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Why Quantum Cellular Automata? The Problem of (Non)Local Measurements in QFT

t
A Quantum Cellular Automaton (QCA) is the most general In Quantum Field Theory, ]
discrete—time, reversible, locality—preserving quantum dynamics microcausality prevents R,
on a lattice of finite—dimensional quantum systems. superluminal signalling \ N
for strictly local measurements. Cr,
x € L RCL Algebras of R3
A N ® A Ay = M(d,C) Whe.n n.lodelled as instantaneo.us Ity / Cr.
1x} R {x} projections, can violate causality,
el leading to signalling between
: ) oA
Mathematlcaﬂ)’a Nelghbour hOOd SCheme Spacelike_separated agents. Impossible Measurements —
@ -ttt > | Impossible Measurements on Quantum Fields, | S5de
a(AR) = U]L_N (AR X I(R+N)\R) UR-|-N C ARW p Rafael D. Sorkin (1993)
for some unitary UR+_/\/’ = AR_|_N. 8 (AR) g AR_|__/\/' bt v | Toward a Measurement Theory in QFT |...], In relativistic settings, the notion of measurement cannot
Z¥a | Nicolas Gisin, Flavio Del Santo (2023) be defined independently of its physical implementation.
information propagates at finite speed, Nonlocal Measurements as Causal Protocols
fixed by the neighbourhood scheme. > - :

Since quantum measurements on spatially distributed systems cannot,

PR gelf”ll‘)"”‘q“"’gg;‘f)’” Operational Probabilistic Theories, in general, be physically implemented as instantaneous global projections,
%2, 03 aolo Perinotti . .
l we model them as causally compatible operational protocols.
%‘% A Review of Quantum Cellular Automata,
5

Terry Farrelly (2020) A R

A measurement protocol consists of QZ( ) o { - 5 ® 7 } ( )
a finite sequence of local instruments, P) - \/*,/ : P
The Causal Structure of QCAs . . . ;
. . interleaved with the QCA evolution. QCA . :
. : : .. : : Evolution
Locality implies a microscopic, discrete notion of causality: I tLocal :
nstruments

t+1
. E R Since the protocols consist of

strictly local operations,
trictly local operat

Oé't(AR) C AR—'r-L‘_/V
The causal structure of 2 QCA is intrinsic to the dynamics. QZ ( 10)

R
HENE

QCAs provide a mathematically consistent framework

and correlations propagate
for relativistic quantum dynamics on a discrete spacetime.

only through the QCA

dynamics, compatibility

L
1_ with the causal structure is
. . (@ ( E R ) ensured by construction.
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