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Quantum transduction, the process of converting quantum signals from one form of energy to another is
a key step in harnessing different physical platforms and the associated qubits for quantum information
processing. Optoelectromechanics has been one of the effective approaches to undertake transduction
from optical-to-microwave signals, among others such as those using atomic ensembles, collective
magnetostatic spin excitations, piezoelectricity and electro-optomechanical resonator using Silicon nitride
membrane. One of the key areas of loss of photon conversion rate in optoelectromechanical method
using Silicon nitride nanomembranes has been those in the electro-optic conversion. To address this, we
propose the use of Brillouin interactions in a fiber mode that is allowed to be passed through a fiber
taper in rare-earth Aluminium glass microwires. It suggests that we can efficiently convert a 195.57 THz
optical signal to a 325.08 MHz microwave signal with the help of Brillouin interactions, with a whispering
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stimulated Brillouin scattering mode yielding a conversion efficiency of ~ 45%.
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1. Introduction

Integrated quantum information processing with localised quan-
tum computing systems and distributed quantum communication
architecture requires the ability to transduce efficiently between
the relevant platforms [1-4]. Functionally, that often means a para-
metric conversion between distinct regimes in which the systems
are operating. For instance, if we utilise superconducting qubits for
quantum computing and undertake quantum communication using
light, we would need optical-to-microwave quantum transduction
capability [5,6]. Generation of optical photons from a transmon
superconducting qubit has been demonstrated by recording the
qubit’s quantum Rabi oscillations using single-photon detectors on
light emitted over an optical fiber [7]. Such transduction usually
involves the faithful transfer of quantum information encoded in

a set of bosonic operators ({&];.}) to another set of bosonic oper-

ators ({B}L.}). This could be possible with distinct bosons, such as
photons and phonons, or the same kind of boson but with dissim-
ilarity in the values within atleast one degree-of-freedom, such as
electromagnetic field modes at non-identical frequencies [8-10].
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When it comes to optical-to-microwave transduction, the pri-
mary problem is the large difference between the mode-frequencies
that lead to off-resonant interactions [1,11]. Intermediate sys-
tems, such as atomic ensembles [12-17] and magnons [18,19] that
couple to both modes - optical and microwave signals, can facil-
itate the bridging of the energy-gap [20]. There has been recent
work on cryogenic cavity electro-optic systems-based interfaces,
wherein direct interaction between the optical and microwave
fields is possible, in the quantum regime [21]. Near-unity efficiency
has been shown to be achievable with radiative cooling and a
triply resonant ultra-low-loss transducer [22]. Optoelectromechan-
ical approaches can provide an efficient interface for undertaking
quantum transduction, with optomechanics using elements such
as photoelasticity [23-26] and electromechanics using an inter-
facing capacitive element [27-31]. Double-cavity optomechanical
systems are the centrepoint of a standard method for realisation
of optical-to-microwave transduction. Such a system couples a mi-
crowave resonator mode C; with resonance frequency wc,; to the
vibrational mode of a mechanical resonator with frequency wp,
that is, simultaneously coupled to an optical cavity mode C, with
resonance frequency wc ».

The mediating phononic mode in the optoelectromechanical re-
alisation of quantum transduction is usually generated in a Silicon
nitride (SiN) nanomembrane. It has been experimentally demon-
strated by Andrews et al. [32] wherein SiN nanomembrane is used
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as one of the mirrors in a Fabry-Perot cavity while constituting
the capacitive coupling to a superconductor microwave resonator.
In the experiment, bidirectional transduction was performed with
10% net efficiency, albeit with about 1700 noise quanta generated
at cryogenic temperatures. The efficiency of conversion was limited
by microwave resonator losses and imperfect mode-matching, al-
though the two main sources of noise were the thermal vibrational
noise and spurious mechanical modes in the membrane. In an-
other experiment, mechanically mediated electro-optic conversion
in an alternative feed-forward framework was used to demonstrate
microwave to optical conversion with 47% conversion efficiency
[33].

