
 
Most experts believe that nothing short of a revolution in our understanding of 
fundamental physics will be required to achieve a full understanding of the cosmic 
acceleration. For these reasons, the nature of dark energy ranks among the most 
compelling of all outstanding questions in physical science. These circumstances demand 
an ambitious observational program to determine the dark energy properties as well as 
possible. 
- Report of the Dark Energy Task Force 

There are two key ways we can test Dark Energy: by measuring the expansion history of the 
universe and the growth rate of structure. By comparing these two 
different methods we also obtain important consistency tests of the 

standard model of Cosmology  -Λ Cold 
Dark Matter. In this lecture we will look at 
a few ways cosmologists can probe both 
the expansion rate and the growth of 
structure. We will also discuss the next 
generation of galaxy and CMB surveys 
whose mission is to shed light on the 
mysterious Dark Energy. 

To determine if the expansion rate of the 
universe is speeding up or slowing down 
over time, cosmologists measure the 
distance to Type Ia supernovae which  are 
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"standard candles”, exploding stars which all have 
nearly the same absolute brightness or luminosity. 
Another way we probe the expansion of the 
Universe is by measuring the patterns in the 
distribution of distant galaxies. Approximately 
370,000 years after the Big Bang, acoustic pressure 
waves in the quark soup were frozen in place when 
electron and protons combined to form neutral 
hydrogen. The location of these frozen waves are a 
"standard ruler” in the universe and are imprinted in 
the distribution of galaxies we see today. The figure 

on the left is from the SDSS survey showing a peak in 
the clustering of galaxies at approximately 100 h-1Mpc. These pressure waves are called baryon 
acoustic oscillations (BAO). 

The Dark Energy Survey will measure the brightness of around 3,000 supernovae. These 
supernovae are billions of light years distant from earth. When the most distant ones DES will 
study exploded, the universe was only about half as big as it is now. DES will also measure the 
BAO signal by analyzing the clustering on the sky of hundreds of millions of galaxies at 
different distances from us. 
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