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Driven-dissipative Gross-Pitaevskii equation

Full Hamiltonian for the lower polaritons (k-space):

Full Hamiltonian for the lower polaritons (real-space):

Heisenberg equation for the field operator:

Mean field approximation (classical field):



Add terms for dissipation and laser drive:

“Driven-dissipative Gross Pitaevskii equation”:

Excitation 

field

Cavity lossesNonlinearity (interactions)

Driven-dissipative Gross-Pitaevskii equation



Multi-stability

High power regime

Scanning the laser energy at fixed laser power.

MULTI-STABILITY



Multi-stability

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

Multi-stability



Stability of the solutions

Driven-dissipative GPE:

Assume k=0,                            and search solutions of the form

Steady-state solution:

Consider small perturbation on top of steady-state solution:

Steady-state solution of GPE 



Linearized GPE

Only keep first order terms in δψ and δψ*



Linearized GPE

Linearized equation.

Unstable solution when at least one of the eigenvalues has a positive imaginary

part.



Linearized GPE



Unstable solutions

Stability condition at k=0:

(with )

Second order polynomial in gNLP with real roots for positive discriminant:

⇒ or

Two real roots:

Positive only when 



Unstable solutions

Existence of unstable solutions when:

Obtained in the range:



Unstable solutions

One unstable solution ⇒ BISTABILITY

Reminder: ħωp=ħωLP+2γ

Unstable

(limit            )



Bogoliubov spectrum of excitations

LOW EXCITATION POWER (NLP = 0.1)



Bogoliubov spectrum of excitations

LOW EXCITATION POWER (NLP = 0.1)

⇒ One recovers the polariton dispersion (linear regime). 

⇒ ⇒



Bogoliubov spectrum of excitations

LOW EXCITATION POWER (NLP = 0.1)

⇒ ⇒



Bogoliubov spectrum of excitations

HIGH EXCITATION POWER (NLP = 27)



Bogoliubov spectrum of excitations

HIGH EXCITATION POWER (NLP = 27)

⇒ Taylor expansion for small k 

⇒ Two parabolic dispersion shifted by the interaction. 



Bogoliubov spectrum of excitations

HIGH EXCITATION POWER (NLP = 27)

⇒



Bogoliubov spectrum of excitations

POLARITON POPULATION WITHIN UNSTABLE RANGE (NLP = 13)



Bogoliubov spectrum of excitations

POLARITON POPULATION WITHIN UNSTABLE RANGE (NLP = 13)

⇒ Expect positive imaginary part next to k = 0. 



Bogoliubov spectrum of excitations

MEDIUM EXCITATION POWER (gNLP ≈ Δ)



Bogoliubov spectrum of excitations

MEDIUM EXCITATION POWER (gNLP ≈ Δ)

⇒

Taylor expansion (small k)Taylor expansion (large k)

⇒ ⇒

Parabolic dispersion Linear dispersion

⇒ Phonon-like dispersion

“Speed of sound”: 



Bogoliubov spectrum of excitations

MEDIUM EXCITATION POWER (gNLP ≈ Δ)

⇒







The special case of sonic dispersion relation

Zero density of 

states at the pump 

energy

No available Bogoliubov mode at the pump energy

⇒ Consequences for polariton superfluidity



Polariton superfluidity

Superfluidity is “the characteristic property of a fluid with zero viscosity which 

therefore flows without any loss of kinetic energy”

Induce polariton flow

⇒ pump at kp ≠ 0

Modified Bogoliubov dispersion:



Subsonic flow vp < cs

⇒

vp < cs



Subsonic flow vp < cs

⇒

vp < cs

No Bogoliubov modes available at the pump energy

⇒ Suppression of elastic scattering

POLARITON SUPERFLUID



Supersonic flow vp > cs

⇒

vp > cs



Supersonic flow vp > cs

⇒

vp > cs

Continuum of Bogoliubov modes available at the pump energy

⇒ Elastic scattering allowed

NOT A SUPERFLUID PROPAGATION







Conical density modulation

downstream of the defect:

Cerenkov regime.



Polariton “Sonic boom”











Conclusion

• Cavity exciton-polaritons ⇒ “Fluids of light”

• Optical platform for driven-dissipative non-
linear hydrodynamics

• Superfluidity is just one example. Plenty of
other interesting effects:

• Solitons, vortices, parametric oscillations, acoustic
black holes

• Study synthetic polaritonic matter in lattices
(see next class)

• Prospects for quantum polaritonic (current
research topic)


