study the controllable optical response of a multimode optomechanical
system with quadratic coupling, where two movable membranes are placed in the middle
of an optical cavity with two fixed mirrors. Note that quadratic coupling has been experi-
mentally realized in a Fabry—Pérot cavity containing a SiN membrane [48, 49] or a cloud
of ultracold atoms [50, 51], a tunable photonic crystal optomechanical cavity [52], and a
microsphere-nanostring system [53]. Theoretical works have shown that quadratic cou-
pling can be exploited to investigate mechanical squeezing [54, 55], photon blockade and
phonon blockade [56-59], quantum nondemolition measurement of phonons [60], quan-
tum phase transition [61], a highly sensitive mass sensor [62], two-phonon OMIT [63],
and Fano resonance [64]. Different from the linearly coupled optomechanical systems,
the underlying physical mechanism in quadratically coupled optomechanical systems in-
volves a two-phonon process [63], where the square of the displacement of the mechanical
oscillator affects the response of the system. Advantages of quadratic over linear coupling
include quantum nondemolition readout of a membrane’s energy eigenstate [48, 49], more
persistent entanglement and higher spectral nonlinearity [65], and so on. If two or more
mechanical oscillators are involved, the multimode quadratic coupling optomechanical
system can exhibit multiple transparency windows [66—68].

In addition, more complex interference effect occurs in optomechanical systems if the
mechanical oscillator can be excited directly, which results in more interesting response
property [69-76]. Zhai et al. proposed that mechanical driving field can serve as a switch
of photon blockade and photon-induced tunneling [77]. In experiments, mechanical driv-
ing field has been exploited to realize electro-optomechanically induced transparency
[78], cascaded optical transparency [79], phase-sensitive parametric amplifier [80], in-
jection locking [81], and virtual exceptional points [82]. Recently, optomechanically in-
duced opacity and amplification of two-phonon higher-order sidebands have been studied
in a quadratically coupled optomechanical system with mechanical driving [83, 84]. It is
pointed out that mechanical driving in the quadratically coupled system can be realized
by parametrically modulating the spring constant of the membrane at twice the mem-
brane’s resonance frequency with an integrated electrical interface [80-83, 85, 86], which
generates the mechanical coherence via the two-phonon process. Here we discuss the op-
tical response properties of a multimode quadratically coupled optomechanical system to
a weak probe field in the presence of a strong optical control field and two weak mechan-
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ical driving fields. We show that this system can exhibit a series of unique phenomena by
tuning the optical control field and mechanical driving fields, including optomechanically
induced transparency, single and double Fano resonances, and selective amplification of
the weak probe field. Our results may find potential applications in optical switching based

on multimode optomechanical systems.

2 Model and theory

We consider the optomechanical system schematically shown in Fig. 1, where two mov-
able membranes with finite reflectivity Ry (k = 1,2) are placed in an optical cavity with two
fixed mirrors. The cavity is driven by a strong control field with amplitude ¢, frequency
o, and phase ¢, and detected by a weak probe field with amplitude ¢, frequency w,,, and
phase ¢,. Moreover, two weak coherent mechanical driving fields with amplitude &, fre-
quency €2, and phase ¢ are, respectively, applied to excite the two membranes. When
the membranes locate at the antinodes of the intracavity standing wave, the cavity field is

coupled to the square of the position of the membrane with the quadratic optomechan-
8n2c R

Ly TR
wavelength of the control field, and L is the length of the cavity. The Hamiltonian of the

ical coupling strength g = where c is the speed of light in a vacuum, A is the

multimode optomechanical system is given by
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where a' (a) is the creation (annihilation) operator of the cavity field with resonance fre-
quency wy, while py and g; are the momentum and position operators of the kth mem-
brane with effective mass m; and resonance frequency wy. Therefore, the first and second
terms in Eq. (1) represent the energy of the cavity and mechanical modes, respectively, and
the third term corresponds to the quadratic coupling between the cavity and mechanical
modes. Hy, denotes the interaction between the driving fields and the optomechanical
system, which takes the form

Hdr — ih&‘c (aTe—zwct—Lqﬁc _ aezwctﬂqbc) + ihé‘p (aTe—zwpt—nin _ aezwptﬂqbp)

