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Abstract: <p>Most physicists take it for granted that the experimental violation of Bell's inequality provides evidence that it is not possik
completely describe the state of a physical system in terms of purely local information when this system is entangled with some other syst:
disagree. Provided we redefine appropriately what is the information-theoretic state of a quantum system, it becomes possible to recover th
from the description of its parts. This is in sharp contrast with the standard formalism of quantum mechanics in which the density matrix provi
there is to say about the state of a system. According to our formalism, there is no need to invoke supernatural nonlocality in order to
everything standard quantum mechanics tells us that we can observe. We show, however, that this is inconsistent with the usual belief helc
Everettians that the universal wavefunction can be taken as the complete representation of reality. Inspired by Plato and Kant, we introd
contrast the notions of noumenal and phenomenal states of physical systems: the former corresponds to the complete but unknowable stz
system and the latter to what can be perceived about it with the help of arbitrary technology. We exhibit an explicit epimorphism from the fori
the latter, which explains the relationship between all that there is and all that can be apprehended. Joint work with Paul Raymond-Robichaut
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of calculation and communication. But could its theorems
hold the key to understanding the quantum world at its most

profound level?
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John Archibald Wheeler
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By the late 1970s and onward, [...] to the best students who
came asking for a research project, Wheeler would say,

"Derive quantum theory from
an information theoretic principle".
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Platonic / Kantian View

Noumenal All that there is
world (Ding an sich)

Kant: The noumenal world may exist, but it is
completely unknowable through human sensation
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Platonic / Kantian View
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Platonic / Kantian View
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Platonic / Kantian View

Noumenal Why not "Ontic"?

world

¢ : an epimorphism (cannot be one-to-one)

A4

Phenomenal Because this is not "Epistemic"!
world (and even less "Doxastic")
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Evolution of a System
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Splitting of a System
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Splitting of a System
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Splitting of a System
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Splitting of a System
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Splitting of a System




Splitting of a System

This diagram commutes
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Two Theorems

1) Local-realistic theories are non-signalling

2) Non-signalling theories
can be made local-realistic
with the proper choice of noumenal states

This includes quantum mechanics

as well as Popescu-Rohrlich nonlocal boxes
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Foundations of Physics, Vol. 24, No. 3, 1994
Quantum Nonlocality as an Axiom

Sandu Popescu' and Daniel Rohrlich’

Received July 2, 1993 revised July 19, 1993

In the conventional approach to quantum mechanics, indeterminism is an axiom
and nonlocality is a theorem. We consider inverting the logical order, making
nonlocality an axiom and indeterminism a theorem. Nonlocal “superquantum’’
correlations, preserving relativistic causality, can violate the CHSH inequality
more strongly than any quantum correlations.
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Sandu Popescu' and Daniel Rohrlich’

Received July 2, 1993. revised July 19, 1993

In the conventional approach to quantum mechanics, indeterminism is an axiom
and nonlocality is a theorem. We consider inverting the logical order, making
nonlocality an axiom and indeterminism a theorem. Nonlocal “superquantum’

REVIEW ARTICLES | INSIGHT

PUBLISHED ONLINE: 1 APRIL 2014 | DOI: 10.1038/NPHYS2916

Nonlocality beyond quantum mechanics

Sandu Popescu

Nonlocality is the most characteristic feature of quantum mechanics, but recent research seems to suggest the possible exist-
ence of nonlocal correlations stronger than those predicted by theory. This raises the question of whether nature is in fact more
nonlocal than expected from quantum theory or, alternatively, whether there could be an as yet undiscovered principle limiting
the strength of nonlocal correlations. Here, | review some of the recent directions in the intensive theoretical effort to answer
this question.
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Two Theorems

1) Local-realistic theories are non-signalling

2) Non-signalling theories™
can be made local-realistic
with the proper choice of noumenal states

This includes quantum mechanics

as well as Popescu-Rohrlich nonlocal boxes

*There are technical caveats
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Theorem: It is impossible for
Nature to be local-realistic
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Theorem: It is impossible for
Na‘rure 1'o be Iocal r'eallshc

According to Nouvelle Cuisine (1990)
not his original 1964 paper
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Theorem: It is impossible for
Na'rur'e 'ro be local-realistic

tum mechanics
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What is proved by
impossibility proofs is lack
of imagination
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Theorem: It is impossible for
Nature to be local-realistic

(assuming auantTum me .'r'lru?:ji‘-w\'r.":'J

What is proved by
impossibility proofs is lack
of imagination

(= )
I am enough of the artist to draw freely upon my imagination.

Imagination is more
important than knowledge.

Knowledge is limited. Imagination encircles the world.
G 4
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orem: It is impossible for

a‘rure to be local-reaiisiic
(assuming quantum mechanics

wu'rh 'Iocal hldde.n var'lable.s

(as correctly stated in his 1964 paper)

(C
I am enough of the artist to draw freely upon my imagination.

Imagination is more
important than knowledge.

Knowledge is limited. Imagination encircles the world.
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Another Local-Realistic Way?

One that requires just a little more imagination!

Two keys towards a solution:
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Another Local-Realistic Way?

One that requires just a little more imagination!
Two keys towards a solution:

1) Tests of Bell inequality are not complete
until Alice’s and Bob’s data are compared.
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Another Local-Realistic Way?

One that requires just a little more imagination!
Two keys towards a solution:

1) Tests of Bell inequality are not complete

until Alice’s and Bob’s data are compared.
This cannot be faster than the speed of light!
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Another Local-Realistic Way?

One that requires just a little more imagination!
Two keys towards a solution:

1) Tests of Bell inequality are not complete
until Alice’s and Bob’s data are compared.
This cannot be faster than the speed of light!

2) Measurement outcomes never have to
become fixed and definite:
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Another Local-Realistic Way?

One that requires just a little more imagination!
Two keys towards a solution:

1) Tests of Bell inequality are not complete

until Alice’s and Bob’s data are compared.
This cannot be faster than the speed of light!

2) Measurement outcomes never have to
become fixed and definite:
All possible results can occur simultaneously!
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Popescu-Rohrlich Boxes
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Popescu-Rohrlich Boxes
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Popescu-Rohrlich Boxes
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