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            Abstract
The formation of coherent macroscopic states and the manipulation of their entanglement using external stimuli are essential for emerging quantum applications. However, the observation of collective quantum phenomena such as Boseâ€“Einstein condensation, superconductivity, superfluidity and superradiance has been limited to extremely low temperatures to suppress dephasing due to random thermal agitations. Here we report room-temperature superfluorescence in hybrid perovskite thin films. This surprising discovery shows that in this material platform, there exists an extremely strong immunity to electronic dephasing due to thermal processes. To explain this observation, we propose that the formation of large polarons in hybrid perovskites provides a quantum analogue of vibration isolation to electronic excitation and protects it against dephasing even at room temperature. Understanding the origins of sustained quantum coherence and the superfluorescence phase transition at high temperatures can provide guidance to design systems for emerging quantum information technologies and to realize similar high-temperature macroscopic quantum phenomena in tailored materials.
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                    Fig. 1: Spectroscopic signatures of SF for quasi-2D CsPbBr3 thin film at 78 K and 300â€‰K.[image: ]


Fig. 2: Fine-step TRPL data at 78 K and 300â€‰K.[image: ]


Fig. 3: Temperature-dependent fine-step TRPL data at threshold fluences.[image: ]


Fig. 4: Graphic representation of QAVI.[image: ]
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