
Helicity, Topology and Kelvin Waves in 
reconnecting quantum knots 

Marc Brachet
LPS/ENS

New Challenges in Mathematical Modelling and Numerical Simulation of Superfluids,
Workshop CIRM Marseille,

June 27 - July 1, 2016

In collaboration with Pablo Mininni and 
Patricio Clark Di Leoni
UBA (Argentina)



2 Main results for Gross-
Pitaevskii Superfluids:

• Detecting Kelvin Waves using 
spatiotemporal spectrum

• Helicity and Kelvin Waves in reconnecting 
quantum knots
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Detecting Kelvin Waves using 
spatiotemporal spectrum

• Main results:

• Space-time resolved spectra allow to find needles in 
haystacks : Kelvin waves in spatial spectrum

• A practical method to quantify their presence 



GPE, Madelung and 
quantum vortices



• Finding Kelvin waves in the energy spectra 
is like looking for needles in a haystack…

• Instantaneous flow visualization is 
insufficient to identify and extract all the 
waves in a turbulent flow.

• To quantify their amplitudes as a function of 
frequency and wave number : calculate 
space-time resolved spectra.

Spatiotemporal spectra



Space-time resolved Mass spectrum, Taylor Green



Helicity and Kelvin Waves in 
reconnecting quantum knots

• Main results

• Helicity can be directly computed from the GPE 3D 
complex wave function field using our new regularization 
method

• Conservation or non-conservation of quantum helicity is 
an open problem involving not only topological changes, 
but also excitation (and decay) of Kelvin waves



Helicity in quantum 
flows
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Singularity of v



Need to regularize v
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Along the line: 0/0

Idea: use
L’Hôpital's rule



Definition of regular v







Constant phase surfaces : 2 linked rings and trefoil knot
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helicity versus time
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2 linked rings
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Trefoil knot



The helicity of this 
ABC superflow is 
450 000 quanta



Conclusion
• Space-time resolved spectra allow to 

detect and quantify Kelvin Waves

• Regularized helicity is directly computable 
from 3D complex wave function field, 
which is  very useful for e.g.  the study 
large-scale helical ABC quantum flows

• Conservation or non-conservation of 
quantum helicity is an open problem 
involving not only topological changes but 
also excitation (and decay) of Kelvin waves

• Much remains to be understood!



Thank you!


