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            Abstract
Cavity optomechanics enables the control of mechanical motion through the radiation-pressure interaction1, and has contributed to the quantum control of engineered mechanical systems ranging from kilogramme-scale Laser Interferometer Gravitational-wave Observatory (LIGO)Â mirrors to nanomechanical systems, enabling ground-state preparation2,3, entanglement4,5, squeezing of mechanical objects6, position measurements at the standard quantum limit7 and quantum transduction8. Yet nearly all previous schemes have used single- or few-mode optomechanical systems. By contrast, new dynamics and applications are expected when using optomechanical lattices9, which enable the synthesis of non-trivial band structures, and these lattices have been actively studied in the field of circuit quantum electrodynamics10. Superconducting microwave optomechanical circuits2 are a promising platform to implement such lattices, but have been compounded by strict scaling limitations. Here we overcome this challenge and demonstrate topological microwave modes in one-dimensional circuit optomechanical chains realizing the Suâ€“Schriefferâ€“Heeger model11,12. Furthermore, we realize the strained graphene model13,14 in a two-dimensional optomechanical honeycomb lattice. Exploiting the embedded optomechanical interaction, we show that it is possible to directly measure the mode functions of the hybridized modes without using any local probe15,16. This enables us to reconstruct the full underlying lattice Hamiltonian and directly measure the existing residual disorder. Such optomechanical lattices, accompanied by the measurement techniques introduced, offer an avenue to explore collective17,18, quantum many-body19 and quench20 dynamics, topological properties9,21 and, more broadly, emergent nonlinear dynamics in complex optomechanical systems with a large number of degrees of freedom22,23,24.
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                    Fig. 1: Optomechanical lattices composed of superconducting circuit optomechanical systems.[image: ]


Fig. 2: Superconducting circuit optomechanical chain realizing the 1D SSH model.[image: ]


Fig. 3: Optomechanical mode-shape measurement and Hamiltonian reconstruction of a topological SSH chain.[image: ]


Fig. 4: 2D superconducting circuit optomechanical honeycomb lattice realizing the strained graphene model.[image: ]
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Extended data figures and tables

Extended Data Fig. 1 Fabrication process.
a, b, Etching a trench in a silicon wafer (325 nmÂ depth). c, Aluminum deposition of the bottom plate (100 nm). d, Patterning of Al. e, SiO2 sacrificial layer deposition (3 Î¼m). f, CMP planarization. g, Landing on the substrate using IBE etching. h, Top Al layer deposition and patterning (200 nm). i, Releasing the structure using HF vapour. Owing to compressive stresses, the top plate will buckle up. j, At cryogenic temperatures, the drumhead shrinks and flattensÂ owingÂ to the temperature-inducedÂ tensile stress.


Extended Data Fig. 2 Charecterization of 24-site 2D hanycomb lattice.
a, OptomechanicallyÂ induced transparency (OMIT) responce of the 2D device measured on the highest microwave bulk mode. Increasing the trench radius results in a slight shift of the mechanical frequencies. b, Microwave resonance frequencies of the device, design targets (orange), and measured values (blue).


Extended Data Fig. 3 Modeshapes of 24-site 2D honeycomb lattice.
The amplitude of the modeshape \(| {\psi }_{i}^{k}| \) is encoded in the area of the circles. Only for modes that share the same colourÂ barÂ can the size and colour of the circles be compared. Highlighted in purple are the four edge modes.


Extended Data Fig. 4 Hamiltonian reconstruction of 24-site 2D honeycomb lattice.
The reconstructed Hamiltonian of 24 site 2D honeycomb device (left) and the designed Hamiltonian including second nearest-neighbour couplings (right). The diagonal elements represent an individual siteâ€™s resonance frequency deviation from the average bare cavity frequency.
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