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Overview

• Qunatum Entanglement.

• Quantum Superposition.

Atom in the free space Atom in a photonic crystals
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What are Photonic Crystals ?

Natural or engineered periodic dielectric structures

M.A. Butt, S.N. Khonina, Optics & Laser Technology 142 (2021) 107265.
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Photonic Crystals in Nature

Lu, Tao, et al.” Nanotechnology 27.12 (2016): 122001.
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Photonic Band Gap (PBG)

Saleh, Bahaa EA, Fundamentals of photonics. john Wiley & sons, 2019.
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PBG Matrial Applicaltions

http://ab-initio.mit.edu/photons/tutorial/L2-defect
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Model System: A V-Type Three Level Atom
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Previous Works
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The Hamiltonian

The Hamiltonian of the system is composed of the following terms.

H = H0 +HInt

H0 = }ω3|a3 〉〈 a3|+ }ω2|a2 〉〈 a2|+ }ω1|a1 〉〈 a1|+
2∑

λ=1

∑
k

}ωka†kλâλk

HInt = i}
∑
kλ

[g13kλ(a†kλσ13 − σ31akλ) + g21kλ(a†kλσ12 − σ21akλ)]

σij = |ai 〉〈 aj |
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Some Definations

1 Coupling constant.

gijkλ =
ωijdij

}

(
}

2ε0ωkV

) 1
2

êkλ.d̂ij

2 The initial state of the systems is prepared by a pulse laser beam
as superposition of the exited states.

|ψ(0)〉 = cos(θ/2) |a3, 0〉+ eiφ sin(θ/2) |a2, 0〉

3 The parameter θ controls the superpositions.
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Some Definations

1 The state of the system in time t

|ψ(t)〉 = A3(t)e
−iω3t |a3, 0〉+A2(t)e

−iω2t |a2, 0〉+
∑
kλ

Bkλ(t)e
−iωkt |a1, 1kλ〉

2 With substituting the Hamiltonian and the states in the
Schrodinger equation

i}
∂

∂t
|ψ(t)〉 = Ĥ |ψ(t)〉
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Reduced Density Matrix

ρa(t) = Trf{ρaf (t)} =

ρ33 ρ32 0
ρ23 ρ22 0
0 0 ρ11


where

ρ33 = |A3(t)|2

ρ22 = |A2(t)|2

ρ32 = ρ∗23 = A3(t)A2(t)
∗
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Quatnum Coherence

1 Quantum coherence represents the coherent superposition of
distinct physical states.

2 It is a resource for quantum information processing.

3 Its a fundamental distinction between quantum and classical
states.

Streltsov, A., Adesso, G., & Plenio, M. B. Colloquium: Quantum coherence as a resource. Reviews of
Modern Physics, (2017).
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Results: Dynamics of Quantum Coherence

Dynamics of quatnum coherence in free space and in PBG materials
with θ = π/2 and ω3c = −1β
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Results: Dynamics of Quantum Coherence

Dynamics of quatnum coherence for different values of detuning ω3c

with θ = π/2

0 15 30

0

0.5

1

Ghafar Ahmadi Dynamics of a three level atom in PBG 16/22



Estimation Theory

1 In estimation theory, the Cramer−Rao bound expresses a
lower bound on the variance of unbiased estimators.

2 ∆θes ≥ 1√
F (θ)

, F (θ) = E([ ∂∂θ ln f(x, θ)]2)

https://awni.github.io/intro-fisher-information.
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Results: Dynamics of Fφ

Dynamics of quantum Fisher information for the parameter φ in free
space and PBG materials with ω3c = −1β and θ = π/2
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Results: Dynamics of Fθ (Single Parameter)

Dynamics of Fθ in free space and PBG materials with ω3c = −1β and
θ = π/2
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Results: Dynamics of Fθ

Dynamics of Fθ for various value of detuning ω3c with θ = π/2
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Special Thanks
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Thank you for your attention!

Any Questions?
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