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M Ot | Vatl on We show: efficient, flexible implementation possible!

phase estimation

frequency estimation Local” estimation paradigm

Quantum Interaction strength estimation 2 3

Metrology Multi-parameter estimation

SU(2) estimation Bayesian estimation paradigm
etc.

Desireable to have single architecture D for all of these tasks

Challenge: different tasks require vastly different probe states and measurements

m) Solution: 2D Cluster States r%?j? Q'g_zf ? r%‘gQ Q%w
Universal for quantum computation O it 2t g s e R
=) Arbitrary preparation & measurement i e i % A
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Local Estimation

Parameter estimation problems

Quantum state
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Preparation Encoding Measurement

H(m)
Estimator 6(m) assigns “guess” for ¢ to outcome M |
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L ocal Phase Estimation
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N-qubit phase estimation: - [J, = e—WH  with H= S e & H; = %Z \4)

i=1
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Optimal classical strategy: Probe state |?,D> = |—|~ >®N
Measurement {UQ—I—% e >}
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Variance | = 7 shotnoise scaling
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Measurement Nf = X©ON with (M ) =cos(Nf) wmm ((m)= L arccos(m)
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Implementation in Measurement-Based Quantum Computation (MBQCQC)
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Cluster state: MBQC working principle: gate teleportation
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Vertices: qubitsin |+)

Edges:  CZ gates

Efficient Local Phase Estimation in MBQC
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Bayesian Phase Estimation :
Bayesian scenario: prior information p(Q) (e.g., Gaussian) /\
f - 6

asbefore p(m|0) = Tr(E,,p(0)) 2
butnow p(m fd@p m|0) p(0)
Bayes’' Law m#p posterior p(f|m) = p(n;|(e%)(9)

Conditional variance  V [0(m)]

Figure of merit: average variance V = %" p(m) V[é(m)]
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Classical vs. Quantum Bayesian Estimation

Optimal classical strategy using /V qubits
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(Gaussian priors)
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Quantum strategy _ 1V
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Quantum Bayesian Estimation in MBQC ?

For any prior (and figure of merity Optimal probe can be chosenin H, = span {|n> = |1)®" \O)N_n}

Moreover |¢) € Hyx mp Uyl|ty) € H) ™ also measurementsonlyin

Note: dim(?—[) S dim(H,\) =N+1 = )= [logo(N +1)| qubits

If 3 efficient compression = work in logarithmically small subspace

Convert unary representation |n) = |1 el \0>N_n = | Uy, U2, . UpP with w; = 0,1
into binary representation ny={|bx.1,by-9,...,b1,b0 } ' with b; =0,1
uy) l u1)
=) Add qubit-by-qubit to empty register b)) 2 b = b @ uy )
‘0> U Cl>




Unary to Binary Compression
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Quantum Bayesian Estimationin MBQC |

state preparation ﬁ
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(A;rV)MBQC

A%BQC

Measurement on

A = ﬂogQ(N—l— 1)_‘ qubits

single-qubit measurements
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Quantum Bayesian Estimationin MBQC |

All\/[BQC Ag/IBQC e Ag/IBQC b A%BQC y aQyT
| : - = = L

Overhead O(Nlog2 N) mmp Heisenberg scaling possible ‘@'

state preparation _
sensing

Measurement on

Even if measurement (U) requires O(2%) qubits A = [logo(IN + 1)] qubits
e.g., QFTrequires  O(\?) = O(log2 N) qubits

single-qubit measurements



In conclusion:

® 2D Cluster states are flexible resources for quantum metrology

And thank you for
your attention

® |n particular: local & Bayesian - phase & frequency estimation

® Also works for certain interaction Hamiltonians, e.qg., Ising H = Z” Cij Xi @ X; Paper

® Extensions to other estimation problems » work in progress
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