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 The history of Astronomy, Cosmology and 
Gravity is a history of tensions between 
theoretical predictions and observations

  Astrophysical cosmology has become a 
precision science with an incredibly  
huge amount of data  

 New Tensions appear. 
  Are we approaching New Physics? 



3

 Aristotle - 350 BC
 According to Aristotle heavier bodies fall faster.
 Bodies fall in order to com back to thei “initial state”. 
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China, India, Persia, Arabic Observations  

 Observations in China, India, Persia, e.g. 
in Maragha in 11th century, started 
putting into doubt Earth’s non-motion, 
however not geocentrism. 

Dunhuang map from the Tang dynasty 710 AD
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Copernicus - 1500 
 Heliocentrism, (Aristarchus)
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Brahe, Kepler- 1600 
 Heliocentrism, elliptical Orbits
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Galileo - 1600 
 Bodies fall with the same speed, independently from their weight. 
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Newton - 1700 
 Law of Universal Gravitation: 
     All bodies (either apples or planets) attract mutually. 
     First time that gravity is related to astronomy 



 Mercury periliheimum - 1859
•  The true orbits of planets, even if seen from the 

SUN are not ellipses. They are rather curves of this 
type:

For the planet Mercury it is

This angle is the 
perihelion advance, 
predicted by G.R.

m3m
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yper centurarcof   "43



Michelson–Morley experiment - 1887
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General Relativity
 Einstein 1915: General Relativity: 

   energy-momentum source of spacetime 
Curvature

                      with

S= 1
16 πG

∫d4 x √−g [ R−2 Λ ]+∫d4 xLm ( gμν ,ψ )

⇒ Rμν−
1
2

gμν R+gμν Λ=8 πGT μν

T μν≡ 2

√−g

δLm

δgμν



60 years of tension
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Modified Gravity before General Relativity

 Modifications to Newton's Law 
 Inverse Cube Law. 
 Extended Inverse-Square Law (Simon Newcomb 

-1880’s) 
 Lord Kelvin - theory of everything (end of 19th century)
 Hendrik Lorentz: gravity on the basis of his ether 

theory and Maxwell's equations. (1900) 
 Nordström's theory of gravitation (1912 and 1913) 
 Einstein's scalar theory of gravity (1913) 



Summary of 20th century Observations
The Universe history:
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Standard Model of Cosmology

ΛCDM Paradigm + Inflation

H ( t )2+ k

a ( t )2
= 8 πG

3 [ ρdm ( t ) +ρb ( t ) +ρr ( t ) ]+ Λ
3

Ḣ ( t )− k

a ( t )2
=−4 πG [ ρdm ( t )+pdm ( t ) +ρb ( t ) +pb ( t )+ρ r ( t )+p r ( t ) ]

w Λ ≡
p Λ

ρ Λ

=−1

   Describes the thermal history of the Universe at the background 
level

   Epochs of inflation, radiation, matter, late-time acceleration

      

ΛCDM concordance model is almost perfect!
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Cosmology-background
 Homogeneity and isotropy:

 Background evolution (Friedmann equations) in flat space

     (the effective DE sector can be either Λ or any possible 
modification)

 One must obtain a H(z) and Ωm(z) and wDE(z) in agreement with 
observations (SNIa, BAO, CMB shift parameter, H(z) etc)
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Cosmology-perturbations
 Perturbation evolution:                                       where 
    where                 is the effective Newton’s constant, given by  

 under the scalar metric perturbation

 Hence:

     with                        the growth rate, with                          and

 One can define the observable:
     with                        the z-dependent rms fluctuations of the linear density field within spheres of    
     radius                        , and σ8 its value today.
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Cosmology in the 21st 
century



So what do 
these new 

observations 
tell us?



 

   H0 tension
 The Universe expands faster than expected!



 S8 Tension 
 “Less” Matter clustering than expected! 



Too many galaxies too early!

    James Webb space telescope



   Cosmic dipole tension!



The lensing anomaly





Are we approaching a Revolution in 
Physics?

Knowledge of Physics: Standard Model + General Relativity

E.N.Saridakis – SEMFE, NTUA, March 2016
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So can our knowledge of Physics describes all these?

Most probably, no!

We definitely need new physics for Inflation 
and Dark matter. Maybe for dark energy.
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Are we approaching a Revolution in 
Physics?
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New particles?
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Modified Gravity?



 

3rd way:

Change the Universe 
Thermodynamics!



Universe Thermodynamics?











 Universe boundary: Apparent Horizon

 First Law of Thermodynamics 

 

Universe Thermodynamics

[T. Jacobson, PRL 75]



 2nd Friedmann equation

 1st Friedmann equation

 

Universe Thermodynamics

[R-G. Cai, S.P Kim, JHEP 2005]



Questions:
  Equilibrium?

  Which expression for Entropy?







