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No-conspiracy:

s In a physical experiment measurement settings should
be probabilistically independent of the elements of reality
responsible for the measurement outcomes.




No-conspiracy:
s an assumption of the derivation of the Bell inequalities
» sometimes connected to the problem of free will




Names on the market:
» “conspiratorial entanglement” (Bell)
s “hidden autonomy” (Van Fraassen)
» “Independence assumption” (Price)
s “free will assumption” (Tumulka)
» “measurement independence” (Sanpedro)
» “no-conspiracy” (Budapest and Krakdéw school).




Question:
» What role does no-conspiracy play in a physical theory?




Outline:
I. The ontology of experiment
Il. No-conspiracy
lll. Separability, compatibility and locality







An empiricist frame:
» Physical theory = formal system + semantics
s Semantics: fixes the ontological types and tokens
» We are interested here in events
s Event algebra: constructed from event types




Experiment:

2

2

Token events: runs of the experiment

Measurement event types: measurement settings +
measurement outcomes

Probabillity: long-run relative frequency

All we see are correlations between measurement event
types
Elements of reality: properties and propensities




A toy model:

» A box containing colored dice
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A toy model:

» Measurement settings:
s a1: color
s az: number
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A toy model:

» Measurement settings:
s a1: color
s az: number

» Measurement outcomes:
» Ai: black
. A%: white
., Al: the upper face is ;
» Probability: relative frequency:

#(A% A\ al)
#(a1)

p(Aflar) =




A toy model:
s Why is the dice black?
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A toy model:
s Why is the dice black?
» Properties:

2. i

2 » color A black = black

p(Ajlar A at) = i




A toy model:
» Why does the outcome 6 come
up with probability p?




A toy model:

: » Why does the outcome 6

R come up with probability p?
» Propensities:

S . aj: first mass distribution

. a3: second mass distr.




A toy model:

Al ol
i : » Why does the outcome 6
. 1 come up with probability p?
» Propensities:
N . aj: first mass distribution
Az O . .
, . a5 second mass distr.
a
. » number A first mass distr. —
probability of the upper faces
Af as p(A*;|a2 A ozl2) — qjl
2
gy

where 3. ¢ =1




Ontology:




Ontology:

AL aj .
) Measurement event types:
a
S » Settings:
» color, number
A8 ol » Outcomes:
) s black, white, six upper faces
a U1
2
Al a%




Ontology:

A% a%
) Measurement event types:
a, U :
L s Settings:
s color, number
A8 ol » Outcomes:
) s black, white, six upper faces
a Y1 .
Elements of reality:
» Properties:
A7 a2 » black, white
a, O1 s Propensities:

» first, second mass distr.




Remarks:

1. A property is a special propen-
sity with conditional probability
O0orl.

2. Propensity is not something
the notion of probability should
be reduced to.







No-conspiracy:

plai Aag Aol Aab) =
plar A az) p(af A ab)




No-conspiracy:

A% a%
a, Ol plai Aag Aol Aab) =
p(ar A ag) p(af A ab)
» Consequently:
AS al g y
o p(Aila) = plag)
% ' 6 61 1 62 ;92
p(Asla2) = ¢ pla3) + ¢ play)
A% a%




No-conspiracy:

» Since relations between mea-
surement events mirror only re-
lations between elements of
reality, therefore the semanti-
cal role of measurement set-
tings and measurement out-
comes gets downplayed.




Question:

» Is no-conspiracy a kind of Kantian “condition of the
possibility of experience”?




Answer: No.

» Example 1. Upon drawing the color black is wearing off
the dice and they all turn white.

s Example 2. Dice of the second mass distribution are too
heavy to be tossed so you rather perform a color
measurement.




Question:
» When can we adopt no-conspiracy in a physical theory?







Separability:




Separability:
» Bohr’s doctrine on the primacy of classical concepts:

“It is decisive to recognize that, however far the phenomena
transcend the scope of classical physical explanation, the
account of all evidence must be expressed in classical
terms.” (Bohr, 1949)




Separability:
» Bohr’s doctrine on the primacy of classical concepts:

“It is decisive to recognize that, however far the phenomena
transcend the scope of classical physical explanation, the
account of all evidence must be expressed in classical
terms.” (Bohr, 1949)

» Howard: Bohr's classicality = separability

“...for Bohr, classical concepts are necessary because they
embody the assumption of instrument-object separability,
and that such separability must be assumed, in spite of its
denial by quantum mechanics, in order to secure an
unambiguous and thus objective description of quantum
phenomena.” (Howard 1994)




Separability:
s Separability:

plai Aay) = Mip(ar)plor) + Aiplar) p(~aq)
+A3p(~ar) plat) + Ay p(~ay) p(~ai)

with \; € [0,1] and 37, A =1




Separability:
s Separability:
plar Aay) = Arp(ar) p(eg) + A plar) p(~oq)
+A3p(~ar) p(ay) + Aap(~ar) p(~aj)
with \; € [0,1] and 37, A =1
» No-conspiracy:

plar Aay) = plar)p(ay)




Separability:
s Separability:

plar Aay) = Arp(ar) p(eg) + A plar) p(~oq)
+A3p(~a1) plal) + M p(~ar) p(~aq)
with \; € [0,1] and 37, A =1
» No-conspiracy:
plar Aat) = plar) p(aq)

s Separability (classicality) is too weak to back
no-conspiracy!




Compatibility:
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“...no element of a physical situation, no matter how
apparently irrelevant or trivial, may be dismissed as without
effect on the final result until proved to be without effect by
actual experiment.” (Bridgman 1958)




Compatibility:
» Suppose we perform a; A as and find

incompatibility : p(At|a1 A as) # p(Ailar)

» Purist strategy: Correct measurements settings: a; A ao,
ai\~as,~ai N as, and ~aiA~ao

“...no element of a physical situation, no matter how
apparently irrelevant or trivial, may be dismissed as without
effect on the final result until proved to be without effect by
actual experiment.” (Bridgman 1958)

» We are back to the single case measurement!




Y



Locality:

» No-conspiracy

p(ar A a1) = plar) p(oy)
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Locality:
II » No-conspiracy
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Locality:
@ » No-conspiracy
1

p(a1 A aq) = plar) p(aq)

! » Jokenwise causal connection

CI

&
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Locality:
@ » No-conspiracy

p(ar A aq) = plar) p(at)

» Tokenwise causal connection
» Spacelike separation does not

help

CI

&
=5




1. A physical theory is a formal system plus a semantics
connecting the formal system to the world.

2. The semantics has to minimally specify what event types
inhabit the world.

3. Event types can be of two sorts: measurement events
(settings and outcomes) and elements of reality
(properties and propensities).

4. The probability of an event type is simply the long-run
relative frequency of the token events instantiating the
event type in question.

5. In an experiment the token events are the runs of the
experiment.



10.

. No-conspiracy is the requirement that elements of reality

should be probabilistically independent of the
measurement settings.

. There is no a priori guarantee that no-conspiracy holds.
. If it does, probabilistic relations between the

measurement events mirror only the relations between
the elements of reality.

. This licenses physics to forget about measurement

settings and measurement outcomes and talk directly
about elements of reality.

No-conspiracy can be naturally related to separabillity,
compatibility and locality but none of them helps us.



No-conspiracy:

» In certain physical situations one can postulate that the
elements of reality and the measurement settings are
both causally and conceptually independent. This can
be checked only on a case-by-case basis.
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