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QF: study of the counterintuitive properties of QM

1. Finiteness. If a system carries one bit of information, then each state is
characterised by the outcome probabilities of a finite set of measurements.

2. Local tomography. The state of a composite system is fully characterised
by the statistics of measurements performed on the subsystems.

3. Equivalence of subspaces. Systems that carry the same amount of infor-
mation have isomorphic state spaces.

4. Symmetry. Any pure state can be reversibly transformed into any other pure
state.

5. All measurements are allowed. Every mathematically well defined effect

° on a system carrying one bit corresponds to a possible measurement.
Reconstructions
Violation of causal inequalities of quantum theory

from physical principles
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Local Operations and Classical Communication cannot
create entanglement.

A‘G |B

"If A and B get entangled by
Ip interacting only with G, then G
G cannot be classical."

Ix

Formalised in QI and GPTs.

4 |c |B

The experiment can rule out a class of theories.
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* COS S S S S
1S [xll, X532, Flxt, x22]]

h

¢(Sla S2) —

* Phases are actions, have the same symmetries
* Gauge-invariant + Lorentz covariant (manifestly local)

* Can be computed for arbitrary particle trajectories.
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If superposition happens in spacelike
\ separated regions = no entanglement!

Signal of the superposition needs time to

propagate casually between masses.
3]

Signal of the superposition needs time to
propagate casually between masses.

Smaller deviations due to retarded interaction could be measured in
electron interferometry—for the EM casel
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* Part II: Conceptual investigations
* The arrow of time in operational formulations of QT

* The relational interpretation of QM.



N Tcosions |

Operational formulations of QM are strongly time-oriented.

Quantum states are associated with the past of a system.

Probabilities are about future results.

,0:] "l M,

In tension with time-reversal symmetry of the rest of fundamental physics.

An 1ssue for the reconstructions of quantum mechanics.
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— Resolution h

Does quantum uncertainty imply time orientation?

No.

Then why are certain formulations of quantum theory time-oriented?

They are designed to describe the interaction of macroscopic
thermodynamical systems with quantum systems.

We remember the past, but not the future.
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Unitary evolution 1s inference symmetric.
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— Inference Symmetry h

A process @ is inference symmetric if:
Ppre(xj | ai9 (I)) — Ppost(ai | xja CI))

for any choice of bases.

A kind of passive time-reversal symmetry.
Unitary evolution 1s inference symmetric.

Quantum channels are not inference symmettric.

The inference asymmetry of quantum channels is
understood as an asymmetry in the inference data.
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I ¥ hy the asymmetry? [i

Time-asymmetry due to the users of QM.

QI is about correlations established between agents.

The agent is not explicitly modelled by the theory, but
represented in the mathematical objects in the theory.
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’

theory: A map of madness

Adan Cabello

Interpretations of quantum mechanics:

- Surprisingly different pictures of the world
- Designed to give the same predictions (except for objective collapse)

- But experimental metaphysics caz put constraints on them.
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Put constraints on various features of an interpretation.

Bell's 1967 theorem says QM is
incompatible with:

- Relativistic causality

- Reichenbach's principle of
decorrelating explanation P(ab|c) = P(a|c)P(b|c)

- No Superdeterminism
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Put constraints on various features of an interpretation.

Bell's 1967 theorem says QM is
incompatible with:

- Relativistic causality

- Reichenbach's principle of
decorrelating explanation P(ab|c) = P(a|c)P(b|c)

- No Superdeterminism

Implicit assumption: Absoluteness of observed events



I No-Go theorems [

Recent theorem by Bong ez.al. shows that
QM 1s incompatible with

- Locality

- No Superdeterminism

- Absoluteness of observed events - -

Article | Published: 17 August 2020 ((& ,)

A strong no-go theorem on the Wigner’s
friend paradox

Kok-Wei Bong, Anibal Utreras-Alarcén, Farzad Ghafari, Yeong-Chermng

Liang, Nora Tischler &, Eric G. Cavalcanti &), Geoff J. Pryde & Howard
—— D

M. Wiseman
Nature Physics 16,1199-1205 (2020) | Cite this article Q d
=
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.  RQM

Relational Quantum Mechanics is an interpretation of QM that
embraces the relativity of facts.

In RQM, facts are relations established between two systems.

What 1s a fact relative to a given system might not be a fact
relative to another.

"Wigner's facts are not necessarily his friend's facts"

Facts can happen relative to any physical system.



.  RQM

How does the classical world emerge from the world of relative facts?

To what extent the relativity of facts is analogous with special relativity?

How can objectivity be achieved when facts are not shared?
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