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is Emanuele in a superposition?

what does it feel like to be in a superposition?

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

it must just be a matter of lacking information, not a real superposition... right?
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The observations of Wigner and his 
friend generate a permanent record in 
the form of detector clicks or pointer 
positions. As such, it is tempting to assume 
they both exist jointly as objective events. 
Mathematically, this would mean that a 
joint probability may be assigned to them. It 
was recently proposed1,2 to test this notion 
by extending the Wigner’s friend thought 
experiment into a scenario to verify the 
compatibility of quantum mechanics with 
the idea of local hidden variables7: two 
separated parties each choose between two 
or more measurement settings to measure 
correlations between entangled pairs of 
particles. Although, in a single run, each 
party can measure only one observable, 
with local hidden variables it is possible to 
assign a joint probability for their full set of 
potentially measurable observables. If local 
hidden variables exist, the correlations must 
be constrained to satisfy the so-called Bell 
inequalities. Loophole-free experiments 
have confirmed the violation of the Bell 
inequalities, invalidating the local hidden 
variable approach to establishing objective 
outcomes for all possible measurements8.

The extended Wigner’s friend thought 
experiment1,2 (Fig. 1) features two spatially 

separated research laboratories, each with 
a friend inside (Charlie and Debbie) and 
a superobserver outside (Alice and Bob, 
respectively). Charlie and Debbie share 
an entangled pair of particles, which they 
measure in their laboratories. Alice and Bob 
then choose between two measurement 
settings. They either simply open Charlie’s 
and Debbie’s laboratory respectively, asking 
the friends to report their measurement 
outcomes, or they follow the original 
Wigner thought experiment and perform 
superobserver measurements on the 
actual laboratories. Importantly, in the 
second setting all potentially measurable 
observables are actually measured by four 
observers. This gives a convincing rationale 
for the assumption that a joint probability 
for all four measurements exists. Following 
the same reasoning as in the local hidden 
variable approach, the correlations must 
satisfy the Bell inequalities1,2. One of these 
inequalities, with two measurement settings 
per party and binary outcomes, was violated 
in a six-photon experiment4, supporting the 
conclusion that no joint probability exists 
and the superobservers’ and the friends’ 
records are fundamentally incompatible. 
However, for some measurement settings 

the argument still assumes that definite 
outcomes are also assigned to unperformed 
measurements. This leaves open the 
possibility of absolute objectivity for actually 
observed outcomes.

In their new work, Bong and co-workers6 
started from a set of assumptions that is 
less restrictive than assuming the existence 
of local hidden variables (Fig. 1), which 
they call ‘local friendliness’, and derived 
associated inequalities that allow for 
absolute objectivity without involving 
outcomes of measurements that were not 
performed. They proved that the set of 
local friendliness correlations is a strict 
superset of the set of local hidden variable 
correlations, such that it is possible for 
quantum correlations to violate a Bell 
inequality while satisfying all the local 
friendliness inequalities. With only three 
measurement settings per party and binary 
outcomes, quantum correlations already 
violate the local friendliness inequalities. 
The authors demonstrated the anticipated 
violation in a proof-of-principle experiment 
with a pair of photons, where each photon’s 
polarization corresponded to the systems 
measured by Charlie and Debbie and the 
photon paths took the roles of Charlie and 
Debbie themselves.

The argument by Bong and co-workers 
puts the strongest constraints so far on 
the possibility that observed facts are 
absolute, rather than relative to observations 
or observers. There are interpretations 
of quantum mechanics that reject the 
absoluteness of events, as well as those 
that retain it while violating different 
assumptions of the argument9.

A more conclusive experimental 
demonstration would require the friend 
to be a system with the ability to account 
for a primitive notion of an observer. 
Unfortunately, this is physically impractical. 
Extending the experiment from photons 
to mesoscopic or macroscopic quantum 
systems would not close the gap unless 
objectivity of the observed events is restored 
by a collapse, as postulated by some 
modifications of quantum mechanics10. To 
develop more convincing tests, the friends 
might be replaced by systems with increasing 
levels of complexity, or undergoing 
thermodynamically irreversible processes, 
which characterize the redundancy and 
permanency of physical facts.

That one of our most precise scientific 
theories might actually be based on 
subjective facts at its most fundamental 
level raises deep philosophical questions 
about the fundamental nature of reality. The 
hope, however, is that our experiences and 
decisions in the macroscopic world remain 
based on objective facts. ❐
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Entangled
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Fig. 1 | The extended Wigner’s friend thought experiment. The friends, Charlie and Debbie, are isolated 
in separate laboratories. They each measure one particle from an entangled pair, obtaining the outcomes 
c and d. Two superobservers, Alice and Bob, are placed outside the laboratories and perform space-like 
separated measurements with outcomes a and b. They choose either to open the laboratories and read 
out Charlie’s and Debbie’s outcomes, or to perform large interferometric measurements on the entire 
laboratories of Charlie and Debbie, respectively. Bong and co-workers5 showed that the conjunction of 
three reasonable assumptions — no-superdeterminism (the choices of measurements are independent 
of the rest of the experiment), locality (the outcomes are independent of the measurement choice in 
the distant laboratory) and absoluteness of observed events (an observed event is a real single event, 
and not relative to anything or anyone) — is in contradiction to quantum theoretical predictions and 
their proof-of-principle experiment. Consequently, at least one of the assumptions is violated in nature. 
Credit: G. Rubino.
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Č. Brukner DOI:10/gp9dn7

http://www.doi.org/10/gdq8td
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A no-go theorem

f(ab |xy) = ∑
c,d

f̃(abcd |xy) f̃(cd |xy) = f̃(cd) f̃(a |cdxy) = f̃(a |cdx)

Incompatible with QM!

