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Abstract: Superdeterminism has received a recent surge of attention in the foundations community. A particular superdeterministic proposal, named
Invariant-set theory, appears to bring ideas from several diverse fields (eg. number theory, chaos theory etc.) to quantum foundations and provides a
novel justification for the choice of initial conditions in terms of state-space geometry. However, the lack of a concrete hidden-variable model
makes it difficult to evaluate the proposal from afoundational perspective.

In thistalk, | will critically analyse this superdeterministic proposa in three steps. First, | will show how to build a hidden-variable model based on
the proposal’s ideas. Second, | will analyse the properties of the model and show that several arguments that appear to work in the proposal (on
counter-factual measurements, non-commutativity etc.) fail when considered in the model. Further, the model is not only superdeterministic but also
nonlocal, $\psi$-ontic and contains redundant information in its bit-string. Third, | will discuss the accuracy of the model in representing the
proposal. | will consider the arguments put forward to claim inaccuracy and show that they are incorrect. My results lend further support to the view
that superdeterminism is unlikely to solve the puzzle posed by the Bell correlations.

Based on the papers:
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Introduction

SUPER
DETERMINISM -
MOST POWERFUL
COGNITIONS AND
TRUTHS - SATSANG
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Introduction
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Introduction

Introduction
Why study superdeterminism?
Nonlocality, nonseparability, preferred foliation of spacetime,
no-signalling, noncontextuality, 1)-onticity, exponential complexity
of state space...
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Introduction

The assumption

measurement outcome \/ f measurement setting

p(k[, M)
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Introduction

The assumption

measurement outcome \ f measurement setting

(ko M) = [ (b Ao, MYdx = [ dAp(Kli, M, Ao, M)

Measurement Independence: p(A|, M) = p(\|y, M").

O =
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Introduction

The assumption

measurement outcome 4\ / measurement setting

(kM) = [ (k. Al Mydx = [ dap(Kli, M. N6, M)

Measurement Independence: p(A|y, M) = p(A|y, M").

Assumed in nearly all the major no-go theorems in quantum foundations.
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Introduction

Superdeterminism
Determinism Measurement dependence
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Introduction

Superdeterminism

Determinism Measurement dependence

Correlation between A\ and the setting

mechanisms
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Introduction

Superdeterminism

Determinism Measurement dependence

Correlation between A and the setting

mechanisms

O = = L
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Introduction

Superdeterminism

Determinism Measurement dependence

\ /

Correlation between A\ and the setting

mechanisms

— ™

Issues related to ‘conspiracy’ Issues related to ‘free will’
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Introduction

“A theory may appear in which such conspiracies in-
evitably occur, and these conspiracies may then seem
more digestible than the non-localities of other theories.
When that theory is announced | will not refuse to lis-
ten, either on methodological or other grounds.”

2], S. Bell, Epistemol. Lett. 1977, 15, Republished in Dialectica, 1985, 85-1 m] P -, = 2
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Minimalist sketch

Invariant-set proposal

T.N. Palmer A local deterministic model of quantum spin measurement. Proc. R. Soc. Lond. A 1995, 451, 585-608

T. N. Palmer Discretization of the Bloch sphere, fractal invariant sets and Bell's theorem. Proc. R. Soc. A. 2020, 476,
20190350
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Minimalist sketch

Invariant-set proposal

T. N. Palmer Discretization of the Bloch sphere, fractal invariant sets and Bell's theorem. Proc. R. Soc. A. 2020, 476,
20190350

"The Proposal”’
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Sketch of the proposal

a — experimentally-selected measurement setting

Orientation of a Stern-Gerlach apparatus
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Minimalist sketch

a3 — experimentally-selected measurement setting
A — exact setting
|A — 3] < A — minimum measurable distance

Orientation of a Stern-Gerlach apparatus
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Minimalist sketch
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Minimalist sketch

ne{1,2,...N/2}, N — very large even constant.
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Minimalist sketch

— "rationality constraint”

Lixn(+) 5 B) =[+1 =1+ 1...— 1ixn
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Minimalist sketch

— "rationality constraint”

Lysn(|+) 45 é) — "bit string”

counter-factual measurements, non-commutativity, local causality, measurement independence...
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Minimalist sketch

