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RESULTS:

D

v’ Classification of Local Rules.

v' Classification via local invariants
(Index): equivalence classes of QCA

modulo Finite-Depth Quantum

Circuits (FDQC:s).

Interest

v" Study of entanglement production
via (classical) simulation.

Results hold in any dimension Z¢.

= Dynamics with no Hamiltonian

= Topological phases of matter

= Cluster(graph) states and

one-way quantum computing
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METHODS:
support algebras

Support algebras allow to study
how an algebra of operators
distributes among neighboring

algebras.
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ﬂ—l “(Bx) A Quantum Cellular Automaton (QCA) a : A,a = A \
== with (nearest) neighborhood IV is an automorphism of a quasi-local
”oo .
0 operator algebra Aya :=U, /4 c/lA” of qubits A, = L(C?),
X
L == =&, ecp A, , such that:
e 0, €A, 2 a(0,) € A,y (locality)
t-1 === .« [a,tY] =0 Vshift ¥ by y € 7¢ (translation invariance)
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a™ " (Ox)
~ The Local Rules of a consist of unitary opero’rors supported on
=== the neighborhood of a cell s.t. a(0,) = N( 0, QD) Uyiyn -
Ay Ay

B Overlaps constrain the rules.

U provides a local rule of a iff [a(Ay) ,a(A,)] = 0 for 0 # x € Zd/
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/Le’r Ac A,{R} c A . The support algebras Sy are the smallest (C*) algebras such that \

a(cﬂl) C SR ® qu\R -
Theorem: the inclusion becomes an equality for
a( ] ) c | our qubit QCA.
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g [ This is true for any 1d QCA: « GNVW index theory »
----------- D. Gross, V. Nesme, H. Vogts, R.F. Werner, CMP 310, 419 (2012) |
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\a( B) C [RARIRI C Theorem: all configurations of {R;} can be listed.
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