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Forays into Realism
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Realist talk

A naive realist
- \.
\- -

Entities:
toy blocks,...

Attributes:
color, shape, taste,...

Instances of the attribute “color”:
red, blue, green,....

In mathematical theories,

attributes @ variables
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Possible features of realist theories:

A realist theory Is atomic if macroscopic entities can
be thought of as composed of fundamental entities.

A realist theory is reductionist if the state of a composite system
can be specified by specifying the state of all the fundamental
entities of which it is composed.
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More realist talk

Elements:

Fundamental entities
Attributes

Instances of attribute

Set of independent attributes

Specification of the instances of a
set of independent attributes
= state < A

State space — A
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In Newtonian physics:

Particles
Position, momentum, energy
x=0, x=1, x=2

{X, p}

A = (X=3, p=9)
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More realist talk

Elements:

Fundamental entities
Attributes

Instances of attribute

Set of independent attributes

Specification of the instances of a
set of independent attributes
= state <> A

State space — A

irsa: 09120069

In Newtonian physics:

Particles
Position, momentum, energy
x=0, x=1, x=2

{X, p}

A = (X=3, p=9)

> D
L
Page 6/47
r

I
2

A



Possible features of realist theories

A realist theory is deterministic if the law of state evolution
Is such that for each state that is possible at a given time,
there Is a unique state possible at every future and earlier time.

An intelligent being who knew for a given

instant all the forces by which nature is

animated and possessed complete information

on the state of matter of which nature consists —
providing his mind were powerful enough to analyze
these date — could express in the same equation
the motion of the largest bodies of the universe

and the motion of the smallestatoms. Nothing
would be uncertain for him, and he would see the
future as well as the past at one glance.

Pierre-Simon Laplace, 1820
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e Determinism is a counterfactual notion
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Properties: attributes that have only two instances
A property either holds or fails to hold.
They are associated with regions of the state space

P

7

&
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E(33 p)_2m+k:r

E1 < E < E5
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ay It z < =y,

Consider a(z,p)
az if 1 < z < z),

|

a3z if x > x».

Equivalently, a(z,p) = >k apxi(z,p)

where
x1(z,p) = lifz <z
= 0 otherwise,
x2(z,p) = 1ifz; <z <2
= 0 otherwise,
x3(z,p) = 1ifz >z

0 otherwise,
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Ontic states vs. Epistemic states

Ontic state = real state of affairs

A eg. X «|
Epistemic state = state of knowledge

P—

Classical case:
Points in phase space are ontic states
Probability distributions over phase space are epistemic states
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“But our present QM formalism is not purely
epistemological; it is a peculiar mixture describing
in part realities of Nature, in part incomplete human
information about Nature --- all scrambled up

by Heisenberg and Bohr into an omelette that
nobody has seen how to unscramble. Yet we think
that the unscrambling is a prerequisite for any
further advance in basic physical theory. For, if we
cannot separate the subjective and objective
aspects of the formalism, we cannot know what we
are talking about; it is just that simple.”

--E.T. Jaynes

Page 11/47



Realism meets
operationalism
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Operational Quantum Mechanics

B B B

Preparation Transformation Measurement
P I M

Trace-preserving
' completely positive Positive operator-valued
Density operator linear map (CP map) measure (POVM)

P v {EL}
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Pr(k|IP, T.M) = Tr[E.T (p)]



A realist model of an operational theory
assumes primitives of systems, properties and states

Preparation
= fupOYdA =1
U &= up(N)

® - LN\ X
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A realist model of an operational theory
assumes primitives of systems, properties and states

Preparation
’ P Jup(A)dA =1
L. <:> pp(A) M~
® A
< i <1
Measurement = EMk S
M Cibaalx) =1 forall A
Em,1(A) 3

> A

i} (Dg & ™2 e L A

fEM.B(/\) ¥z I_L 5%
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A realist model of an operational theory
assumes primitives of systems, properties and states

Preparation
P P Jup(A)dA =
L <:> pp () ~
@ :) - / \ » A\
O0<&i&mi <1
Measurement M,k
M Ykémar(A) =1 for all A
Em,1(N) .
- (Dﬁ <:> Em,2(A) AN o
@ Em.3(A) - ] X
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Transformation

T

|
C1(AN|A)
A \ Fai | —

bA!

