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12.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 291
12.2 Polariton system Hamiltonian, and coupling to baths . . . . . . . . . . . . 295
12.3 Modelling the non-equilibrium system . . . . . . . . . . . . . . . . . . . . . . . . 296

12.3.1 Non-equilibrium diagram approach . . . . . . . . . . . . . . . . . . . 296
12.3.2 Mean-field condition for coherent state . . . . . . . . . . . . . . . 298

12.4 Effects of baths on system correlation functions . . . . . . . . . . . . . . . . 299
12.4.1 Decay bath and ⟨Ψp⟩ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 299
12.4.2 Pumping bath and GK

a†b . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 300
12.5 Mean-field theory and its limits . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 303

12.5.1 Equilibrium limit of Mean-field theory . . . . . . . . . . . . . . . . 304
12.5.2 High temperature limit of Mean-field theory - simple laser305
12.5.3 General properties of mean-field theory away from

extremes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 308
12.5.4 Low density limit: recovering complex Gross-Pitaevskii

equation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 309
12.6 Fluctuations, and instability of the normal state . . . . . . . . . . . . . . . . 310

12.6.1 Photon Green’s functions in the non-equilibrium model . . 310
12.6.2 Normal-state Green’s functions and instability . . . . . . . . . 314
12.6.3 Normal-state instability for a simple laser . . . . . . . . . . . . . 319

12.7 Fluctuations of the condensed system . . . . . . . . . . . . . . . . . . . . . . . . 320
12.7.1 Finite-size effects – lineshape of trapped system . . . . . . . 322

12.8 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 324
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 325

Index . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 329


	Contents

