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Reminder: 0D versus 2D

QD basis: Photon number state basis: 

Two-level system Bosonic operator (harmonic oscillator)

Anharmonic energy ladder



Photon number state basis: QW exciton basis:

Reminder: 0D versus 2D

Bosonic operator (harmonic oscillator) Bosonic operator (harmonic oscillator)

Harmonic energy ladder



Exciton-exciton interaction



Exciton-exciton interaction

Approximation: use a contact two-body interaction for the exciton.

Full Hamiltonian for the exciton:



Lower polariton total Hamiltonian

Full Hamiltonian for the lower polaritons:

Anharmonic energy ladder

Energy blue-shift 

(repulsive).



Real space Hamiltonian

Real space Hamiltonian ⇒ Fourier transform: 

Interaction energyKinetic energy



Evolution equation

Goal: write an evolution equation for observable

Reminder:

Heisenberg equation:



Mean field approximation

⇒ Neglect quantum fluctuations and replace field operators by classical fields.

Mean field approximation

(Polariton density)

Assume macroscopic occupation in        such that



Generalization to drive and dissipation

Add terms for dissipation (phenomenological) and laser drive:

“Driven-dissipative Gross Pitaevskii equation”:

Excitation 

field

Cavity losses

Nonlinear term (interactions)

“Kerr-type” non-linearity:



Solution in the linear regime (g=0)

Assume and search solutions of the form:

One obtains: 

⇒ (lorentzian profile)

Varying the pump

frequency around

ωLP at fixed pump

amplitude (kp=0).



Solution in the linear regime (g=0)

Assume and search solutions of the form:

One obtains: 

⇒ (lorentzian profile)

Varying the pump

amplitude for fixed

pump frequency

(ωp = ωLP).



Solution in nonlinear regime (g=0.1γ)

⇒

Lower polariton energy “renormalized” by the interaction

Third order polynomial

equation for NLP (nonlinear).



Solution in nonlinear regime (g=0.1γ)

Low power regime



Solution in nonlinear regime (g=0.1γ)

Low power regime



Multi-stability at higher power

High power regime

Scanning the laser energy at fixed laser power.

Multiple solutions 

available under the 

same excitation 

conditions:

MULTI-STABILITY



Multi-stability at higher power

Scanning the laser power at fixed laser energy (ħωp=ħωLP+2γ).

Multi-stability



Multi-stability at higher power

Scanning the laser power at fixed laser energy (ħωp=ħωLP+2γ).

The response of the system depends on the

history of the scan:



First experimental demonstration



Next week’s program

• Study of the stability of the solutions 
(Bogoliubov excitation spectrum)

• Consequences for polariton superfluidity
(“quantum fluids of light”)
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