Supplementary Video 1 | Superatom dynamics under electron-beam irradiation.
Time-series HAADF-STEM imaging of a superatomic crystal under electron-beam irradiation, with the imaging probe providing the only external energy input. At a probe current of 60 pA, the crystal remains structurally stable over 180 s, while local rearrangements of individual superatoms occur. Still frames from this video are shown in Fig. 3c–e.
Supplementary Video 2 | Attachment and detachment of superatoms at crystal edges.
Time-series HAADF-STEM imaging of a superatomic crystal showing the attachment and detachment of individual superatoms and small superatom clusters at multiple crystal edges (left, right and bottom).
Supplementary Video 3 | Electron-beam-induced recrystallization of a superatomic crystal.
Time-series HAADF-STEM imaging showing the elimination of a grain boundary between two superatomic crystallites through collective motion and rearrangement of individual superatoms under electron-beam irradiation at 90 pA probe current. Features associated with the original boundary persist following recrystallization, including characteristic voids and edge structures. Still frames from this video are shown in Figs. 3g,h and 4a,b.
Supplementary Video 4 | Rearrangement and attachment of a small superatom cluster.
Time-series HAADF-STEM imaging of a cluster comprising approximately four to five superatoms undergoing repeated rearrangements before attaching to the crystal edge.
Supplementary Video 5 | Dynamics of monolayer and moiré bilayer regions.
Time-series HAADF-STEM imaging of adjacent monolayer and bilayer regions of a superatomic crystal. Vacancies are visible within the monolayer, whereas the brighter bilayer exhibits a moiré pattern arising from rotational misalignment between the two superatomic layers. A bright amorphous feature is observed migrating across the monolayer region.
Supplementary Video 6 | Stability of a superatomic vacancy under electron-beam irradiation.
Time-series HAADF-STEM imaging of a vacancy that remains stationary under electron-beam irradiation, demonstrating the stability of this point defect under the applied imaging conditions. Still frames from this video are shown in Fig. 1a.
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