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Desireable to have single architecture for all of these tasks

Challenge: different tasks require vastly different probe states and measurements

Solution: 2D Cluster States

Preparation Sensing       Measurement

Universal for quantum computation

Arbitrary preparation & measurement

MBQC Simple unifying framework

Unambiguous resource cost:  # qubits

Cost?

?
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We show: efficient, flexible implementation possible!
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Parameter estimation problems

Preparation Encoding Measurement

POVMCPTP mapQuantum state

Estimator assigns “guess” for        to outcome

Accuracy unbiasedness

Precision Variance



N-qubit phase estimation: with &

Optimal classical strategy: Probe state

Measurement

“shot noise scaling”Variance

Optimal quantum strategy: Probe state

Measurement

“Heisenberg scaling”Variance

with



Cluster state:

Vertices:    qubits in

Edges: CZ gates

MBQC working principle:   gate teleportation

preparation sensing measurement
using qubits



Bayesian scenario: prior information (e.g., Gaussian)

as before 

but now

posteriorBayes’ Law

Conditional variance

average varianceFigure of merit:



Optimal classical strategy using       qubits 

& updating measurements
Bound

Quantum strategy

Superposition of eigenstates of
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e.g., for 
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(Gaussian priors)

discrete Fourier
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For any prior (and figure of merit) optimal probe can be chosen in 

also measurements only in Moreover

Note: vs.

efficient compression work in logarithmically small subspace
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Convert unary representation 
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Add qubit-by-qubit to empty register
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qubits

single-qubit measurements

sensing
state preparation

Overhead

Even if measurement requires qubits

e.g., QFT requires qubits

QFT

Heisenberg scaling possible

Measurement on
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In conclusion:

2D Cluster states are flexible resources for quantum metrology

In particular: local & Bayesian - phase & frequency estimation

Also works for certain interaction Hamiltonians

Extensions to other estimation problems work in progress
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