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Two regimes of accelerated expansion 
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Reheating 



           gravity 

can describe the accelerated expansion.  

 

 

Primordial inflation 

 

 

Late-time acceleration 
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cf.            model for both accelerated expansion 
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Local scale                                   

Solar system test  

Horizon scale 

                   

Expansion history 

 

Testing modified gravity 

Intermediate scale 

                               

Large scale structure 



Time variation of EoS parameter 
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Growth index 
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Additional transfer function in             gravity 

 

 

 

 

 

 

 

 

          gravity enhances matter power spectrum. 

                     cancel 

Massive neutrino suppresses matter power spectrum. 
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Constraint on            from BBN 
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Constraints on            and                 in ΛCDM  

CMB 
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Constraints on            and                 in ΛCDM  
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Sterile neutrino mass       1 eV 

       ΛCDM model 
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Neutrino oscillation 



MCMC analysis: ΛCDM vs             gravity 
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 3 massless and 1 massive neutrino with mass = 1 eV 

 WMAP7, SDSS DR 7 

 Better fit :               10.7   (Δ AIC = 8.7) 

 GR :                                 ,            :   

 

ΛCDM 



MCMC analysis: ΛCDM vs             gravity 
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 3 massless and 1 massive neutrino with mass = 1 eV 

 WMAP7, SDSS DR 7 

 Better fit :               10.7   (Δ AIC = 8.7) 

 GR :                                 ,            :   

ΛCDM 

WMAP 

ΛCDM 

SDSS 



14  

Summary 

14  

 Cosmology based on ΛCDM model 

        Sterile neutrino mass       1 eV  

 

 Neutrino oscillation experiments 

        Sterile neutrino mass       1 eV 

 

          gravity can resolve the tension. 


