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Introduction



Going beyond ACDM...
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Well-motivated, testable & predictive models



Assuming®

- Spacetime foam

Dark energy from topology change induced by microscopic Gauss-Bonnet wormholes
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is included in the Langrangian due to its role in regu-

S According to overwheluing observations of various ori-  1ating divergences (24,29, 30]. Furthermore, from all
T Son in the recent conmologieal past [1-6], The simplest _ crucial mplications, since it is the Euler density in four
5i)  explanation b the introduction of a positive cosmolog-  dmensions (4D), and thus according to the Chern-Ganiss-
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magnitude larger than the observed one [7, §). Addi-  of the GB term is essential in canceling the divergences
that appear in the heta-function at high energies, ths

tionally, the resulting cosmological concordance model
’ facilitating the renormalization of the theory (33

namely ACDM paradigm, scems to exhibit possible tenr

aTsiLioukas, Saridakis & Tzerefos (2024), Phys. Rev. D,
arxiv:2312.07486



Topological Dark Energy




TDE - starting point

Previous work found*:

1
R,ul/ - ig,ul/R + /\cﬁ'guu = K/ZT,LLI/7 (1)
where 5
Negt = _16772@87)\;’ (2)

Q: How we calculate 2%?
0
876 = oxin;
i

0xj, nj - Euler characteristic change, numerical density for instatons
type i.

*Tsitioukas, Saridakis & Tzerefos (2024), Phys. Rev. D, arxiv:2312.07486



TDE - instatons

Ix 0Ox
_ 2 _ n.
Negg = —167 aav, v = E oxih;

]

Examples:

- Black Holes - ox =0
- Euclidean Wormhole - 6y = -2
- Nariai - oy =2

We can have positive/negative/zero A.g
Q: How we calculate n?"
n; = Aexp(—AS) (3)

where
AS = Sinst - Sback

TColemam (1977), Phys. Rev. D 15, 2929.



TDE - DE evolution

Thus we have

2 .
Neff = — 167r2a26x,-A,-€XD <_7724X1>
i

ex ! tdtag 12H? + 6H 6k—4/\ (4)
P |16 '8 ORI O T e

Q:How we continue?

dher 1 2 gOH , F
L (12H 6z + 65 — e | Acrr. (5)



TDE - Concrete scenario

Standard definitions:

_ Aty _HE)
Net — 3H2’ E(z) = Ho h = Hy /100
The model
E(z) = Qro(1+2)* + Qmo(1 + 2)3 + Qo (1 + 2)? 1/2
. 1_ QAeﬁ(Z) )
dQa (z
%() = 9(27 Q/\eﬁ(Z),Qmm QkO-, Qf’07 h)

Initial condition:

Q/\eﬁ(Z = O) =1- Qko = QmO = QrO



Observational Aspects




Cosmological observables & data

- Cosmic Chronometers (CC)*: probe H(z)
- Supernovae Type la + calibrators (Pantheon+/SHOES): probe d,

- Baryonic Acoustic Oscillations (BAOs) data: probe combinations

of di, H(2)
o (Vi [ - (6)
oi0r=ct o (VR [ ) G
L() | fgo | f(’0| 0 H(w7¢u)
where

sinh(x), Qo >0
Quo =0 (7)

sin(x Qro < 0

1Anagnostopoulos & Saridakis (2024), JCAP 2024(04), 051.



Likelihood analysis

Q: Which are the most probable values for the free parameters given

the data?
L(¢") ~ exp [=xior(#")]
P Np 2
Obs; — Theor(z;, ¢*
Xot(8) =D X, Xp = ( — (& )>
p=1 i=1 !

- " = {Qmo, h, M} and P = {CC,SNla + SHOES}.
= {Qmo,h, M, rq} and P = {CC,SNla 4+ SHOES, BAOs}.
© " = {Qmo, h, M, ry} and P = {SNila + SHOES, BAOs}.

We sample the likelihood using emcee®

§Many technical details here - see Anagnostopoulos, Basilakos & Saridakis (2019), Phys. Rev. D 100, 083517.



