InsTITUTO DE Fisica

Universidade Federal Fluminense

‘ Entangled structures in classical and quantum optics I

Antonio Zelaquett Khoury




Qutline

Lecture 1:

Optical vortices as entangled structures in classical and quantum optics

Lecture 2:

Quantum-like simulations and the role of quantum inequalities

Lecture 3:

Quantization of the electromagnetic field

Lecture 4:

Vector beam quantization and the unified framework




Qutline

Lecture 3:

Quantization of the electromagnetic field






Wave Equation in vacuum

No charges or currents

Vector potential
Lorentz gauge

p(r)=0
J(r)=0

Scalar potential:

o(r)=0

A(r,t) = A(t)u(r)
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Viu+ku=0 Helmholtz
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pYe +w°A=0 (@=ck) Harmonic oscillator




Helmholtz Equation: spatial mode structure

Spatial modes vector space

Helmholtz

VZUj +k2Uj =0 » uj(r)€{¢'m”(r)}

fe b (k. k. k,) Plane
(B (k,p)e' ™ (I,k,k,) Cylindrical
(o, (kr)Y,"(@,4)} (1, m,k) Spherical

(LG, e} (p.lk,) Paraxial: LG

{HGmn eikﬂ} (m,n,k, ) Paraxial: HG



Further requirements

Physical fields Boundary conditions

Vector modes: Polarization-Spatial

w0} fu,n)-u,@)dr=5,

Finite V — discrete modes

{ujlmn (r)}

(J,1,mn)— u



Electromagnetic fields

A(r,t)=> A (t)u,(r)

dA
E(r,t)=-> dtﬂ u,(r)

B(r,t)=) A, (t)Vxu,

Hamiltonian




Time evolution
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Canonical quantization

Quadratures:
canonical conjugate
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Fock states
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Quantum Hamiltonian
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Heisenberg Equations

a,(t)=a,(0)e "

ia)ﬂt
a,(t)=a}(0)e

da 1 .
dtﬂ:ih[aﬂ’Hﬂ}:_lwﬂaﬂ = 7

X, (t)=X,(0)cosmt +Y, (0)sin ot
Y, (t)=—X,(0)sinwt+Y,(0) cos wt

o a), =ala), (a-lale’ <)

X,(t)=(a| X ,(t)|a)=||cos(wt-0)

Classical-like y. 0 = (@], ®]a) =|alsin(ot-6)
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Photon number (energy)

(8N, ) = G I(AN, ) Ty) = [N, o) =G N, o)

Fock states: <(AN

Poisson distribution:
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Conclusions

« Wave equation + boundary conditions — vector modes + quadratures

Canonical quantization — quadrature commutation relations
Hamiltonian: modes as an ensemble of harmonic oscillators

Photons as discrete energy excitations on each mode

Coherent states: “classical-like” — Poisson photon distribution



