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1. Introduction 
In this talk, I focus on observational supportive evidences for Dark Energy. As density of 
advocated Dark Energy is very small, we have to measure astronomical objects at very 
large distance or in huge volume to measure acceleration or deceleration of the universe. 
There are several methods to constrain Dark Energy, which are reviewed in this talk. 
 
2. standard candle 
In order to measure acceleration/deceleration of the universe, it is essential to measure 
the distance to a star or a galaxy at very large distance (e.g. several billion light years). To 
measure the distance, we need so called “a standard candle”, the object whose luminosity 
is accurately known and is large enough to be visible at large distances. The type-Ia 
supernova (SNIa), a special type of the end of a star, is the best standard candle to 
measure the expansion of the universe. The progenitor of a SNIa is a white dwarf which 
is a core of an evolved star, growing up in a binary star system. A white dwarf has the 
upper mass limit known as Chandrasekar mass, above which the white dwarf explodes. 
Hence SNIa has roughly the same luminosity, as the mass of each “nuclear bomb” is the 
same. 
 Since 1990’s there have been measurements of distant SNeIa, which show that apparent 
brightness of SNeIa, on average, is appeared to be fainter than that is expected for a 
constant or decelerating expansion of the universe. This means expansion of the universe 
is accelerating, and we need energy resources to accelerate the expansion, i.e. Dark 
Energy.  
All recent measurements of SNeIa show that expansion of the universe is accelerating. 

Near future projects are focusing on if density of Dark Energy is constant or not. But to 
measure density evolution of Dark Energy, we have to measure distances of SNIa very 
accurately. There are several keys to have more accurate measurements, identifying 
possible sources of scatter of SNIa brightness, how to calibrate brightness of stars, etc. 
 
3. other methods 
Another way to constrain the cosmological model is to measure a special scale well known. 
Cosmic Microwave Background (CMB), relic radiation of Big Bang, has a special scale, 
which can be used as the standard scale to constrain the cosmology model. The 
distribution of galaxies has also a standard scale so called Baryon Acoustic Oscillation 
(BAO). Measurements of CMB fluctuations and BAO, combined with SNIa 
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measurements, show that our universe is “flat”, and that about 3/4 of matter-energy 
density seems to be Dark Energy. There are other supportive evidences for Dark Energy 
by measuring numbers of faint galaxies, statistical studies of gravitational lenses, etc. 
 
Conclusion 
We have various kinds of observational evidences for dark energy. More measurements 
with high accuracy and/or large statistics will be necessary to constrain properties of 
Dark Energy, and various new projects are carried out or being planned. 
 
References 
Fukugita et al. 1990, Astropysical Journal, 361, 1 

Schmidt et al. 1998, Astrophysical Journal, 507, 46 

Riess et al. 1998, Astronomical Journal, 116, 1009 

Perlmutter et al. 1999, Astrophysical Journal, 517, 565 

Hamana et al. 2003, Astrophysical Journal, 597, 98 
Spergel et al. 2004, Astrophysical Journal Supplements, 148, 175 

Tegmark et al. 2004, Physical Review D, 69, 3501  

Eisenstein et al. 2005, Astrophysical Journal, 633, 560  

Astier et al. 2006, Astronomy and Astrophysics, 447, 31 

Spergel et al. 2007, Astrophysical Journal Supplements, 170, 377  

Oguri et al. 2008, Astronomical Journal, 135, 512 

Riess et al. 2009, Astrophysical Journal, 699, 539 

Amanullah et al. 2010, Astrophysical Journal, 716, 712 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


