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of lanthanum is 7/2, hence the nuclear magnetic
moment as determined by this analysis is 2.5
nuclear magnetons. This is in fair agreement
with the value 2.8 nuclear magnetons deter-
mined, from La III hyperfine structures by the
writer and N. S. Grace. 9
' M. F. Crawford and N. S. Grace, Phys. Rev. 4'7, 536

(1935).

This investigation was carried out under the
supervision of Professor G. Breit, and, I wish to
thank him for the invaluable advice and assis-
tance so freely given. I also take this opportunity
to acknowledge the award of a Fellowship by the
Royal Society of Canada, and to thank the
University of Wisconsin and the Department of
Physics for the privilege of working here.
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Can Quantum-Mechanical Description of Physical Reality Be Considered Complete' ?
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(Received March 25, 1935)

In a complete theory there is an element corresponding
to each element of reality. A sufFicient condition for the
reality of a physical quantity is the possibility of predicting
it with certainty, without disturbing the system. In
quantum mechanics in the case of two physical quantities
described by non-commuting operators, the knowledge of
one precludes the knowledge of the other. Then either (1)
the description of reality given by the wave function in

quantum mechanics is not complete or (2) these two
quantities cannot have simultaneous reality. Consideration
of the problem of making predictions concerning a system
on the basis of measurements made on another system that
had previously interacted with it leads to the result that if
(1) is false then (2) is also false. One is thus led to conclude
that the description of reality as given by a wave function
is not complete.

A NY serious consideration of a physical
theory must take into account the dis-

tinction between the objective reality, which is
independent of any theory, and the physical
concepts with which the theory operates. These
concepts are intended to correspond with the
objective reality, and by means of these concepts
we picture this reality to ourselves.
In attempting to judge the success of a

physical theory, we may ask ourselves two ques-
tions: (1) "Is the theory correct?" and (2) "Is
the description given by the theory complete?"
It is only in the case in which positive answers
may be given to both of these questions, that the
concepts of the theory may be said to be satis-
factory. The correctness of the theory is judged
by the degree of agreement between the con-
clusions of the theory and human experience.
This experience, which alone enables us to make
inferences about reality, in physics takes the
form of experiment and measurement. It is the
second question that we wish to consider here, as
applied to quantum mechanics.

Whatever the meaning assigned to the term
conzp/eEe, the following requirement for a com-
plete theory seems to be a necessary one: every
element of the physical reality must have a counter
part in the physical theory We shall ca. 11 this the
condition of completeness. The second question
is thus easily answered, as soon as we are able to
decide what are the elements of the physical
reality.
The elements of the physical reality cannot

be determined by a priori philosophical con-
siderations, but must be found by an appeal to
results of experiments and measurements. A
comprehensive definition of reality is, however,
unnecessary for our purpose. We shall be satisfied
with the following criterion, which we regard as
reasonable. If, without in any way disturbing a
system, we can predict with certainty (i.e. , with
probability equal to unity) the value of a physical
quantity, then there exists an element of physical
reality corresponding lo this physical quantity. It
seems to us that this criterion, while far from
exhausting all possible ways of recognizing a
physical reality, at least provides us with one
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Theorem: It is impossible for 
Nature to be local-realistic

(assuming quantum mechanics is correct in 
its observable predicitions)

What is proved by 
impossibility proofs is lack  

of imagination John Bell

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

Imagination is more 
important than knowledge. 
For knowledge is limited, whereas imagination encircles the world.

1982

1964

1929
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                                                                                                                                        * 

* There exists an objectively real physical world, independent of observers (Matthew Leifer, this morning)
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Quantum theory!
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Not possible at the phenomenal level in quantum theory!
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outcome of all observations.
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Principle of local-realism: In addition to locality and realism, anything 
observable at some point is a function of the state of the world at that point.

Principle of non-signalling: No action taken at some point can have any 
instantaneous observable effect at some remote point.

Theorem: Local realism implies non-signalling.
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4.5 No-signalling principle

One important, albeit obvious, consequence of a theory being local-realistic is
that it is not possible to send a signal from one system to another if there is no
interaction between the two.

Intuitively, no operation performed on some system A can have an instan-
taneous effect of any kind on a remote system B. It follows that no operation
performed on system A can have an instantaneous observable effect on system B.
More precisely, when we perform an operation U on system A and an operation
V on system B, operation V has only affected the noumenal state of system B,
without any influence on the noumenal state of system A. It follows that the
phenomenal state of system A, which is a function of its noumenal state, is also
unchanged. This is formalized in the following theorem.

