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Dark Energy	

Our Target is …	



ü What is Dark Energy? 
ü Dark Energy v.s. Modified Gravity 
ü Time Evolution of  Dark Energy 

ü What are Observational Probes of  DE? 
ü Large Scale Structure 

ü BAO, 
ü Gravitational Lensing 
ü Peculiar Velocity … 

ü CMB Anisotropies 
ü Red-shifted 21cm line 

Shinichi Nojiri’s Talk	

Kiyotomo Ichiki’s Talk	



Dark Components and Structure 
Formation	

n  Dark Energy 
n  Prevent a growth of density fluctuations due to the 

acceleration of the Universe 
n  If it is a scalar field, filed itself can have density 

fluctuations 

n  Dark Matter 
n  Form large scale structure of the Universe 
n  Dark halo of galaxies 
n  Only can detect gravitationally: lensing, peculiar 

motion of galaxies, … 

	



Dark Energy	

n  Dark Energy or Modified Gravity? 
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Gravity from Contents	

Cosmological Constant: Anti-Gravity	

Geometry & Dynamics	

Dark Energy	Modified Gravity	



n  Modified Gravity 
n  f(R) Gravity 
n  TeVeS 
n  DGP …. 

Shinichi Nojiri	Shinji Tsujikawa	
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a b s t r a c t

The classical generalization of general relativity is considered as the gravitational
alternative for a unified description of the early-time inflation with late-time cosmic
acceleration. The structure and cosmological properties of a number of modified theories,
including traditional F(R) and Ho∞ava–Lifshitz F(R) gravity, scalar-tensor theory, string-
inspired and Gauss–Bonnet theory, non-local gravity, non-minimally coupled models, and
power-counting renormalizable covariant gravity are discussed. Different representations
of and relations between such theories are investigated. It is shown that some versions
of the above theories may be consistent with local tests and may provide a qualitatively
reasonable unified description of inflation with the dark energy epoch. The cosmological
reconstruction of different modified gravities is provided in great detail. It is demonstrated
that eventually any given universe evolution may be reconstructed for the theories
under consideration, and the explicit reconstruction is applied to an accelerating spatially
flat Friedmann–Robertson–Walker (FRW) universe. Special attention is paid to Lagrange
multiplier constrained and conventional F(R) gravities, for latter F(R) theory, the effective
⇤CDM era and phantom divide crossing acceleration are obtained. The occurrences of the
Big Rip and other finite-time future singularities in modified gravity are reviewed along
with their solutions via the addition of higher-derivative gravitational invariants.
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Modeling Dark Energy	

Probing the model by cosmological observations	



Probe Dark Energy	

n  SNe 
n  Weak Lensing 
n  Baryon Acoustic Oscillation 
n  Peculiar Velocity	

Two Principles 
•  Distance 
•  Growth Rate of  Density Fluctuations	



Observer	

z=1100　　　　　　　	

z=0.5~1　　　　　　　	

BAO is a new ruler in the universe  
at the epoch of dark energy domination 	

Without Dark Energy	



Observer	

z=1100　　　　　　　	

z=0.5~1　　　　　　　	

BAO is a new ruler in the universe  
at the epoch of dark energy domination 	

With Dark Energy	

Dark Energy	
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Dark Energy	



Probe Dark Energy	

n  SNe 
n  Weak Lensing 
n  Baryon Acoustic Oscillation 
n  Peculiar Velocity	

BAO & AP Test	 Observational Probes	
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Yellow: tenured 	

Structure Formation, Perturbations	

HSC	 Magnetic Fields, 21cm	

Magnetic Fields, Neutrino	

Inflation	
Primordial Gravitational Wave	

Radiative Transfer Simulation, 21cm 
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General Relativity	

Models of  Dark Energy, Modified Gravity	





ü What is Dark Energy? 

 

ü What are Observational Probes of  DE? 

Shinichi Nojiri’s Talk	

Kiyotomo Ichiki’s Talk	




