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Polariton condensation, beyond the weakly interacting Bose gas.

Overview

e Polariton internal structure
o Polariton blueshift
o Equilibrium phase diagram
e Pumping and decay

o Relevant energy scales
o Lineshape, linewidth
o Density profile
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Excitons in a disordered Quantum well

Centre-of-mass wavefunction satisfies:

[_% + V(R)] O, (R) = €a®(R)

V(R) smoothed by exciton Bohr radius

Want distribution of: Energies, €a
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Polariton model
e Couple excitons to photons

e Consider exciton-exciton interactions

Energy

o WIDBG model: Average interaction
o Our model:
« Strong on-site interaction

+ Weak inter-site (neglect) Position
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Polariton condensation, beyond the weakly interacting Bose gas.

Pumping and decay; energy scales

Lifetime  Thermalisation Linewidth Temperature
Polaritons 5ps 0.5ps 0.5meV 20K 2meV
Atoms 10s 10ms 2.5 x107BmeV 107K 107 ?meV
Pumping Bath
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When condensed, poles become:
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Polariton condensation, beyond the weakly interacting Bose gas.

Phase boundary; effect of dephasing

Mean-field theory of pumped decaying system; self-consistent distribution:

[MHS, JK, PBL Phys. Rev. B 75 195331 (2007)]
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Phase boundary; effect of dephasing
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Effect of pumping on density profile

Gross-Pitaevskii equation:

[JK, NGB arXiv:0706.3686v1 [cond-mat.other]]
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Effect of pumping on density profile

Gross-Pitaevskii equation:
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Polariton condensation, beyond the weakly interacting Bose gas.

Summary

Differences between polariton condensate and non-interacting Bose gas
allow investigation of interesting physics

e Internal structure/disorder
o Critical temperature comparable to Q2r, Ry
o Exciton disorder affects effective interactions
e Non-equilibrium

o Diffusive spectrum / Lineshape
o Phase boundary
o Persistent supercurrents and density profile

J. Keeling, FOPS, July 2007
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Supplementary Slides
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Polariton condensation, beyond the weakly interacting Bose gas.

Density scales/exciton localisation

O[degrees]
40 0 50 60 70[eg ! 80

non-condensed

e=p%/2m —
g’(ep) - :

30

l_:m 20

p=6.3><105(:m'1

10 DoS(e)

J. Keeling, FOPS, July 2007



Polariton condensation, beyond the weakly interacting Bose gas.

Limit of validity

.
Model neglects: 1
e Inter-site Coulomb
e (High energy) multiple occupancy
Limits to low density: How low?
Limited to states below band-edge o
-2 -10 -8

J. Keeling, FOPS, July 2007

16



Polariton condensation, beyond the weakly interacting Bose gas.

Lineshape in the normal state
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Energy of zero (units of g)
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Polariton condensation, beyond the weakly interacting Bose gas.

Finite size, condensate linewidth

Correlations, (17(t,7)1(0,7)) o< exp(—f(t,r, ), with:

Nmax ” 1 — 1wt
IR 5 o R

A)2]2 + 4w2g2’
VXt ' B
A< /o]t < B WNLLLLIELIL (6 77) ~ 1+ In(Bay/2/7)
: Energy
\/x/t
Vit € A <€ Enax mumumuu ft,rr) ~ (55) (35)
' nergy
V[t < B < A mmuumum f(t,r,r) ~ 1
Energy
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Polariton condensation, beyond the weakly interacting Bose gas.

Pumped, Decaying GPE

Rescaling:

i = [—-V2 + 72 + [Y]> + i(a — aly*)] ¢

Then, writing: ¢ = /pe’?

V- [pVe] = (a —op)
V2,/p
Nz

p=Vo[* +r°+p -

J. Keeling, FOPS, July 2007
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