— "rationality constraint”

not realistic
Lyxn(|+) 4, B) — "bit string”
hidden-variable model 7
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R e
Model for single spin-1/2 particles

Preparation end
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Hidden-variable model of the proposal Single spin-1/2 particles
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Hidden-variable model of the proposal Single spin-1/2 particles

Exact preparation |+) ; Exact measurement basis {|+)4s,|—) &
prep A B B

|+) 4 = cos(Bag/2)|+) g + €' P48 sin(Bag/2)|—) g, cosbag = A- B
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Hidden-variable model of the proposal Single spin-1/2 particles

Exact preparation [+); Exact measurement basis {|+)g,|—) s}
[H 5 :Acos(9A3/2)|-|—)é + e'?AB sin(0ap/2)|—) 5, cosbap = A- B
Lixn(|4) 4. B) — Ncos? (0a5/2) +1 elements, N sin? [@3/2) -1 elements.
—— rdering depends on ¢xp. itaaer
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Hidden-variable model of the proposal Single spin-1/2 particles

Exact preparation [+) 4 Exact measurement basis {|+)g,|—)z}
|+)ﬁ :AC05(9A8/2)|+>9 + e'?AB Sin(QAB/2)|—)é, cosbag = A-B
LioanilBe) 5 20 = Ncﬁ?@,ﬁ\gﬂ) +1 elements, N sin? (@3/2) -1 elements.
— rdering depends on ¢ . o
Outcome O = Ll,k(l—i_)f\’ B) position on bit string
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Hidden-variable model of the proposal Single spin-1/2 particles

ofal
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Hidden-variable model of the proposal Single spin-1/2 particles

ofal
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Hidden-variable model of the proposal Single spin-1/2 particles

Ontology

f hidden variable associated with measurement device

Define u = (IS M, k)

meas. experimental parameter

) hidden variable
prep. experimental paramé \'

O
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Hidden-variable model of the proposal Single spin-1/2 particles

O((ﬁ, 3), (1, B),M) = O(A(P, p, 3), B(M, i, b), k) = Ly (|+) a(P, p, 3), B(M, d, b))

N\

L/

A |l=— H‘)A % Lixn >

I

I

I

|

|

I

|

| @

|

| |

; |

‘ R

st M —> B

/P /
B = . :
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Hidden-variable model of the proposal Single spin-1/2 particles

A (along with measurement settings) completely specifies the individual measurement outcome.

Therefore, P, M. A, B, |+) 4> Lixn, k have ontological status.
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Hidden-variable model of the proposal Single spin-1/2 particles

Therefore, P, M, A, B, |+) 4> Lixn, k have ontological status.
Consequences:

1. Model is v-ontic.
2. Bit string is ontological.
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Hidden-variable model of the proposal Single spin-1/2 particles

Therefore, P, M, A, B, |+) 4> Lixn, k have ontological status.
Consequences:

1. Model is v-ontic.
2. Bit string is ontological = model has redundant information.
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Hidden-variable model of the proposal Single spin-1/2 particles

Does the model reproduce quantum mechanics?

Consider an ensemble of runs for which p, 3, m. b are constant.

O
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Hidden-variable model of the proposal Single spin-1/2 particles

Does the model reproduce quantum mechanics?

Consider an ensemble of runs for which p, 3, m, b are constant.
Define

1. p(Pl3,p): 18 — 3l = | [ p(P|3,p)A(P, b, 5)d2p — 5] < A

O =
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Hidden-variable model of the proposal Single spin-1/2 particles

Does the model reproduce quantum mechanics?

Consider an ensemble of runs for which p, a, m. b are constant.
Define
1. p(P|3,p): |3 — 3| =| [ p(P|3,p)A(P, p,3)dQp — 3| < A

2. p(Mi|A, b, ) : |b' — b = | 2; p(M;|A, b, i) B(M;, i, b) — b| < A

measurement dependence, discreteness

(| =

(T TETTIASTET I A L I ATY (= (o T O IV {1 S Te [T @ ETo 1 ELIMVI A nalysis of the superdeterministic Invariant set theory i D

Pirsa: 22120071

ec 21, 2022

Page 37/59



Hidden-variable model of the proposal Single spin-1/2 particles

Does the model reproduce quantum mechanics?

