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Bell, Wigner

Wigner's friend

iIs Emanuele really in a superposition?

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?

a problem with the quantum description

similar situation as with EPR... quantum theory said the outcomes were random, but there was a
local hidden variable model for the the EPR correlations
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violations of certain inequalities in conflict
with intuitive metaphysical assumptions

extended Wigner's friend scenario

cbi

A No-Go Theorem for Observer-Iindependent Facts

by Caslav Brukner 1.2 &
Entropy 2018, 20(5), 350; https://doi.org/10.3390/e20050350


https://doi.org/10.3390/E20050350
https://doi.org/10.3390/E20050350

A “thoughtful” Local Friendliness no-go theorem: a prospective

extended Wigner's friend

other theorems
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plan

* local friendliness theorem

 constraints on interpretations: relation to Bell

e causal modelling
e classical causal modelling cannot explain Bell inequality violations
e solution: (post) guantum causal modelling

 causal modelling cannot explain LF inequality violations
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LF inequalities .
If observers can be treated as

quantum systems
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closing remarks

experimental realisations
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SCIENCE ADVANCES | RESEARCH ARTICLE : e Towards violations of Local Friendliness with
A strong no-go theorem on the Wigner's friend
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Experimental test of local observer independence paradox - o
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metaphysical assumptions

Bell's theorem
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[1] Wiseman and Cavalcanti (2015) Causarum Investigatio and the Two Bell's Theorems of John Bell. Quantum [Un]speakables |l
[2] Cavalcanti and Wiseman (2021)_Implications of Local Friendliness violations for guantum causality, Entropy 23, 8
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iImplications for interpretations

metaphysical assumptions

S dropping the same assumption:
_ - pilot wave theory (aka Bohmian mechanics)
: R local causality deter[r)r:ier;ation - superdeterministic models

' - Everettian QM (aka many worlds)

oS interpretations resolving all theorems by
absoluteness of | causal arrow principle
® e ’,I'

A
A
)

L

LF inequalities Bell inequalities

- - Copenagen(ish) interpretations forced to drop
| a different assumption in each theorem

no
superdeterminism

"no-interpretation" interpretation not good anymore
— need to talk about what happens to different observers

alternatively, modify QM: spontaneous collapse, observers / consciousness fundamental



remarks

 EWF stands to WF like Bell stands to EPR

 observations of friend play the role of the hidden variables of Bell
* violations of LF inequalities already happened, but for small systems
 what is a good friend? ---> theory of observation
* |letting go of absoluteness of observed events:
 what does it mean? how does it happen?

flab|xy) = ) p(abc|xy)
* assumption in Bell, revise? ZC:

pla=clx=1)=1
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classical causal modelling

classical causal modelling Bell

CAUSALITY

> SECOND EDITION
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» causal explanation

causal structure ‘

+ I MODELS, REASONING,
|

, compatible probability distribution ‘

) JUDEA PEARL

causal structure = a directed acyclic graph (DAG) (cause and effect relations)

compatibility = Markov conditions =~ variables depend only on direct causes

used in medicine, economics, epidemiology, sociology, Al, etc...


https://bayes.cs.ucla.edu/BOOK-2K/

classical causal modelling Bell

Bell DAG
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classical causal modelling Bell

alternative causal models

superluminal causation superdeterminism retrocausality

NI/ N NI/ N
w [ L/

compatible with Bell inequality violations... BUT in tension with Bell's assumptions (of course)

AND ALSO finetuned explanations




no finetuning principle

classical causal modelling Bell
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classical causal modelling Bell
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no finetuning principle

classical causal modelling Bell
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no finetuning principle

classical causal modelling Bell
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classical causal modelling Bell

alternative causal models

superluminal causation superdeterminism retrocausality
/AN /B /A /B
compatible with Bell inequality violations... BUT finetuned explanations Bl1L,X|Y

requires more explanation



classical causal modelling Bell

PAPER - OPEN ACCESS

Wood-S pe kkens theorem AUt corslations: cavesl xpianations o
quantum correlations: causal explanations of Bell-
inequality violations require fine-tuning

Christopher J Wood and Robert W Spekkens

New Journal of Physics, Volume 17, March 2015
Citation Christopher J Wood and Robert W Spekkens 2015 New J. Phys. 17 033002
DOI 10.1088/1367-2630/17/3/033002

K N
| l

all classical causal models J
for Bell inequality violations are finetuned ;'

\ ) | 4

(no need for spacelike separation!)

Al Y‘X no finetuning A J‘d YlX Markov
BL1X|Y — BLl,X|Y —

observations causal structure observations
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Wood-Spekkens solution

classical causal modelling Bell

The lesson of causal discovery algorithms for
quantum correlations: causal explanations of Bell-
inequality violations require fine-tuning

Christopher J Wood and Robert W Spekkens

New Journal of Physics, Volume 17, March 2015
Citation Christopher J Wood and Robert W Spekkens 2015 New J. Phys. 17 033002
DOI 10.1088/1367-2630/17/3/033002
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Wood-Spekkens solution
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>/\ — B 1X]|Y
—~ Bell inequalities
— Tsirelson bound

p(abxy) = tr EaEbez p(x)p(y)

quantum causal modelling Bell
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post-quantum
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2024-09-26, volume 8, page 1485
Relating Wigner's Friend Scenarios to

