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Conformal invariance and 2d turbulence

Euler equations:  250 
years on





Euler equation in 2d describes transport of vorticity



Family of transport-type equations

This system describes geodesics on an infinitely-dimensional Riemannian 
manifold of the area-preserving diffeomorfisms.  On a torus,
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Add force and dissipation to provide for turbulence





2d Navier-Stokes equationsm=2

Kraichnan 1967



Strong fluctuations - infinitely many strongly interacting degrees of freedom !  scale invariance. 

Locality + scale invariance ! conformal invariance
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Vorticity clusters



Schramm-Loewner Evolution (SLE)
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Results:
Within experimental accuracy, isolines of advected quantities
behave as SLE in at least two cases of turbulent inverse 
cascades.

Further questions: 
What else in the statistics of turbulence is conformal invariant?
What determines the value of the central charge?
How SLE appears for isolines of non-Gaussian fields?



Different systems producing SLE

•Critical phenomena with local Hamiltonians 

•Random walks, non necessarily local 

•Nodal lines of wave functions in chaotic systems 

•Rocky coastlines

•Spin glasses 

•2d Euler class systems: turbulence



Isolines are scale invariant for the inverse cascade (left panel) but not for 
the direct cascade (right panel). Both have fractal dimension 3/2.


