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Scientific context
Dimensionality plays an important role in phase transitions. For instance, conventional phase

transitions can not happen in one or two dimensions. However, a superfluid phase can still appear in
a two-dimensional Bose fluid at low temperature. The 2016 Nobel prize was awarded to M. Kosterlitz
and D. Thouless who developed (after a preliminary work of V. Berezinskii) the theoretical framework
to explain this unconventional “topological” phase transition. Its topological nature can be understood
from a microscopic point of view: above a critical temperature topological defects (vortices) proliferate
in the sample whereas they are bound in vortex/anti-vortex pairs in the low temperature phase.

Figure 1 – Schematic of the current experimental setup: we load atoms (in blue) into a single node of a
vertical optical lattice. The in-plane confinement is realized by imaging the front of a spatial light modulator
(not shown here) thanks to the top microscope objective. We realize flat-bottom potentials with arbitrary shape
like a disk here. The top right inset shows an absorption image of a uniform atomic cloud loaded in such a
potential. This image is obtained with the bottom microscope objective with a typical resolution of 1µm.

Our team has a long-standing expertise on the physics of 2D Bose gases which includes the expe-
rimental observation of this BKT phase transition [1] and the measurement of the equation of state
of this system [2]. More recently we developed new experimental techniques (see figure 1) to realize
flat bottom optical potentials enabling the realization of uniform gases. Uniform gases, contrary to
commonly used gases in harmonic potentials, offer the possibility to study the emergence of long-range
order. This opportunity has been recently used in our team to study the dynamics of the Bose-Einstein
condensation in a uniform gas [3, 4].



Thesis project
In this thesis we plan to merge our expertise on the BKT phase transition and the manipulation

of uniform gases to provide new insights on this topological phase transition. First we will aim at
characterizing the equilibrium state of the system across the transition. We will develop interferometric
methods (either using microwave fields or optical fields) to measure the first order correlation function
of the cloud [5] and investigate the emergence of phase coherence in the system. The main goal of
this study will be to show the absence of true long-range order through the algebraic decay of the
correlation function. Second we will focus on the dynamical crossing of this phase transition. After
quench cooling the cloud, we will measure its coherence properties and we will detect the possible
formation of topological defects in the superfluid phase. This study should reveal the strong differences
between this transition and conventional ones.

This thesis can be preceded by an internship before summer 2017.
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