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Abstract

Entanglement is the fascinating aspect of quantum me-
chanics in which particles or systems are correlated. If the
system is spatially separated and they are entangled then
it means their properties are correlated with each other.
The availability of long life of entanglement is concerned
in real life, as the external environment can produce the
system noise that is harmful to the entanglement. This
becomes a cause of the sudden death of entanglement in
which the system loses entanglement in a limited time.
In this research project, we handle the shortcoming of
entanglement by accomplishing the phenomena of the ex-
ceptional points. Under the PT-symmetric scenario, we
examine the occurrence of the sudden death of entangle-
ment in the binary mechanical system around the excep-
tional point.

Hamiltonian of the system

• Optomechanical system consisting of a single cavity
mode frequency ωc and a mechanical mode frequency
ωm and have a Laser frequency ωL. as shown in Fig.(1)

• Total Hamiltonian of the Optomechanical system is

Ĥ = Ĥc + Ĥm + ĤI + Ê(x), (1)

Ĥ = ∆0b
†b+ ωmc

†c− g0b
†b(c+ c†) + E0(b+ b†). (2)

Where g0 = −ωcxzpfL is the single photon-phonon cou-
pling strength and ∆0 = ωc − ωL is the detuning of the
driving laser.

• The dynamics of the system is then fully described
by the (NQLE) by using (∂b∂t = − i

~[b,H])

∂b

∂t
= −(i∆0 +

κ

2
)b+ ig0b(c

†+ c)− iE0 +
√
κbin, (3)

∂c

∂t
= −(iωm +

γ

2
)c+ ig0b

†b+
√
γcin. (4)

• By using linearization technique, b(t) = β0 + δb(t) and
c(t) = c0 + δc(t), we get the following linear equation.

∂b

∂t
= −(i∆ +

κ

2
)b+ iG(c†+ c) +

√
κbin, (5)

∂c

∂t
= −(iωm +

γ

2
)c+ iG(b+ b†) +

√
γcin. (6)

Where G = g0|β| (β is no of photon)is the effective many
photon Optomechanically coupling strength.

• When the cavity is resonant with stokes sideband of
the driving laser, i.e. ∆ = −ωm,

˙̃b = −κ
2
b̃+ iGc̃†+

√
κb̃in, (7)

˙̃c = −γ
2
c̃+ iGb̃†+

√
γc̃in. (8)

we get the following equation

˙̃c = [
Γ
2
− γ

2
]c̃+ i

√
Γb̃†in +

√
γc̃in. (9)

Where Γ = 4G2

κ is Optomechanical induced gain of the MO.

• Similarly for anti stokes-sideband , i.e., ∆ = ωm,

˙̃b = −κ
2
b̃+ iGc̃+

√
κb̃in, (10)

˙̃c = −γ
2
c̃+ iGb̃+

√
γc̃in. (11)

˙̃c = −[
Γ
2

+
γ

2
]c̃+ i

√
Γb̃in +

√
γc̃in. (12)

Where Γ = 4G2

κ is Optomechanical induced loss of the MO.

Optomechanical system

[Fig.1 (a) A Fabry–Perot cavity having a moveable end-mirror and
are driven by a laser ]
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[ Fig.2 (a) Real energy value, (b) The imaginary energy value of

ω± versus the normalized coupling coefficient J
Γ. The figure show an

exceptional point at J = Γ
2 .

Non-Hermitian Hamiltonian

If we can ignore the quantum noise of the decay term, then we can
written u̇(t) = Hu(t) and u(t) = (q1, p1, q2, p2),

H =


Γ
2 0 0 −J
0 Γ

2 J 0

0 −J −Γ
2 0

J 0 0 −Γ
2

 . (13)

Where H is the non-Hermitian Hamiltonian.

Entanglement

To calculate Entanglement, we use logarithmic negativity [2], such as

EN = max[0,−ln(2V −)], (14)

where

V − =
1√
2

[∑
(V )−

√∑
(V )2 − 4detV

]1
2
, (15)∑

(V ) = det(VG) + det(VL)− 2det(VGL). (16)

Wigner Function

Time evolution of the two mode Wigner function for squeezing in phase space can
be written as

W (q1, q2)
p2=0
p1=0 =

1

(2π)4
√
Det[V ]

e
−uTV−1u

2 (17)

[3] AVS Quantum Sci. 3, 015901 (2021).

Result

Fig.(3) (a) in the absence and (b) in the presence of noises. The
parameter used are Γ = 1 and γ = 10−3..

[Fig.(4) J = 1, Γt = 0.5 . ]

[Fig.(5) J = 1, Γt = 0.75 .]

[Fig.(6) J = 0.5, Γt = 0.5 . ]

[Fig.(7) J = 0.5, Γt = 0.75 . ]

Conclusion

In this research project, we observe the phenomena of entanglement in the presence
of the PT-Symmetric system. By using the PT-symmetric system, we get a real
energy values region and in that region, we observe the entanglement behavior. Here
we find out that the substantial delay sudden death of entanglement is possible at
the exceptional point for binary optomechanical system. When we move away from
the exceptional point, we study that the entanglement strength decays in time. This
process is more visible when we include the environmental noises in the system. In
the noisy system, we study that the entanglement decay can be delayed near to the
exceptional point, which means that entanglement survives for a longer period of
time. Furthermore, we also investigate the squeezing of entangled states by plotting
the Wigner function. We find out that near the exceptional point the squeezing
behavior of entangled states is increased.


