Supplementary Note
Phase transition from C60 to p-D under HP-HT from MD simulation
A large fcc-C60 crystal (36000 atoms) was used as the initial configuration for classical MD simulation to understand the structure evolution of C60 under HPHT. For validation, we also carried out ab initio MD to investigate the phase evolution of C60 under compression, but with a smaller system size (720 atoms).
[bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: OLE_LINK13][bookmark: OLE_LINK14][bookmark: OLE_LINK17][bookmark: OLE_LINK18][bookmark: OLE_LINK19][bookmark: OLE_LINK20]Upon compression to 30 GPa at 300 K, both classical and ab initio MD simulations demonstrate that the C60 molecules essentially maintain the cage structure but undergo significant deformations (The details can be referred to Extended Data Fig. 9-13). The compressed C60 molecules are inter-connected by sp3 bonds (the fraction of sp3 bonds is up to ~15% at 30 GPa) (Extended Data Fig. 9a). This finding is consistent with our experimental results, where the in-situ Raman spectra of C60 indicate the polymerization and deformation of C60 molecules under compression (up to ~32 GPa) (Extended Data Fig. 9b). With increasing temperature, temperature-induced sp2-sp3 transition (25% to 70%) mainly occurs between 500 K and 1500 K (Extended Data Figs. 10a and 11). There is a percolation transition of sp3 bonds at 500-800 K, which corresponds to the polymerization of C60 molecules. Hence, from the materials synthesis point of view, a hybrid sp2-sp3 type of amorphous carbon with a controllable fraction of mixed sp2/sp3 bonding can be obtained by heating to different temperatures (most preferably, above 800 K after the percolation transition takes place). Upon heating to 1600 K, the proportion of sp3 bonds exceeds 93%. Note that the sp3 fraction was estimated based on the number of four-fold bonded carbon atoms (i.e., CN=4) within a cutoff distance of 1.85Å, which is slightly underestimated in comparison to that analyzed with the maximally localized Wannier function (MLWF)9. The details of the structural transition of fcc-C60 under 30 GPa were further corroborated by ab initio MD simulation (Extended Data Fig. 10b).
[bookmark: OLE_LINK27][bookmark: OLE_LINK28]Isothermal annealing at high temperatures (e.g., 1600 K) further promotes the sp2-sp3 transition (Extended Data Fig. 11). The existence of parallel sp3 bonds, due to inter-buckyball connections in the early stage of polymerization (identifiable in Extended Data Fig. 11), persists into the a-D annealed at high temperatures. To illustrate this, we calculated the bond-orientation function of the a-D obtained at 1600 K, defined as , where  is a unit vector with a random orientation,  refers to an atomic bond between atom i and its nearest neighbor j, and the angular bracket refers to ensemble average. If all atomic bonds in the system are randomly distributed, one would expect a uniform distribution of  at all directions. Nonetheless, in compressed C60, despite the seemingly amorphous feature, the sp3 bonds in the a-D have preferred orientations, manifested by the 3D bond-orientation distribution plot and the 2-D pole figure (Extended Data Fig. 12). The sp3 bonds with orientational order in a-D provide fertile sites for nucleation and contribute to the nucleation of p-D during isothermal annealing.
Extending the isothermal annealing time up to 15 ns at 1600 K and 30 GPa, our classical MD simulation reveals the gradual transition from a-D to p-D via the nucleation and growth mechanism. As shown in Extended Data Fig. 13 and Supplementary Video, the volume fraction of CD and HD-like paracrystals gradually increases with prolonged simulation time. Extended Data Fig. 13p and Supplementary Video show the three-dimensional (3D) structural model of a p-D with a moderate fraction of paracrystals (20%) achieved through classical MD. The trajectories of the paracrystals are illustrated in Extended Data Fig. 13. Note that the appearance of the paracrystals is dynamically changing, from which one can estimate the critical nucleus size of the paracrystals (see also Supplementary Video). 
To further increase the volume fraction of p-D, we resorted to adiabatic-bias molecular dynamics and the final results are presented in Figure 3 of the main text.
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