2
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The first and second terms in Eq. (2) describe the interaction between the cavity and the
strong control field and the weak probe field. The amplitudes &, are related to their re-

Figure 1 Schematic diagram of the multimode
optomechanical mechanical system. The two T T
movable membranes can be treated as mechanical gc’a)c’¢c~

mo.des with annih?lation operators by and b, £.0 ,¢ a

which are quadratically coupled to the common PPt
cavity mode a. The cavity is driven by a control

(probe) field with amplitude &c(gp), frequency aout
wc(wp), and phase ¢@c(¢y). In addition, the two

membranes are excited by two weak coherent

mechanical driving fields with amplitudes & »,

frequency Q2 = wp - wc, and phases ¢ 2

b b,
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spective powers P, by the relation g, = \/m, where «, is the external decay rate
of the cavity given by k. = 5.« with k being the total decay rate. The coupling parameter
1. can be continuously adjusted, and we choose 7, = 0.5 throughout this work. The last
term describes the coherent mechanical driving of the two membranes. The creation (an-
nihilation) operator b;: (bg) of the membrane is defined as by = (1’9}:)4f = /mowr2R) gy +
ipr! (mywi)].

In the rotating frame at the frequency w, of the control field, the system Hamiltonian
can be rewritten as

2 2 2
1
H=hAa'a+ Z(ZPL + —mm),%qﬁ) + Y hga'aqp +ihec(a” - a)
Mg
k=1

2
k=1
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k=1
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where A; = wy — w¢, Q = wp — W, Ppe = Pp — P, and we have assumed that Q; = Q25 = Q.
The time evolution of the system operators can be derived by applying the Heisenberg

equation of motion and adding the damping and input noise terms phenomenologically,

which yield
da ] 2 2 —iQt—igh
= = K2+ i(Ac+ aiqh + &) |a+ ec+ epe T + Jica, @
@ _ Pk g Sk( oiRt-idi | eiQt+i¢k) _i Pk ek ( o i=idk _ emmzpk)’ (5)
dt my Miwg
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— préx ( e iQt-idr | eint+i¢k) +E, (6)

where a;, is the input vacuum noise entering the cavity with zero mean value and & is
the Brownian stochastic force acting on the membrane with zero mean value. Neglecting
the weak probe field and mechanical driving field, the expectation values of the system
operators at the steady state can be derived by setting the time derivatives in Eqs. (4)—(6)
to zero, which are given by

&c

- K/2+i(A, +41 (q%)s +g2(q%>s),

as s =0,  Prs=0. 7)
Equation (7) shows that the steady-state solutions of the momentum and position of the
membranes equal to zero, and the cavity field depends on the square of the position of the
membranes at the steady state, which involves a two-phonon process. Consequently, we
turn to calculate the time evolution of the expectation values of the operators a, g7 = Qx,
pi = Py, and qipi + prgr = Xk. Using the factorization assumption (abc) = (a)(b){c) for
the relevant operators, we can obtain

d

&(@ = —[% +i(Ac+igi(Q) + igz(Qz))] (@) + & + g e 00, ®)
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The term yx(1 + 2ni)myihey in Eq. (10) arises from the coupling of the membrane to the
ho,

thermal environment, where n; = [ekB_IT( —1]7! is the mean phonon occupation number
of the membrane at the temperature T and kg is the Boltzmann’s constant. In this work,
both the optical probe field and the mechanical driving field are much weaker than the
strong control field, thus Egs. (8)—(11) can be solved by writing each expectation value as
the sum of a steady-state solution and a small fluctuation, i.e.,

(0) = O; + 0,7 4+ O_e**, (12)

where O represents any of these quantities a, Qx, Px, and Xj. The steady-state solutions
O; are determined by the strong control field and are given by
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with A = A + g1Q1s + £2Q0s, 0k = Zr:fll’i—fg‘z, B =«/2 +iA. Upon substituting Eq. (12) into
k

Egs. (8)—(11) and equating the coefficients of €%, ¥, 7, we can obtain
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The output field of the optical cavity can be derived according to the input-output rela-
tion [87]

Aout + Ec + Ep€ H70r¢ = i (a). (16)

