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Abstract: Quantum cellular automata (QCA) are unitary transformations that preserve locality. In one dimension, QCA are known to be fully
characterized by a topological chiral index that takes on arbitrary rational numbers [1]. QCA with nonzero indices are anomalous, in the sense that
they are not finite-depth quantum circuits of local unitaries, yet they can appear as the edge dynamics of two-dimensional chiral Floquet topological
phases [2].

In this seminar, I will focus on the topological aspects of one-dimensional QCA. First, I will talk about how the topological classification of QCA
will be enriched by finite unitary symmetries [3]. On top of the cohomology character that applies equally to topological states, I will introduce a
new class of topological numbers termed symmetry-protected indices. The latter, which include the chiral index as a special case, are genuinely
dynamical topological invariants without state counterparts [4].

 

In the second part, I will show that the chiral index lower bounds the operator entanglement of QCA [5]. This rigorous bound enforces a linear
growth of operator entanglement in the Floquet dynamics governed by nontrivial QCA, ruling out the possibility of many-body localization. In fact,
this result gives a rigorous proof to a conjecture in Ref. [2]. Finally, I will present a generalized entanglement membrane theory that captures the
large-scale (hydrodynamic) behaviors of typical (chaotic) QCA [6].
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