For efficient transduction, we must remove these spurious me-
chanical modes, have low-loss optical transmission platform as
well as large opto- and electro-mechanical coupling rates. When
it comes to spurious mechanical modes, we can utilize latest
fabrication techniques such as the use of sliced photonic crys-
tal nanobeam resonators to reduce the effect of such modes [34].
The use of photonic fibers optimises transmission of optical quan-
tum signals, and thereby the use of the same in any transduc-
tion framework can help achieve high efficiency in the process. In
this paper, we propose the use of travelling-wave optomechanical
interactions known as Brillouin interactions using rare-earth alu-
minosilicate glass microwires. A pressure or force density on the
material results from electrostriction or radiation pressure when
optical modes of a waveguide interfere with one another. In the
event that there is conservation of momentum and energy dur-
ing the interaction, this pressure then stimulates an acoustic wave.
As a result of the acoustic field’s stresses altering the medium’s
dielectric characteristics and perturbing its boundaries, light is es-
sentially scattered across distinct optical modes. The new proposed
scheme using rare-earth aluminosilicate glass microwires also of-
fers a conversion rate of ~ 45%, far higher than any other scheme
using silicon based membrane as transduction medium. Quantum
frequency transduction requires high efficiency along with being
very sensitive to noise. The primary source of noise arises in the
mechanically mediated sub-system. While the current scheme does
not provide for near-unity efficiency, it is novel in its integration of
disparate modes of quantum information using inductive coupling
over a fiber-optical core.

2. Physical interactions at coupling interfaces

Our scheme for undertaking optical-to-microwave transduction
involves two distinct physical interactions at the coupling in-
terfaces: opto-acoustic interactions using Brillouin scattering and
dielectric-modulated magnetic response at the acousto-electric in-
terface [35-37].

2.1. Opto-acoustic interaction with Brillouin scattering

Certain underlying processes in optically isotropic material
substrates result in opto-acoustic interactions [37]. The electro-
magnetic field can produce mechanical strains in the waveguide
through electrostriction [38]. The converse, in the phenomenon
of photoelasticity, is observed when stresses cause localized vari-
ations in the dielectric permittivity [24]. Waveguide boundaries
may physically shift as a result of radiation pressure caused by
the electromagnetic waves reflecting off of the boundaries of the
structure, which in turn drives acoustic waves. A localised variation
in the electromagnetic characteristics is caused by the mobility
of structural boundaries brought about by mechanical vibrations.
Stimulated Brillouin Scattering (SBS) is the nonlinear phenomenon
whereby an injected pump wave is scattered by an acoustic vibra-
tion into the Stokes and anti-Stokes wave components [35,39-41].
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In 1972, Ippen et al. achieved low-threshold stimulated Brillouin
scattering with input powers as low as 1 W [42].

When we couple and guide a coherent laser beam into an opti-
cal microwire, the light gives rise to as well as experiences various
kinds of elastic waves that have similar frequencies. While light
is sensitive only to longitudinal and shear bulk acoustic waves in
standard optical fibers, the light and the evanescent field access
the outer-surface as well, in the case of a sub-wavelength optical
fiber, thereby causing the shaking of the wire due to electrostric-
tion which leads to surface acoustic waves (SAWs) being generated.
The effective refractive index along the microwire varies periodi-
cally due to these ripples, leading to Bragg scattering of the light
in the backward direction as per phasematching condition. The ve-
locity of the bulk and surface acoustic waves differ significantly,
with the surface wave travelling at a velocity of around 0.9 that of
a shear wave and giving rise to other optical sidebands. Beugnot et
al. found the surface acoustic wave mode to travel at a velocity of
3400 m/s and a frequency of 6 GHz, having studied the generation
of SAWs in an 8 cm, long silica optical microwire that was drawn
from a single-mode fiber using the heat-brush method [43].

