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Abstract: Landauer's principle claims that "Information is Physical." Its conceptual antipode, Wheeler's "It from Bit," has since long been pc
among computer scientists in the form of the Church-Turing hypothesis: All natural processes can be simulated by a universal Turing m
Switching back and forth between the two paradigms, motivated by quantum-physical Bell correlations and the doubts they raise about fund:
space-time causality, we look for an intrinsic, physical randomness notion and find one, namely complexity, around the second I
thermodynamics. Bell correlations combined with Kolmogorov complexity in the role of randomness imply an all-or-nothing nature of
Church-Turing hypothesis: Either beyond-Turing computations are physically impossible, or they can be carried out by "devices" as sim
individual photons. This latter result demonstrates in an exemplary way the fruitful interplay between physical and informational-computa
principles.
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Logic and Physics

. Ferdinand Gonseth
1936

La logique est tout d'abord
une science naturelle.
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Logic and Physics

Ernst Specker

Is it possible to embed the description of
any physical system into classical logic?
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Logic and Physics

& Ernst Specker
1961

*-ln:"
Is it possible to extend the description of
a quantum-mechanical system by adding
additional — fictional — propositions such

that in the resulting domain, classical

propositional logic governs?
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Logic and Physics

: ‘ . B Ernst Specker

‘ 1961
=1
An elementary-geometric argument
shows that in general, no consistent
prophecies are possible concerning the
behavior of a quantum-mechanical
system.
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Logic and Physics

1967
Ernst Specker Simon Kochen
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Logic and Physics

1967
Ernst Specker Simon Kochen
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Non-Contextuality: The color of a vector is
independent of the completion to a basis
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Winning Condition:
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Logic and Physics

joint with
Renato Renner

A Classical
Winning Strategy:

r'd ‘—I _I— ¥
Winning Condition:
The output vectors are not orthogonal
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Logic and Physics

joint with
Renato Renner

A Quantum
Winning Strategy:

S >

Winning Condition:
The output vectors are not orthogonal
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Non-Local Correlations

The EPR Paradox

W

Boris Podolsky Nathan Rosen

Albert Einstein

1935
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The EPR Paradox
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Non-Local Correlations

S —

"Wed colors"

This is impossible...

(, , lJL‘ John Bell
o Y i 1964
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Non-Local Correlations
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... if such behavior occurs

3 L‘ John Bell
24 1964
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Colored cards: 75%

Photons: ~85% !
' JohnBell Spontaneous correlations

1964 = "Non-locality”...
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Non-Local Correlations

i Sandu Popescu Daniel Rohrlich

PR

XPY=A0CD~HB

Colored cards: 75%
Photons: ~85% !
Spontaneous correlations
= "Non-locality"...
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Non-Local Correlations

: ¥ Sandu Popescu Daniel Rohrlich

PR

XY =A0D1B

Colored cards: 75%
Photons: ~85% !
' JohnBell Spontaneous correlations

1964 = "Non-locality"”... Do they talk?
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Explaining Correlations in a Causal Structure
1) Common Cause

A B
\C/

2) Influence

A > B

1956

Hans Reichenbach
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Can Communication Explain the Correlations?

The "before-before" experiment

A < > B

I Heink 1 did.

Stefanov
Suarez
Zbinden
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Can Communication Explain the Correlations?

Finite-speed influences ruled out by
transitivity of non-locality

A x—> B
" o

joint with

Sandro Coretti
Esther Hanggi

N 2011
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Can Communication Explain the Correlations?

Finite-speed influences ruled out by
transitivity of quantum non-locality

A x—> B
-

Jean-Daniel Bancal Tomer Barmea Nicolas Gisin Yeong-Cherng Liang

2013
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Can Communication Explain the Correlations?

instantaneous

A hidden influences > B

Also unsatisfactory: Fine-tuning required
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Explaining Correlations in a Causal Structure
1) Common Cause

A B
\C/

2) Influence

A > B

3) Drop the Causal Structure?

1956

Hans Reichenbach
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Explaining Correlations in a Causal Structure

The law of causality is a
relic of a bygone age,
surviving, like the
monarchy, only because
it is erroneously
supposed to do no harm

Bertrand Russell
1913

Drop the Causal Structure?
1956

Hans Reichenbach
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Oreshkov Costa Brukner Baumeler Feix
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Causality and Randomness

future

Colbeck

p a St Renner

Ais freeifitis
independent of C and D
(of all except its future)
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Randomness

How to define it intrinsically?
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Randomness

How to define it physically?

"Information Is Physical"

1961
Rolf Landauer
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