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(Traditional) framework
for realist theories
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(Traditional) framework
for realist theories

= “hidden variable theories” = “ontological models”
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Observed

facts Unquotiented operational theory
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Observed

facts Unquotiented operational theory

Ontological model

Hypothesized A € /\ Ontic state space

explanations

The ontic state fully describes the properties possessed by a system at a
given time:
-its position, momentum, mass, charge, color...

Measurements reveal something about these properties!
A causally mediates between P and M
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Observed Unquotiented operational theory

facts
e ":]—_f_'ﬂ:) @ X
© ©
P M
p(X|M, P)
Ontological model
Hypothesized A € A Ontic state space
explanations p . w(A|P) M > £(X|M, \)
AN .
epistemic /\ R e I response
state M functions

p(X|M, P) = 5\ E(X|M, A) u(A|P)
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Are hidden variables unnecessary metaphysical baggage?

Not if they have explanatory power.
Also they may not always be hidden!
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Any unquotiented operational theory has many ontological models.

What makes an ontological model a “good explanation™?
-locality
-energy conservation
-Leibnizianity/no-fine-tuning
-respecting symmetries?
-determinism?
-etc
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The distinction between ontic
and epistemic concepts
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ontic: relating to being
about what is

epistemic: relating to knowledge
about what we know

Pirsa: 26010058 Page 11/38



Pirsa: 26010058

Ontic state

A real state of affairs

= a complete specification
of the physical properties of
a system

\ P

i

Points in phase space are
ontic states

Epistemic state

A state of knowledge
= a description of an agent’s
beliefs concerning a system

(or, a description of an ensemble
of possibilities together with their

likelihood)
m > P

Probability distributions over phase
space are epistemic states

ontic parameter = something real in the world changes when it changes
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Classifying
ontological models
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y-ontic model:

preparation procedures P¢1, sz with 1 7 o

satisfy f1(A| Py, Jpu(A|Py,) = 0 for all A

Variation of | implies a variation of the ontic state Pwl Pqu

/-—'— = \ ot
7 - - =
% // e
- = -
N Sl 1
\--.‘____ o -‘__“_ -

W-epistemic model:

Any model that is not  -ontic
3 preparation procedures P?Pl' sz with )1 & o

(N Py ) (N Py,) # O for some X Py Py,

Variation of ¢ is consistent with
no variation of the ontic state
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y-complete model:

A = projective Hilbert space Py, sz

A= a ray A
> A

p(AlPy) = 6(A — )

y—complete

y-incomplete model:
Any model that is not y-complete
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y-complete

y-incomplete

y—ontic

Py, Py,

kS >\
y—complete

P@h P¢2
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y—supplemented

y—epistemic

Py, sz

AT AN,
\/ AN

y—epistemic
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Anti-realist Realist

P-ontic Y-epistemic

-complete -supplemented

major debate: which view is correct?
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Other

Many Worlds
Anti-realist Realist
Operationalism
P-ontic Y-epistemic
e
-complete J-supplemented
Collapse theories Bohmian mechanics

major debate: which view is correct?
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Some simple ontological models
(for pure states and projective measurements on a qubit)
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ontic state space = sphere
The Beltrametti-Bugajski model

epistemic state for |n)

pn(u) = 0(u —n)

response function for [m)(m|
i
Xm-l—(u) = 5 (l4+m-u)
u .
u

/un(u)xm+(U)du = %(1 + m - n)= [(+m| +n)[?
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-state of a qubit is a classical vector pointing in the “@” direction
-a binary measurement is a noisy check if this ontic state vector is
closer to up or to down in the measured direction

S G
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This is just the orthodox
interpretation recast as an
ontological model

21
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Two different epistemic
states never overlap.

y—ontic
y—complete
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ontic state space = two spheres
The Bell-Mermin model

epistemic states _
response functions

1 form-(u+u) >0
0O otherwise.

pn(u, ') = pn(u)pn(u’) = 6(u - l1)4_17r ( ’) {
X111+ u,.u ) =

in (1.lf)

Xm-+ (u+ U—,)

u-+4u’

/un(u, u’)Xm_|_(u, u)dudu’ = % (14 m-n) = [(+m| 4 n)|?
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-outcomes are now deterministic!
-the noise has been moved into the state space

1
(') = pon (W) m(u’) = 6(u — m)- 1 form-(u+u) >0
47 N =
Xm+(u, u) = { 0 otherwise.
l]](l.lf)
m
X1n+(u == u,)
u+4u
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epistemic states never overlap

Hny (u’) — ﬂl’lg(u/)

1

S(u—nq1)é(u—ns) =0

“111 (l.l, U,)an(ua 11,) S (471')2

for all u,u’

y—ontic
y—supplemented
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ontic state space = sphere
The Kochen-Specker model

epistemic states response functions
1
n-u fornm-u>0 1 form-u>0
pn(u) = otherice Xm—i—(u) otherwise.

/un(u)xm+(U)du = %(1 + m - n)= [(+m| +n)[?

Pirsa: 26010058 Page 27/38



hins (W) fing (1)

SRS

u

unless ny = —n»o

there exist u such that #n;(W)pn,(u) #=0

y—epistemic
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Each of these is a different theory that exactly
reproduces the quantum recipe for a qubit.
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Suggested references:

Einstein, incompleteness, and the epistemic view of
quantum states
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Spekkens Toy Theory




A single system The system is really in
has four states one of these four
states at all times

« . o | (x=0pP=1)
1
0 1
P
Possible evolutions We can learn X or P
are permutations via measurement
A——* 0 1
P mmt __
4——' 0 1
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