Direct observation of subradiance in cold atoms
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More than 60 years ago, Dicke published a seminal paper on coherence in spontaneous
radiation process by a collection of atoms [1]. Since then, cooperative scattering has attracted
a lot of interest. In particular, superradiance (or superfluorescence) of a dense and fully
excited atomic sample has been extensively studied in the 1970s and 1980s (see [2] for a
review). More recently, superradiance in the weak excitation regime has also attracted a lot of
attention [3,4].
Subradiance, on the contrary, has remained elusive, because subradiant states are
weakly coupled to the environment, and are thus much harder to populate and to detect. It has
been observed in a system of only two atoms [5] and in more complex systems using some
indirect signatures [6,7]. Here, we present the direct observation of subradiance in a dilute
and extended cold-atom cloud containing a large number of atoms.
The experiment consists in shining a weak laser beam detuned far-enough from the
atomic transition to avoid any multiple-scattering effect (such as radiation trapping, which
could mimic subradiance [8]) and suddenly switching off the laser. The temporal decay of the
fluorescence is then recorded with a dynamic of four decades. After the fast decay of most of
the fluorescence (more than two decades), we observe a very slow decay, with time constants
as long as 100 times the natural lifetime of the excited state (at = 26 ns) [Fig. 1]. We show
that this subradiant time constant scales linearly with the on-resonance optical thickness of
the sample, and is independent of the laser detuning [Fig. 2], as expected from a coupleddipole model [9].

Figure 1: Slow decay of the fluorescence for different on-resonance optical thickness b0. The solid lines are
experimental data and the dashed lines are exponential fits allowing the measurement of the decay rate.

Figure 2: Subradiant time constant sub (in unit of at) as a function of the on-resonance optical thickness b0 for
different detunings  (in unit of the natural linewidth ) of the probe laser. Almost all points collapse on the
same curve showing the linear scaling of the time constant with the on-resonance optical thickness.
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