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The project: 

Superfluidity is a fascinating and exotic state of matter that originates from quantum effects at 
very low temperatures. A  superfluid  is a liquid distinguished 
from a classical fluid by the absence of molecular viscosity. 
Consequently, an object that moves through it at low velocity 
does not experience any drag. Examples of superfluids are 3He 
and 4He, Bose-Einstein condensates (BEC) made of dilute 
alkaline gases, light in optical non-linear systems, and the core 
of neutron stars. The applications of superfluids range from 
cooling superconducting materials and infrared detectors to 
pure fundamental research in cold atoms and turbulence. The 
most manifest quantum effect in superfluid turbulence is the 
presence of quantum vortices. Such vortices are like atomic 
tornados, with a circulation that is quantised. In systems such 
as 3He and 4He and atomic BECs, quantum vortices behave as 
hydrodynamic vortices, reconnecting and rearranging their 
topology.

One of the most classical experiments with superfluids is a 
rotating bucket filled with superfluid helium. In a rotating 
superfluid, when rotation is smoothly increased, quantum 
vortices are nucleated one by one to match the global 
circulation of the system as closely as possible. The image 
shows how vortices arrange themselves in a very regular 
lattice. This picture is well understood at very low 
temperatures. At finite temperatures, superfluid helium is an 
immiscible mixture of a superfluid and a normal fluid described 
by the Navier-Stokes equations. The superfluid vortices and the 
normal fluid interact in a non-trivial manner, creating a very 
rich system. For example, superfluid vortices are accompanied 
by normal fluid vortex structures, as also shown in the image.

This project aims at providing numerical and theoretical support to the experiment CryoLEM at 
LEGI Grenoble. This unique experiment is able to produce and visualise in real time a stable 
vortex lattice in rotating superfluid helium. The successful applicant is expected to perform 

Top: An Abrikosov lattice of a low-
temperature superfluid under rotation 
obtained from the Gross-Piteavskii model. 
Bottom left: Observation of the lattice in 
superfluid hel ium by the CryoLEM 
experiment, courtesy of M. Gibert (Néel, 
Grenoble). Bottom right: A superfluid 
vortex ring (green) accompanied by two 
normal fluid rings obtained from the fully 
coupled model of superfluid helium at finite 
temperatures FOUCAULT.
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as a precious tool to uncover the physics of the onset of the wave generation (transition A-B) and of 
the onset of quantum turbulence (transition B-C). 
In summary, our project aims at drawing a thorough physical picture of these three regimes and of the 
“transition to quantum turbulence” they form together. 
This fundamental physics project lies in the scope of AAPG domain “Matter sciences and Engineering” 
in the section “Condensed and dilute matter physics”. It falls in the research themes of quantum fluids, 
macroscopic quantum phenomena and superfluidity. 
 
Position of the project as it relates to the state of the art 
In 2006, an American team (Prof. Lathrop's group) succeeded in trapping micrometric particles on the 
core of quantum vortices in He II, and thus opened the way to study the dynamics of these macroscopic 
quantum objects. However, since 2014, no one has been able to reproduce these results in a 
systematic and reliable way, despite the large interest they have raised, even beyond the quantum 
hydrodynamics community (classical turbulence, superconductivity, cold atoms, neutron star 
studies, ...). To overcome this challenge, we have set up at Institut Néel an ambitious experimental 
project allowing to implement the most advanced experimental techniques based on particle 
visualization and cryogenic fluid control. This unique experimental device, which allows to drive a bath 
of superfluid He II in rotation at a rate up to 120 rpm is operational [7]. Moreover, since April 2021, 
the team at Institut Néel (IN) is capable of decorating quantum vortices and imaging them in a reliable 
and reproducible way in the rotating frame of reference (see Fig. 1(a)). In this context, the team at IN 
has already studied quantitatively the stationary rotation case (see Fig. 1(b)), and achieved preliminary 
observations of the three regimes presented above. Complementary, two partners of the project (at 
Lagrange and LEGI) have developed a novel self-consistent model of quantum turbulence dubbed 
FOUCAULT (Fully cOUpled loCAl model of sUperfLuid Turbulence) [8]. In this new approach, vortices 
are modelled as filaments driven by Biot-Savart integrals, the normal fluid obeys the Navier-Stokes 
equations, and both components are coupled through mutual friction forces. This unique model 
enables the understanding of how quantum vortices modify the normal fluid dynamics, as pictured in 
Fig. 1(c). This new description is based on the only possible theoretical approach to describe a finite-
temperature superfluid when the interaction between quantum vortices and the normal fluid drives 
the dynamics, as is the case in the experiments.  

Figure 1: (a) Picture of solid dihydrogen particles decorating an array of quantum vortices in IN’s cryostat. The intervortex 
spacing 𝛿𝛿 is the distance between two vertical lines. (b) Intervortex spacing measured by direct visualization represented as 
a function of the rotation rate Ω of the He II bucket compared with Feynman’s rule (explicitly written on the figure, 𝜅𝜅 being 
the theoretical quantum of circulation), without any adjustable parameter. (c) A quantum vortex ring (in green) creating 
normal fluid structures in its wake (in orange and blue) simulated by FOUCAULT [8]. 
 
Methodology to reach the scientific objectives of the project, detailed description of the intended 
method(s), including its disciplinary coverage (mono-trans-inter-disciplinary); 
To study the regimes A, B and C, we will use a unique experiment and a novel numerical model, 
accompanied by a theoretical approach in some limit cases. Thanks to these complementary 
approaches, we will address the theory behind and bring He II dynamics modelling further by 
developing a better physical picture of the transition to quantum turbulence under rotation. 

https://www.oca.eu/fr/giorgio-krstulovic


numerical simulations of the self-consistent model FOUCAULT (and other superfluid related 
models), to develop analytical theories and strongly interact with all partners of the ANR 
QuantumVIW.

Applicant profile and required experience:

Applicants should have good theoretical understanding of fluid dynamics, turbulence and, 
ideally, some knowledge on superfluid vortex dynamics. Experience in high-performance 
computing (HPC) will be appreciated. Fluent written and oral English is essential. Ideally

Research environment:

The work will be carried out within the framework of the ANR QuantumVIW project. This 
project regroups experts on theory, numerical simulations and experiments of superfluid helium, 
classical fluids and inertial waves. The ANR QuantumVIW is composed of four partners: 
Institut Néel (Grenoble), FAST (Orsay), Laboratoire J.L. Lagrange (Nice) and LEGI (Grenoble). 
The successful applicant will join the group in Nice led by Giorgio Krstulovic (Laboratoire J.L. 
Lagrange). They will also take advantage of experts in classical and quantum turbulence, 
magnethodrodynamics, plasmas, particle transport, applied mathematics and computational 
fluid dynamics of the Fluid and Plasma group at Lagrange. The candidate will also benefit of the 
existent collaboration with Luca Galantucci on the development of the self-consistent model 
FOUCAULT.

Enquiries and Application Process

For more information about this postdoctoral position, please contact Giorgio Krstulovic 
(krstulovic_at_oca.eu).  You may be asked to submit the following documentation: cover letter, 
recommendation letters and your CV by email.

Fundings and additional information

The successful applicant will be fully funded by the ANR project QuantumVIW

http://krstulovic_at_oca.eu

