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PhD thesis project

A way toward rotating quantum turbulence

General Scope:

Quantum vortices, thin defects of the macroscopic quantum order, are the elementary blocks of all
superfluid flows. The goal of our project is to investigate them through direct visualization. At Institut
Néel, we have developed a one-of-a-kind helium Il cryostat capable of “decorating” these vortices with
micron-sized solid-dihydrogen particles under controlled and reproducible experimental conditions (See
Fig.1). By combining three high-speed cameras with a high-sensitivity, high-resolution camera, we can
reconstruct the three-dimensional trajectories of particles trapped on vortex cores. Moreover, the
cryostat and its instrumentation are mounted on a rotating platform, enabling the generation of vortex
arrays aligned with the rotation axis, a state analogous to an Abrikosov lattice in superconductors. This
well-defined canonical state with no counterpart in classical fluids will serve as the initial configuration
for this PhD project (see [1], [2] and [3]), which aims to explore dynamical processes that lead to the
destruction of the ordered vortex lattice and trigger the onset of quantum turbulence in the rotating
frame.

PhD Subject:

By hydrodynamically perturbing a steady-state vortex network, we have identified three regimes (see
Fig. 2): a first one (A), in which the lattice remains insensitive to the perturbation; a second one (B), in
which waves propagate along the quantized vortices; and a third one (C), which is a disordered,
turbulent regime. These different regimes define a way toward rotating quantum turbulence. The PhD
candidate will carry out a detailed experimental study of the turbulent regime (C). In this regime,
particles do not remain continuously trapped on the vortices. However, as shown by previous work [4],
the particle velocity statistics retain signatures of vortex—particle interactions. The study will exploit the
unique competition between rotation and turbulence in our apparatus: the rotation tends to polarize the
vortex tangle and to leave the imprint of this anisotropy in the particle velocity statistics. We will work in
close collaboration with theorists to compare state-of-the-art numerical simulations [5] with experimental
data.

This project is part of a wider research program supported by the ANR project QuantumVIW, which
brings together experts in experimental and theoretical hydrodynamics. The PhD student will engage
in regular scientific meetings within the team.

Required SKkills:
¢ (Quantum hydrodynamics.
e Instrumentation in fluid mechanics.
e C(ryogenics.
e Image analysis.
e Turbulence.

Laboratory: Institut NEEL

PhD Supervisors:
e Mathieu Gibert, mathieu.gibert@neel.cnrs.fr
o Patrik Svancara, patrik.svancara@neel.cnrs.fr
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https://www.science.org/doi/full/10.1126/sciadv.adh2899
https://arxiv.org/abs/2510.00026
https://theses.hal.science/tel-04972643v1
https://www.cambridge.org/core/journals/journal-of-fluid-mechanics/article/ubiquity-of-particlevortex-interactions-in-turbulent-counterflow-of-superfluid-helium/ABEC10D7ED8B600EDC4F364A2C28B29A
https://journals.aps.org/prl/abstract/10.1103/xnyc-321m
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A unique instrument for visualizing quantum vortices in a rotating “glass” of helium II. The uniform rotation generates a En fonction de la vitesse de rotation ) et du flux thermique Q, trois régimes sont observés dans CryoLEM. Le premier
canonical initial configuration in which the vortices organize themselves into a crystal lattice aligned with the axis of rotation, régime rrespond a la configurati ique du réseau de vortex da 2 la rotation stable. Les régimes () et (C)
characterized by the inter-vortex distance & set by Feynman's law. Heating at the bottom of the channel allows us to disturb sont des contre-écoulements en rotation, avec pour différence majeure que le régime (") présente une propagation

this lattice and study the dynamic response of the quantum vortices. d'ondes le long des lignes de vortex, tandis que le régime (C) est un écoulement pleinement turbulent.

Pour compléter ce diagramme, il faut rajouter un troisiéme axe, celui de la température finie T qui régit les interactions
entre la composante normale et les vortex quantiques.
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