 

Tsallis non-additive Entropy

[C. Tsallis, J. Statist. Phys. 52]

[A. Lymperis. E.N. Saridakis, EPJC  78]



 

Tsallis Cosmology

[A. Lymperis. E.N. Saridakis, EPJC  78]



Tsallis Cosmology

[A. Lymperis. E.N. Saridakis, EPJC  78]



 

Barrow quantum-corrected  Entropy

[J. Barrow, PLB 808]

[E.N. Saridakis, JCAP 07]



 

Barrow Cosmology

[E.N. Saridakis, JCAP 07]



Barrow Cosmology with varying exponent

[S. Basilakos, A. Lymperis, M. Petronikolou,  E.N. Saridakis, EPJC  80]



Barrow Cosmology with varying exponent

[S. Basilakos, A. Lymperis, M. Petronikolou,  E.N. Saridakis, EPJC  80]



[G. Kaniadakis, PRE 66], [G. Kaniadakis, PRE 72]



 

Kaniadakis Cosmology

[A. Lymperis, s. Basilakos, E.N. Saridakis, EPJC  81]



 

Kaniadakis Cosmology

[A. Lymperis, S. Basilakos, E.N. Saridakis, EPJC  81]

[A. Hernadez-Almada,  G. Leon, J. Magana, M.A Garcia-Aseitia, V.Motta, E. N. Saridakis  MNRAS 512]



[G. Luciano, E.N. Saridakis,  PLB 879 (2026)]







 

Holographic 
Dark 

Energy







Holographic Dark Energy

[M. Li, PLB 603]



Tsallis Holographic Dark Energy

[E.N. Saridakis, K. Bamba, R. Myrzakulov, F. Anagnostopoulos, JCAP 2018]



Barrow Holographic Dark Energy

[E.N. Saridakis, PRD 102] [F. Anagnostopoulos , S. Basilakos, E.N. Saridakis, EPJC 80]



Kaniadakis Holographic Dark Energy

 
 

[N. Drepanou, A. Lymperis, E.N. Saridakis, EPJC  82]



Kaniadakis Holographic Dark Energy

[N. Drepanou, A. Lymperis, E.N. Saridakis, EPJC  82]

[A. Hernadez-Almada,  G. Leon, J. Magana, M.A Garcia-Aseitia, V.Motta, E. N. Saridakis  MNRAS 511]





Luciano-Saridakis Holographic Dark Energy

[M. Leizerovich, Susana J. Landau, G. G. Luciano, A. Papatriantafyllou , E. N. Saridakis  PDU 54 (2026)]



 

Alleviating 
the tensions
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 H0 tension
 Tension (5σ!) between the data (direct measurements) and Planck/ΛCDM 

(indirect measurements). The data indicate a lack of “gravitational 
power”.

[Riess et al, Astrophys.J 826] 

[Abdalla et al, JHEAp (2022)] 
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 H0 tension
 Tension between the data (direct measurements) and Planck/ΛCDM (indirect 

measurements). This tension could be due to systematics. 
 If not systematics then we may need changes in ΛCDM in early or late time behavior. 

5σ seems to be very serious!

 Change early or late Universe physics. Higher number of effective relativistic species, 
dynamical dark energy, non-zero curvature, etc. 

 The data indicate a lack of “gravitational power”. Modified Gravity. 
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S8 Tension 
 Tension between direct data and Planck/ΛCDM estimation. The data 

indicate less matter clustering in structures at intermediate-small 
cosmological scales.
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Tension2 – fσ8
 Tension between the data and Planck/ΛCDM. 
 This tension could be due to systematics. 

 If not systematics, the data less matter clustering in structures at 
intermediate-small cosmological scales (expressed as smaller Ωm at 
z<0.6, or smaller σ8, or wDE<-1). 

 It could be reconciled by a mechanism that reduces the rate of 
clustering between recombination and today: Hot Dark Matter, Dark 
Matter that clusters differently at small scales, or Modified Gravity. 



Possible Solutions of H0 and S8 tensions



Possible Solutions of H0 and S8 tensions





Efficient model independent requirements
to solve the tensions



Efficient model independent requirements
to solve the tensions



Tsallis Cosmology

[S. Basilakos, A. Lymperis, M. Petronikolou,  E.N. Saridakis, EPJC  84]



Tsallis Cosmology

[S. Basilakos, A. Lymperis, M. Petronikolou,  E.N. Saridakis, EPJC  84]



  Barrow Holographic Dark energy

[M. Yarahmadi  Phys. Dark. Univ. 47 (2025)][M. Yarahmadi, A.Salehi MNRAS 534 (2024)]



  Barrow Holographic Dark energy



Kaniadakis Cosmology

[A. Hernadez-Almada,  G. Leon, J. Magana, M.A Garcia-Aseitia, V.Motta, E. N. Saridakis  MNRAS 512]



 Kaniadakis Holographic Dark energy

[W. Fang, G. Chen,C-J Feng, W. Du, Chenganq Shu 2406.09209]



           Conclusions
  Spacetime thermodynamics conjecture
  Holographic Dark Energy

  Modified Cosmology can arise from    
    Modified Entropy

   Can provide alleviation to the cosmological 
tensions! 



           Conclusions
  Spacetime thermodynamics conjecture
  Holographic Dark Energy

  Modified Cosmology can arise from    
    Modified Entropy

   Can provide alleviation to the cosmological 
tensions! 

Thank you!
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