Theorem 4.17 (No-Signalling Principle). Let ⇢AB be a phenomenal state of sys-
tem AB. For all operations U on system A and V on system B,

⇡A

�
(U ⇥ V )

�
⇢AB

��
= U

�
⇢A

�
.

We call the equation above the no-signalling principle because it means that no
operation V applied on system B can have a phenomenal (i.e. observable) effect
on a remote system A.

Proof. Let NAB be any noumenal state such that ⇢AB = '
�
NAB

�
. Its existence is

guaranteed from the fact that ' is surjective.

Proof: ⇡A

⇣
(U ⇥ V )

�
⇢AB

�⌘

= ⇡A

⇣�
U ⇥ V

��
'
�
NAB

��⌘

= ⇡A

⇣
'
⇣

(U ⇥ V )
�
NAB

� ⌘⌘

= '
⇣
⇡A

⇣
(U ⇥ V )

�
NAB

� ⌘⌘

= '
�
U

�
⇡A

�
NAB

���

= '
�
U

�
NA

��

= U
�
'
�
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��

= U
�
⇢A

�
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�
⇡A

�
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2) (provided they obey reversible dynamics)

given an appropriate definition of noumenal states.

This includes unitary quantum theory.

But… doesn’t Bell’s Theorem precludes this?
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Theorem: It is impossible to 
explain Quantum Theory 

with local hidden variables 
(as correctly stated in his 1964 paper)  

That’s different!

John Bell

Local hidden variables is not the
only way to be local and realistic 
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2) Measurement outcomes never have to 
2) become fixed and definite:

1) This cannot be faster than the speed of light!

1) Tests of Bell inequality are not complete  
1) until Alice’s and Bob’s data are compared.

Another Local-Realistic Way?

Two keys towards a solution:

2) Smells of Everett’s Many-Worlds?
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1. Introduction

Quantum theory is often claimed to be nonlocal, or more precisely that it cannot satisfy
simultaneously the principles of locality and realism. These principles can be informally stated
as follows:

• Principle of realism: There is a real world whose state determines the outcome of all observations.
• Principle of locality: No action taken at some point can have any effect at some remote point at a

speed faster than light.

We give a formal definition of local realism in a companion paper [1]; here, we strive to remain at
the intuitive level and explain all our concepts, results and reasonings without expecting mathematical
sophistication nor specialized prior knowledge from the reader.

The belief that quantum theory is nonlocal stems from the correct fact proved by John Bell [2] that
it cannot be described by a local hidden variable theory, as we shall explain later. However, the claim of
nonlocality for quantum theory is also based on the incorrect equivocation of local hidden variable
theories with local realism, leading to the following fallacious argument:

1. Any local-realistic world must be described by local hidden variables.
2. Quantum theory cannot be described by local hidden variables.
3. Ergo, quantum theory cannot be both local and realistic.

The first statement is false, as we explain at length in this paper; the second is true; the third is a
legitimate application of modus tollens (if p implies q but q is false, then p must be false as well), but the
argument is unsound since it is based on a false premise. As such, our reasoning does not imply that
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The role of physics is to explain observed phenomena. Explanation in physics began as a causal
chain of local actions. The first nonlocal action was Newton’s law of gravity, but Newton himself
considered the nonlocal action to be something completely absurd which could not be true—and
indeed, gravity today is explained through local action of the gravitational field. It is the quantum
theory which made physicists believe that there was nonlocality in Nature. It also led to the acceptance
of randomness in Nature, the existence of which is considered as another weakness of science today.
In fact, I hope that it is possible to remove randomness and nonlocality from our description of
Nature [1]. Accepting the existence of parallel worlds [2] eliminates randomness and avoids action at
a distance, but it still does not remove nonlocality. This special issue of Entropy is an attempt to more
deeply understand the nonlocality of the quantum theory. I am interested to explore the chances of
removing nonlocality from the quantum theory, and such an attempt is the most desirable contribution
to this special issue; however, other works presented here which characterize the quantum nonlocality
and investigate the role of nonlocality as an explanation of observed phenomena also shed light on
this question.

