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Abstract: <p>As discussed in last week&™ s colloquium, the use of the p-adic metric in state space provides a route to resolving the Bell Theorem
in favour of realism and local causality, without fine tuning. Here the p-adic integers provide a natural way to describe the fractal geometry of
Invariant Set Theory&€™s state space. In this talk | first explore the role of complex numbers in Invariant Set Theory (<a
href="http://arxiv.org/abs/1605.01051" target="_blank">arXiv:1605.01051</a>), and describe a novel redlistic perspective on quantum
interferometry. Then | will describe a programme of work to synthesise quantum and gravitational physics redlistically and causally within the
framework of Invariant Set Theory. | will describe a p-adic generalisation of the field equations of General Relativity, and discuss the consequent
novel perspectives for understanding the dark (energy and matter) universe. </p>
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Invariant Set Theory

A realistic causal approach for synthesising (_iJL.g_zIT_UiH and
gravitational physics?

http://arxiv.org/abs/1605.01051

tim.palmer@physics.ox.ac.uk
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In a Nutshell

* This strategy is consistent with treating the universe as a nonlinear
dynamical system evolving, in its state space, on a fractal invariant
set homeomorphic to the p-adic integers, for large but finite p.

< ,ay(!

“cyclic” universe
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In previous talk we used the p-adic metric + the number theoretic result:

cos0, cos¢ describable by finite #bits = (almost certainly) cos(0 — @)

not describable by finite # bits

to provide a realistic locally causal account of the Bell Inequalities without fine tuning.
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Complex numbers as bit-string permutation

operators

_ \
S ={aa,a,a,}

J| |V - -
a, € {l,l} — =l — |=

/4

Define ¢ (S) = {—a,a;a,a, }

= e oe™(S)= e (S) = {—a,a—a,a.}

= ™ 0™ (S) = " (S) = {—a,—a,—a—a,} =-S
Generalises to ¢“(S) with § = {ala2 . .a:_\}

for all ¢ /2 describable by finite N bits.
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Correspondence between trajectories on /,, and

complex Hilbert Space vectors

a (l,...(lj\‘}HL‘()le >+Sin;(,ru| [ >

174

{0 n
a, € {l,l}

but only when

cos0e) —eQ
2r

N qubits = N bit strings (see arXiv:1605.01051)
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f\.;: S e R ol P T g,
Quantum Interterence

H[: Il,‘ 1:'\I«"J:

|a) —" cosg | (°>+sing | d)
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r
rl'\

= cos 0
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e U €1, denotes the universe where an interferometric experiment
1s performed in MZ(¢) on some particle p.
e U, &I denotes the counterfactual universe where a Which Way experiment
is performed in MZ(¢) on p.
elet U, €1, denote the universe where a Which Way experiment
X

1s performed in MZ(¢') on p and qi— finitely describable.
2r

o | 1s not p-adically close to the counterfactual
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W

this fine tuning gone mad:

E\“cj O ﬂ

[

e U, €1, denotes the universe where an interferometric experiment
is performed in MZ(¢) on some particle p.
e U, &I denotes the counterfactual universe where a Which Way experiment
is performed in MZ(¢) on p.
elet U, €1, denote the universe where a Which Way experiment
X

1s performed in MZ(¢') on p and ;’— finitely describable.
2r

o | 1S not p-adically close to the countertactual U, even 1 0" — ¢ |<
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Mysteries of Quantum Physics

Bell
* Quantum interferometry

Sequential Stern-Gerlach

Pusey et al

All resolved from number-theoretic properties
of the cosine function + use of p-adic distance in

state space.
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\ | I ~ ) E L~ _f__\ ™~ 7 =% 14 ‘_
Where Does Quantum Theory Fit ?

* Fractal dimension of C, is log p/ log (2p-1) =»1 as p
=>» o0, But [0,1] is the singular limit of C, at p=°° because
the measure of C, is strictly zero for all finite p.

* Similarly, the complex Hilbert Space arises as the
singular limit of IS state space at p=ce.

* Old theories are generically the singular limit of new
theories (Michael Berry).
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Where Does Quantum Theory Fit

* Fractal dimension of C, is log p/ log (2p-1) =¥ 1 as p
=>» o0, But [0,1] is the singular limit of C, at p=°° because
the measure of C, is strictly zero for all finite p.

* Similarly, the complex Hilbert Space arises as the
singular limit of IS state space at p=c~.

* Old theories are generically the singular limit of new
theories (Michael Berry).
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where §, =

w(0)=

PR S |

NIOLY

_)m)\r

W(Ar) =

In the singular limit

ihy, 0.y +mcy =0

5 [TOAY]

Dirac
Equation

(a,,9,.a,...a_, ) etcC.

[TOAY]
>

N = o and with ho = mc* =
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SpIin Structure

S=1a,.a,,a;,a,}
1 N

1
3J

4

E (S)={—a,aa,—a.
E,(S)={—a,a;—a,a,}
E.(S)={—a,—a,aa,}
=
E°(5)=-§
E, oE,(S)=E(S)
1.e. K, are quaternions
. . Al \
Easily generalised when § has 2" elements.

Easily related to Pauli Spin matrices and Dirac Gamma matrices
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De Broglie Relationships
E=hw p=hk
* In GR, a test particle’s inertial properties are inherited
from the neighbouring geometry of space-time.

* In Invariant Set Theory, a particle’s energy-
momentum in space-time is inherited from the
neighbouring periodic geometry of /,

* |sthe quantum potential of Bohmian theory a coarse-
grain (L?) representation of d (x,y)on [, ?
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(m(\/ll)_]m(\/li)

M,

G, (M) = 1i111j7' (M)A (M M)du

M)O (M, M,)d u

|
/ where e.g.
: . sSinpx
O(x—x,)=limA (x,x,)=lim
o poe X
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f GR:

(}Im‘(,\/!,._ )= lim J T, (M)A (M.M)du

—

where 1 1s a Haar measure. We now generalise

the field egns of GR by letting p be large but finite.

G (M) = [T (M)A, (MM,)dp
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G(M) =T (M)A, (MM,)du
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Smearing out over /,
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The Dark Universe:

dean metric meets the p-adic metric:

Where the Eucli

G, (M= [T (M)A (M.M)dp

uv

Curvature in our space-time influenced by
energy-momentum in neighbouring space-
times on the invariant set.

Dark Matter?
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Gravitationally distinct
(Penrose, Diosi) d =1

-
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Vacuum
fluctuations
gravitationally
indistinct

G, (M)= [T (M)A, (MM,)du

Gravitationally
indistinct d ,=1/p
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Quasi-Cyclic Universe
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Conclusions

Invariant Set Theory is a geometric/number theoretic way to interpret all
the mysteries of quantum physics causally and realistically.

— Nothing exotic like wormholes needed (e.g. ER=EPR explanation of entanglement).

— Merely based on the state-space geometry associated with a generic class of
nonlinear dynamical systems.

IST is holistic but locally causal. Top-down constraint from cosmology to
guantum physics implies we may need to abandon strictly reductionist

approaches to fundamental physics.

Easy to generalise GR to combine space-time pseudo-riemannian
geometry with state-state p-adic geometry.

Implies a new graviton-free approach to synthesise gravitational and
qguantum physics. Possible explanation of the dark universe, singularities,
black-hole information paradox.
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