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Nonequilibrium particle flux
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Polariton experiments: Momentum /Energy distribution

Emission angle, § (degree)
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[Kasprzak, et al., Nature, 2006]
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Polariton experiments: Coherence
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Non-equilibrium model

Polariton model

@ Disorder-localised excitons

@ Treat disorder sites as
two-level (exciton/no-exciton)

e Propagating (2D) photons

@ Exciton—photon coupling g.

System

aVily mode

[Szymariska et al., PRL '06; PRB '07]
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Non-equilibrium model

Polariton model

@ Disorder-localised excitons @ Excitons coupling v to high
@ Treat disorder sites as energy reservoir (1ig, Tp)

two-level (exciton/no-exciton) @ Photons decay « into empty
e Propagating (2D) photons bulk modes.

@ Exciton—photon coupling g.
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Non-equilibrium theory; mean-field

Look for mean-field solution, (r, t) = yge #st.
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Polarisation susceptibility,
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Non-equilibrium theory; fluctuations

Approach transition, Gap Equation/Hugenholtz-Pines relation:

ps+ir = x(o = 0,ps) & G H(w = s,k =0) =0

[Szymariska et al., PRL '06; PRB '07]
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Non-equilibrium theory; fluctuations

Approach transition, Gap Equation/Hugenholtz-Pines relation:

ps+ir = x(o = 0,ps) & G H(w = s,k =0) =0

Before transition:
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Non-equilibrium theory; fluctuations

Approach transition, Gap Equation/Hugenholtz-Pines relation:
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Fluctuations above transition

When condensed

G Hw, k) = w? — c?k?

momentum

* = c|k| — Sound mode ™~

Poles:

frequency

[Szymariska et al., PRL '06; PRB '07]
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Fluctuations above transition

When condensed

G Hw k)= (w+ X+ =K &
&
Poles: é momentum
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Fluctuations above transition

When condensed

G Hw k) = (w+ix)2+x2 -k
o
Poles: g; momentum
w* = —ix =+ c?k? — x? —Red (energy)
—Imaginary (decay rate)

Correlations (in 2D):
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Gross-Pitaevskii equation:

Gap equation:

h2V?2
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(/hat . [V(r) D () = X (r, )6 (r, )

Nonlinear, complex susceptibility x(i(r, t))
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Gross-Pitaevskii equation:

V2 mw? 2 . 2
oy +7r + Ul +i(y—r =T | 2.

Iaﬂ,z) = | —
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Gross-Pitaevskii equation:

V2 mw? 2 . 2
oy +7r + Ul +i(y—r =T | 2.

Use harmonic oscillator energy w and length \/h/mw

Iaﬂ,z) = | —

i0pp = [V + P2+ Y2 + i (e —alp?)] ¥
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Gross-Pitaevskii equation:

h2v2 mw?

0ct) = [_ om 2

Use harmonic oscillator energy w and length \/h/mw

o) = [-V2+ P+ WP +i(a—olpf)] v
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[Keeling & Berloff, PRL, '08]
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Gross-Pitaevskii equation:

V2 mw? 2 . 2
oy +7r + Ul +i(y—r =T | 2.

10 = [—
Use harmonic oscillator energy w and length \/h/mw
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Stability of profile?
Y= \/ﬁei¢ v=Vo

1
50+ V- (pv) = (@ —op)p
Ov+V(p+rP+|v?)=0
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Stability of profile?

P = ﬁe"qﬁ v=Vo If ,0 — 0, can find normal modes
in 2D trap:
5pn7m(r7 9, t) — eimethm(r)eiwn‘mt

1
50+ V- (pv) = (@ —op)p
Wnm = 2y/m(1 4 2n) 4+ 2n(n + 1)

Ov+V(p+rP+|v?)=0

Consider p — p+ p,v — v + dv.
Add weak pumping/decay:

m(1+2n) +2n(n + 1)—m?
2m(1+2n) +4n(n+1) + m?

Wnp — Wnm + I
Instability!
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Restoring stability
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Restoring stability

Instability

m(1+2n) +2n(n+1)—m?
2m(1+2n) +4n(n+1) + m?

RERR

Unstable growth

Wn,n — Wnm + o |:

High m modes: dpp m ~ emiym
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Restoring stability

Instability

m(1+2n) +2n(n+1)—m?
2m(1+2n) +4n(n+1) + m?

EER R

Stabilised

Wn,n — Wn,m + o |:

High m modes: dpp m ~ emiym

S0 V() = (aO(R—r)=op)p
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Increase pump spot size

[Keeling & Berloff, PRL, '08]
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Why vortices
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i vs R, and hysteresis
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Conclusions

@ Polariton condensates

@ Modification to Thomas-Fermi profile \{ I ’/ »

@ Spontaneous rotating vortex lattice ==
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Observing vortices: fringe pattern
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Observing vortices: fringe pattern
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