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Turbulence : A big unresolved 
puzzle in classical mechanics

Universality class of fully developed turbulence
conservation law
cascade in the inertial range

universality class

Universality class with the helicity cascade has not been observed!

Quantum turbulence : new turbulent system with quantized vortices
model equation : nonlinear Schrodinger equation (NLSE) quantum fluid equation quantized vortex

Extension to non-Abelian vortex : spin degrees of freedom

Turbulence simulation

reconnection

from scalar to spinor wave function

Abelian turbulence

non-Abelian turbulence
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Abelian collision : topology is not conserved

non-Abelian collision : topology is conserved

Helicity in quantum fluid
Abelian knot

non-Abelian knot

Hlinking discretely changes through 
vortex reconnections → helicity is not 
conserving quantity

Hlinking is conserved because 

reconnection is prohibited → topologically 
protected linking number cascade

Conclusion : We first obtain a new universality class º = 2/3  ´ = 7/3 in non-Abelian quantum turbulence 
with topologically protected linking number cascade

Hlinking is quantized by ·2 for a closed vortex loop

A loop should be knotted or linked to have a 
nonzero helicity

topological nontopological
(not conserved)


