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            Abstract
Non-perturbative coupling of photons and excitons produces hybrid particles, exciton–polaritons, which have exhibited a variety of many-body phenomena in various microcavity systems. However, the vacuum Rabi splitting (VRS), which defines the strength of photon–exciton coupling, is usually a single constant for a given system. Here, we have developed a unique architecture in which excitons in an aligned single-chirality carbon nanotube film interact with cavity photons in polarization-dependent manners. The system reveals ultrastrong coupling (VRS up to 329 meV or a coupling-strength-to-transition-energy ratio of 13.3%) for polarization parallel to the nanotube axis, whereas VRS is absent for perpendicular polarization. Between these two extremes, VRS is continuously tunable through polarization rotation with exceptional points separating crossing and anticrossing. The points between exceptional points form equienergy arcs onto which the upper and lower polaritons coalesce. The demonstrated on-demand ultrastrong coupling provides ways to explore topological properties of polaritons and quantum technology applications.
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                    Fig. 1: Characterization of macroscopically aligned (6,5) SWCNTs and fabrication of SWCNT microcavity exciton–polariton devices.[image: ]


Fig. 2: Anisotropic dispersions of microcavity exciton–polaritons in the E11 and E22 regions.[image: ]


Fig. 3: Dispersions of SWCNT microcavity exciton–polaritons showing a continuous transition from the weak coupling to strong coupling regime with EPs.[image: ]


Fig. 4: Evidence for collective ultrastrong light–matter coupling in aligned (6,5) films and determination of the E11 exciton oscillator strength and dipole moment.[image: ]
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