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Polariton condensation: distribution and coherence
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[Kasprzak, et al., Nature, 2006]
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Other (relevant) experiments

@ Quantised vortices in disorder potential
[Lagoudakis et al Nature Phys. 4, 706 (2008)]

1.606

@ Stress traps for polaritons S e
[Balili et al Science 316 1007 (2007)] 1o

@ Soliton propagation
[Amo et al Nature 457 291 (2009)]

@ Driven superfluidity
[Amo et al Nature Phys. (2009)
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Overview

@ Introduction to microcavity polaritons
© Gross Pitaevskii equation and spatial profile
9 Spin degree of freedom

@ Conclusions
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Gross-Pitaevskii equation: Harmonic trap
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Gross-Pitaevskii equation: Harmonic trap
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Gross-Pitaevskii equation: Harmonic trap
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Gross-Pitaevskii equation: Harmonic trap
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Stability of Thomas-Fermi solution

EERR
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EathrV-(pV) = ﬁ(%et —Tp)p
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Stability of Thomas-Fermi solution

High m modes: épp.m ~ emirm

L4141

Unstable growth
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Stability of Thomas-Fermi solution

High m modes: épp.m ~ emirm

SRR

Stabilised
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Stability of Thomas-Fermi solution

High m modes: épp.m ~ emirm
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Time evolution:

[Keeling & Berloff, PRL, '08]
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Polariton spin degree of freedom

o Left- and Right-circular polarised states.
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Polariton spin degree of freedom

o Left- and Right-circular polarised states.

@ Spinor Gross-Pitaevskii equation:
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Polariton spin degree of freedom

o Left- and Right-circular polarised states.

@ Spinor Gross-Pitaevskii equation:

) \V&
0L = | —=— + V(r) + Uo|vr|* + (Uo — 2U1)[¥r|?

2m

+ i (Yeff — 5 — T|e)?) | 1

» Tendency to biexciton formation: U

JK, NGB, MOB, PBL, MHS Nonequilibrium quantum condensates CMMP

9/13



Polariton spin degree of freedom

o Left- and Right-circular polarised states.
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> Magpnetic field: A
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Polariton spin degree of freedom

o Left- and Right-circular polarised states.
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v

Tendency to biexciton formation: U
Magnetic field: A
Broken rotation symmetry: J;
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Polariton spin degree of freedom

o Left- and Right-circular polarised states.

@ Spinor Gross-Pitaevskii equation:

2

. \V4 A
i = Y V(r) + Uolor|* + (Uo — 2Ux) [Yg| + 0

+ i (Yeff — & — T ?) | ¥ + A

» Tendency to biexciton formation: U
> Magpnetic field: A
» Broken rotation symmetry: J;

@ Two-mode case (neglect spatial variation): [Wouters PRB '08]

@ Many modes — interaction of J; and currents.
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Non-equilibrium spinor system: two-mode model

Write:
wL — /R + Zei¢+i0/27 77/}/? — /R . Zef¢—i9/2

Josephson regime: J; < UiR, z < R,

0=—-A— 4U12,
2= —2petz — 20 %ret sin(6)
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Non-equilibrium spinor system: two-mode model

Write: $ $
8U,J,

wL — /R + Zei¢+i0/27 17/}/? — /R . Zef¢—i9/2

Vet A

Josephson regime: J; < UiR, z < R,

0=—-A— 4U12,
2= —2petz — 20 VF“ sin(6)

Damped, driven pendulum
0+ 2ynerd = 8U1J1$ sin(0) — 2ynet A
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Non-equilibrium spinor system: two-mode model

Write: $ 8U.J $
171
Wy = mei¢+i0/27 R = VR = zei¢=i0/2

Vet A
Josephson regime: J; < UiR, z < R,
0=—A—4Uz,
. Tnet .
-2 —9 <
z TnetZ S r sin(0) E. Stable limit cycle

Damped, driven pendulum Bistable

0 + 2ynetd = 8U; J1$ sin(0) — 29net A Stable fixed point
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Trapped spinor system

V(r) = m?Z, vnet(r) = 1O(ro — r).
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Trapped spinor system

V(r) = m?Z, vnet(r) = 1O(ro — r).
Plot pi gr = 0rp £ 0:0/2 vs A.
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Trapped spinor system — phase portraits
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Conclusions

@ Modification to Thomas-Fermi profile
Spontaneous rotating vortex lattice

t=56

[JK, NGB. PRL 100 250401 (2008)]

@ Spinor model: Steady states

@ Coupled spin and spatial dynamics N

[MOB, JK, NGB. arXiv:0911:4486] ... | ——7
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Extra slides

© Non-equilibrium timescales

@ Polariton experiments

@ Spinor bistability

© Spinor spectrum

JK, NGB, MOB, PBL, MHS Nonequilibrium quantum condensates

CMMP

14 /21



Non-equilibrium: Timescales

/\4 In—plane momentum
I \/\/\’
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Non-equilibrium: Timescales

Photoy

Exciton

In—plane momentup

| Lifetime  Thermalisation |

Atoms 10s 10ms
Excitons? 50ns 0.2ns
Polaritons 5ps 0.5ps
Magnons? | 1us(?7) 100ns(?)

?Coupled quantum wells. [Hammack et al PRB 76 193308 (2007)]
bYttrium Iron Garnett. [Demokritov et al, Nature 443 430 (2007)]
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Non-equilibrium: Timescales

Photoy

Exciton

\/\_ Pl || g, /‘ﬁ
NNA
In—plane momentupn
\ /\/ﬁ I,
| Lifetime Thermalisation |  Linewidth Temperature
Atoms 10s 10ms 25x 107 3meV 108K 10 meV
Excitons? 50ns 0.2ns 5 x 107°meV 1K 0.1meV
Polaritons 5ps 0.5ps 0.5meV 20K 2meV
Magnons? | 1us(?7) 100ns(?) 2.5 x107%meV 300K 30meV

?Coupled quantum wells. [Hammack et al PRB 76 193308 (2007)]
bYttrium Iron Garnett. [Demokritov et al, Nature 443 430 (2007)]
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Polariton
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[Kasprzak, et al., Nature, 2006]
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Polariton experiments: Coherence
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[Kasprzak, et al., Nature, 2006]
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Other polariton condensation experiments

@ Stress traps for polaritons 108
[Balili et al Science 316 1007 (2007)] 2 1608
k=]
@ Temporal coherence and line narrowing 2 teot
1.603
[Love et al Phys. Rev. Lett. 101 067404
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Other polariton condensation experiments

@ Quantised vortices in disorder potential
[Lagoudakis et al Nature Phys. 4, 706 (2008)]

@ Changes to excitation spectrum
[Utsunomiya et al Nature Phys. 4 700 (2008)]

@ Soliton propagation
[Amo et al Nature 457 291 (2009)]

@ Driven superfluidity
[Amo et al Nature Phys. (2009)
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Two-mode model bistability
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Two-mode model bistability
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Two-mode model bistability
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Homogenous case: stability at A < A,

Damped oscillations
Q’% == —8U1J1R0 COS(Q)
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If Q/% = Ynet degenerate modes:
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Homogenous case: stability at A < A,

Damped oscillations
Q’% == —8U1J1R0 COS(Q)
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If Q/% = Ynet degenerate modes:
w o k for spin wave.
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