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Honors, Awards, Fellowships, Memberships of Professional Societies

Emilia Valori prize of the French Academy of Sciences 2016

Foreign corresponding member of the Chilean Academy of Sciences 2012.

Edmond Brun prize of the French Academy of Sciences 2007.

Eugénie de Rosemont prize of the Chancellery of the Universities of Paris 1996.

Special Seymour Cray Prize 1989.
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Research Interests

Specialization

Main field: Turbulence, fluid dynamics and superfluidity.

Other fields: Nonlinear physics, statistical physics and numerical methods.

Current research interests: Finite-temperature effects in superfluids, singularities in ideal fluids and
dynamics of Galerkin-truncated systems.

Main Recent Scientific Contributions

Turbulence:

Finding a turbulent regime in the relaxation to thermal equilibrium of the truncated Euler equations.

Discovery of intense depressions on the vorticity filaments in direct numerical simulations of three-
dimensional turbulence.

Direct observation of vorticity filaments by bubble migration to areas of low pressure in a turbulent
flow experiment.

Bose Einstein Condensate and Superfluid Flows:

Characterization of the dynamics of the truncated Gross-Pitaevskii equation: anomalous speed of
vortex rings and dispersive bottleneck producing a delay of thermalization.

Characterization of the lifetime of trapped attractive Bose-Einstein condensate.

Characterization of the bifurcation diagram of Bose-Einstein condensate in the presence of moving
obstacles: speed limit, saddle-node bifurcation, and three-dimensional sub-criticality.

Kolmogorov scaling in 3D simulations of Gross-Pitaeveskii equation and observation of co-flow turbu-
lence in helium at very low temperatures.
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Instability:

Characterization of secondary instabilities of jets and mixing layers.

Global characterization of normal forms.

My initial research was on noisy nonlinear systems (“thèse de 3e cycle" directed by E. Tirapegui). I then
studied 3D turbulence by direct numerical simulation (post-doctoral fellow at MIT with S. A Orszag). I was
recruited at the CNRS in 1982 and did my “these d’état" under the direction of U. Frisch. Since then my
work can be divided into three parts: i) non-linear dynamics (bifurcations, Bose-Einstein condensation and
superfluidity), ii) developed turbulence (numerical simulations and experiments), and iii) hydrodynamic
instabilities (dynamo effect, jets, mixing layers, plane Poiseuille flow).
Turbulence and truncated Euler equations: The solution of the system of ordinary differential equations
obtained by Galerkin truncation from the Euler equation tends slowly towards a statistical equilibrium,
known as absolute equilibrium. We studied the slow relaxation of the system to the absolute equilibrium,
exhibiting a spontaneous separation of scales due to a progressive thermalization of the flow that has
a pseudo-dissipative effect on the large scales. We have shown that the behavior of the large scales is
consistent with the Kolmogorov turbulence.
Gross-Pitaevskii equation (GPE): This equation makes a bridge between interesting nonlinear dynamics
and hydrodynamics. Perfect fluids are described by the classical Euler equation. Superfluid flows obey the
GPE. A superfluid is irrotational, except on nodal lines of the wave function that represent non-singular
vortex filaments.
Attractive Bose-Einstein condensates: The atoms are trapped in an isotropic potential, described by the
GPE, we demonstrated the presence of a saddle-node bifurcation where the stable (elliptic) and unstable
(hyperbolic) solutions meet. We determined the lifetime of the condensate associated with macroscopic
quantum tunneling, thermal fluctuations and inelastic collisions.
Superfluid flow around a cylinder: This system has a saddle-node bifurcation followed by secondary
pitchfork bifurcation where the unstable branch gives rise to non-symmetric solutions that involve a single
vortex. We have characterized the influence of the ratio of the coherence length of the diameter of the disc
on the bifurcation diagram. The influence of the stretching of vortices on the bifurcation diagram has also
been characterized, which has required three-dimensional calculations. These results have been widely
quoted by the experimentalists.
Superfluid turbulence: A new method of preparation of initial data allows minimizing the emission of
acoustic waves in order to study numerically vortex flows. This method (as well as other novel tech-
niques) allowed us to characterize a regime where the superfluid turbulence follows Kolmogorov scaling.
Subsequently P. Tabeling has also observed this in experiments in superfluid helium. This work has been
widely cited and our new methods have been fairly widely used, particularly in the group of M. Tsubota,
in Osaka.
More recently, we have generalized our results on the case of the spectrally truncated Gross-Pitaeveskii
equation. We were able to show that the truncated Gross-Pitaevskii equation is a simple model of super-
fluids at finite temperature.

Recent Results

Since 2013, I have continued to work on turbulence in classical and quantum fluids. In collaboration with
R.Pandit (IISc, Bangalore) and P. Mininni (UBA, Buenos Aires) several new results have been published
on helicity and Kelvin waves dynamics in quantum turbulence (with P. Clark di Leoni) and on the motion
of active particle in quantum flows (with V. Shukla). I have also worked on the classical turbulence (in
collaboration with S. Fauve). Finally, I must mention that I have been involved in a new line of research:
the theory of quantum walks (in collaboration with F. Debbasch).



Marc Etienne Brachet 4

Former PhD Students and Postdocs

PhD Theses:

1. Etude numérique des instabilités tridimensionnelles de jets axisymétriques: Malek Abid, 1993.

2. Simulation numérique directe d’un modèle de superfluide: Caroline Nore, 1995.

3. Analyse statistique des grandes déviations de données turbulentes: Jean-Marcel Tcheou, 1997.

4. Bifurcations et instabilités dans les condensats de Bose-Einstein et les écoulements superfluides:
Cristian Huepe, 1999.

5. Stabilité et dynamique d’écoulements de fluides parfaits barotropes autour d’un obstacle en présence
de dispersion: Chi-Tuong Pham, 2003.

6. Equation d’Euler tronquée: de la dynamique des singularités complexes à la relaxation turbulente:
Cyril Cichowlas, 2005.

7. Dynamique Eulerienne-Lagrangienne généralisée et caractérisation de la reconnexion diffusive: Car-
los Cartes, 2008.

8. Galerkin-truncated dynamics of ideal fluids and superfluids: cascades, thermalization and dissipa-
tive effects: Giorgio Krstulovic, 2010.

9. Discrete time quantum walks: from synthetic gauge fields to spontaneous equilabration, Giuseppe
Di Molfetta, 2015.

10. Effets de grande échelle en turbulence, Alexandre Cameron, 2017.

11. Discrete-time quantum walks and gauge theories, Pablo Arnaud, 2017.

Postdocs

1. S. Metens, 1998 – 1999.

2. M. Bustamante, 2004 – 2006.
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