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Magnetic field in classical dynamics

Magnetic field in quantum physics and AB
effect

Optically induced AB effect in mesoscopic
rings

Systems of interconnected rings

Optical AB effect for excitons

Polariton rings and geometric phase

Edge states in polariton ring lattices



Regimes of light- matter interaction

2DEG irradiated by electromagnetic field

/
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Weak light-matter interaction

Strong light-matter interaction

Electron spectrum unperturbed

Electron spectrum modified
(dynamic Stark effect)

Interact via photon
emission/absorption

Interact via electron “dressing”

Effects: photovoltaic, high-
frequency conductivity

Effects: exciton-polaritons in
microcavities; band gap opening
and metal-insulator transition in

graphene; artificial U(1) gauge fields




Magnetic field in classical and quantum physics
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Time- reversal symmetry breaking by circular polarized

AB effect is a consequence of non-
equivalency of clockwise and
anticlockwise motion, i.e. of the breaking
of time- reversion symmetry

Linear polarized
light: time
inversion does not
change
polarization

Circular polarized
light: time inversion
changes polarization

hw

light

H=HY + 0,

o . Km+1,N—=1|0glm N)?
EmN = EpN 0) (0)
EmN T Em+1N-1
[Kim — 1, N + 1|Ug|m, N)|?

0 _ 0
EmN T Em—1N+1

e(m) = m’ep + eEOR[

1) = h2k2+ he?E?
e(k) = 2me 2melRw3

2

0= (42
£( )_Zme( RCDO)

enE ;2
I 2mew3

- 2me

eEqR/2ep ]
2m — hw/eg)* — 1

2 2
0
(k + 2meh2Rw3) +const

lllumination of the ring by
circular polarized light leads to
the appearance of an effective
magnetic flux and syntetic U(1)
gauge potential
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Optical AB oscillations
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under a circularly polarized electromagnetic wave as a func-
08 s tion of wave intensity Iy and wave frequency w. Plots (a),
_ (b) and (c¢) correspond to different transmission amplitudes
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free electron.
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1D array of rings
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2D array of rings
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Optical AB effect for excitons
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Effective flux depends on mass! And masses
of an electron and a hole are different, so
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there appears uncompensated flux for the

exciton!
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Geometric Berry Phase

e Geometric phase: adiabatic evolution of spin in slowly
H(z(t))|v (1)) = ?E’E'@(f)) changing time dependent magnetic field
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Quantum microcavities
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The role of the Bragg mirrors: confinement of
electromagnetic field. For infinite number of the layers
the photonic bandgap is formed in the mirrors, and
photon becomes perfectly confined inside a cavity.
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Spin and polarization of cavity polaritons

Polariton TE- TM splitting

Dark exciton
Heavy Electron
hole
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Density matrix of a two level system
Analog for electrons: Rashba splitting
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Optical analog of AB interferometer
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2D Arrays of polariton rings
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Bandgap openings:
formation of

Zeeman+ TE-TM
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