It is important to understand what the meaning of nonlocality is in quantum theory.
Quantum theory does not have the strongest and simplest concept of nonlocality, which is the
possibility of making an instantaneous observable local change at a distance. However, all single-world
interpretations do have actions at a distance. The quantum nonlocality also has an operational meaning
for us, local observers, who can live only in a single world. Given entangled particles placed at a
distance, a measurement on one of the particles instantaneously changes the quantum state of the other,
from a density matrix to a pure state. It is only in the framework of the many-worlds interpretation,
considering all worlds together, where the measurement causes no change in the remote particle,
and it remains to be described by a density matrix. Another apparent nonlocality aspect is the
existence of global topological features, such as the Aharonov-Bohm effect [3]. I believe I succeeded in
removing this kind of nonlocality from quantum mechanics [4], but the issue is still controversial [5–8].
Unfortunately, no contributions clarifying this problem appear in this issue.

It is of interest to analyze nonlocal properties of composite quantum systems, the properties of
systems in separate locations [9]. These properties are nonlocal by definition, and the nonlocality of
their description does not necessarily tell us that the Nature is nonlocal. It is not surprising that nonlocal
properties obey nonlocal dynamical equations. Although unrelated to the question of nonlocality in
Nature, it is a useful tool for quantum information which, due to quantum technology revolution,
becomes not just the future, but the present of practical applications. See the discussion of this aspect of
quantum nonlolcality in this issue and note the recent first experimental realization of measurements
of nonlocal variables [10].

For the problem of nonlocality of Nature, the important question is: which of the nonlocal features
of composite systems cannot be specified by local measurements of its parts? More precisely, this is the
question of nonlocality of a single world, would it be one of the worlds of the many-worlds theory
or the only world of one of the single-world interpretations. Even if it does not answer the question
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of nonlocality of the physical universe incorporating all the worlds, this is the question relevant for
harnessing the quantum advantage for tasks which cannot be accomplished classically.

What seems to be an unavoidable aspect of nonlocality of the quantum theory—which is present
even in the framework of all worlds together—is entanglement. Measurement on one system does
not change the state of the other system in the physical universe, but in each world created by the
measurement, the state of the remote system is different. The entanglement, that is, the nonlocal
connection between the outcomes of measurements shown to be unremovable using local hidden
variables, is the ultimate nonlocality of quantum systems.

Very subjectively—I find the most interesting contribution to be the work by Brassard and
Raymond-Robichaud [11], “Parallel Lives: A Local-Realistic Interpretation of ‘Nonlocal’ Boxes”.
The work challenges the ultimate question of nonlocality of entanglement. It is part of the ongoing
program which was introduced by Deutsch and Hayden [12] to completely eliminate nonlocality from
quantum mechanics. The present authors promise to complete it in a future publication. The current
paper, instead, provides a wider picture, considering, in a local way, different theories that are currently
viewed as nonlocal. The analysis of Popescu Rohrlich (PR) boxes [13], the Einstein–Podolsky–Rosen
argument, and Bell’s theorem puts the picture in proper and clear perspective. I am optimistic that
Brassard and Raymond-Robichaud will succeed in building their fully local picture as they promise.
However, I am also pretty sure that they will have to pay a very high price for removing all aspects of
nonlocality by carrying a huge amount of local information in order to reconstruct the consequences
of entanglement. Currently, I feel that I will not adopt the “parallel lives” picture, and will stay with
the many-worlds interpretation [2], an elegant economical interpretation that has no randomness and
action at a distance, but still has nonlocality in the concept of a world. However, I am very curious to
see the quantum theory of the parallel lives. The possibility of the construction of a fully local theory,
even if it is not economical, is of great importance.

The main test bed for considering nonlocal theories has been the example of PR boxes. It is
the topic of the contribution by Rohrlich and Hetzroni [14], “GHZ States as Tripartite PR Boxes:
Classical Limit and Retrocausality”. The starting point of this work is Rohrlich’s questioning of his
own discovery: can we obtain a classical limit for PR boxes [15]? I am not sure that we have to worry
about a classical limit for PR boxes; there is no compelling reason to assume the existence of such
a hypothetical construction, as well as the existence of its classical limit. The message of Rohrlich and
Hetzroni is that even if the lack of a classical limit for PR boxes represents a conceptual difficulty, there is
no difficulty in the case of a quantum-mechanical setup—namely the Greenberger–Horne–Zeilinger
setup—which is structurally similar to PR boxes but sufficiently different to have a classical limit.
Their paper has also a nice analysis of how retrodiction might solve nonlocality paradoxes.

