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dipoles in a cavity which are subject to collective dissipative decay (superradiance) and elastic long range
interactions (see figure
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f
. The parameterΓ sets the scale of the spin–spin

interactions, while g and f are dimensionless parameters characterizing the relative strength of their
corresponding elastic and dissipative part, respectively. The use of amaster equation [40, 41] to deal with the
dissipative processes is extremely accurate for the experimental systems discussed below [38, 42]. The incoherent
nature of the pumping preserves theU(1)
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Quantummodel

Wenow extend our understanding of the formation of the TCbeyond themean-field approximation.
Specifically, we study the order parameter for the TC given in terms of the two-time correlation function,
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respectively, infigure 2(b). From these considerations we can conclude that the superradiant crystal only exists
in the parameter regimewheremany-body correlations are subdominant and thus it can be regarded as an
emergent semi-classical non-equilibrium state ofmatter.

Robustness to disorder



the subhertz level by locking the cavity to a state-of-the-art clock laser [58]. Fluctuations inN can be also
suppressed by operating the system in a three dimensional optical lattice in the band orMott insulator regimes
[59] and spectroscopically selecting afixed region of the atomic array [60].

In summary, we have proposed and investigated the emergence of a TC in amany-body driven dissipative
quantum system. By investigating its stability to quantum correlationswe showed that it only exists in the
parameter regimewheremany-body correlations are subdominant and thus can be regarded as an emergent
semi-classical non-equilibrium state ofmatter. However, it is important to emphasize that this system is
fundamentally distinct from the prototypical laser. This can be seen from the fact that theworkingmechanism of
a laser is stimulated emission, an ingredient absent in our setup. Lasing action is possible even in a single atom
systemor in the absence of coupling between the atomic dipoles. The superradiant TC, on the contrary, is a
genuinemany-body phenomenon that happens in the bad cavity limit where themean photon number in the
cavity is less than one.However, evenwithout stimulated emission, superradiance can happen due to collective
interactions in amany-body array of long lived atomic dipoles. The superradiant TC is thus a genuinemany-
body phenomenonwhich can produce spectrally pure light andmight find direct applications in ‘interaction-
enhanced quantum’ sensing.
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