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Typical network—forming glasses such as Si0, and Ge0, have conventionally been described
by the random network model, which consists of a random network of crystal—like Si(Ge)O,
tetrahedral units that are connected to each other via oxygen. However, the so—called
first sharp diffraction peak (FSDP) often observed in experimental structure factors at
low wave number points to the presence of intermediate—range order (IRO) length scales
larger than Ge—0 bonds and tetrahedral units. Since the FSDP decreases as the glass is
exposed to higher temperatures and pressures, it has been suggested that the IRO is
strongly related to what defines the difference between glass and liquid, and to the
compression mechanism of glass. It is a long—standing goal of glass physics to reveal
the real-space picture of the IRO. In recent years, research has been carried out to
analyze IRO by generating structural models of glass by computer simulation. However,
it is difficult to construct structural models that quantitatively reproduce experimental
results, and even when a structure is available, characterization of IRO is highly
nontrivial.

In this work, we turned to Monte Carlo method using recent data fl:om neutron diffraction
with isotopic substitution, as well as neural network potential molecular dynamics
(N\NP-MD) which have recently become feasible with the increase in computer power, for
highly accurate structure modeling of amorphous Ge0O, at varying pressures. We succeeded
in producing three-dimensional models that reproduce experimental measurements with
minimal empirical assumptions in the modeling, attesting to the unprecedented reliability
of the obtained models. Interpretation of the models by persistent homology analysis and
machine learning revealed that structures with high FSDP (strong IR0) are dominated by
four— or five—membered rings of oxygen atoms, whereas those with low FSDP exhibit
edge—sharing motifs as observed in densified glasses. The ring structures giving rise
to strong FSDP is has not been detected in conventional discussion of IRO in the literature
and provides new insight into the structure of network glasses.
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