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[Paoletti et al., PNAS 2008]

Vortex reconnections in superfluid liquid
helium (top) and BEC of cold atoms (bottom)
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[Serafini et al., PRL 2015]



[Pitaevskii & Stringari, 2003]

THE GROSS-PITAEVSKII MODEL
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» inviscid, compressible, and irrotational fluid

» vortices are topological defects
» circulation quantised x = h/m




TWO ENERGY FAMILIES IN THE GP MODEL  [Nore etal,PoF 1997]

> total energy is a constant of motion
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Using Helmoltz’s decomposition /pv = <\/ﬁ V>i + (\/,5 v>c
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density perturbations: E; = ZJ <\/,5 V) dv
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quantised vortices: Eéinzzj (\/EV) dV

» energy transfers between vortices and sound families



OUR NUMERICAL EXPERIMENTS ON RECONNECTIONS

» decay of two linked rings d
» vary the offset d, spanning over 49 different _

configurations
» track vortex filaments and measure sound
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ABOUT RECONNECTION: LINEAR THEORY APPROXIMATION

[Nazarenko & West, |LTP 2003] a hz _‘
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ASYMMETRY IN RATES OF APPROACH AND SEPARATION
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Red circles correspond to data ot the present work, all other symbols are
from [Villois et al., PRFluids 2018]

HOW TO EXPLAIN THIS ASYMMETRY?



A TYPICAL EVOLUTION
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Evolution of various measurable quantities during the
reconnection, including energy components



COMPRESSIBLE KINETIC ENERGY GROWTH

Example of energy growth
during a reconnection
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Growth of the compressible HOW TU PREDICT THIS

kinetic energy during the

reconnection vs. the ratio AT/A~ BEHAVIUUR?

for the 49 different realisations



A PHENOMENOLOGICAL MATCHING THEORY

time

Mathematical “‘black box”

nonlinear linear nonlinear

when 6() > o, nonlinear theory using vortex filament model
or local induction approximation (LIA)

» when §(f) < o, linear theory as described before
> matching of the two theories at §(¢) = 6,



A PHENOMENOLOGICAL MATCHING THEORY

time

Mathematical “black box”

nonlinear linear nonlinear

from nonlinear theory

K d
momentum: Pg = EQRJ—“ X dR™

energy: Ej; x |1<|2<>|dRi|

[Pismen, 1999]



CONVERSION OF FILAMENT'S MOMENTUM INTO SOUND
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Example of sound pulse emission
propagating orthogonally to the
reconnection plane

> propagation at almost
speed of sound
(dashed green lines)

» some dispersion

» reduction in the
sound minimum
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CONVERSION OF FILAMENT'S ENERGY INTO SOUND

AE,,, = —AE; x AZ/Z (using LIA)
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» a range of values are allowed, when considering that reconnecting
filaments do not lie exactly on a plane

» v is a measure of the concavity in the z direction



CONCLUSIONS
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