Absolute 
events

No super-
determinism Locality

LF inequalities

Observed frequencies

f(ab |xy)
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Causal models

This DAG imposes the LF inequalities via the d-separation rule.

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

Essentially the only DAG compatible with the assumptions in 
the LF no-go theorem.

 (post-)GPT causal modelling cannot explain LF inequality violations.⟹
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How to cope
No-interpretation interpretation not good anymore

Modify QM: Spontaneous collapse, fundamental observers

Bohmian mechanics solves this and Bell the same way

Superdeterministic theories too

Embrace relative facts!

No super-
determinism Locality

LF inequalities

Absolute 
events
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Experimental realisations?

but... are photons friends? yes for RQM!  
what is a better friend?
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Relational Quantum Mechanics

Motivations
• 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

Origins

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.”

https://link.springer.com/article/10.1007/BF02302261


Relational Quantum Mechanics

New formulations



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

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

Relative values, aka relative facts.



Relational Quantum Mechanics

Relative facts
When two systems interact, variables take values, aka facts

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

Relative values, aka relative 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

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

Relative values, aka relative 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

Key Claims
1. Facts can happen relative to any system

2. No hidden variables

3. Relations are intrinsic

4. Comparisons can only be made relative to a given system



Relational Quantum Mechanics

Key Claims
1. Facts can happen relative to any system

2. No hidden variables

3. Relations are intrinsic

4. Comparisons can only be made relative to a given system

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



Relational Quantum Mechanics

Key Claims
1. Facts can happen relative to any system

2. No hidden variables

3. Relations are intrinsic

4. Comparisons can only be made relative to a given system

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

6. "Shared" facts
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P (a(W)) ≠ ∑
i

P(a |bi)P(b(F)
i )

Interference effects are a sign of the relativity of facts
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|ψ⟩ = ∑
i

αi | i⟩S ⊗ |Fi⟩F ⊗ |ψi⟩E

⟶ ρ = trE |ψ⟩⟨ψ | = ∑
i

|αi |
2 | i Fi⟩⟨i Fi | + O(ϵ)

ϵ = max
i≠j

|⟨ψi |ψj⟩ |2
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Stable facts

P (a(W)) ≈ ∑
i

P(a |bi)P(b(F)
i )

ρ ≈ ∑
i

|αi |
2 | i Fi⟩⟨i Fi |

P(b(F)
i ) := |αi |

2
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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. 

⟶ |2⟩ |F2⟩∑
i

|αi |
2 | i Fi⟩⟨i Fi |
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Sharing facts?

nothing more to say: 

describe physics from 
one perspective only

cross-perspective link: 

measuring "reveals" the 
value of the relative fact

∑
i

|αi |
2 | i Fi⟩⟨i Fi | ⟶ | i2⟩ |F2⟩
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Emergence of objectivity

Decoherence makes it look as if we share facts. 

Decoherence is never complete. 

Decoherence is relational: it depends on the couplings. 

Systems can be in different stability classes.
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Facts, not states

| ↑z ⟩S |ψ0⟩F + | ↓z ⟩S |ψ1⟩F

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

Not necessarily.

| ↑x ⟩S | ψ̃0⟩F + | ↓x ⟩S | ψ̃1⟩F=

When F is macroscopic, we know what variable has been measured, but 
when F is microscopic, how do we decide?
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Consistency of relative facts

Alice measures them on the  basis. 
Get outcomes .

z
𝒜i

Bob measures the spins and 
Alice on the  basis. Gets 
outcomes .

y
ℬi

Three qubits are prepared in the GHZ state.

𝒜i

ℬi
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(𝒜1)2(𝒜2)2(𝒜3)2(ℬ1)2(ℬ2)2(ℬ3)2 = − 1

⟹

ℬ1ℬ2ℬ3 = + 1

𝒜1𝒜2ℬ3 = − 1

𝒜1ℬ2𝒜3 = − 1

ℬ1𝒜2𝒜3 = − 1



Relational Quantum Mechanics

The consistency of relative facts

ℬ1ℬ2ℬ3 = + 1

𝒜1𝒜2ℬ3 = − 1

𝒜1ℬ2𝒜3 = − 1

ℬ1𝒜2𝒜3 = − 1

No observer has access to all these facts.

An observer can compute at most one of these formulas 

Predictions about single observers are consistent.

But the "list of all relative facts" is 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.

• Story not completely worked out.
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Some open questions
1. How to really make sense of relative facts?

2. Can we live without merging perspectives?

3. Revise the resolution of Bell's theorems.

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

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

6. What is a credible "Friend" for EWFS experiments?



thank you!


