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Game theory
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Physicist approach: focus on models that can be understood completely
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MFG paradigm: population dynamics
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MFG paradigm: population dynamics
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Mean Field Games equations
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Mean Field Games equations

5
Mean Field Game = coupling between a (collective) stochastic motion 
and an (individual) optimization problem through a mean field 
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Ergodic state
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Ergodic state
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A simple example
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Applications to 
Crowd dynamics
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Symmetric density

Applications to 
Crowd dynamics
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Symmetric density

Transverse displacement

Applications to 
Crowd dynamics
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Symmetric density

Transverse displacement

Only reproduced 
by MFG

Applications to 
Crowd dynamics

[Bonnemain et al. 
arXiv:2201.08592]
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Qualitative examples [Bonnemain et al. 
arXiv:2201.08592]
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Qualitative examples [Bonnemain et al. 
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[Bonnemain, Gobron, Ullmo Phys.Lett. A (2020) ; SciPost (2020) ; J. Math. Phys. (2021)]

Non-linear Schrödinger representation
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Non-linear Schrödinger representation
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Rubidium atoms (170 nK) 

[Bonnemain, Gobron, Ullmo Phys.Lett. A (2020) ; SciPost (2020) ; J. Math. Phys. (2021)]
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Rubidium atoms (170 nK) 
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Energy Conservation
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The Ergodic State
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Thomas-Fermi approximation
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Thomas-Fermi approximation
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Thomas-Fermi approximation



Semiclassical approximation in the tails
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Semiclassical approximation in the tails
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Beginning of the game
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Long optimization time: numerical evidences
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Hydrodynamic representation
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Hydrodynamic representation: parabolic ansatz
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Hydrodynamic representation
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Hydrodynamic representation
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Potential representation
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Potential representation
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Potential representation
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Potential representation
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Linear equation we 
know how to solve!



Multipole expansion
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Multipole expansion
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Long optimization time limit
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A link to integrability
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Quadratic MFG and integrability
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Methodology: « search party »
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Relaxation towards the ergodic state
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