In order to investigate the optical response of the system to the probe field, we define the
corresponding quadratures of the output field oscillating at the frequency w,, of the probe
field as e = kea./ (epe‘i"’!’C) [69]. The real and imaginary parts of e represent the absorp-
tive and dispersive behavior of the system to the probe field. In addition, the transmission
coefficient at the frequency w, can be derived as

Kol — peire

ty = Spe_i¢Pc =er—1=t +1ty, 17)
where
LiLy —igia,R1Ly — ighaRo L
f = 12’ 41 ‘s 1Ly — 1> 5‘21 Ko —1, (18)
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j05a Ny L .
182457271 Korae %2, (19)

- L1L2(ﬁ — ZQ) + igldleLz + igzdstLl

with the amplitude ratio 115 = €1,5/¢,, and phase difference ®15 = ¢12 — ¢,,c. Here ¢; is the
contribution from the probe and control field, which results in the phenomena of OMIT
and Fano resonance. The two terms in £, represent, respectively, the contributions from
the phonon-photon processes involving the mechanical driving on the two membranes
[83], which can lead to the amplification or suppression of the probe field. Interference
effect between #; and ¢, determines the transmission (absorption) spectrum of the probe
field, where the phase differences ®; and &, play an important role.

3 Results and discussion

In this section, we numerically study the controllable optical response of the system us-
ing the above analytical expressions and the experimentally realizable parameters. The
parameters are chosen from the recent experimental [48] and theoretical works [63]: the
length of the cavity L = 6.7 cm, and the cavity decay rate k = 27 x 10* Hz; the parameters
of the membranes are w; = w; = w,, = 27 x 10° Hz, y1 = ¥, = 20 Hz, m; = my = 10~ g, and
R; = R, = 0.45. Here we have assumed that the two membranes are the same, and we will
study the case that the two membranes are nondegenerate in the following. In addition, the
wavelength of the control field A = %C =532 nm and the temperature of the environment
T=90K.

We first consider the simple case that the two membranes are the same. The phe-
nomenon of OMIT has been observed in the probe transmission spectrum [13], and thus
we plot the power transmission coefficient |¢,|> versus the normalized detuning $2/w,,
for different values of the mechanical driving fields in Fig. 2. Under the condition of two-
phonon resonance, i.e., A = 2w,,, Fig. 2(a) shows that the transmission spectrum can ex-
hibit the phenomenon of OMIT around 2 = 2w,, if r; = ry = 0. The underlying mecha-
nism of the OMIT can be explained as a result of the radiation pressure force at the beat
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Figure 2 The power transmission coefficient |t,;,|2 as functions of the normalized detuning 2/wy, for
different values of the mechanical driving fields. Other parameters are A =532 nm, L =6.7 cm,

k=21 x 10° Hz, n: = 0.5, w1 = wy = @ = 271 X 10° Hz, y1 =y, =20 Hz, m; =my =102 g, Ry =Ry = 045,
T=90K,P.=90 uW,and A =2wp,

frequency 2 between the probe and control photons. The membranes can vibrate coher-
ently under the action of the radiation pressure, which in turn generates the Stokes- and
anti-Stokes scattering of light from the strong control field via the two-phonon process.
At A = 2w, the highly off-resonant Stokes scattering at frequency w, — 2w, is suppressed
and only anti-Stokes scattering at frequency w, + 2w,, builds up inside the cavity. However,
if the incident probe field is nearly resonant with the cavity field, destructive interference
between the probe field and the anti-Stokes field can suppress the build-up of an intra-
cavity probe field, which results in a transparency window in the transmission spectrum.
Such a two-phonon OMIT has been extensively investigated in recent works by discussing
the absorption Re(e7) [63, 66, 67]. Moreover, the transmission spectrum can be further
modified by the additional mechanical driving fields. If only one membrane is excited by
a coherent mechanical driving field (r; = 107), the transparency window in Fig. 2(a) be-
comes a transmission peak with |¢,|? &~ 2.4 for ®; = 0, as shown in Fig. 2(b). Therefore,
the weak probe field can be amplified due to the additional mechanical driving field, which
can be explained by the interference effect as follows. In the simultaneous presence of a
strong control field, a weak probe field, and a weak coherent mechanical driving field, the
energy level of the system can form a closed-loop transition structure, giving rise to the
phase-dependent optical response properties [69-75]. At ®; = 0, constructive interfer-
ence between f; and the first term in £, results in the amplification of the probe field [75].
If the phase difference @ is tuned to be 7, Fig. 2(c) shows that destructive interference be-
tween ¢, and £, results in the strong suppression of transmission with |¢,|? ~ 0.04 around
Q/w,, = 2. The interference effect in this system becomes more complicated when both
the membranes are excited directly. At | = 7, = 107 and ®, = ®, = 0, the peak transmis-
sion coefficient at Q/w,, ~ 2.0029 is further enhanced to be |t,,,|2 ~ 5.3 because the two
terms in £, interfere constructively. If ®; = 0 but ®, = 7, the two terms in ¢, interfere de-
structively, and the inset of Fig. 2(d) shows that the peak transmission coefficient around
Q/w,, = 2 is almost equal to that in Fig. 2(a). Consequently, the optical response of this
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Figure 3 Contour plot of the power transmission