Photon silica microwires, fabricated by tapering optical fibers,
have been seen to support stimulated Brillouin scattering [43]. It
is found that rare-earth materials like Lanthana and Ytterbia have
a finite effect on the Brillouin characteristics of silica-based ox-
ide glass optical fibers, with emergent attributes such as a wide
Brillouin spectral width, low acoustic velocity and a negative pho-
toelastic constant [44]. Brillouin processes can alternatively be vi-
sualised as the formation and destruction of quasi-particles, in
this case photons and phonons [45]. It is typically advantageous
to differentiate interactions based on whether there is an absorp-
tion or emission of the phonon. A phonon is produced when a
high-frequency photon undergoes the Stokes Brillouin transition
and changes into a lower-frequency Stokes photon [46,47]. This
transition may happen naturally or may be stimulated. Anti-Stokes
transitions, wherein a phonon is absorbed while a lower-frequency
photon is changed to a higher-frequency photon, are also conceiv-
able [48]. Brillouin processes can be triggered by either an optical
seed from an auxiliary optical field at the Stokes frequency or by
thermal phonons in the waveguide, which scatter the pump pho-
tons [49].

In almost every system of practical importance, it is infeasible
to compute Brillouin scattering from first principles, for exam-
ple by considering Maxwell’s equations nonlinearly linked to the
Christoffel equation. This is caused by a division of scales. To start,
the optical and acoustic problems’ temporal scales often differ by
five orders of magnitude. Second, interaction lengths on the mil-
limetre scale are necessary for integrated waveguides that have
nonpareil and superlative gain coefficients to give a noticeable
overall response - the system scale is four orders of magnitude
larger than the acoustic wave length. A coupled mode description
is especially appropriate to Brillouin problems due to this scal-
ing divergence [50]. We can express the acoustic and optical fields
as eigenmodes of the waveguide, which are weighted by envelop
functions - a,(z, t) for each optical mode and b(z, t) for the acous-
tic field, thereby giving us the states [51],

V(% y.2,0) =Y an(z,0)|Wn(x, y))etrsnt ¢,
n

lp(x, y,2,0)) =b(z,0)|®(x, y))e' ¥4t L ce, (1)

where c.c represents complex conjugation. The index n are to
characterise the distinct optical modes, q and k, are the acous-
tic and optical wavenumbers, 2 and w, are the acoustic and
optical frequencies. Usually, the scope of applying such modal
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expansion depends on whether the amplitudes (envelop func-
tions) have a slower variation than their respective carrier prop-
agation terms. The basis functions |¥,(x,y)) are bound solu-
tions to the eigenproblem (V, +iB2) x (VL +iB2Z) x |, (X, y)) =
epow?|Wn(x, y)) while |®(x,y)) satisfy pQ?|d)i + Y (Vi +
iq2) jciju(VL + iq2)i|®) = 0. The first eigen-formulation arises
from the manner in which optical fields evolve by the electromag-
netic wave equations in terms of the electric field (E) and electric
induction field (D): Vx V x E= —MOB[ZD, D =¢E and ¢ = &€,
with ¢ being the dielectric constant. The second equation arises
from the acoustic wave equation for a mechanical displacement
field [52].

The optical field satisfies the Maxwell’s equations: V x E =
-8B, Vx H= —§D + J, where B and D are the magnetic
and electric induction fields, while H and E are the magnetic
and electric fields, respectively. J denotes the dissipative cur-
rent that arises because of Ohmic losses. The optical side of
the composite system is characterised by, (8; + vynd; + I'n)ap =
Elni 3, €Ol (i@ gy, Qb + c.c.]ay per optical mode that
takes part in the Brillouin scattering process, when we con-
sider variations in [E due to an acoustic field, with v, be-
ing the group velocity of the mode, I'; being the amplitude
damping parameter, ¢, = knz — wpt and Q,y denotes the opto-
mechanical perturbation overlap that characterises the interaction
between distinct optical states mediated by the acoustic field.
The equations of linear elasticity, which connect strain and me-
chanical displacement, underlie the dynamics on the acoustic
front: S = ViU, p82U = V.T + f, where S is the linear strain
tensor, f is the body force density, Vs denotes the symmet-
ric gradient operator, U stands for the infinitesimal mechanical
displacement vector, p is the mass density and T denotes the
Cauchy stress. The equation for the acoustic mode is then given

by: (8 + Vpd; + Ty)b = Elbe—“qz—ﬂf)[znn, el =), 0", (D] Frpy) +

e‘i(‘f’"“l’n’)a,";anr(<I>|Fn/n)], where |F) = [0, f]7 is the driving term
due to optical forces (fluctuations of optical intensity).

