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 Disordered quantum wells (CdTe)

 Lower polariton blue-shift: disordered vs. clean

 Polaritons phase diagram:
   from BEC (BKT)  to ‘long-range’ interactions

 Probing the condensed state: resonant Rayleigh scattering

I. Thermodynamics

II. Non-equilibrium: pump & decay (Marzena)
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Excitons in Disordered Excitons in Disordered QWsQWs

[I. M. Lifshitz, Adv. Phys. 13, 483 (1964)]
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Coupling to LightCoupling to Light
[R. Zimmermann et al., Pure & Appl. Chem. 69, 1179 (1997)]

 optical den. = 

[F.M. Marchetti et al., PRL 96, 066405 (2006)]



Excitonic Optical DensityExcitonic Optical Density

 Asymmetry



Excitonic Optical DensityExcitonic Optical Density

[P. Borri et al., Phys. Rev. B 63, 035307 (2000)]



Coupled Quantum WellsCoupled Quantum Wells
 Screening of the disorder potential (dipole-dipole
    interaction)

[A.L. Ivanov, Europhys. Lett. 59, 586 (2002)]



Coupled Quantum WellsCoupled Quantum Wells

[R. Zimmermann, Solid State Comm. 134, 43 (2005)]

[A.L. Ivanov, Europhys. Lett. 59, 586 (2002)]

 Screening of the disorder potential (dipole-dipole
    interaction)
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Model for Cavity PolaritonsModel for Cavity Polaritons
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Dilute (Bosonic) LimitDilute (Bosonic) Limit

 Linear dispersion model [D. M. Whittaker, PRL 80, 4791 (1998)]
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Inhomogeneous Line-widthInhomogeneous Line-width

 Linear dispersion model [D. M. Whittaker, PRL 80, 4791 (1998)]

[P. Borri et al., Phys. Rev. B 63, 035307 (2000)]



Dilute (Bosonic) Limit: blue-shiftDilute (Bosonic) Limit: blue-shift

 Linear shift below threshold for condensation (low temp)



Dilute (Bosonic) Limit: blue-shiftDilute (Bosonic) Limit: blue-shift

…vs clean limit:

[C. Ciuti et al., PRB 62, R4825 (2000)]
e h



Validity at Higher DensitiesValidity at Higher Densities

 Neglected Coulomb interaction between          and
   (restrict the occupation to the states in the tail)

 Double-occupancy
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Validity at Higher DensitiesValidity at Higher Densities
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 Neglected Coulomb interaction between          and
   (restrict the occupation to the states in the tail)

 Double-occupancy
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Phase DiagramPhase Diagram

condensed

non-condensed

long-range interactions

 When                      , deviations from BEC of structureless
    polaritons [J. Keeling et al., PRL 93, 226403 (2004)]

[F.M. Marchetti et al., PRL 96, 066405 (2006)]



From From Polaritonic Polaritonic to Condensed Spectrato Condensed Spectra
 Fixing temperature                          (                        )

[F.M. Marchetti et al., in preparation]

(critical density)

Goldstone mode 
=chemical potential



Blue-ShiftBlue-Shift
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[F.M. Marchetti et al., in preparation]
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Spectral WeightSpectral Weight  x Occupationx Occupation
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Incoherent PhotoluminescenceIncoherent Photoluminescence
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Resonant Resonant Rayleigh Rayleigh ScatteringScattering

LP

UP

[W. Langbein&J. M. Hvam, PRL 88, 047401 (2002)]

 Light emission in non-specular
   scattering directions

inout



Resonant Resonant Rayleigh Rayleigh ScatteringScattering
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Resonant Resonant Rayleigh Rayleigh ScatteringScattering

[F.M. Marchetti et al., PRL 96, 066405 (2006)]
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ConclusionsConclusions
 Polaritons in disordered microcavities

condensed

 optical den. = 

 Phase diagram
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 Probing the condensed state: RRS