coefficient |tp|2 at  =2.002%9w, versus the phase
difference @/ and ®,/m. The other parameters
are the same as those in Fig. 2 except rj =, = 107

system can be controlled more flexibly when the mechanical driving field is modulated
independently.

In order to see the effect of phase difference more clearly, we plot the power transmission
coefficient |tp|2 at Q = 2.0029w,, as functions of ®1/7w and @,/ in Fig. 3. It is shown that
the transmission coefficient ItI,I2 reaches the maximum around ®; = ®, = 0 with peak
value |tp|2 ~ 5.3, and the minimum value is obtained around (®; = -0.757, ®, = 0.757)
and (®; = 0.757, &, = —0.757) with |t1,|2 ~ 0. This phase dependent phenomenon arises
from the interference effect in that we consider w1 = wy = w,,, L1 =2 =Q and r; =1y
here. Moreover, the contour line with |tp|2 =1 forms a “circular runway”. The transmitted
probe field can be amplified inside the contour line, otherwise it will be attenuated.

We have shown that a symmetric peak locates around 2/w,, = 2 in the transmission
spectrum under the two-phonon resonance condition. If the cavity-control field detuning
A #2w,,, asymmetric Fano line shape can be observed [64, 68]. Similar to previous works
about Fano resonance in optomechanical systems [22, 23, 64, 68, 76], we also study the
absorptive behavior Re(er) of the output probe field. At small coupling parameter 1. < 1,
we can obtain |¢,| >~ 1 — Re(er) and arg(t,) ~ —Im(er) [69]. Therefore, both the trans-
mission |¢,|* and absorption Re(e7) can reveal the same phenomena of the system. At
A = 1.9w,,, Fig. 4 plots the absorption Re(e7) of the output probe field versus the normal-
ized detuning Q/w,, when one membrane is excited with different phases. In the absence
of the mechanical driving field, the top panel in Fig. 4 shows that the absorption spec-
trum can exhibit an asymmetric Fano line shape around ©2/w,, = 2 and a broad absorption
peak around Q/w,, = 1.9. The asymmetric Fano line shape results from the destructive
interference between the anti-Stokes field and the probe field at frequency w, = w. + 2w,
where the anti-Stokes field is not resonant with the cavity frequency w,. The broad ab-
sorption peak at Q/w,, = 1.9 is due to the resonant absorption of the probe photons by
the cavity. When the mechanical driving field is turned on, the absorption spectrum can
be modified, depending on the phase difference. At r; = 10> and ®; = 0, the minimum
absorption Re(er) in the vicinity of Q/w, = 2 is negative, which indicates the amplifica-
tion of the probe field. A transition between amplification and absorption occurs when
the normalized detuning Q/w,, increases. At fixed amplitude ratio r;, Fig. 4 shows that
the asymmetric Fano line shape around €2/w,, = 2 can be modulated effectively for vari-
ous phase difference ®;, where the interference effect is evident. However, the absorption
spectrum in other parameter regime almost keeps the same.