2.2. Magnetic flux as mediator of acousto-electric coupling

Inductance is the tendency of an electrical conductor to re-
sist a change in the electric current that flows through it [53].
A magnetic field is produced around a conductor by an electric
current flowing through it. The magnitude of the current deter-
mines the field strength, which follows any variations in current.
Electromagnetic induction is the process by which a change in
the magnetic field flowing through a circuit leads to the induc-
tion of an electromotive force in the conductors. The cylindrical
coil is an idealized form of inductor having, on a cylindrical sur-
face, a single-layer winding of constant axial pitch [54]. If we
have a core of a rare-earth aluminosilicate glass, we see a dia-
magnetic magnetic response at the centre, which is altered based
on geometric variations due to the acoustic mode [55,56]. In a
rare-earth aluminosilicate glass, the bonding characteristics of the
[SiO4] can be studied using NMR and IR spectroscopy [57,58]. In
systems like CeO, — Al;03 — SiO, glasses, the aluminium is seen
to have Al(4) and Al(6) coordination, using NMR studies [59]. In
NMR studies, the Al(IV) lines show up as peaks at 54.7 ppm and
54.5 ppm for lanthanum and ytterbium glasses respectively [60].
The lanthanum-glasses possess a mixed silica-alumina network
with dispersed silicate groups, while other rare-earth aluminosili-
cate glasses, the network is constituted primarily of silicate groups,
with AI** as modifiers. A decrease in magnetic permeability was
found in polycrystalline Ni-Zn ferrites (NZFOs) upon increasing
AP substitution in AI** substituted Nig 7Zng 3Fe;04 nanoparticles
[61]. The silica in the system has a near-unity permeability which
may be reduced by the presence of the AT,
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Fig. 1. The scheme for quantum transduction using optoelectromechanical coupling
of light in an optical fiber with a microwave signal through the acoustic mode gen-
erated in Brillouin scattering in a rare-earth aluminosilicate glass microwire. In this
setup, the tapering of an optical fiber carrying the optical signal comprises of the
microwire, which is taken as the core of a coil-inductor that is part of microwave
resonator RLC circuit. The variation of the cross-sectional area temporally, due to
the acoustic mode, leads to variations of magnetic flux and, as a result, the electri-
cal response in the microwave resonator.

3. Results and discussion

The primary element in our scheme involves a coil-inductor
with a sub-wavelength rare-earth aluminosilicate glass microwire
core that facilitates generation of surface acoustic waves using Bril-
louin scattering. Rare-earth aluminosilicate glasses have high glass
transformation temperatures and moderate thermal coefficients of
expansion [62]. With high concentrations of rare-earth ions, these
glasses have excellent weathering tendency. Interestingly, the glass
properties like refractive index, dilatometric softening, and glass
transformation, temperatures have a linear variation with respect
to the rare-earth ionic radius. It has been hypothesized that the
field strength of these ions is the underlying basis for such vari-
ations. Since the field strength is related to the ionic radius via
an inverse relation, we cannot separate the significance of the
two.