Retrodiction is also discussed in the contribution by Parks and Spence [16], “Capacity and Entropy
of a Retro-Causal Channel Observed in a Twin Mach–Zehnder Interferometer During Measurements
of Pre- and Post-Selected Quantum Systems”. The test bed is now a peculiar interferometer considered
as a retro-causal channel, analyzed in terms of weak and strong measurements performed on a pre-
and post-selected particle. Experimental data collected from an optical experiment performed in 2010
was analyzed. The entropy of this retro-causal structure was considered, making it very relevant for
the journal hosting the special issue. The developed formalism is capable of quantitative analysis of
other interference experiments.

The level of complexity goes up in the contribution by Bharti, Ray, and Kwek [17], “Non-Classical
Correlations in n-Cycle Setting”. The compatibility relation among the observables is represented
by graphs, where edges indicate compatibility. PR boxes and other nonlocal boxes such as
Kochen–Specker–Klyachko boxes are considered for the n-cycle case. Non-contextuality is brought up,
and extensive analysis of various inequalities characterizing the nonlocality is performed. The work
holds the potential to be valuable for the future of quantum computation, as it provides a tight
quantitative comparison of efficiency for several tasks of classical methods, quantum methods,
and those built on PR boxes.
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Invented by Sandu Popescu and Daniel Rohrlich, Foundation of Physics, 1994 (“PR-boxes”)
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A B Output

0 0 /

0 1 /

1 0 /

1 1 /
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Experiment: Use the Box

If Bob pushes 0 
he will see green.

If Bob pushes 1 
he will see red.

Alice

EPR Argument: the 
behaviour of Bob’s 
Box is predetermined

Alice knows that:
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Parallel Lives: A Local-Realistic Interpretation of “Nonlocal” Boxes

Result:  

Boxes follow the magic rule 
(colours don’t match ⇔ both pressed 1) 

100% of the time! ⇒ perfect boxes

Testing the Boxes

A B Output

0 0 /

0 1 /

1 0 /

1 1 /

Possible only in imaginary world…
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Imperfect Nonlocal Boxes 

Follow magic rule with probability p

Disobeys it with probability 1–p

According to classical physics,  pclass = 75% is best possible 
(using local hidden variables but no communication)

According to quantum theory, pquant ≈ 85% is possible (but no better)!

Ergo: Quantum Theory is nonlocal…

NOT  SO  FAST!
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The usual conclusion from Bell’s Theorem

Any world containing nonlocal boxes that 
work with a probability better than 75% 

cannot be both local and realistic.

Yet, the seemingly 

impossible can be 

accomplished in a 

local-realistic world!In particular the Quantum World
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In particular, no instantaneous effet on Bob whatsoever
Say Bob pushes button 0

Alice
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How about Quantum Theory?
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Information °ow in entangled quantum systems
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All information in quantum systems is, notwithstanding Bell’s theorem, localized.
Measuring or otherwise interacting with a quantum system S has no e¬ect on
distant systems from which S is dynamically isolated, even if they are entangled
with S. Using the Heisenberg picture to analyse quantum information processing
makes this locality explicit, and reveals that under some circumstances (in particular,
in Einstein{Podolsky{Rosen experiments and in quantum teleportation), quantum
information is transmitted through `classical’ (i.e. decoherent) information channels.

Keywords: entanglement; non-locality; quantum information;

Heisenberg picture; locally inaccessible information

1. Quantum information

It is widely believed (see, for example, Bennett & Shor 1998) that, in general, a
complete description of a composite quantum system is not deducible from complete
descriptions of its subsystems unless the `description’ of each subsystem S depends
on what is going on in other subsystems from which S is dynamically isolated. If this
were so, then in quantum systems information would be a non-local quantity|that
is to say, the information in a composite system would not be deducible from the
information located in all its subsystems and, in particular, changes in the distribu-
tion of information in a spatially extended quantum system could not be understood
wholly in terms of information °ow, i.e. in terms of subsystems carrying information
from one location to another. In this paper we shall show that this belief is false. It
has given rise to a wide range of misconceptions, some of which we shall also address
here, but our main concern will be with the analysis of information ®ow in quantum
information-processing systems.