Consider an ensemble of runs for which p, a, m, b are constant.
Define
1. p(P|4,p): 13 — 4| =| [ p(P|4 p)A(P,p,3)d2p — 5| < A

2. p(Mj|A, b, ) : |b' — b| = |>; p(Mi|A, b, ®)B(M;, i, b) — b| < A
measurement dependence, discreteness 3. p(k) _ 1/N

The model predicts the following expectation value of outcomes:

(8%

N
=ik ]

:é\,'bf

O =
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Hidden-variable model of the proposal Single spin-1/2 particles

Does the model reproduce quantum mechanics?

Consider an ensemble of runs for which p, a, m, b are constant.
Define

1 p(f’|§ p): 18 -4 =|/ p(P|§ ﬁ)A( p,a)dQdp — &3] < A

(VHIA, b, @) « |8 — Bl = | 5, p(KHIA, b, ) B, 0, B) — bl < A

measurement dependence, discreteness

3. p(k) =1/N

The model predicts the following expectation value of outcomes:

N «
>3 [ o(Plp. 2p(H1A. b, i) p(KIO(A(P . 3). BN . B). k) dS2p
=1l
— S D
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Hidden-variable model of the proposal Single spin-1/2 particles

Does the model provide insight into counterfactual reasoning?

.

=

L
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Hidden-variable model of the proposal Single spin-1/2 particles

Does the model provide insight into counterfactual reasoning?

a b e
?’I’Ll,Ml mg,Mz ?’."L3,M3
= = . :
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Hidden-variable model of the proposal Single spin-1/2 particles

Does the model provide insight into counterfactual reasoning?

a b é
iy, My g, My g, M3
A(?’?’L],Ml,&) é(ThQ,MQ,B) é(ﬁlg,Mg,a)
B = : :
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Hidden-variable model of the proposal Single spin-1/2 particles

ACB O
P EO Yac = 2mq,q € Q
Yac/2m € Q
> A-CgQ
A(ABC)
G b
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Hidden-variable model of the proposal Single spin-1/2 particles

i é b P
vy, My i, Mo g, Ms
A(ml?Mla&) éf(m23M2aé) ér(m3aM3)z’)
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Hidden-variable model of the proposal Single spin-1/2 particles

A(ABC) A(AB'C")

A~
~

Casel: a —+b— ¢ Case II (counterfactual): @ — & — b

“..if Uis a universe in which § — b — ¢ is performed on a particular particle... the counterfactual universe U’ where
54— & — b is performed on the same particle cannot lie on /y;."!

1T, Palmer, Proc. R. Soc. A 2020, 476, 20190350. -
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Hidden-variable model of the proposal Model for entangled spin-1/2 particles

Extending the model to Bell scenario

0,
/ \
/ \
4 \
4 N
Ol / \
/ N 4 \
/ \ 4 N
s \ / N
/ N / N
/ N 4 N
s N 7 N
7 N / \
’ \ Vi \
/ N/ \
/ X \
; A \
/ / \ AY
y; / o
e e N
b7 / \
/ % N
/ 4 N\
i N
7 \
Y b si \
t ; |1.V'>sang£et 3
Z _—"'_‘--—_______.'
N
——
T
= = . :
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Hidden-variable model of the proposal Model for entangled spin-1/2 particles

Loxn 0y
5y
4 N
o e A 5\
! C B
Ol 4 B
i “ / N
/ \ ! \
/ 2 B 4 8
/ N 4 N
A= ) \
i N ! N
7 N\ / B
7 \ / W N
' DU M2 \
Y, X \
/ g B
7 / \ S
/ / N
/ i / N
/7 Ml £ \
/ o \
e
/ N
4 i
/ D) einale N
t : |Ir)>:.tny!r_t k o
Z
\
——
X

EaG == 4—,\?, where n € {1,2,...N/2}

O
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Hidden-variable model of the proposal Model for entangled spin-1/2 particles

Single particle Entangled singlet pair

(ﬁ: M:k) K= (l¢>sing!et;mlam2zk)

7

~

O(P“J 16: §J BJ f‘?‘l) — Ll,k(|+),§r é) 02(#: B: ﬁjl: 67 f‘?‘lz) = L2,k(|¢>smgfet; BA; C)

