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e Quantum metrology: high-precision parameter estimation

quantum strategies = scaling gap in resources
w.r.t. best classical strategy = Heisenberg scaling

e Explore this advantage in relativistic scenarios?

e Typically described by Bogoliubov transformations

e Phase estimation: a paradigm metrology scenario

¢ General setup & the quantum Fisher information (QFI)

e Results ': pure states, tracing losses & optimal scaling

1 N. Friis, M. Skotiniotis, |. Fuentes, and W. Diir, e-print arXiv:1502.07654 [quant-ph] (2015).
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Phase estimation

single photon probe, count output photons N¢ = ¢fe
repeat n times: ANc — Af « 1/4/n "shot noise”
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Phase estimation

A |
la.s) 7 U T
a,a B, b,b'

Alternatively: coherent state |4 ) with |a|> =n
all n photons at once, but still: Af « 1/4/n "shot noise”

2 V. Giovanetti, S. Lloyd, and L. Maccone, Science 306, 1330 (2004) [arXiv:quant-ph/0412078].
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Entangled input state |1) 45, average photon number n

quadratic improvement: Af « 1/n Heisenberg scaling
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Transformation: (Gaussian) unitary on arbitrary many modes
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Perturbative Approach to Parameter Estimation

Perturbative approach

Unitary transformation: U(0) = U© + UM + 92U®@ + O(63)

Total state

Transformed state: |1) = |9©@) + 0 |[®) + 62 |@) + O(6?)
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Reduced state QFI:
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Specialize to Gaussian Transformations

Perturbative Bogoliubov transformation
Coefficients: a,,, = o + ol 6 + a? 6% + O(6°)
Phases (free time evolution): &'®) = 0., Gy, = drmn €xp(ichy,)

Vacuum: [0) — [0) — 0532, GiB 0 abal[0) + O(6?)

QFl: Z(x(9)) = Z(|19)) — Au(ltr)y) + O6)

Tracing loss: Atr(|¢>k) > Ay <|0> ) =23 Wﬁ”
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HEISENBERG
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Summary (for proofs please see ')

e Parameter estimation framework for perturbative Bogoliubov
transformations
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Results: Tracing Losses, Heisenberg Scaling, Optimality

Summary (for proofs please see ')

e Parameter estimation framework for perturbative Bogoliubov
transformations

e Works for any initial states (not just Gaussian as in 3)
e Quantify & minimize tracing losses
e Show that Heisenberg scaling is optimal

e Determine family of ALL optimally scaling & minimal tracing
loss states

L N. Friis, M. Skotiniotis, |. Fuentes, and W. Diir, e-print arXiv:1502.07654 [quant-ph] (2015).
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