Any quantum `two-state’ system such as the spin of an electron or the polarization
of a photon can, in principle, be used as the physical realization of a qubit (quantum
bit), the basic unit of quantum information. When used to store or transmit discrete
data, such as the values of integers, to an unknown destination, the capacity of a
qubit is exactly one bit|in other words, it can hold one of two possible values;
moreover, any observer who knows which of the qubit’s observables the value was
stored in can discover the value by measuring that observable. However, the states
in which the qubit `holds a value’ in that sense are merely an isolated pair in a
continuum of possible states. Hence there is a lot more than one bit of information
in a qubit, though most of it is not accessible through measurements on that qubit
alone. For a variety of theoretical and practical reasons, the study of the properties
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Parallel Lives: Why quantum mechanics is a local realistic theory after all
Gilles Brassard and Paul Raymond-Robichaud

The Meaning and Non-Meaning of Bell’s Thm

Conventional Wisdom: The violation of Bell’s inequality is
incompatible with local realism.

Fact: This is false!

Truth: The violation of Bell’s inequality is
incompatible with local hidden variable
theories. That’s different!

What about Quantum Mechanics? Can it be local realistic,
Bell’s Theorem notwithstanding?

Yes! It can! This was prophecised by Everett;
explained by Frank Tipler to David Deutsch;
published by Deutsch and Hayden (2000).

Can it be done in a simple way? YES!. . . See this poster!

Desiderata for Local Realism

ISystems should have local physical states.

ISystems should undergo local evolution.

IThe whole should be fully described by its parts.

IAll possible observations of a system should be
determined by its physical state.

More Formally. . .

IFor any system X , let MX denote its state.

ISeparation:
MA = trB

⇣
MAB

⌘
and MB = trA

⇣
MAB

⌘
.

IMerging:
MAB = MA �MB .

Even for entangled states!

IEvolution:
MA

2 = U
⇣

MA
1

⌘
.

ISeparate Evolution:
(U ⌦ V )

⇣
MAB

⌘
= U

⇣
MA

⌘
� V

⇣
MB

⌘
.

IPredictions of Quantum Mechanics:
⇢A = f

�
MA�

.

Commuting Diagrams

Observations commute with evolution and tracing out.

MA U
�
MA�

⇢A U
�
⇢A�

f

U

f

U

MAB MA

⇢AB ⇢A

f

trB

f

trB

U
⇣

f
�
MA�⌘

= f
⇣

U
�
MA�⌘

f
⇣

trB
�
MAB �⌘

= trB

⇣
f
�
MAB �⌘

States

For a system A associated with a Hilbert Space of
dimension n, its state MA is described by an an n⇥n
evolution matrix

⇥
W

⇤A, whose entries are matrices
defined by

⇥
W

⇤A
i ,j = W †� |jihi |⌦ IA�

W

for some unitary W on the global state, which
corresponds to all that happened to the universe
since the beginning of time.

Separation

trB

h
W

iAB
is defined by:

✓
trB

h
W

iAB
◆

i ,j
=

X

k

h
W

iAB

(i ,k),(j ,k)

Theorem h
W

iA
= trB

h
W

iAB
.

Merging
h
W

iA
�

h
W

iB
is defined by:

✓h
W

iA
�

h
W

iB
◆

(i ,k),(j ,l)

def
=

h
W

iA

i ,j

h
W

iB

k ,l

Theorem h
W

iAB
=

h
W

iA
�

h
W

iB
.

Evolution

U
h
W

iA
is defined by:

✓
U

h
W

iA
◆

i ,j
=

X

m,n

U†
i ,m

h
W

iA

m,n
Un,j

Theorem

U
h
W

iA
=

h�
U ⌦ V

�
W

iA

for any operation V applied to the rest of the universe.

Separate Evolution

Theorem

�
U ⌦ V

�h
W

iAB
= U

h
W

iA
� V

h
W

iB
.

Predictions of Quantum Mechanics
h
W

iA
| i is defined by:

⇣h
W

iA
| i

⌘

i ,j
= h |

h
W

iA

i ,j
| i

where | i is a unit vector in the dimension of the global
state.

Theorem h
W

iA
| i = trA

�
W | ih | W †�

Conclusion

ITheorem: The universal wavefunction cannot be the
complete description of a local universe.

I It merely describes what can be observed.

I It is but a shadow of the real world!

References
I D. Deutsch and P. Hayden, “Information flow in entangled quantum

systems”, Proceedings of the Royal Society of London
A456(1999):1759–1774, 2000.