The schematic illustration of our scheme is presented in Fig. 1
where rare-earth aluminosilicate glass microwire is used as core.
This coil is part of the RLC microwave resonator circuit. The surface
acoustic waves in the sub-wavelength optical fiber can be effective
tools to mediate inductively between the incoming optical signals
and a microwave resonator. If we assume that the acoustic wave is
phase-matched with the beat between the first two optical modes
such that Q = wy — w1 and q =k — kq, we can assume the driving
force density F to be of the form

F(r,t) = f(r, t)ajay + c.c. (2)

If we were to consider the acoustic damping due to viscous forces
1, we can write the acoustic mode equation as

1 iQaja;
(3z+v—bat+06)b:— 7, o)} (3)
where
92
o= P—[fdzrz |¢>;'kaj7]ijklak|q))li|, (4)
b jki
Q= f Pr(|D(x, y))e' TN £, 1), (5)

with Qp being the coupling parameter that is a work linear den-
sity, P, being the mode’s energy transport velocity and o' is an
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Fig. 2. Illustration of elements of coil and core geometry: (A) the coil has radius a and the axial distance is measured from the midpoint along the axis, (B) the coil has an
unperturbed radius r;, with the area element ascertainable at any random point along the axis, with the fluctuation being characterized by amplitude A and phase ¢.

effective dissipation length for the acoustic mode. We can similarly
write the equations for the optical envelope functions as

1 iw1a2b*

0,01 + —ora1 = ——— 9y, (6)
V1 P
1 iwpab*

Dy + — ity = ———— 0, (7)
V2 P

with
0= [ @rfawice yneeonyt. s,

—d.Ae — uoh;‘.Ahi] 8)

where d; is the induction-mode, Ad; is the perturbation of the
same, h; is the magnetic field-mode with the Ah; being the per-
turbation thereof, and Ae; being the perturbation in the it elec-
tric field mode. The photoelastic effect, field perturbations due
to varying continuity conditions and effective dynamic magnetic
coupling leads to perturbations Ae;, Ad; and Ah; respectively.
Here, P; gives the energy transport velocity of the i electro-
magnetic mode. Let us take the steady-state case and solve the
equation for the acoustic mode by means of its Green’s func-
tion b(z) = —% Jo dZay(z — 2)* x ax(z — Z) exp(—aZ)). As-
suming that the optical s change on a length scale that is much
larger than 1/«, we can obtain the stimulated Brillouin scattering
gain G = % with detuning parameter «. The generated
acoustic modes lead to the cross-sectional area varying, leading to
a change in the area of the inductor-core within the magnetic flux.
In our system, we will be using a segment of the fiber taper as the
dielectric core of a coil-inductor. The manner in which the geo-
metric perturbations in the core can influence the flux can be seen
by observing the changes in the electromotive force due to flux-
variations: & = —d‘% = _d(gf)_ For the finite coil in our system,
we must consider the magnetic field in terms of the vector poten-
tial: B=V x A. Given the geometry, only the Ay can be non-zero
and B; = —%, B, = %‘j(g’:e) while for a solenoid made up of n
filaments per unit length, we have [63]

A aum /‘ / cos6do (9)
9 =
V&2 4712 4 a2 —2arcosf

where a is the radius of the coil, £ =y — [ with y is the axial
coordinate while [ is the distance of the filament from the origin,
EL=y+ % /4 is the permeability and i is the current in each
filament. We can now find the magnetic-field components

g
a ni cos0do &
__ap f ]+ (10)
27 , VEZ 412 4+ a2 — 2ar cosf 45~
s
a,unl/
2 r24+a2— 2arcos(9
0
— 0)do &
o (a —rcos6) ]+ (11)
VE2 +12 + a2 —2arcosf 5

For a surface acoustic wave travelling in the core such that the ra-
dius is a function of the axial distance x(y,t) = Asin 2w y/\ — wt)
+ r; (where A, w and A denote the amplitude, frequency and
wavelength of the acoustic mode while r; denotes the undisturbed
radius), we can write the area elements at the surface of the core
as

dar 1+ Asin(})
0s(¢)  /1+cos?¢

where ¢ =2my/A — wt (Fig. 2).
Inductance is defined as L =n®3/i, and in this case, for r; — 0,

Adg (12)

da, =

2

_pn ar & [ 1+ Asin(¢)
b= 4[@2 @l | s %
un? £ & [ ri+ Asin(¢)
+ — | — —d 13
2 [\/éz—l—aZ]E— V1+cos?¢ ¢ W

