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 The history of Science is a history of 
tensions between theoretical 
predictions and observations 

 

  Astrophysics and Cosmology have 
become precision sciences with an 
incredibly huge amount of data   

 
 New Tensions appear.  

  Are we approaching New Physics?  
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    History of Gravity 

 



 

 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 

perihelin advance, 

predicted by G.R. 
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The Theory of Relativity 
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60 years of tension 



Summary of 20th century Observations 

  



  

Astrophysics and 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 







    So can our knowledge of Physics describes all these? 

          NO!      We need new physics! 
  

Are we approaching a Revolution in Physics? 



                  We need to modify something: 

      

    The universe content 

                     or    

    The theory of Gravity 

 



 

  

New particles/interactions 
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Modified Gravity 



Standard Model vs General Relativity 
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 f(T) Gravity and f(T) Cosmology 

 f(T) Gravity: Simplest torsion-based modified gravity 

 Generalize T to f(T)   (inspired by f(R)) 

 
 

 Equations of motion: 

 
 

 f(T) Cosmology: Apply in FRW geometry: 
 

                                                                                                 (not unique choice) 
 

 Friedmann equations: 
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 f(T) Cosmology: Background 

 Re-write Firedmann Equation as: 

 
 
 

with                                   and 

 

 

 

                                                        quantifies the deviation from ΛCDM  

                                                            (for f=const. we obtain ΛCDM)                                        
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 f(T) Cosmology: Perturbations 

 For scalar perturbations: 

 
 

 

 

 Obtain Perturbation Equations. 
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[Chen, Dent, Dutta, Saridakis  PRD 83],   

[Dent, Dutta, Saridakis  JCAP 1101] 



Solving H0 and S8 tensions in f(T) Gravity  

[S-F Yan, P. Zhang, J-W Chen, X_Z Zhang, Y-F Cai, E.N. Saridakis, PRD 101] 

[J-W Chen,  W. Luo, Y-F Cai, E.N. Saridakis, PRD 102] 

[S. Basilakos, S. Nesseris, F. Anagnostopoulos, E.N.Saridakis, JCAP 2019] 



f(Q) gravity 



f(Q) cosmology 

 Background: 
    



 Perturbations: 
    

f(Q) cosmology 



Solving the tensions in f(Q) gravity 

[F. Anagnostopoulos, S. Basilakos, E.N.Saridakis, JCAP 2019] 

[S. Peirone, G. Benevento, N. Frusciante, S. Tsujikawa, PRD 100] 



         Take-home message 
 i) Astrophysics and Cosmology in the 21st century. 

 

 ii) A huge amount of accumulating data suggest possible tensions with  
predictions of our theories. 
 

 iii) New Fundamental Physics and paradigm shift may be the way out. 
 

 

 
 

 

 

 

 
   

 

                        E.Di Valentino, E. N. Saridakis, A. Riess,     Nature Astronomy (2022) 
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Thank you! 
 


