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What I'm going to talk about

I'll (try to) give an intuition of why
entanglement Is necessary in
guantum metrology.
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What is entanglement anyway?

An “intuitive” easy-to-understand definition...
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use —M— in series and start from |+) or |—) states:
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“Heisenberg”-like scaling
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‘BECAUSE

100) +
11)

J

l.e. entanglement turns a parallel strategy into a
sequential one.
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=P The other qubit is collapsed on the same state

(Klyshko mechanism)

+)
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We have shown that
| parallel+entanglement = sequential

= @B
11) - =)




So... Why entanglement?




\.

requires correlation in the |0), |1) basis




So... Why entanglement?

_ e requires correlation in the |0), |1) basis )

\_

CE—W—/ Bl

e requires correlation in the |+) |—) basis

J




So... Why entanglement?

e requires correlation in the 0), |1) basis

CE—W—/ B

e requires correlation in the |+) |—) basis )

J/

:,> (they are complementary basis) we need entanglement!!
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Aalogously, if we start from (| + +)(++ |+ | — —)(——1)/2 \

ie.p=s5:1++)+][——); o & P
Sl _ iv/2 3 —ising
p=z:lrti—l-m Uy =e (—isinse 608529)

the phase
averages out!
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Note: thls is NOT |11) in the 3x3 space!

which is U, = ((1) g@)
€

|n the|0> | > invariant) subspace

same construction as above
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... and the same construction can be
iterated for all N
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NOON state interferometry

... possibly the most “famous” q metrology protocol
r
N0} + jo) | 1)
—> —>
V2

..then project onto initial state: get Ap ~1/N

\_

It can be cast in the form |00|> +>
11

by noting that |V0) accumulates a phase N
whereas |0/N) accumulates a phase 0, so:

acts like - -
NO> :_ ID j |NO> + |ON>actS_|ike|OO> + |11> _ |I[>
ON> actsleke OO> \/5 = \/5




What did | say?!?

* Intuitive definition of entanglement

* Q metrology: use entanglement to turn a parallel
strategy into a sequential one.

00) + —
1) —

* How to extend the construction to arbitrary N

* A case study: NOON state
interferometry
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Q metrology theory:PRL 96,010401 (2006) L orenzo Maccone
Recent review: Nature Phot. 5,222 (2011) maccone@unipv.it



Recent result in g metrology: A new bound

Heisenberg / Cramer-Rao 1 A

AX >
A\ H
VAR

—xH

\.

precision bounded by the variance A*H (second moment)
of the generator H

New bound H(AX - /j; A
=
VUH
\_ J
7‘[ — <H> — E‘O\ [0 constant O(1)

ground state (minimum eigenvalue of H)

precision bounded by the expectation value <H>
moment) of the generator H



AX((H) — Ey) > &

Bound: PRL 108, 260405 (2012)
Prior info: PRL 108, 210404 (2012)




slide sbagliata..Without entanglement...

(00><00+11><11)/2<:=: 0)
1) B
\

L nothing happens: eigenstates! ,

- N
1 ‘—|_> .
40+ +] = === /]2 =)

. I 1
T . L . . 'i' . 1
U, in the |+),|—) basis is U] = —= ( )

il-1 1
UUl|E) = |£) - again, nothing happens

-
.. and what about the | 4 7),| — 1) basis?

J
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