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Here we demonstrate that in the presence of an incoherent repumping source, dipole induced cooperative
emission can dominate over spatial inhomogeneities and quantumfluctuations and lead to a resilient steady-
state that exhibits macroscopic quantum phase coherence and intrinsic quantum correlations. An iconic
example of a macroscopic coherent state is a Bose–Einstein condensate, achieved in ultra-cold gases at thermal
equilibrium. In our case, however, the macroscopic order is reached in the steady-state of an interacting and
driven-dissipative system. Moreover, the cooperative behavior can be detected by measuring the spectral purity
of the emitted radiation. We note that in clear distinction to previous studies [8, 15–17, 19, 21], our proposal
does not rely on an external coherent source or externally generated nonlinearities to seed the collective phase. In
our model synchronization emerges as a spontaneously broken symmetry driven by incoherent processes in
naturally coupled dipole arrays. As we show, and somewhat counterintuitively, an incoherent drive is sufficient
to generate phase coherence in these systems.

Specifically, the systems we consider are dense arrays of frozen quantum dipoles modeled as quantized two-
level systems. By dense arrays of frozen dipoles we mean arrays separated by a distance much closer than the
wavelength of the emitted photons and with motional degrees of freedom evolving at a much slower rate than
their internal dynamics (figure 1). These conditions can be readily satisfied in a variety of quantum systems
found in atomic, molecular and optical physics (e.g., Rydberg gases [34–36], alkali vapors [37], alkaline-Earth
atoms [38], and polar molecules [39]), chemistry (e.g., J-aggregates of dye molecules [40–42]), and biology (e.g.,
light-harvesting complexes [43, 44]). In cold vapors, one possible way to freeze the motion and tightly trap the
particles is via an optical lattice potential (figure 1











regimefigure 3(a). Moreover we observed that although both  and ZQ exhibit a similar dependence with
pumping rate W, they do not exactly peak at the same value [15].
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