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Abstract: Quantum Darwinism proposes that the proliferation of redundant information plays a major role in the emergence of objectivity out
guantum world. Is this kind of objectivity necessarily classical? We show that if one takes Spekkens's notion of noncontextuality as the no
classicality and the approach of Brandao, Piani, and Horodecki to quantum Darwinism, the answer to the above question is "yes,"
environment encodes the proliferated information sufficiently well. Moreover, we propose a threshold on this encoding, above which on
unambiguously say that classical objectivity has emerged under quantum Darwinism.
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MCTI e Embrapii vao investir R$ 60 milhdes em centro de
tecnologia quantica

Senai Cimatec, em Salvador, € anunciado como Centro de Competéncia Embrapii em Tecnologias Quanticas para desenvolver pesquisa e

conhecimento relacionado a tecnologia no Brasil

CHAMADA CNPQ/MCTI N° 26/2023 - PESQUISA,
DESENVOLVIMENTO E INOVAGCAO EM
COMUNICACAO QUANTICA.

CNPq - Conselho Nacional de Desenvolvimento Cientifico e Tecnolégico
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iy

for developing a
quantum technology

O Programa FAPESP QuTla (Quantum
Technologies InitiAtive) em Tecnologias

Quanticas visa acelerar os avangos
tecnldgicos quinticose solifar a Q UTI Q ecosystem

lideranga cientifica e tecnolégica de Sao et mmm e .
encompassing

Paulo e do Brasil. Este programa promete
impactos transformadores em diversas

areas, desde comunicagdes seguras até m u, ti d i S Ci p ’ i n dly

processamento de informagoes.

areas

THE URGENCY FOR A
QUANTUM INITIATIVE
IN SAO PAULO, BRAZIL,
AND LATIN AMERICA
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5-years Young Investigator Position in Quantum
Technologies

Employer
FAPESP

Location .
Any Research Institution in Sao Paulo State. APE P

Salary
Monthly tax-free fellowship (R$ 10.279,80) i

Closing date Key Themes:
7 Jun 2024
1. Quantum Communications: Embracing quantum key distribution protocols, single-photon detectors, quantum

memories and transducers.

2. Quantum Sensing: Leveraging quantum phenomena in metrology, healthcare, and agriculture through diverse

approaches such as photonics, spins, and superconducting qubits.

3. Quantum Computing: Exploring photonic processors, superconducting qubits, and quantum-inspired machine

learning for groundbreaking computational capabilities.
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The problem

Our everyday experience is classical.

Noncontextuality is a nonclassical feature.

S
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The problem

Classical limits must kill contextuality!

§

irsa: 24050009 Page 14/46



AUANTUM DARWINISM

F. Brandao, M. Piani, P. Horodecki, Nat. Commm. 6 7908 (2015).
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Example
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Example

00) > |00)
10) — [11)

«|00) + 5]10) — «|00) + 5|11)

Measurement on system B: 0 with probability ||?, 1 with

probability |3 ‘g
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Example

000...00) — [00....00)
10...00) > |11...11)

«[000...00) + /3|10...00) — «|00...00) + B|11..11)

Measurement on systems Bs: 00...0 with probability |a/|?,
11...1 with probability |3]?.

Pirsa: 24050009



Example

[00) — |00)
110) — |1+)

«|00) + 3|10) — «|00) + [3|1+)

Measurement on system B: not full information about Zj. j
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Example

00...0) — |00...0)
10...0) — |1 + ..+)

«|00...0) + (]10...0) — «]00...0) + 8|1 + ...+)

Measurement on system B: not full information about Zj4.
Different Bobs do not necessarily agree.

b
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Environment as a witness dynamics

® : D(Ha) — D(He)

S5: C {1,..., N} set of labels describing t portions of the
environment &.

EW,-dynamics for the subset Bs, := {Bj}jeSt

G55t = Tre\ g, 0 P.
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BPH

If N >> t, then there exists a POVM {E;} acting on
D(H ) such that, for most choices of S;,

®5st(p Z Tl”[EkpA]O'k :

where afsf € D(Q;cs, Hp;) and {Ec}i is

independent of Bs,.
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75 (p Z Tr[Eip o™

This tells us that EWt-dynamics already leads to
emergence of some objectivity: objectivity of
observables.
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Example

pg = Tr[|0)(0]p™]|00...0)(00...0|+Tr[|1) (1] p™|+

§
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| g
d5(p") ~ Y Tr[Expoy
P

_ 55
Quantum Darwinism: o,” encode well the

information about label k.




. e B;
®%(p") = Y Tr[Exp’lo
k

- B; i
Quantum Darwinism: o,” are sufficiently

distinguishable.
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Darwinism process with distinguishability 7

QD,, is said to occur if for all 5;,

: ~ B;
ml\n pguess[(pka ka)] Z T).
P
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Example

pg = Tr[|0)(0]p™]]00...0)(00...0|+Tx[|1)(1|p"]|11.
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EWt-dynamics 4+ good enough encoding
Sy WA SN ¢

QD,

= Bobs are likely to agreel!
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EWt-dynamics 4+ good enough encoding
i N VS W S

QD,

= Objectivity of outcomes!
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R. W. Spekkens, Physical Review A 71, 052108 (2005).
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Operational theory
» A list P of preparations;

» A list M of measurements, and a set of
effects {b|M}, for each measurement M in

M.

» A rule to compute probabilities

p(k|b, M).
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Equivalences

» Preparations P; and P, are equivalent if

» Effects b;|M; and by|M, are equivalent if
p(bi|My, P) = p(bx| M2, P).
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Ontological model

» Measurable space (A, X).

» P+ pup measure over (A X).

> (bIM) = &m(bl), Em(b[A) 20, 3, Em(b|A) = 1.
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Ontological model

» Measurable space (A, X).

» P +— pp measure over (A, X).

> (bIM) = &m(bl-), Em(b[A) 20, 3, Em(b|A) = 1.

> p(bIM, P) =2, up(A)Em(b|A).
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Noncontextual ontological models

P~ P = lup, = lip,

(1| M) ~ (b2|M2) = Sy (b1|A) = Emy(b2|A)
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EMERGENCE OF CONTEXTURLITY UNDER
QUANTUM DARWINISM

R. Baldijao, R. Wagner, C. Duarte, B. Amaral, M. Terra Cunha,
Arxiv 2104.05734/PRX Quantum 2, 030351
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Lemma 1

B; . .
If {o,” }k form an affinely independent set, there
exists a noncontextual ontological model for the
distribution about A available to B;.
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Lemma 1

B; . .
If {o,” }« form an affinely independent set, there
exists a noncontextual ontological model for the
distribution about A available to B;.

This holds true for any measurement {Fij}
implemented by Bob B;.

§
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Lemma 2

There exists a bound P such that, if

N B A
Pguess[(Pk,UkJ)] > PV lOA?

B; .
the set of states {o,”’ }x must be affinely
independent.
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Main result

Suppose the conditions for QD,, are met with

n > P. Then, each Bob can construct a
noncontextual ontological model for the
respective scenario.
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Main result

n > P = affine independence

affine independence = noncontextuality
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