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Claude Weisbuch
PRL 69, 3314 (1992)
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Cavity polaritons : an exciton-photon mixed state

| polariton > =      aaaa |photon> +    bbbb |exciton> 

bbbb2 exciton partaaaa2 photon part

Properties
Photonic component low mass (10 -5 me)

Short lifetime (1-100 ps) dissipative system

Pseudo spin

Sensitivity to magnetic field

Polariton Interaction Highly non linear system (Kerr like)



Polariton-polariton interaction

Exciton-exciton interaction 

Exciton wavefunction:

Spin : electron : +- ½
heavy hole : +- 3/2

Exciton : J = +- 1

J =+- 2 

e h e h

e h e h



Exciton-exciton interaction 

� � � � (exc1)+H0(exc2)+ W

Two Excitons:

Polariton-polariton interaction



Polariton-polariton interaction

Direct term

Exchange of both electrons and holes

Exchange of electrons

Exchange of holes

Dominant terms

Exciton-exciton interaction 

Exc 1 Exc 1



Polariton spin

Photon have an angular momentum : +- 1

Only J=1 excitons are coupled to light

Polaritons have two spin projections:

jz = +1
jz = -1

s +
s - pseudospin1

2

One-to-one relationship between 
pseudospin state and polarisation degree

Exciton : Jz = +- 1

Jz =+- 2 

e h e h

e h e h

Spin : electron : +- ½
heavy hole : +- 3/2



Spin dependant polariton-polariton interaction

Interactions between 2 polaritons with parallel spins :

e h e h e h e h

J=1 J=1 J=1 J=1

Interactions between 2 polaritons with opposite spins :

e h e h e h e h

J=1 J=-1 J=-2 J=+2

Rabi 
splittingResonant term

Non Resonant term => much weaker



Parallel spin : resonant process:  Strong and  Repulsive interaction 

Anti-parallel : via dark exciton intermediate states: Weaker and attractive interaction 

Spin dependent polariton-polariton interaction

Interactions : a tool to manipulate polaritons
highly non-linear system 
spin dependent



Optically induced zeeman shift

Non resonant Circular right 
excitation

Spin polarized excitonic reservoir

B=0 T !!!!

Lower polariton emission
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Resonant drive : Generalized Gross Pitaevskii equation

Carusotto, Ciuti, Rev. Mod. Phys. 85, 299 (2013)

Pump

Interactions

Mean field approach



N bosons in interaction in a closed system: Gross Pitaevskii equation

Hartree approximation : all particles in the same quantum state
Neglect correlations

Variational method : minimize energy EN while imposing normalization of f

Approximation : point contact interaction: � � � ! � 	 ! " # ��$% ! � 	 ! "
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Open system : coupling to a bath

See lecture by Laurent Sanchez Palancia!!
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Resonant drive : Generalized Gross Pitaevskii equation

Carusotto, Ciuti, Rev. Mod. Phys. 85, 299 (2013)

Pump

Mean field approach



• 1D subband:
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Counter propagating polariton fluids in a 1D wire

� � � ������� � �34 5� � � � �����3� � �34 &�

Valentin
Goblot
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Counter-propagating polariton fluids in a 1D wire
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Varying Dj



Two counter propagating polariton fluids

V. Goblot et al., PRL 117, 217401 (2016)

simulation

Soliton train
• Interplay between kinetic and 

interaction energy

Self-organization of the polariton fluid : solitons provide kinetic energy
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Two counter propagating polariton fluids

V. Goblot et al., PRL 117, 217401 (2016)

simulation

Soliton train

simulation

• Interplay between kinetic and 
interaction energy
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Two counter propagating polariton fluids

V. Goblot et al., PRL 117, 217401 (2016)

simulation

Soliton train



Increasing 01

3 solitons

4 solitons

4 solitons

Phase twist across the polariton fluid

Decreasing 01
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Phase controlled bistability

V. Goblot et al., PRL 117, 217401 (2016)

3 solitons

4 solitons

4 solitons



Polariton superfluidity

A. Amo et al. Nature Physics 5, 805 (2009)
C. Ciuti & I. Carusotto, Rev. Mod. Phys. 85, 299 (2013)

C. Ciuti and I. Carusotto PRL 242, 2224 (2005)

Cristiano CiutiIacopo Carusotto Alberto Amo Alberto Bramati Elisabeth Giacobino



Polariton superfluidity
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We need to know the excitation spectrum of the polariton fluid

