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e Qunatum Entanglement.

e Quantum Superposition.
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Atom in the free space Atom in a photonic crystals
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@ Photonic Crystals
® Model System and Methods
® Dynamics of Quantum Coherence

@ Dynmaics of Quantum Fisher Information
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What are Photonic C

Natural or engineered periodic dielectric structures

1D PhC 2D PhC 3D PhC

M.A. Butt, S.N. Khonina, Optics & Laser Technology 142 (2021) 107265.
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Macro ﬁ Micrﬂ é Nano
Lu, Tao, et al.” Nanotechnology 27.12 (2016): 122001.
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Photonic Band Gap (PBG)

d, d
n n n 1 22 n
1 Jh o ] e ™
= =3
1 2 N
1
e< _ N
0] o -
Q (=]
e g g
s = S ]
"505' o, a.
o 2 8
; ’ >
0 | | |
0 I/g 2Z//B SVB v

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

(a) PBG Fiber
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(b) PBG Waveguide (c) Localization of Light

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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The Hamiltonian

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

H = Hy+ Hrpt

2
Hy = fws|az )( as| + hws|az )( ag| + fwlay Y(ar| + D > hwpalaxe
A=1 k

Hppy = iﬁZ[géi(GL,\UB — o310k)) + 91%}\(02,\012 — 0210k))]
[5)

oij = |ai){ay]
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Some Definations

@ Coupling constant.

i _ wijdiy h g
ot = 4 () e

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

[4(0)) = cos(6/2) |as, 0) + €'’ sin(6/2) |az, 0)

® The parameter 6 controls the superpositions.
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Some Definations

@ The state of the system in time t

(1)) = As(t)e™ " as, 0)+Aa(t)e™ 2" |az,0)+) _ Bra(t)e " [ar, 1xx)
kX

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

L0 A
iho, [ (t) = H[p(?))
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Reduced Density Matrix

p33 ps2 O
pa(t) =Trp{pas(t)} = | p23 p22 0
0 0 pn
where
p3z = |As(t)]?
paz = |Aa(t)[?

P32 = py3 = As(t)Az(t)”
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Quatnum Coherence

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

® It is a resource for quantum information processing.

® 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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—18

Dynamics of quatnum coherence in free space and in PBG materials

with 0 = 7/2 and ws,
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(b) Atom in PBG

(a) Atom in free space
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Results: Dynamics of Quantum Coherence

Dynamics of quatnum coherence for different values of detuning ws.
with 0 = /2

— s =098
- - -5 = 028
----- Y

Coherence
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Estimation Theory

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

Abes > —m— F(0) = E([55n f(x,0)]%)

F(0)

Fat dstriton

(c) High Fisher Information

pdium Fisher Information

(a) Zero Fisher Information
\

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

Dynamics of quantum Fisher information for the parameter ¢ in free
space and PBG materials with ws,

18 and 0 = /2

(a) Atom in free space

(b) Atom in PBG
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Results: Dynamics of Fy (Single Parameter)

Dynamics of Fy in free space and PBG materials with ws. = —15 and
0=m/2

(a) Atom in free space (b) Atom in PBG
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Results: Dynamics of Fjy

Dynamics of Fy for various value of detuning ws. with 6 = /2
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Thank you for your attention!

Any Questions?




