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Wigner's Friend Scenario

is Emanuele in a superposition?

what does it feel like to be in a superposition?

but whenever | look In the lab, | see him in a definite state

it must just be a matter of lacking information, not a real superposition... right?
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This DAG imposes the LF inequalities via the d-separation rule.

the LF no-go theorem.

Every DAG that allows the violation of the LF inequalities is
fine-tuned (even cyclic ones).

A @ A Essentially the only DAG compatible with the assumptions in

— (post-)GPT causal modelling cannot explain LF inequality violations.
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No-interpretation interpretation not good anymore

Modify QM: Spontaneous collapse, fundamental observers

Bohmian mechanics solves this and Bell the same way

Superdeterministic theories too

Absolute No super- :
. . Locality
events determinism
‘ / Embrace relative facts!

LF inequalities
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* No need to modify QM: unitary evolution and Born rule are both correct
- Relationalism: reality is made via interactions (participatory realism)

- Perspectivalism: embrace Wigner's friend scenario

- Naturalism: no fundamental role of observers or conscious agents

* No inaccessible realities: no hidden variables, or parallel worlds

- Relativity and time-symmetry: wavefunction only used for inference
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Relational quantum mechanics

Carlo Rovelli

International Journal of Theoretical Physics 35, 1637-1678 (1996)

deriving the formalism from a set of simple physical postulates

quantum mechanics in terms of information theory

Incorrect notion: “observer-independent values of physical quantities.”
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Relational Quantum Mechanics is About Facts, Not States:
A Reply to Pienaar and Brukner
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Andrea Di Biagio' © - Carlo Rovelli***



Relational Quantum Mechanics

Relative facts




Relational Quantum Mechanics

Relative facts

When two systems interact, variables take values, aka facts



Relational Quantum Mechanics

Relative facts

When two systems interact, variables take values, aka facts

Relative values, aka relative facts.



Relational Quantum Mechanics

Relative facts

When two systems interact, variables take values, aka facts

Relative values, aka relative facts.

The quantum state Is assigned based on these facts, and used to compute
probabilities of other facts.



Relational Quantum Mechanics

Relative facts

When two systems interact, variables take values, aka facts

Relative values, aka relative facts.

The quantum state Is assigned based on these facts, and used to compute
probabilities of other facts.

A third system infers an entangled state, but no facts relative to them.



Relational Quantum Mechanics

Relative facts

When two systems interact, variables take values, aka facts

Relative values, aka relative facts.

The quantum state Is assigned based on these facts, and used to compute
probabilities of other facts.

A third system infers an entangled state, but no facts relative to them.




Relational Quantum Mechanics

Key Claims




Relational Quantum Mechanics

Key Claims

1. Facts can happen relative to any system



Relational Quantum Mechanics

Key Claims

1. Facts can happen relative to any system

2. No hidden variables



Relational Quantum Mechanics

Key Claims

1. Facts can happen relative to any system
2. No hidden variables

3. Relations are intrinsic



Relational Quantum Mechanics

> 0O Db

Key Claims

. Facts can happen relative to any system

No hidden variables
Relations are intrinsic

Comparisons can only be made relative to a given system



Relational Quantum Mechanics

a & W Db

Key Claims

. Facts can happen relative to any system

No hidden variables
Relations are intrinsic
Comparisons can only be made relative to a given system

Interactions between two systems results in correlations relative to a
third system



Relational Quantum Mechanics

a & W Db

Key Claims
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Relations are intrinsic
Comparisons can only be made relative to a given system

Interactions between two systems results in correlations relative to a
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"Shared" facts
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P (a(W)) =+ Z P(a| bl-)P(bl.(F))

Interference effects are a sign of the relativity of facts
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Sharing facts?

Do we see the same facts?

If Friend measures a system S and Wigner measures the system on the
same basis, do they see the same outcome?

QM predicts that the outcome of Wigner's measurement is compatible with
what he sees that Friend saw.

D |G PliFXiFil — [2)| Fy)
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Sharing facts?

D | PliFXiF| — |b) | Fy)

Foundations of Physics (2022) 52:62

https://doi.org/10.1007/s10701-022-00579-5 arXiv:2203.13342 (quant-ph)
[Submitted on 24 Mar 2022 (v1), last revised 14 Apr 2022 (this version, v2)]
Relational Quantum Mechanics is About Facts, Not States: Information is Physical: Cross-Perspective Links in
A Reply to Pienaar and Brukner Relational Quantum Mechanics
Andrea Di Biagio' © - Carlo Rovelli®*** Emily Adlam, Carlo Rovell
nothing more to say: cross-perspective link:
describe physics from measuring "reveals" the

one perspective only value of the relative fact
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Emergence of objectivity

Decoherence makes it look as if we share facts.
Decoherence is nhever complete.
Decoherence is relational: it depends on the couplings.

Systems can be in different stability classes.

S
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Does this imply that the 7 spin is a fact for friend?

Not necessarily.

When F is macroscopic, we know what variable has been measured, but
when F is microscopic, how do we decide?
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Three qubits are prepared in the GHZ state.

Alice measures them on the 7 basis.
Get outcomes .

Bob measures the spins and
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The consistency of relative facts

No observer has access to all these facts. @1%2%3 — iy |

An observer can compute at most one of these formulas /4 1527 299 3 = — 1

oA\ By = — 1

3 ot =
Usa, Usa, Us s

Predictions about single observers are consistent.

But the "list of all relative facts" i1s odd.
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Summary

 No-Go theorems for Wigner's Friend scenario pose a challenge stronger
than Bell's theorems.

 Experimentally underway.
 Relational Quantum Mechanics embraces relative facts.
« Decoherence hides the relationality.

o Story not completely worked out.
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Some open questions

1. How to really make sense of relative facts?

Can we live without merging perspectives?

Revise the resolution of Bell's theorems.

GPTs, W-matrix, QRFs do not deal with relative facts.

LF no-go theorem is a big challenge for causal thinking.

o O &~ W Db

What is a credible "Friend" for EWFS experiments?
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