We have assumed that the resonance frequencies of the two membranes are the same

in the above, but it is possible to tune the resonance frequency independently, which en-
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Figure 4 The absorption Re(er) of the output probe field as a function of the normalized detuning €/wp, for
different values of the mechanical driving field. The other parameters are the same as those in Fig. 2 except
A =190, andrn =0
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Figure 5 The absorption Re(er) of the output probe field versus the normalized detuning €2/w; for different
values of the mechanical driving fields. The other parameters are the same as those in Fig. 2 except
w1 =21 x 10° Hz, wy = 271 x 0.94 x 10° Hz, and A = 2w . In Figs. 5(c)-(d), we choose r; =r, = 10™

ables us to control the optical response of the system more flexibly. For w; = 27 x 10° Hz
and w, = 2 x 0.94 x 10° Hz, we plot the absorption Re(e7) of the output probe field
as a function of the normalized detuning ©2/w; in Fig. 5 with A = 2w;. In this case, the
condition of two-phonon resonance is only satisfied for the membrane with resonance
frequency w;. In the absence of the mechanical driving field, the absorption spectrum in
Fig. 5(a) exhibits a symmetric absorption dip around €2/w; = 2, which indicates the ap-
pearance of optomechanically induced transparency (OMIT), and an asymmetric Fano
line shape near Q/w; = 2w, /w; = 1.88. OMIT and Fano line shape result from the de-

structive interference between the probe field and the generated anti-Stokes fields at fre-
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quency o, + 2w; and w, + 2wy, respectively. When both the mechanical driving fields are
switched on with fixed amplitudes and various phases, the absorption spectra can be mod-
ified, as shown in Figs. 5(b)-5(d). At ®; = 0 and ®, = 0.5, the absorption peak around
Q/w; = 1.88 becomes larger than 1, which indicates the enhanced absorption due to the
mechanical driving field. However, the absorption dip around Q/w; = 2 becomes negative,
which corresponds to the amplification of the probe field. By tuning the phase differences
®; and P, independently, we can see from Figs. 5(c)—5(d) that the two resonances around
Q/w; = 1.88 and Q/w; = 2 switch between the enhanced absorption and amplification.
Therefore, the output probe field can be selectively amplified by tuning the mechanical
driving fields. Different from the case that w; = w; = w,,, Fig. 5 demonstrates that the ab-
sorption curves around ©2/w; = 1.88 and Q/w; = 2 are controlled independently by tuning
the phase differences. The two mechanical driving fields cannot interfere with each other
since the frequency difference |w; — w,| is much larger than the linewidth of the absorption
peaks (dips) around ©/w; = 1.88 and Q/w; = 2.

When the cavity-control field detuning is tuned to be A = w; + w, with w; = 27 x 10° Hz
and w, = 27 x 0.8 x 10° Hz, the absorption Re(e7) of the output probe field exhibits a
broad absorption peak in the center and two sideband peaks (dips). Figures 6(b) and 6(c)
are the enlargement of the two sideband peaks around Q2/w; = 1.6 and Q/w; = 2, in which
the red solid curves correspond to the asymmetric Fano line shapes for r; = r, = 0. In this
case, both the generated anti-Stokes fields at frequencies w, + 2w; and w, + 2w, are not
resonant with the cavity frequency. The Fano resonance around Q/w; = 2 is caused by
interference effect between the probe field and the anti-Stokes field at frequency w. + 2w;,
while the Fano resonance around Q/w; = 1.6 is due to the interference effect at frequency
. + 2w,. Therefore, the phenomena of a single OMIT and a single Fano resonance in

Fig. 5 can be switched to double Fano resonances by modulating the cavity-control field

2t(a) |
|
1 A~
[ s
[ e r,=r,=0 h l’“ BE——
- - @1:(132:0.5113 I
1t | O,=0,=157 | .
1.4 1.6 1.8 20 22
Qlw,
2
2 !
(b) '\| (C)
— ! —
& 1 ! ‘\ \"5.: !
L , ol
&) oF== AR X o --—«.‘.\/%-
1 ’I
-1 -1 \
1.6040 1.6045 1.6050 2.0030 2.0035 2.0040
Qlo, Qloy
Figure 6 The absorption Re(er) of the output probe field as a function of the normalized detuning Q/w; for
different values of the mechanical driving fields. Figure 6(b) and 6(c) are the enlarged images of Fig. 6(a)
around Q/w; = 1.6 and Q/w; = 2.0, respectively. The other parameters are the same as those in Fig. 5 except
w, =21 x 08 x 10° Hzand A = 2w, = w; + w;. The dashed and dash-dotted curves correspond to
n=rn=107
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ry

