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Linear optical quantum metrology with single photons: Exploiting
spontaneously generated entanglement to beat the shot-noise limit.

Phys. Rev. Lett. 114, 170802 (2015)
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Detecting a phase: path entangled photons
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Path entanglement from a boson sampler
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= still just one ;
significant amplitude [Per (UTV,U)| ~ |Per(T)|* = 1
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Analytics for the permanent
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Analytics for the permanent

= a single phase application: no gain
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= approximate the permanent by a series
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Analytics for the permanent

= varying the phase application: the fun stuff

m approximate the permanent by a series
P = )Per (UTVQOU) ‘2 ~1— %0 (N2H!) ¢m
1

s for a well-"mixing” U (e.q. Fourier) Uyl =
and small gmax{f;} <1



Boson sampling to detect a phase

= apply the unknown phase "
for different “lengths” Ji=1J

=
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m the phase sensitivity Ap =06 (M_Hz(alﬂ))
goes up to the H.L.
with higher a M=) f
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number of “uses”



source inefficiency
noise sensitivity
Cramér-Rao bound
Fisher information

=

other perturbations

beyond the UTU arrangement
the other amplitudes

path entanglement applications
path entanglement classification
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