For a clear detailed discussion see :
https://www.nii.ac.jp/qis/first-quantum/e/forStudents/lecture/



Polariton superfluidity
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� �8(r) : solution of the Gross Pitaevskii equation
Ansatz:

Excitation on top of the fluid



Polariton superfluidity

Small k : linear dispersion:                   withD � E . $A$ E. � $$
��F
�

G

$

Large k : parabolic dispersion: D � $
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Superfluidity: Landau criterion
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particle interactions

Interacting Bosonic condensate
Gross-Pitaevskii equation

C. Ciuti and I. Carusotto PRL 242, 2224 (2005)



Superfluidity: Landau criterion
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particle interactions

Interacting Bosonic condensate
Gross-Pitaevskii equation
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C. Ciuti and I. Carusotto PRL 242, 2224 (2005)
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particle interactions

Interacting Bosonic condensate
Gross-Pitaevskii equation

C. Ciuti and I. Carusotto PRL 242, 2224 (2005)
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Interacting Bosonic condensate
Gross-Pitaevskii equation

C. Ciuti and I. Carusotto PRL 242, 2224 (2005)
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LPB

CW Pump

Resonant excitation

CW Pumppol-pol 
interaction

decaynormal mode 
coupling

potential

( ) ( )2
( , ) / 2 ( , ) ( , ) P Pi k x t

t Pi x t D i V x g x t x t F e wy g y y -� �¶ = - + + +� �

Non-linear Schrödinger equation

Resonantly driven polariton fluid

Transmission experiment

Resonant excitation of the polariton mode

Control of velocity, density and frequency 
of the fluid
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Polariton density

Amo et al., Nature Physics 5, 805 (2009)

Polariton interactions: superfluidity
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low momentum
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A. Amo et al. Nature Physics 5, 805 (2009)



Organic cavity + pulsed excitation



fv v¥=

2fv v¥= ( ) ( )fv ,t ,t
m

f=r r
h

ÑÑÑÑ

Inhomogeneous velocity around obstacle

Nucleation of topological excitations

even at 

fv v¥=

sv c¥ <

Beyond superfluidity: hydrodynamic excitations

Pigeon et al., PRB 83, 144513 (2011) 
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vortex solitons

Transition from superfluid to 
vortex emission and soliton 
nucleation

Pigeon et al., PRB 83, 144513 (2011)

Vortices        phase dislocation

superfluid

Solitons        phase slip

Quantum fluid properties
P
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Non-equilibrium 
Gross-Pitaevskii 

equation

Topological excitations
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A. Amo Science 332, 1167 (2011)

Resonant pump Resonant pump



Nardin et al.,Nature Phys. 7, 635 (2011)

See also:
Sanvitto et al., Nature Phot. 5, 610 (2011)Flow

defect
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See also Grosso et al., 
PRL 107, 245301 (2011)
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High speed

Soliton nucleation

A. Amo Science 332, 1167 (2011)

Role of driven dissipation 
nature of the system?

Bistability

See also:
Nardin et al.,Nature Phys. 7, 635 (2011)

Sanvitto et al., Nature Phot. 5, 610 (2011)



Optical bistability

2-4 mmmmm
single pillar gapped spectrum
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Steady state:



Optical bistability

2-4 mmmmm
single pillar gapped spectrum

Interaction 
energy Decay

Bistability

Baas et al., PRB. 70, 161307(R) (2004)
Baas et al., PRA 69, 023809 (2004)
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Role of driven dissipation nature of the system? Role of bistability

A tool to manipulate dark solitons and vortices

S. Pigeon and A. Bramati, New Journal of Physics 19, 095004 (2019)



S. Pigeon and A. Bramati, New Journal of Physics 19, 095004 (2019)

Role of driven dissipation nature of the system? Role of bistability



S. Pigeon and A. Bramati, New Journal of Physics 19, 095004 (2019)

Role of driven dissipation nature of the system? Role of bistability



Analogue gravity for quantum fluids of light

H.S. Nguyen et al., PRL. 114, 036402 (2015)

R. Balbinot, et al., Phys. Rev. A 78, 021603 (2008) 



Summary

Quantum fluids of light:

- Strong non-linearity induced by exciton-exciton interactions

- Superfluid - supersonic regimes

- Bright and dark solitons, vortices

- Optical bistability
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