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Microcavity polariton introduction

Polaritons

• Strong coupling of photons to excitons

[Pekar, JETP (1958)],[Hopfield, Phys. Rev (1958)]
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Microcavity polariton introduction

Polaritons

• Strong coupling of photons to excitons

• Anti-crossing – form two new modes

• No condensation – can relax to photon
mode.

[Pekar, JETP (1958)],[Hopfield, Phys. Rev (1958)]
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Problems?

• Cavity lifetime is short (ps), hard to thermalise.
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Polariton Experiments: Photoluminescence

Non-linear Photoluminescence.

[Deng et al. PNAS 100 15318]
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Non-linear Photoluminescence.

[Deng et al. PNAS 100 15318]
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Polariton Experiments: Thermal distribution

[Kasprzak et al. Nature 443 409]
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Polariton Experiments: Interference resuls

Below threshold Above threshold

[Kasprzak et al. Nature 443 409]

J. Keeling, KITP, 2007 Contents 8



Microcavity polariton introduction
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Closed channel molecules ⇐⇒ Microcavity Photons

Atoms ⇐⇒ Electron/Holes
Inter-channel coupling ⇐⇒ Electric dipole interaction
Background potential ⇐⇒ Coulomb attraction

Important differences

• Polaritons: Measure only emitted photons.

• Cannot dynamically change exciton-photon detuning.
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Comparing mean field theories

General form 1
Ueff

=
∫
νs(ε)

tanh(β(ε− µ))
ε− µ

dε
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Fluctuation corrections

• Consider crossover to BEC with changing density.

• Treatment similar to [Nozières & Schmitt-Rink J.L.T.P 59 195 (1985)]

• However:

◦ Two dimensional system — consider Kosterlitz-Thouless
◦ Boson field dynamic, with chemical potential — similar to Holland-

Timmermans model, e.g. [Ohashi & Griffin, PRA. 67 063612 (2003)]
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Need ρsf = ρtotal − ρnormal.
ρnormal found by current response:
Ji(q) = χij(q)Fj(q).

χij = χL
qiqj
q2

+ χT

(
δij − qiqj

q2

)

Thus ρnormal = mχT (q → 0)

Thus, need to find: ρtotal in presence of condensate.
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Microcavity polariton introduction

Fluctuations in presence of condensate

Density is total derivative of free
energy:

ρ = −∂F
∂µ

− dψ0

dµ
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Microcavity polariton introduction

Fluctuations in presence of condensate

Density is total derivative of free
energy:

ρ = −∂F
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− dψ0
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∂F

∂ψ0

Write F = Fm.f. + Ffluct.

Schematically,

Ffluct = −kBT ln
〈
e−β(Hfluct[ψ0]−µρuncondensed)

〉

By definition, ∂Fm.f./∂ψ0 = 0, so:

ρ =
(
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Condensate depletion changes critical chemical potential.
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Microcavity polariton introduction

Simple example: Weakly interacting Bose gas

H − µN =
∑

k

(εk − µ)a†kak +
g
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a†k+qa
†
k′−qakak′.
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Normal state exists for µ < 0:
Need self energy.
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Microcavity polariton introduction

The phase diagram

Calculate density where ρsuperfluid = 0.
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Current experiments in BCS-like regime: ρcrossover/n ≈ mg/

√
n ≈ 10−3,

experiments around ρ/n ≈ 0.01.

J. Keeling, KITP, 2007 Contents 21


	Polaritons
	Localised two level systems
	Mean field theory
	Localised two level systems
	Fluctuation phase boundary