If we consider £ >> a and p? =2 — sin®¢, with the integration
over p with limits 1 — +/2, along with considering r; =1 pm and
A =0.05 pm, we have L =5.1 x 1072 p for velocity of acoustic
mode v =5727 m/s and frequency f = 11.476 GHz, as is seen to
be the case for a microwire (r; =1 pm, [ =8 cm) at incident light
with wavelength 1534 nm (195.57 THz) in the case of lanthano-
aluminosilicate [44], while n = 250. For a resonator circuit with
C =47 pF and standard inductive element L =1 mH, we then have
the frequency of

1
fr=———— =325.08 MHz (14)
2w +/LC
The primary hurdle when it comes to efficiency is the emergence
of disparate acoustic waves besides the surface acoustic waves we
require. The primary factors that lead to losses include the photon-
to-acoustic mode conversion efficiency and the losses in the mi-
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crowave resonator circuit. Beginning with the theory of Brillouin
scattering, the Brillouin gain gg can be expressed as [42]

7 p2
2rngePy)

g3 = (15)

T cpr2vsAvg
where Pp, is the elasto-optic constant, p is the mean density of
the material, nef is the effective refractive index of the microwire,
vs is the sound velocity, ¢ is the speed of light in vacuum, vg
and Avp are the frequency shift of the surface acoustic wave and
FWHM width of the spectrum respectively, while A is the optical
wavelength. Rare-earth aluminosilicates have an effective refrac-
tive index of neg = 1.65 [62]. The Pockel’s constant is found to
be Py = —0.027 4+ 0.012 [64]. Aluminosilicate glass has a mean
density of p =3.48 —4.19+0.02 gcm—3 [60]. For Yb-doped alu-
minosilicate glass, we have vg =11 GHz and Avg =287 — 1550
MHz [65].

There have been studies on the variation of compressional wave
velocity and shear wave velocity of four types of aluminosilicate
glasses as a function of pressure, and the velocity ranged from ~
5.5 — 8 km/s for compressional wave velocity, ranged ~ 3.2 — 4.2
km/s for shear wave velocity and ranged ~ 4 — 6.2 km/s for bulk
sound velocity for pressure varying over 0—8 GPa [66]. Using these
values, we obtain the Brillouin gain of gz = 1.0727 x 10~11 m/W.
From literature, a Yb-doped aluminosilicate fiber with 5 mol% of
alumina and 0.2 mol% of Ytterbia has been seen to have a Brillouin
Gain coefficient of 1.1 x 10~'1 m/W, while phosphosilicate fiber
having 20 mol% of P,0s5 and 0.6 mol% of Ytterbia, the Brillouin
gain coefficient (BGC) is seen to be around 0.7 x 10~'1 m/W [65].
The critical power is given by [39]:

P =21 Aeff (16)

Kk gpLefr

where « is the parameter that accounts for variations in polari-
sation. For our purposes, we take « to be unity. If we take a mi-
crowire with 1 pm diameter over a length of 8 cm, P = 19.2194
W. We can describe the spontaneous emission noise by adding a
spontaneous emission term to the equations that describe how the
pump and Stokes waves evolve [67]. The amplified spontaneous
scattered power per unit frequency is given by

L
2 P (Z/)
- p ’
P(v,2) = A 82+F2gB(N + UG(V’Z)/G(v,z’)dZ (17)
7 P,(z) TI?
z
G(V,Z):@(p[f( pA 82—1——1“2g3_a>dz]] (18)

