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FIG. 1. (a) an illustration of a dipolar exciton (IX)
and a non-dipolar exciton (DX) under a trapping elec-
tric gate in a bilayer structure. (b) an illustration of
a fluid of dipolar excitons in a trap with the faded ex-
citons marking dark excitons with Jz = ±2 and the
full colored ones marking bright excitons with Jz = ±1.
(c) a spatial-spectral cross section of a circular electro-
static trap as in (a), showing a parabolic-like profile
for IXs. (d) The measured interaction energy of the
IX fluid as a function of the laser excitation power for
T < Tc (blue) and for T > Tc (orange). The three dif-
ferent low temperature regimes are separated by the red
dotted vertical lines. (e) the extracted total IX density
(shaded blue region) and twice the bright IX density
(blue line) at T < Tc. The difference betwen them is
the dark-bright density imbalance. (d) the measured IX
cloud emission cross-section in the trap profile of (c) as a
function of the excitation power. A clear expansion and
then a contraction to a fixed cloud size is observed at
the low power phase boundary, with another expansion
onset at the high power boundary.

The possible phases of two-dimensional
(2D) interacting dipolar particles is a long-
sought problem in many-body physics. In-
direct excitons in GaAs semiconductor bi-
layers are 2D atomic-like dipolar quasipar-
ticles, with four internal spin degrees of
freedom, two of which are dark (they carry
a total angular momentum Jz = ±2) and
do not couple to light. Not only dipo-
lar excitons exhibit strong manybody inter-
actions and correlations as in atomic sys-
tems, but also they are a unique dissipa-
tive system where the thermodynamics of
their center-of-mass degrees of freedom is
intimately related to their internal spin de-
grees of freedom. This link can lead to new
and interesting phases. Several thermody-
namical phases have been proposed such as
classical and quantum liquidity, dark, grey,
and bright Bose-Einstein condensates, ex-
citon superfluidity, and crystalization.

Here we report on the observation of a
spontaneous condensation of trapped two-
dimensional dipolar excitons from an in-
teracting gas into a high density dipolar
liquid state. Strikingly, it seems that this
new phase is initially made of mostly dark
dipoles, and becomes brighter as its den-
sity increases. Another phase transition,
into a bright, highly repulsive plasma is
observed at even higher densities. The
dark liquid state is formed below a crit-
ical temperature and above a critical ex-
citation power, and it is manifested by a
clear spontaneous spatial condensation to
a smaller and a much denser cloud, exhibit-
ing spectroscopic signatures of short range
order. Contributions from quantum me-
chanical fluctuations, similar to the case of
4He, are expected to be significant in this
strongly correlated, long living dark liquid.

I will review those recent results and the questions that remain open in our understanding
of the observions and in their comparison to other reported experiments.