O
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Hidden-variable model of the proposal Model for entangled spin-1/2 particles

Single particle Entangled singlet pair

H (ﬁ: M:k) = (lw)sing!et;M17M2:k)

~

O(lu: ﬁa 57 bJ rﬁ) = Ll,k(|+>/i7 é) 02(#7 B: ml: 6: fﬁz) — L2,k(|¢)singiet: é: é)
O (PL) = Ll,k(l”@b)singlet)

r N/2 N/2 T
#4141+ 1 “li.-1-1l..-1
L2>< N(|¢>singlet: B: C) =
ST R S R (S [ O
o N/2—n n N/2—n
B =1 4—,\?, where n € {1,2,...N/2}
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Hidden-variable model of the proposal Model for entangled spin-1/2 particles

Single particle

=

(P, M, k)

7

~

O(u, p, 8, b, M) = Ly 1 (|4 4, B)

Entangled singlet pair

K= (|7ﬁb>sing!et: Ml: A?b? k)

nonlocal

02(#: B, GG rﬁZ) = L2.k(|¢>singiet: é; é)
O (p,) = Ll,k(|¢>singler)

r N/2 N/2 7
e G T
Lo N(|w>5fnglet: B, C) =
+l..4+1 —l..—1 —l..—1 +l..+1
L n N/Er—n n N/?—n J
arbitrary /‘é o= 4—,\?, where n € {1,2,...N/2}
k discrete, using [2(t))
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Hidden-variable model of the proposal Model for entangled spin-1/2 particles

The model predicts the expectation value of outcomes to be

N «
>N / p(My|b, rin ) p(Mai|&, i, B)p(k)O1 (1) O2 (11, b, rin, €, rirz) dQm,
k=1 i

]

e
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Y-onticity

“...the bit-string is not the ontic state of the model, it is an ensemble of ontic states.”?
Lixn(l+) 4, B)ZI+) 4
4J. Hance et al., arXiv:2108.08144 2021. O £ :
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Y-onticity

“...the bit-string is not the ontic state of the model, it is an ensemble of ontic states.”©
Lixn(I+) 40 B) # | +)4
6J. Hance et al., arXiv:2108.08144 2021. O £ :
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Hidden-variable model of the proposal Single spin-1/2 particles

A (along with measurement settings) completely specifies the individual measurement outcome.

Therefore, P, M. A, B, |+) 4> Lixn, k have ontological status.
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Local causality

“A theory will be said to be locally causal if the probabilities attached to values of local beables in a space-time region 1
are unaltered by specification of values of local beables in a space-like separated region 2, when what happens in the
backward light cone of 1 is already sufficiently specified, for example by a full specification of local beables in a space-time
region 3 [located in the backward light cone of 1 or in the overlap of backward light cones of 1 and 2]."1°

104 5 Bellin Speakable and unspeakable in quantum mechanics: Collected papers on quantum philosophy, Cambridge1Univ. Bress, 2004.
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Conclusion

Summary

The superdeterministic proposal does not deliver when made concrete: 1)-onticity, nonlocality, preferred reference frame,
counterfactuals etc.
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Conclusion

Summary

The superdeterministic proposal does not deliver when made concrete: 1-onticity, nonlocality, preferred reference frame,
counterfactuals etc.

Superdeterminism is unlikely to be the solution to the puzzle posed by the Bell correlations.
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Conclusion

Summary

The superdeterministic proposal does not deliver when made concrete: 1/-onticity, nonlocality, preferred reference frame,
counterfactuals etc.
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Hidden-variable model of the proposal Model for entangled spin-1/2 particles

Single particle Entangled singlet pair

H (ﬁ: M:k) = (lw)sing!et;M17M2:k)

~

O(lun ﬁa 57 bJ rﬁ) = Ll,k(|+>/i7 é) 02(#7 B: ml: 67 fﬁz) — L2,k(|¢)singietz é: é)
O (PL) = Ll,k(l”@b)singlet)

i N/2 N/2 -
#4141+ 1 “li.-1-1l..-1
L2>< N(|¢>singlet: B: C) =
Sl == ==
o N/2—n n N/2—n
B =1 4—,\?, where n € {1,2,...N/2}
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