z

where A, is the effective core area, ™! is the acoustic phonon
lifetime, § parametrizes any detuning of the signal from the Stim-
ulated Brillouin Scattering gain line centre, P, is the pump wave
power and « is the absorption coefficient. N =~ hkTTB denotes the
number of acoustic phonons in thermal equilibrium, with k being
the Boltzmann constant and T being the absolute temperature. In
our scheme, if we take vg =11.476 GHz at T =298 K, N ~ 565
phonons. Fiber-ring lasers can have pulse duration of 4-30 ps [68].
Specific kinds of systems such as whispering-mode stimulated Bril-
louin scattering has shown a field distribution for the photonic
and phononic modes, with a maximum photon-to-phonon con-
version of ~ 45%. If the phonon-to-microwave conversion is op-
timum, we can regard the overall efficiency to be comparable to
the existing schemes for quantum transduction. In this setup, the
noise-power significantly depends on the magnitude of the sig-
nal in the gain-saturation regime. It is particularly high when the
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signal has low power. This imposes certain constraints on such a
Brillouin-scattering based system. Since optomechanical coupling
requires a strong pump power that can generate noise via four-
wave mixing and Raman scattering and the optical drive is known
to generate noise in mechanical resonator, we must consider these
factors while discussing this novel scheme. The occupation of the
ground-state manifold of the Raman levels at a finite temperature
is defined by a well-known statistical weighing, whereby the ratio
of Stokes to anti-Stokes Raman transitions is equal to [69]

Ry, = efom/ksT — (19)
n+1

where n denotes the vibrational quanta, wy, is the mechanical res-

onance frequency and T is the temperature [70,71]. The optome-

chanical four-wave mixing is characterized by the intensity gains

of the reflective signal and four-wave mixing fields [72],

r—s[As] 2

S

Rs[As] = ’ = |A[Aslkex — 1] (20)

2

w = |B[_As]Kex|2 (1)

RC[_AS] =

N

where o;_s[Ag] and o;_c[—A;] correspond to the signal and four-
wave mixing fields. The coefficients A and B depend on parame-
ters of the optomechanical system

ALe] = XN XN [ ~o] = G2 xmle]))
(1+ xml@IZl]) (1 + xml-olZlw])

_ Xelolxc[@w]G -Gy (xml—w] = xmlw])
A+ xmlwlZlw) (A + xm[—w]E[w])

where G_ = goo— and G4 = goa+ represent the optomechanical
coupling strength of the beam-splitter and two-mode squeez-
ing interactions, with «. denoting the s the mean coherent
intra-cavity amplitude of the two-tone pump field and gg is
the single-photon optomechanical coupling strength. X[w] is the
optomechanical self-energy arising from the unequal (optome-
chanical) coupling strength between the beam-splitter and two-
mode squeezing interactions. This is instrumental in determining
the frequency-dependent optomechanical damping rate: yopr =
2Re[Z[w]], which can be written as [25]

(22)

Blw] (23)

k(G2 —G%)
A%+ K2 /4

Besides this, it has been seen that for 65Si0O, —20Al,03 —15La03
produced using rod-in-tube technology, the losses due to impu-
rities and structural imperfections such as scattering centres and
micro-nscale striae can be high, of the order of 0.7 dB/m at 1200
nm [65]. Further characterization of rare-earth aluminosilicates
will be required for ascertaining the points and degree of cor-
rection to the signal-to-noise ratio, although confining the light
(in the optical medium) that may scatter in Raman or four-wave
mixing modes, the increase in the optomechanical coupling con-
stant and reducing the resistive component of the electrical circuit
are some of the ways where this novel scheme for optoelectrome-
chanical transduction can be further optimized with an enhanced
signal-to-noise ratio.

Yopt = (24)

4. Conclusion

We have proposed a scheme for realisation of optoelectrome-
chanic quantum transduction using rare-earth aluminosilicate glass
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microwires as the dielectric core of a coil-inductor. Our scheme
makes use of Brillouin interactions in a fiber mode that is al-
lowed to be passed through a fiber taper. We have shown how
we can convert a light at 195.57 THz to a microwave signal at
325.08 MHz. We see that the Brillouin gain coefficient obtained
for rare-earth aluminosilicates of 1.0727 x 10~!1 m/W can give a
critical power of P, = 19.2194 W. Given the ease of access and
manoeuvrability of microwires in experimental setups, it can be
a practically relevant scheme for quantum transduction and can
be further engineered for desired transduction. For a whispering
SBS mode, we can attain upto 45% conversion efficiency using
optoelectromechanical transduction scheme presented in this pa-
per.
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