[T (N |N)dX = 1 for all X
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Transformation ey P
L [TV |A)dN =1 for all )

p(k|P, T,M) = [dX &m (X)) [dATT (NN pp(X)
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D‘j Fr(V|2)

: e —— =
Transformation e ——————— ¥
B STV |A)dN =1 for all A

p(k|P, T,M) = [dX &m (X)) [dATT (NN pp(X)

Fr (1) M, (VA Py

l
ey /
N ) A v il

—
—
N
—
—

Measurement-induced ey TR T RS
transformations
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A ‘\ oo
Transformation fe———————"N7
B STV [A)dN =1 for all A

p(k|P, T,M) = [dX {Em (X)) [dATT (NN pp(X)

—
—

M, (VIA) M,V (VA

L
i
A v A Aw_ | M

—
—

N

Measurement-induced = ——p ) T ) '~ - >
transformations
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fl'-rk()\’|)\)d)\’ < 1 for all e



A useful classification of
realist models
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a) y-complete b) y-supplemented

T‘V
—_——— s\
-
Complete state is W
Complete state is A=(y, )

c) y—epistemic
v
& l

Complete state is A
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y-complete  y-incomplete

—N— —A—

Y-supplemented Yeontic

Y-complete

Y¥~epistemic

Y-epistemic
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y-complete model:

Space of physical states = space of rays in Hilbert space

A=

y-ontic model:

For any preparation procedures P,y Py with [11) 7 [¢2

N(A|P|¢1))M()\|P|¢2>) = 0 for all A /\/\

y-epistemic model: 3 |1)1) # |1o)

| Fﬂ(ﬂprl,wl))p(Alplwg)) 5& O for some A\ N




y-complete  y-incomplete

P —P—

Y-supplemented yeontic

Y-complete

Y¥~epistemic

Y-epistemic
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p-complete

@ ‘l-1|l'

Complete state is
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p-complete

|-1|l'

Complete state is
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p-complete = -ontic

— — )/
Complete state is
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y-supplemented

>\
\ .

,JJ
Complete state is (y, w)
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y-supplemented = -ontic

% i
[ LY
[ .
% %
% LY
% %
%

)
Complete state is (y, w)

il 1
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y-supplemented - -ontic

) D
% LY
[ .
[ %
% LY
3 %
%

\.4'.)
Complete state is (y, w)

'
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p-epistemic

Complete state 1s %
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p-epistemic

Complete state is %
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Hidden variable models

y-complete  y-incomplete ”\
ﬁ * ':“”'\ ’1“
\ -4
w
y-complete JV-supplemented y~ontic
a g
Y-epistemic Y~epistemic
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Some simple models
for pure states and sharp measurements
In a 2D Hilbert space
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The orthodox model (Beltrametti-Bugajski)
|+n) < pn(u) =é(u—n)




The orthodox model (Beltrametti-Bugajski)
|+n) < pn(u) =6(u—n)

m) e Xmi)=_(1+m-u)

pn ()

1 —

m Xm+(u)
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The orthodox model (Beltrametti-Bugajski)
|+1n) < pn(u) =6(u—n)

m) e Xmi(W)=_(1+m-u

/un(u)xm+(u)du — /6(u - n)—;— (14+m-u)du

=—21—(1—|-m~n)

) = |(4m| + n)]?

L Xm+(u)
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The Bell-Mermin model

1
|+ n) & pn(u,u’) = 55(11 —= 1)

n pin (1)

,U,n (u
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The Bell-Mermin model
|+n) & pn(u,u’) = %5(“ —n)

1 form-(u+u)>0

’ —
|+ m) o Xou (0,8 = { 0 otherwise.

Hn(ll) |
| pn(u +u’)

pn ()
A
1§
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The Bell-Mermin model
+n) e pm(uu’) = 5(u—n)

1 form-(u+4u)>0

N _
|+ m) & Xmt(uu) = { 0 otherwise.

[ 1m0, 0 )X (1, W) dudu = = (1 +m - )
= [(+m| + n)|?

pn(u + U’)

pn(u’)
'y
In
T
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| pn () p-incomplete




Mnl (ua U’)an(ua u’) —
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The Bell-Mermin model

ﬂnz(u)\

ﬂ#nl (u)

1

(47)2

Hny (U’) = Hnj (u’)

6(u—n1)5(u—n2) =0

for all u, u’



The Bell-Mermin model
|+1n) & pm(u,u’) = %Mu — n)

1 form-(u+4u)>0

N _
|+ m) & Xmt(uu) = { 0 otherwise.

/un(u, u')Xm+ (u, u)dudu’ = %(1 + m - n)
= |[(+m]| + n)|?

pn(u—+u )

pn(u’)
r'y
1
I
Pirsa: 09120069 Xln_‘}F’ &s’! + u

| pn () p-incomplete




The Kochen-Specker model

|

) =n-u forn-u>0
| +n) < un(U)—{g otherwise.

pn(u)
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The Kochen-Specker model

" (u)_{%n-u forn-u>0
" —

[+ 1) < 0 otherwise.

1 form-u>0
0O otherwise.

| + m) « Xm—l—(u) = {

pn(u)

=N

Xm-l—(u)
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The Kochen-Specker model

1

) =n-u forn-u>0
|+n) < un(U)—{g otherwise.

1 form-u>0
0O otherwise.

| + m) « Xm—l—(u) = {

[ 1m0 X4 () = = (1 +m - )
= |(+m| + )2

pin (1)
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The Kochen-Specker model

finy ()
fin, (1) :
7
u
unless ny = —no

there exist u such that #nj;(u)pun,(u) 0
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