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Superfluid 4He droplet coalescence dynamics: Can
quantum vortices be nucleated?

vendredi 7 juillet 2023 09:45 (15 minutes)

In this work we study the possibility for quantum vortex nucleation upon droplet coalescence. Quantum
vortices have been experimentally observed in coherent X-ray diffraction of individual very large droplets
(VLD, ˜108 to 109 4He atoms) formed in the expansion of liquid helium jets into vacuum. Vortex nucleation
was attributed to shear forces on the walls of the nozzle. Another possibility to nucleate vortices could be
droplet coalescence, in which angular momentum L into the merged droplet depends on the collision impact
parameter and velocity. For smaller droplets, which are formed upon helium gas expansion into vacuum, this
would be the only possibility to nucleate quantum vortices. We have simulated the collision of superfluid
4He droplets using 4He-TDDFT.This is a semi-empirical method describing the helium density at equilibrium
(static version) or during real time dynamics, which has proven to be the best compromise between accuracy
and the ability to simulate superfluid helium droplets of realistic size , Francesco et al. [1] . A realistic simu-
lation of the collision process between VLD is beyond the TDDFT possibilities. We have focused instead on
collisions of smaller droplets of 500 atoms, in order to explore the possibility for vortex nucleation in these
smaller droplets. In addition, this could shed some light on the ability for this mechanism to contribute to
vortex nucleation in VLD, using rescaled dimensions. The relative droplet velocity was taken from the (small)
droplet velocity spread observed in a recent experiment by Kolatzki et al. [2] (Δvjet/v ≈ 1 %). The velocity
of the jet (30 (0.3)< vjet < 300(3) m ps−1) depends on the expansion conditions, with the higher velocities
corresponding to the smaller droplet range. Various values of the impact parameter and relative velocity have
been tested. For instance, b=3R/2 (R being the sharp density radius of He500, R=17.6 Å) and v=20 m/s, cor-
responding to L=1850 ħ, should give the possibility to nucleate one vortex (L=Nħ for a linear vortex going
through the center of a cylindrical droplet of N atoms). We find that not only one, but two vortices were
nucleated, at the contact points between the colliding droplets. This surprising result is general for the range
of impact parameters and velocities explored. It originates from the distortions of the merged droplet and the
vortex location away from its center. Two different estimates of the amount of angular momentum contained
in these vortices in the distorted drop are presented and discussed.

[1] Francesco Ancilotto et al,International Reviews in Physical Chemistry,
36:4.621, 707,2017
[2] Katharina Kolatzki et al Phys. Fluids 34, 012002 (2022)

Affiliation de l’auteur principal
Université Toulouse III and CNRS, Laboratoire des Collisions, Agrégats et Réactivité, 118 route de Narbonne,
F-31062 Toulouse Cedex 09, France

Auteurs principaux: GARCIA ALFONSO, Ernesto (PhD student); ANCILOTTO, Francesco (Dipartimento
di Fisica e Astronomia “Galileo Galilei”and CNISM,Università di Padova, via Marzolo 8, 35122 Padova, Italy. CN-
R-IOM, via Bonomea, 265 - 34136 Trieste, Italy); BARRANCO, Manuel (Departament FQA, Facultat de Física,
Universitat de Barcelona, Diagonal 645,08028 Barcelona, Spain); PI, Martí (Departament FQA, Facultat de Física,
Universitat de Barcelona, Diagonal 645,08028 Barcelona, Spain); HALBERSTADT, Nadine (Université Toulouse III
and CNRS, Laboratoire des Collisions, Agrégats et Réactivité, 118 route de Narbonne, F-31062 Toulouse Cedex 09,
France)

Orateur: GARCIA ALFONSO, Ernesto (PhD student)



Classification de Session: Mini-colloques: MC13 Effets d’environnement et de solvatation sur les
processus moléculaires

Classification de thématique: MC13 Effets d’environnement et de solvatation sur les processus
moléculaires


