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Abstract:

Our understanding of the mechanism by which the viscosity of supercooled liquids increases by many orders of
magnitude is a major challenge in condensed matter physics [1,2]. To resolve this challenge, it is necessary to
discriminate between incompatible theoretical approaches which nevertheless provide equally good descriptions of
experimental data. The competing theoretical approaches boil down to whether the glass transition is driven by an
underlying thermodynamic phase transition, or whether it is predominantly dynamical [1]. To resolve this issue, we
need to equilibrate samples of sufficiently high viscosity - and therefore long relaxation times - that experimental or
numerical techniques can probe suitable quantities that enable discrimination of the theories.

Here we report new developments with experiments with soft matter, which provide significant insight into the
nature of the glass transition. We use super-resolution microscopy techniques to track the coordinates of colloids
with a resolution that is an order of magnitude better than the state-of-the-art. The small colloids, whose coordinates
we track, sample phase space a thousand times faster than in comparable studies. This means that we access effective
timescales three orders magnitude larger than in previous work. With this new technique, we are able to access a new
dynamical regime in the supercooled liquid, and our results provide strong evidence in support of a thermodynamic
phase transition underlying the dynamical arrest that is the glass transition [3]. We further investigate predictions of
a structural-dynamical phase transition in trajectory space, which we verify with experiments [4], and provide a route
to reconcile the competing theoretical descriptions of the glass transition [5].
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