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WHAT IS QUANTUM?
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wum realm ruled by the schrodingerf equation and the clagsical realm

Delineating the border petween the quan
wled by Newton's 1aws is one of the unresolved problems of physics. Figure

Zurek Physics Today 1991



CORRELATIONS

/ Classical correlations

Quantum correlations



CORRELATIONS

= Pure bipartite states:

= entanglement = nonlocality
nonclassicality (quantum correlations)

= Mixed bipartite states: _ »

= Werner 1989: separable lassically correlated



QUANTUMNESS in SEPARABLE STATES

Nonorthogonal separable states cannot be
discriminated exactly

Measuring a local observable on a separable bipartite
state can perturb the state

The eigenvectors of a separable state can be
entangled superpositions

In general separable states have not
a purely classical nature




QUANTUM DISCORD

a signature of
gquantumness in
correlated states

(including separable)

can be revealed by the

necessary disturbance
due to any local
measurement

H. Ollivier, W. H. Zurek, Phys. Rev. Lett. 2001
D. Girolami, T. Tufarelli, G. A., Phys. Rev. Lett. 2013
review: K. Modi et al. Rev. Mod. Phys. 2012)



CORRELATIONS

Classical correlations
Those remaining after

a minimally disturbing
local measurement

Those destroyed by a
minimally disturbing
local measurement
Quantum correlations

(alias Discord)




3 SHADES OF QUANTUMNESS

Classical states

Discordant
states

Entangled
states




QUANTUM

CORRELATIONS
WHAT ARE THEY GOOD FOR?




Nature June 2011

THE

PﬂWER OF 1»
' D|SCORD

BY ZEEYA MERALI  Physicists have always
/ \ thought quantum computing 7 "
| is hard because quantum
: ' states are incredibly fragile.
But could noise and messiness
actually help things along?
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QUANTUM METROLOGY

See e.g. C. M. Caves, Phys. Rev. D 1981; For a review, see V. Giovannetti, S. Lloyd, L. Maccone, Nature Photon. 2011



PHASE ESTIMATION

e Given the generator Hy
e Find the phase ¢




Y times
I

PHASE ESTIMATION

Quantum Cramer-Rao Bound

Var(@) = 1/[v F(pap; H4)]

Quantum Fisher Information

F(psp; Hy) measures the precision

Entanglement is not necessary

coherence in the eigenbasis of Hy is

W. K. Wootters, Phys. Rev. D 1981; S. L. Braunstein and C. M. Caves, Phys. Rev. Lett. 1994
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ONE-FITS-ALL
QUANTUM
METROLOGY




ONE-FITS-ALL PHASE ESTIMATION

e The generator H, is revealed after p,p is prepared
e Find the phase ¢




ONE-FITS-ALL PHASE ESTIMATION

e The generator H, is revealed after p,p is prepared
e Find the phase ¢




WHICH ONE-FITS-ALL
INPUT PROBE STATES
GUARANTEE A PASS?




WORST-CASE SCENARIO

FEIUNEE o How useful the probe state p 45 is for estimation
OF e Guaranteed precision for any possible phase generator

MERIT

1.
Dan P(pap) = ZglAfF(PAB ; Hy)

Q
(

Q INTERFEROMETRIC POWER




QUANTUM DISCORD Is THE RESOURCE

OF e The interferometric power is a measure of discord
MERIT

IV o The task requires coherence in the eigenbases of all Hy's }

Qo
(
O .

1
P(pap) = le?Af F(pag; Ha)

P is invariant under local unitaries and
nonincreasing under local operations on B
It vanishes iff p is classically correlated,
pap = 2 Pilifila ® Tip

It reduces to an entanglement

monotone for pure states

It is analytically computable if A is a qubit



UANTUM DISCORD

UARANTEES AND
QUANTIFIES THE

PRECISION




2 CLASSES or STATES

K. Modi et al. Phys. Rev. X 2011

EXPERIMENT

classically correlate

1+p2

PaB = 4 0
2p 0 :
with quantum discord
; v (

Fidelity




3 HAMILTONIANS

EXPERIMENT




SCHEME

|O>A T (6)—y

10)s —(6),

Classical probes

|O>A = (0)—y

10)s —(0).,

Discordant probes
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RESULTS

(Precision \ @ecision \ @ecision \
%= PA(pRp) -x- PP (p}ag)
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[“()™] QUANTUM CYBERNETICS

can QUANTUMNESS

PROVIDE ENHANCED REGULATIVE

STRATEGIES LEADING TO BETTER N
ADAPTATION AND CONTROL? postboc wantep




