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The Problem of Local Measurements
in Quantum Field Theory
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Impossible Measurements on Quantum Fields:

RAFAEL D. SORKIN

surement to quantum field theory leads to a conflict with locality,

an 1deal measurement acts to transmit informaftion Taster the
light. Two examples of such information-transfer are given, first in
the quantum mechanics of a pair of coupled subsystems, and then for
the free scalar field in flat spacetime. It is argued that this problem
leaves the Hilbert space formulation of quantum field theory with no
definite measurement theory, removing whatever advantages it may
have seemed to possess vis a vis the sum-over-histories approach,
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It is shown that the attempt to extend the notion of ideal mea- °
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and reinforcing the view that a sum-over-histories framework is the
most promising one for quantum gravity.
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Quantum fields and local measurements
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/ Abstract

field theory on curved spacetimes. Measurements are carried out on one quantum field theory,
the “system”, using another, the “probe”. The measurement process involves a dynamical

o muplmg of l'system” and “probe” within a bounded spacetime region. The resulting “coup >

theory” determines a scattering map on the uncoupled combination of the “system” and “probe”
by reference to natural “in” and “out” spacetime regions. No specific interaction is assumed
and all constructions are local and covariant.
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Discrete Causal Structure
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Heisenberg Picture
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Schrodinger Picture
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Operational Measurement Protocols

Local Instruments
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QCA Dynamlcs qu

N
\
\
A 4
\ V4
N /
N A

X
E.— PE)EA NCx)




r+ 1

20 I I I

/T \

p | B | 2E)
[

LOCAL NONLOCAL

P (p) (Ex) — P(@(ER))



t+ 2

r+ 1

21

N(£2)

N*(
Q)



1D Nearest-Neighbour Qubit QCAs
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‘ is a single qubit unitary.
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Entanglement
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Future Perspectives

* Fermionic Architectures — Extending the framework to fermionic QCAs.

* Time as a Resource — Quantifying the time required to implement resoruceful
measurements as a function of the QCA parameters.

e Beyond Measurements — Extending the protocols to more general quantum
operations.
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