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(Gradient catastrophe
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Gradient catastrophe in finite time!

Interactions -> Dispersion.



Outline

— Benjamin-Ono equation
— Calogero-Sutherland model

— Dispersive shock waves for CS and FQHE
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Classical integrable equations
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Classical Benjamin-Ono equation

(internal waves in deep stratified fluid)
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Nonlinearity vs. Dispersion
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One- and two-soliton solutions of

Ono equation
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solitons do not interact!



Periodic solutions of BO
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Applications of Classical BO

* Internal waves in deep stratified fluids

* Atmosphere waves
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Conventional shock waves

Solution of Riemann equation + discontinuity

Discontinuity
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Dissipative region

Dissipation > Dispersion

Shock waves ? Dispersive shock waves




Dispersive shock waves

Solution of Riemann equation + Modulated periodic solution of BO
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Whitham theory
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The Whitham theory for BO
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Gurevich-Pitaevskii approach
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Calogero-Sutherland model

Calogero 1969
Sutherland 1971

Dispersion of quasiparticles
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Hydrodynamics of CS model
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Quantum Benjamin-Ono equation
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Quantum Benjamin-Ono equation
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Quantum Benjamin-Ono equation
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Quantum Benjamin-Ono equation
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Quantum Pole Ansatz
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Chiral (right) sector
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Collective motion in Sutherland model
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Shock waves in Sutherland model
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Shock waves in Sutherland model
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Dynamics of 300 particles on a circle. Initial profile: Lorentzian with area 3.



Bettelheim, AGA, Wiegmann, Phys. Rev. Lett. 97, 246401 (2006)




Edge states of FQHE
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Right wave
Conserved form
Weak nonlinearity > KdV
Weak dispersion
Locality

Incompressible in the bulk - no locality!
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BO equation for the edge of FQHE
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Conclusions

Dispersion and nonlinearity in interacting systems -> solitons, dispersive
shock waves etc.

Collective field theory for Calogero-Sutherland — Benjamin-Ono equation.

Benjamin-Ono equation - solitons with “quantized” charge.

Useful for nonlinear phenomena
— Shock waves in electronic systems and systems of cold atoms,
— Quantum Hall effect edge states,
— Tunneling into coherent states,
— Instantons (rare fluctuations),
— Correlation functions,
— Spin-Charge coupling in systems with dispersion,...