Results: Flat TDE parameter values

B CC/Pantheon+/SHOES/BAOs
Pantheon+/SHOES/BAOs
! CC/Pantheon+/SHOES

- rg value much smaller
than CMB + ACDM - as
expected?

- SHOES data dominate on
the Hy value

- Less Qo than ACDM.

9Favale, Gomez-Valent & Migliaccio
(2024)’ arxiv:2405.17643. 719‘35'0‘21 025 o.‘z; 072 o074 076 ] 93 152

Qmo h M

Posterior parameter plots: flat TDE
model?

aAnagnustcpoulos, Tsilioukas, Saridakis, (2025), to appear 1



Results: non - flat TDE parameter values

ISH
5 CC/Pantheon+/SHOES.

- rg value much smaller

than cMB + ACDM -as |
expected®

- SHOES data governs Hg " \
value. SN

- Even less Qmo than ACDM. .
- Flat Universe within 20. . (e\
J

9Favale, Gomez-Valent & Migliaccio 2
(2024), arXiv:240517643. R R B e

Qmo h Qo M

Posterior parameter distribution:
non-flat TDE model ¢

aAnagnustcpoulos, Tsilioukas, Saridakis, (2025), to appear 12



Results: Model Selection Criteria

Q: How we quantify the relative
model adequacy?

- Akaike IC (AIC), Bayesian IC
(BIC) & Deviance IC
(DevIC)?

- The difference is
important:

AlC= ’Cmodel - /Cmim'mum

- Degree of belief:

Pantheon+/SHOES/BAO

efA/C

P S
:N—"% e—AIG

Aliddle, Mukherjee & Parkinson (2006),

—e— flat TOE E= ACDM  —#- non-flat TDE
arXiv:astro-ph/0608184.



Results: Big Bang Nucleosynthesis

mmm CC/Pantheon-+/SHOES
BEE CC/Pantheon-+/SHOES/BAOS 5

Q1: Does the TDE scenario Pantheon /SHOES
spoils the thermal history? =

Criterion: , P g

Cr < 10%, C/’ = ’HTD"TM ~0.05 2
ACDM

at Z~ 109 -0.10

0.1 0.2 0.3 0.4 0.5
Qmo

Q2: Does curvature produce
extra effects in BBN era? Cr[%] as a function of curvature and
@yzan, ).-P. (201), Living Rev. Relativity matter energy deﬂSItIGSU

aAnagnostopoulos, Tsilioukas, Saridakis, (2025), to appear

14



Cosmic Evolution

Q2: What about the
equation-of-state parameter

WDE (Z)7

Q1: How do the cosmic densities
evolve?
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DM transition to DE

Assume two components of the
DE

- “pure” A-like wp = —1. o

* a component with wa,, o0
Calculate the effective DM os
* Qg = QO + Qomg o
W 02

: QDMeﬁ = (1 - m/:i/e\ﬁ) Q/\eff

Notes:

+ Qom,; > 0.1 today, ~ 12% of DE behaves as DM today.
- Non-flat TDE is very similar with ACDM for z > 100

16



Conclusions




Main Results: Topological Dark Energy (TDE)

Key Properties
- Statistically significant preference for non-flat TDE from current
data.
- Flat TDE is statistically equivalent to ACDM.
- TDE exhibits Dark Matter to Dark Energy transition.
- Consistent with Big Bang Nucleosynthesis (BBN).
- Allows for changing A sign.

- TDE has the same number of free parameters with ACDM.



A new cosmological scenario has introduced - TDE
- It is motivated by quantum gravity considerations.
- Exhibits strong phenomenological performance.

Future work

Q1: What about o3, Hy tensions in the TDE context?"
- Calculate perturbations on FRWL.
- Check CMB and fog datasets.

Q2: Can we upgrade on the assumptions of the scenario?
Q3: Are there possible imprints of spacetime foam?

1A previous speaker described a mechanism in which og values are related to
photometric redshift errors of LSS surveys...
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