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Introduction



Going beyond ΛCDM...

Well-motivated, testable & predictive models
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The idea

Assuminga

• Spacetime foam
• Addition of Gauss-Bonnet
term

• Wormholes
Generate an effective cosmo-
logical constant

Topological Dark Energy
aTsilioukas, Saridakis & Tzerefos (2024), Phys. Rev. D,
arxiv:2312.07486
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Topological Dark Energy



TDE - starting point

Previous work found*:

Rµν − 1
2gµνR+ Λeffgµν = κ2Tµν , (1)

where
Λeff = −16π2α∂χ

∂V , (2)

Q: How we calculate ∂χ
∂V ?

∂χ

∂V =
∑
i

δχini

δχi, ni - Euler characteristic change, numerical density for instatons
type i.

*Tsilioukas, Saridakis & Tzerefos (2024), Phys. Rev. D, arxiv:2312.07486
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ΤDE - instatons

Λeff = −16π2α∂χ

∂V ,
∂χ

∂V =
∑
i

δχini

Examples:

• Black Holes - δχ = 0
• Euclidean Wormhole - δχ = −2
• Nariai - δχ = 2

We can have positive/negative/zero Λeff
Q: How we calculate n?†

ni = Aexp(−∆S) (3)

where
∆S = Sinst − Sback

†Coleman (1977), Phys. Rev. D 15, 2929.
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ΤDE - DE evolution

Thus we have

Λeff =− 16π2α
∑
i

δχiAiexp
(
−2παχiG

)

exp
[
1
12G

∫ t

0
dt a

3

H3

(
12H2 + 6Ḣ+ 6 ka2 − 4Λeff

)]
(4)

Q:How we continue?

dΛeff
dt =

1
12G

a3
H3

(
12H2 + 6dHdt + 6 ka2 − 4Λeff

)
Λeff. (5)
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ΤDE - Concrete scenario

Standard definitions:

ΩΛeff =
Λeff
3H2 , E(z) = H(z)

H0
, h = H0/100

The model

E(z) =
[
Ωr0(1+ z)4 +Ωm0(1+ z)3 +Ωk0(1+ z)2

1− ΩΛeff(z)

]1/2
,

dΩΛeff(z)
dz = g(z,ΩΛeff(z),Ωm0,Ωk0,Ωr0,h)

Initial condition:

ΩΛeff(z = 0) = 1− Ωk0 − Ωm0 − Ωr0
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Observational Aspects



Cosmological observables & data

• Cosmic Chronometers (CC)‡: probe H(z)
• Supernovae Type Ia + calibrators (Pantheon+/SH0ES): probe dL
• Baryonic Acoustic Oscillations (BAOs) data: probe combinations
of dL,H(z)

dL(z) = c(1+ z) 1√
|Ωk0|

Φ

(√
|Ωk0|

∫ z

0

1
H(ω, ϕν)

dω
)
, (6)

where

Φ(x) =


sinh(x), Ωk0 > 0
x, Ωk0 = 0
sin(x), Ωk0 < 0

(7)

‡Anagnostopoulos & Saridakis (2024), JCAP 2024(04), 051.
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Likelihood analysis

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

L(ϕµ) ∼ exp
[
−χ2tot(ϕ

µ)
]

χ2tot(ϕ
µ) =

P∑
p=1

χ2p, χ2p =

Np∑
i=1

(
Obsi − Theor(zi, ϕµ)

σi

)2

• ϕµ = {Ωm0,h,M} and P = {CC, SNIa+ SH0ES}.
• ϕµ = {Ωm0,h,M, rd} and P = {CC, SNIa+ SH0ES,BAOs}.
• ϕµ = {Ωm0,h,M, rd} and P = {SNIa+ SH0ES,BAOs}.

We sample the likelihood using emcee§

§Many technical details here - see Anagnostopoulos, Basilakos & Saridakis (2019), Phys. Rev. D 100, 083517.
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Results: Flat TDE parameter values

• rd value much smaller
than CMB + ΛCDM - as
expecteda

• SH0ES data dominate on
the H0 value

• Less Ωm0 than ΛCDM.
aFavale, Gómez-Valent & Migliaccio
(2024), arXiv:2405.17643. 0.21 0.25 0.29
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aAnagnostopoulos, Tsilioukas, Saridakis, (2025), to appear 11



Results: non - flat TDE parameter values

• rd value much smaller
than CMB + ΛCDM - as
expecteda

• SH0ES data governs H0
value.

• Even less Ωm0 than ΛCDM.
• Flat Universe within 2σ.

aFavale, Gómez-Valent & Migliaccio
(2024), arXiv:2405.17643. 0.1 0.2 0.3 0.4
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aAnagnostopoulos, Tsilioukas, Saridakis, (2025), to appear 12



Results: Model Selection Criteria

Q: Howwe quantify the relative
model adequacy?
• Akaike IC (AIC), Bayesian IC
(BIC) & Deviance IC
(DevIC)a

• The difference is
important:
∆IC = ICmodel − ICminimum

• Degree of belief :

P =
e−∆IC∑Nm
i=1 e−∆ICi

aLiddle, Mukherjee & Parkinson (2006),
arXiv:astro-ph/0608184.
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Results: Big Bang Nucleosynthesis

Q1: Does the TDE scenario
spoils the thermal history?

Criteriona:
Cr < 10%, Cr =

∣∣∣HTDE−HΛCDM
HΛCDM

∣∣∣2
at z ∼ 109

Q2: Does curvature produce
extra effects in BBN era?
aUzan, J.-P. (2011), Living Rev. Relativity
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Cosmic Evolution

Q1: How do the cosmic densities
evolve?
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Q2: What about the
equation-of-state parameter
wDE(z)?
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DM transition to DE

Assume two components of the
DE
• “pure” Λ-like wΛ = −1.
• a component with wΛeff

Calculate the effective DM
• ΩΛeff = ΩΛ +ΩDMeff

• ΩDMeff =
(
1− wΛeff

wΛ

)
ΩΛeff
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Notes:

• ΩDMeff ≃ 0.1 today, ∼ 12% of DE behaves as DM today.
• Non-flat TDE is very similar with ΛCDM for z > 100
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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 ΛCDM.
• TDE exhibits Dark Matter to Dark Energy transition.
• Consistent with Big Bang Nucleosynthesis (BBN).
• Allows for changing Λ sign.
• TDE has the same number of free parameters with ΛCDM.
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Outlook

A new cosmological scenario has introduced - TDE

• It is motivated by quantum gravity considerations.
• Exhibits strong phenomenological performance.

Future work

Q1: What about σ8, H0 tensions in the TDE context?¶

• Calculate perturbations on FRWL.
• Check CMB and fσ8 datasets.

Q2: Can we upgrade on the assumptions of the scenario?
Q3: Are there possible imprints of spacetime foam?
¶A previous speaker described a mechanism in which σ8 values are related to
photometric redshift errors of LSS surveys...
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