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Beyond shot-noise limit
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Beyond shot-noise limit
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@ What is measurement precision?

lo
Estimate unknown parameter (phase) ¢. gp(o)

Result of measurementis k€{1,2,...,n} with probability p.(¢)

Repeat measurements v times; result k observed v, times: v,+v,+:--+v,=v




Quantum Fisher Information

(Braunstein & Caves, PRL, 1994)
(Braunstein, Caves & Milburn, Annals of Physics, 1996)

Fisher information in the optimal measurement basis = Quantum Fisher Information

Generalized uncertainty relations: ‘P(t):e_iﬁt\‘lf()} i
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@ Photon Loss: “Fixing” NOON state

Loss of a single photon destroys entanglement:

%(|N>1|0>2+|0>1|N>2)_>|N_1>1|O>2




@ Rigorous Upper Bound

Most general N-photon probe state:




Optimal Probe States

Scaling solution: Limit N>>1
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Approximate discrete set (¢,} by continuous wavefunction ¢(x)
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Variational calculus: p(x)=|o(x)}
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Sequence of Bifurcations
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1! bifurcation: component
separates from the origin.
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Fixed Loss, Large N
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Loss in Both Channels

|(D><(I)> Z Wi k,

Wi P,

not an eigenvalue decomposition

Upper bound, not equality F< Z Wi Fror,

1, 2

To find QFI: diagonalize p, apply Braunstein-Caves formula. (difficult)

Warm-up exercise: optimize incorrect upper bound.

4 4N’ 2 L
U<X> qu)l(x)/ (\/_+\/_) ( )1/4
ey x * Probe state is Gaussian
\/*JM/*  Binomial coefficients are asymptotically Gaussian

» Density matrix is Gaussian: easily diagonalizable
(eigenstates of harmonic oscillator)

Surprising result: upper bound is exact. (small corrections for finite N)



Conclusion
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) ) ) Single mode Symmetric
« Comparison with numerics (95% loss): 0.8 | -

Theory
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Implementation?
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Wavepacket width: ~N° ¢=2/3 or e=3/4
0

All(?) known states have width ~VN or ~N > a0 200 o 10,
» “Benchmark” for families of states:
QFI per photon in the limit N>>1 as a fraction of upper bound
« Two-component state a|N),|0),+p|M |,|N —M ), 47.95%
» Holland-Burnett state ( |N/2),|N/2),+ beamsplitter) 50%
(unequal photon numbers) <54.25%

» Improvement over classical light:

I1+v1—R
<R1:R2:R) (RIZR’ R2=0)
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