Nonclassical Causal Compatibility, Monogamy
Relations, and Fine Tuning

Marina
Maciel Ansanelli

Elie David Eric Gama
Wolfe Schmid Cavalcanti




post-quantum causal modelling

post-quantum causal modelling

GPT circuit

/\ /\ generalised

M k d - t -
A probability distribution over observed nodes,
denoted as P(obs(G)), is GPT-compatible!? with a
given causal structure G if and only if it can be
generated by a GPT in the way prescribed by G,

namely, if and only if there exists a GPT T such that:
- a system in T is associated to each edge that
starts from a latent node in G,
for each latent node Y and for any value of
its observed parents, denoted Opa(Y’), there is
a channel Cy(opa(Y)) in T from the systems
associated with latent-originating edges incoming
to Y to the composite system associated with all
edges outgoing from Y,
for every value z of an observed node X, and
for any value opa(X) of its observed parents
Opa(X), there is an effect Ex(z|opa(X)) in
T on the system composed of all systems
PAPER * OPEN ACCESS associated with edges incoming in X, such that
> Ex(z|opa(X)) is the unique deterministic
effect on the systems associated to edges coming
from latent nodes to X,

Theory-independent limits on correlations from e o ) (abxy) — (Eal I X Eb\y) [,0] p(X)p(y)

] ] Note that the theory T may contain several system
e n e ra | IZed B a e S I a n n etWO rk S types, e.g., including also classical ones. According
y to these definitions above, an observed node with

no latent parents is simply associated with a

(conditional) probability distribution (a set of effects
on the trivial system that sum to the unique

. . . deterministic effect on the trivial system), while a
TO Clte thls art|C|e: JOG HenSOn et al 201 4 NeW J. Phys. 16 1 13043 latent node with no latent parents isyassoc)iated to a
classically-controlled state over the relevant systems

(i.e., a controlled deterministic channel from the
trivial system).
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post-quantum causal modelling LF scenario
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post-quantum causal modelling LF scenario
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post-quantum causal modelling LF scenario

LF DAG no good

causal structure /\ GPT circuit

generalised
Markov condition
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post-quantum causal modelling LF scenario

alternative causal models

superluminal causation superdeterminism retrocausality

allow for LF inequality violations BUT in tension with LF assumptions (of course)

AND ALSO finetuned explanations




post-quantum causal modelling LF scenario

our theorem
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post-quantum causal modelling LF scenario

Veronika protocol
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post-quantum causal modelling LF scenario
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post-quantum causal modelling LF scenario
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C LXY ?



post-quantum causal modelling LF scenario

our theorem

I R o - '
| all GPT-causal models J
for LF inequality violations are finetuned ;'

——— 7 - o N 77 | ‘//

\ N —

(no need for spacelike separation!)

observations causal structure observations

Al Y‘X A J‘d YlX generalised

no finetuning Markov
BLX|Y — BL1l,X|Y —

CLlXY CLl,XY




post-quantum causal modelling LF scenario

our paper

( Yuantum

2024-09-26, volume 8, page 1485
Relating Wigner's Friend Scenarios to

Nonclassical Causal Compatibility, Monogamy
Relations, and Fine Tuning

i+ LF inequalities as monogamy relations |

e generalisation past GPT-causal models

—_—
e — =

e d-sep causalmodels (A L1,B|C = ALB|C)

—_— e —

e cyclic causal models
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giving up absoluteness of observed events

relative facts?

-l

X Charlie

absoluteness of

observed events

Bob arXiv:2402.08727v2 (quant-ph)

[Submitted on 13 Feb 2024 (v1), last revised 20 Jan 2025 (this version, v2)]

On the significance of Wigner's Friend
in contexts beyond quantum

~ -

flab|xy) = ) p(abc|xy)
p(azc\x; 1)=1

Open Access J| Editor’s Choice J Article

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

—_—— D

i disturbance

pla=clx=1)#1

disturbing Charlie
too much

foundation : .
oundations by Gilles Brassard 1.2." & and Paul Raymond-Robichaud 1." &

Entropy 2019, 21(1), 87; https://doi.org/10.3390/21010087

Caroline L. Jones, Markus P. Mueller

. e ——

relative facts |

flab|xy) # Y p(abc|xy)

flab|xy) # ) plabc|xy)
p(a=c\xc= 1)=1 C

two or more Charlies in the box,
no way to unambiguously

Interference sign of relational facts
9 identify the value of C

no sense to ask "what was the value of C ?"

without actually asking Charlie LF violation due to interference

Interference effects delete information of these two localised worlds


https://arxiv.org/abs/2402.08727v2
https://doi.org/10.3390/e21010087
https://doi.org/10.3390/e21010087

thank you for listening

closing remarks

x=1 = a=c
1

Alice

> 1o
x..@..:b
-
> g
>t

~ -
o
o
O
==

EWFS stands to WF like Bell stands to EPR

Alice Bob
X Charlie O\f]
EWFS even stronger challenge to causal

modelling /A\ /B\ A

 is there a further generalisation?

letting go of absoluteness of observed O

events: what does it mean, exactly? ——
observed events

violations of LF inequalities already —— r

happened, but for small systems ” Sl

 what is a good friend? p— —
Inequaillities ell inequalities
---> theory of observers __

no
superdeterminism