I G. Brassard and P. Raymond-Robichaud, “Can free will emerge from
determinism in quantum theory?”, in Is Science Compatible with
Free Will? Exploring Free Will and Consciousness in the Light of
Quantum Physics and Neuroscience, A. Suarez and P. Adams
(editors), Springer, pp. 41–61, 2013.
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The Equivalence of Non-Signalling and Local Realism
Gilles Brassard and Paul Raymond-Robichaud

From Non-Signalling to Local Realism

Conventional Wisdom: Quantum theory is incompatible
with local realism.

Truth: Quantum theory, like any non-signalling theory with
a reversible dynamics, is compatible with local realism.

Appearance versus Reality

IThe phenomenal state of a system describes everything that
can be observed locally about the system.

IThe noumenal state of a system is a complete description of
the system.

Desiderata for Local Realism

ISystems should have local noumenal states.

ISystems should undergo local evolution.

IThe whole should be fully described by its parts.

IThe phenomenal state of a system should be determined by
its noumenal state.

Non-Signalling Theory

IFor any system X , let ⇢X denote its phenomenal state.

ISplitting:
⇢A = ⇡A

⇣
⇢AB

⌘
and ⇢B = ⇡B

⇣
⇢AB

⌘
.

IEvolution:
⇢A

2 = U
⇣
⇢A

1

⌘
.

INon-Signalling:
⇡A

⇣�
U ⇥ V

�⇣
⇢AB

⌘⌘
= U

⇣
⇢A
⌘

.

Local Realism: More Formally

IFor any system X , let NX denote its noumenal state.

ISplitting:
NA = ⇡A

⇣
NAB

⌘
and NB = ⇡B

⇣
NAB

⌘
.

IMerging:
NAB = NA� NB .

Even for entangled states!

Local Realism: More Formally (continued)

IEvolution:
NA

2 = U
⇣

NA
1

⌘
.

ISeparate Evolution:
�
U ⇥ V

�⇣
NAB

⌘
= U

⇣
NA

⌘
� V

⇣
NB

⌘
.

IPredictions of the non-signalling theory:
⇢A = �

⇣
NA

⌘
.

Commuting Diagrams

Observations commute with evolution and projection.

NA U
�
NA�

⇢A U
�
⇢A�

�

U

�

U

NAB NA

⇢AB ⇢A

�

⇡A

�

⇡A

U
⇣
�
�
NA�

⌘
= �

⇣
U
�
NA�

⌘
⇡A

⇣
�
�
NAB �

⌘
= �

⇣
⇡A
�
NAB �

⌘

Reversible Dynamics

Condition: Operations on a system form a group.

Equivalence Relation

Let A be a system and W , W 0 be operations on the global
state. We define an equivalence relation:

W ⌘A W 0 def()
�
9V

�
W =

⇣
IA⇥ V

⌘�
W 0�

where V is some operation that is applied on the rest of the
universe and IA is the identity operation on A.

States

For a system A, its noumenal state is defined by

NA =
⇥
W
⇤A def

=
�

W 0 | W 0 ⌘A W
 

for some operation W on the global state that corresponds
to all that has happened to the universe since the beginning
of time.

Splitting

⇡A

⇣⇥
W
⇤AB

⌘
def
=
⇥
W
⇤A

Merging

⇥
W
⇤A�

⇥
W
⇤B def

=
⇥
W
⇤AB

Evolution

U
⇣⇥

W
⇤A
⌘

def
=
⇥
(U ⇥ I )(W )

⇤A

where I is the identity operation applied on the rest of the
universe.

Separate Evolution

Theorem:
�
U ⇥ V

�⇣⇥
W
⇤AB

⌘
= U

⇣⇥
W
⇤A
⌘
� V

⇣⇥
W
⇤B
⌘

.

Predictions of the Non-Signalling Theory

For a system A, its phenomenal state is

�
⇣⇥

W
⇤A
⌘

def
= ⇡A

⇣
W (⇢0)

⌘
= ⇢A

where ⇢0 is the phenomenal state corresponding to the
global system at the beginning of time.

Commuting Relations

Theorem:

U
✓

�
⇣⇥

W
⇤A
⌘◆

= �

✓
U
⇣⇥

W
⇤A
⌘◆

; ⇡A

✓
�
⇣⇥

W
⇤AB

⌘◆
= �

✓
⇡A

⇣⇥
W
⇤AB

⌘◆

Conclusions

ITheorem: There is a local-realistic interpretation for any
non-signalling theory with a reversible dynamics.

ICorollary There is a local-realistic interpretation for
quantum mechanics!

IThe observable quantum world seems to be non-local.
Could it be but a shadow of the true local-realistic world?
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