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The Problem of Local Measurements  
in Quantum Field Theory

2



[𝒪A, 𝒪B] = 0Microcausality

A

B

t

x
3



A

B

t

x

C

4



A

B

t

x

C

5



ΩA

t

x

ΩC

6



A

B

t

x

p

Strictly local operations

are allowed!
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Existing Approches

Local Operations 
& Classical Comunication
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Existing Approches
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Quantum  
Cellular 
Automata: 
An Operational  
Approach
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x ∈ ℒ Ω ⊂ ℒ

𝖠x ≃ 𝖬d (ℂ) 𝖠Ω = ⨂
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T(AΩ) = U†
N(Ω) (AΩ ⊗ IN(Ω)∖Ω) UN(Ω) ⊂ 𝖠N(Ω)
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Discrete Causal Structure
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T(EΩ) ∈ 𝖠N(Ω)

pρ[EΩ ∣ t + 1] = tr[ ρN(Ω)T(EΩ) ]
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ρN(Ω)

T∗(ρN(Ω)) ∈ 𝖠Ω

pρ[EΩ ∣ t + 1] = tr[ ρN(Ω)T(EΩ) ] = tr[T∗(ρN(Ω))EΩ ]
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Operational Measurement Protocols
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Local Instruments

QCA Dynamics
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= ∑
i∈{0,1}

| i⟩⟨i | ⊗ Ri
Z (ϕ)

is a single qubit unitary.

Nearest-Neighbour Qubit QCAs

≃ M2(ℂ)
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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. 

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