Figure 7 (a) The power transmission coefficient \rp\2 as functions of the normalized detuning Q/w; for
different values of the amplitude ratio r; with @1 =157 (b) The transmission coefficient \rpl2 at

Q2 =2.00362w, versus the amplitude ratio r; with @4 = 1.577,0, and 0.5, respectively. The other parameters
are the same as those in Fig. 6 except r, = 107 and &, = 0.5

detuning A. Moreover, the Fano line shapes can be modified by the mechanical driving
fields. At ®; = &, = 0.57, the peak value around Q/w; = 1.6 becomes larger than 1 that
is an indication of enhanced absorption, but the absorption peak near /w; = 2 becomes
an absorption dip with negative value of Re(¢7). The double Fano resonance is reversed if
®; = O, = 1.5m compared with ®; = &, =0.57.

Finally, we study the effect of the amplitude of the mechanical driving field on the trans-
mission spectrum. Figure 7(a) plots the power transmission coefficient |¢,|* versus the
normalized detuning Q/w, for r; = 0,0.5 x 107,1.0 x 107,15 x 107, and 2 x 107, re-
spectively. Here we keep ®; = 1.5, r, = 107, &, = 0.57 fixed. For r; = 0, the transmission
coefficient |£,]? < 1 at Q/w; & 2 but |£,|? > 1 at Q/w; &~ 1.6. For r; = 0.5 x 107°, the mini-
mum value of |z, |2 becomes smaller due to the interference effect induced by the mechani-
cal driving field. When the amplitude ratio ry is increased to 1075, the minimum transmis-
sion coefficient |¢,|* near 2/ = 2 becomes larger. At higher value of r1, the transmission
dip is switched to a transmission peak with |£,|* > 1. Meanwhile, the transmission peak
around Q2/w; ~ 1.6, which is determined by the interference effect at frequency w, + 2w;,
keeps almost the same when the amplitude ratio r; increases. In Fig. 7(b), the transmis-
sion coefficient |¢,]|? at © = 2.00362w; is plotted as a function of the amplitude ratio r;
for various values of phase difference ®;. At ®; = 1.57, the transmission coefficient |tp|2
decreases from an initial value to zero when the amplitude ratio r; increases. With fur-
2

ther increasing the amplitude ratio ry, the transmission coefficient |£,|* starts to increase

again and can be larger than 1. This phenomenon can be well explained in terms of the
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complicated interference effect induced by the mechanical driving field [75]. In addition,
the phase-dependent effect can be seen from the curves for ®; = 0 and ®; = 0.5, where
|2

the transmission coefficient |£,|* increases monotonically with the enhancement of the

amplitude ratio ;.

4 Conclusion

In conclusion, we have studied the controllable optical response of a multimode optome-
chanical system with quadratic coupling, where two movable membranes are placed in an
optical cavity with two fixed mirrors. The response of the system to a weak probe field is
investigated when the cavity is driven by a strong control field and the membranes are,
respectively, excited by weak coherent mechanical driving fields. If the two membranes
have the same resonance frequency, a single optomechanically induced transparency win-
dow occurs in the transmission spectrum under the condition of two-phonon resonance,
which can be further modified by the two mechanical driving fields. When the condition
of two-phonon resonance is not satisfied, the absorption spectrum can exhibit a single
asymmetric Fano line shape. It is shown that the switch between the amplification and
enhanced absorption of the probe field can be realized by tuning the phases of the me-
chanical driving fields. If the frequencies of the two membranes are different, by tuning
the cavity-control field detuning, the absorption spectrum can exhibit the phenomenon
of a single OMIT and a single Fano line shape or the phenomenon of double Fano line
shapes, which results from the interference effect between the probe field and the two
generated anti-Stokes fields. Moreover, the line shapes around the two frequencies of the
anti-Stokes fields can be controlled independently by the phases and amplitudes of the

two mechanical driving fields.
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