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Functor of actions (Sra) theories

Functor (F) is the generalisation concept of functionals

Functionals is the generalisation concept of functions

Action (S) in physics is a quantity which is the product of energy with time.

Action is a quantity which tell us the amount of possible ways a particle
can travel from one point to another within a certain region

Functor of actions predict the existence of actionic fluctuations and field-particles
which is an analogue of the energetic/topological fluctuations/field-particles in nature.

SFAD/ ds’ > SEFTD/ dS'S' < S:/de gL
(25 {ls 1%
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https://arxiv.org/abs/2010.06707

Functors of actions

Prediction of Modification of Einstein Field Equations

SIIP — BGk + Shy

Prediction of Actionic fields

0 — §§Simplified 2,GR2 (similar to energy fields)
4 v gSr)_=
/d z+/—gdg" (/3 167TGN (R
1 1 87TGN
Hyw = §Rglw + MG = BSr) 4
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https://arxiv.org/abs/2010.06707

Functors of actions

Constraints and Prediction of Modification of EFE

1 1 87TGN
Rp,z/ — §Rg,uz/ - Aguu — ﬁ(SR) oA (T;u/ +0 [‘63]“1/)

Prediction of Actionic fields,
by choosing a special Lagrangian fluctuation

/p 00O Equation of state
0000 _1
5 1Ll =55 [ g o w=—(1+6L3)

\0 0 0 0

/,0(1+5[,3) 0 0 O\ Forw- -1.1

(2 _ 0 -P 0 0 =
[ 0 0 —P 0 6'.3 ~ -0.1
\ 0 0 0 —P) -

5S3 ~ SdPx(-g)/2 5Ls ~ -0.1Vp

Under these assumptions simple actionions are 1/10th of the observed volume
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https://inspirehep.net/files/7436e53ae3741a888614119760a039ce

Actionic field interpretation
Action answers to the question :

What is the number of all possible routes
a cat can use to pass through each room ?

N=2

X1 is possible for both rooms, x: is not possible for the 2nd room
space, X
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https://www.authorea.com/users/600630/articles/632161-a-probabilistic-and-expanding-universe

Cosmological Gravitology

Motivation 1

In 1942, Menger have introduced the concepts of statistical metrics [1].
In 1977, Drossos introduced the stochastic Menger spaces [2].

In the framework of modifications of gravity,

string theories predict extra dimensions [3],
while

Loop quantum gravity theories predict the non-existence of metric [4].

I

» 'Natural to introduce an idea of a manifold in between |
| extra dimensional spacetime manifolds and non-metric manifolds |

e

——— S E———
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Cosmological Gravitology

Motivation 2

Evidence for a semi analytical model is found to be

Dimensions = 4 + 0.1
from gravitational wave estimates
[Pardo, Fishbach, Holtz, 2018]

Probabilistic Dimensions

dPx

14 (Alx Marseille
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https://www.authorea.com/users/600630/articles/632161-a-probabilistic-and-expanding-universe

2D spatial curved
probabilistic

Figure 2. A representation of a 2 dimensional spatially curved probabilistic expanding space.
This spacetime is curved in the presence of some massive object, as well as it appears, disappears
and expands in time. It is easy to generalise this concept in a (3+1)D spacetime continuum. |See
section 3.14|
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Probabilistic dimensions turn up probabilistic gravity

D — D= dXp Gaussian(Xp; D,op)
Qp
modifying dimensions
means that we need to modify

- topology (metric, manifold, curvature tensor)

- matter content evolution

[) [
SProbabzlzstzc gravity X / d

Sophisticated and [Simple modifications |

vy <4 (0o

Simple probabilistic metric : L2V (1.3) g2 | 6—2@(T>f>dxidxj5ij}

P.Ntelis 2024 under review
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https://www.authorea.com/users/600630/articles/632161-a-probabilistic-and-expanding-universe

Results

Einstein Field Equation results to modified Friedmann equations

H (1) = 87;§N ()P Y ps(7)
se{m,r,Ak}
/ 2 8TGN 5 2 _
2H(r) + HA(r) = — 5 ()P )Y w(m)pu(r)

se{m,r,Ak}

while continuity equation remains the same

ps = — (L4 ws(7)] H(7)ps (T)

Currently working on solutions!

P.Ntelis 2024 under review
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Results

This probabilistic perturbed expanding Manifold-metric
modifies

the Einstein-Boltzmann equations (find them in doc).

P.Ntelis 2024 under review

19 (Alx Marseille


https://www.authorea.com/users/600630/articles/632161-a-probabilistic-and-expanding-universe

Results

A collection of Probabilistic Manifold-Metric pairs in the doc:

5. Simple toy models of probabilistic dimensions|. . . . . . . ... ... ... 11
5.1. 1D spatial probabilistic spacetime| . . . . . .. ... ... ... ... 12
5.2. Probabilistic timed perturbed FLRW metric|. . . . . . .. ... ... 12
5.3. Probabilistic conformal timed perturbed FLRW metric. . . . . . . . 12
5.4. A probabilistic Schwarzschild metric . . . . . .. .. ... ... ... 13
5.5. A spatially curved probabilistic and expanding metric around matter 14
5.6. Interpreting PFLRW with Gaussian probabilities . . . . . . . . . .. 14
5.7. Generalised probabilistic spacetime manifold . . . . ... ... ... 14

5.7.1. A homogeneous, isotropic, probabilistic, expanding, space-

| time, manifold . . . . . ..o oo o 16
5.8. A graphical interpretation of probabilistic dimensions . . . . . . .. 16
5.9. Probabilistic Perturbed Einstein-Boltzmann Equations in conformal

BIIC| < ¢ 5 ¢ & &t o 2 4 4 2 4 5 s s S e e e e e e e e e e e e e A 17
5.9.1. Maintheorem|. . . .. ... ... ... ... .. ... .. ... 17

P.Ntelis 2024 under review
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Qualitative results
Connections of probabilities with information

I(E) = —log [P(E)]

New kind of manifold-metric pairs
using probabilities and information

Correspondence with field-particles characterisation (spacions):

spaciallion, timions, probablons, informatons.

P.Ntelis 2024 under review

o1 (Alx Marseille


https://www.authorea.com/users/600630/articles/632161-a-probabilistic-and-expanding-universe

A probabilistic expanding universe under functors of actions theories

ds* = a*(7) [—PQ(T)ez\I’(T’f)de + 6_2¢(T’f)dxidazj5ij} :

|
2D t-x

SFA 3/ ds’ o
(g
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A probabilistic expanding universe under functors of actions theories

ds* = a*(7) [—P2(7)62\I’(T’f)d72 + e_M)(T’f)dxidxjc?ij} :

2D t-x
|
H2(r) = TN G2 () P () plr) + ()P ()A
2H' (1) + HA(7) 87;CG4N 2( )P2<7’)ﬁ(7') + Aa*(7) P (1)
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Conclusions
- Mathematical and Observational evidence for
-~ Functors of actions theories predictions of actionions

- Probabilistic dimensions, probabilistic manifold-metric pairs

- Dynamical analysis on standard ACDM cosmology
important tool for analysing other cosmic systems

Future plan
Develop further 4 axis of research:

- Functors of actions through category theory

- Probabilistic and informatics model

- Dynamical analysis systems, numerical/analytical solutions

- Statistical tests of above theories (Early, Late Universe, GW)
Collaboration on models and tests with other cosmologists

25
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