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            Abstract
If bosonic particles are cooled down below the temperature of quantum degeneracy, they can spontaneously form a coherent state in which individual matter waves synchronize and combine. Spontaneous coherence of matter waves forms the basis of a number of fundamental phenomena in physics, including superconductivity, superfluidity and Boseâ€“Einstein condensation1,2. Spontaneous coherence is the key characteristic of condensation in momentum space3. Excitonsâ€”bound pairs of electrons and holesâ€”form a model system to explore the quantum physics of cold bosons in solids4,5. Cold exciton gases can be realized in a system of indirect excitons, which can cool down below the temperature of quantum degeneracy owing to their long lifetimes6. Here we report measurements of spontaneous coherence in a gas of indirect excitons. We found that spontaneous coherence of excitons emerges in the region of the macroscopically ordered exciton state7 and in the region of vortices of linear polarization. The coherence length in these regions is much larger than in a classical gas, indicating a coherent state with a much narrower than classical exciton distribution in momentum space, characteristic of a condensate. A pattern of extended spontaneous coherence is correlated with a pattern of spontaneous polarization, revealing the properties of a multicomponent coherent state. We also observed phase singularities in the coherent exciton gas. All these phenomena emerge when the exciton gas is cooled below a few kelvin.
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                    Figure 1: 
                        Emission, interference and coherence patterns of indirect excitons.
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Figure 2: 
                        Coherence of indirect excitons in regions of an LBS and the external ring.
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Figure 3: 
                        First-order coherence function and distribution in momentum space.
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Figure 4: Patterns of the coherence length of excitons,  Î¾(x, y).[image: ]


Figure 5: 
                        Fork-like defects in exciton interference patterns.
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Like atoms, excitons â€” bound pairs of electrons and electron holes â€” can form a Boseâ€“Einstein-condensate-like state with superfluidic properties below a critical temperature. In practice, this is difficult to achieve in a normal semiconductor owing to the short lifetime of excitons; they cannot be cooled down fast enough. This problem can be circumvented by making use of indirect excitons, which have much longer lifetimes because the electrons and holes are confined in separate quantum-well layers to prevent them from recombining too quickly. Previously, it has been shown that a cold exciton gas can be formed in this system; now, High et al. observe spontaneous coherence in such a gas, characteristic of a condensate.
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