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The expansion of the Universe is being accelerated by a mysterious force but apart 
from giving it a name we really don’t know much about Dark Energy! Two key 
properties distinguish it from normal matter in the Universe - it doesn’t clump 
together like matter and it acts like a negative pressure or repulsive force of gravity 

on large scales. These bizarre properties 
may actually be explained by looking at a 
quantum vacuum - an equally bizarre 
place. In Quantum Field Theory the 
vacuum is never empty and is teeming 
with virtual particles whose existence is 
fleeting. The presence of these virtual 
particles would represent a “Cosmological 
Constant” of energy in the Universe which 
has exactly the same properties as Dark 
Energy. In this lecture we will examine 
the Cosmological Constant and the 
mysteries surrounding the density of Dark 
Energy in the Universe today. !!
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One goal of cosmologists is to 
develop a theory of how Dark 
Energy behaves over the history 
of our Universe. The figure on 
the left shows various stages of 
cosmic evolution. As the 
Universe expands, the energy 
density of different components 
dilutes at different rates over 
time. We call these epochs - the 
Radiation domination era, the 
Matter domination era and 
finally the Dark Energy 
domination era which we are 
living in today. If Dark Energy is 
a Cosmological Constant then 

the energy density has been fixed over time and has only recently come to 
dominate the cosmic energy budget. !!
Although the Cosmological Constant has the same properties as Dark Energy there 
is the absurd fact that the amount of vacuum energy should be 10120 times more 
then what we measure! One possible solution is that perhaps our theory of gravity - 

General Relativity - needs to be modified on large scales. 
The  success of Einstein’s theory of General Relativity is 
astonishing and any modifications to this theory need to 
match these successes. We will discuss both space and lab 
based tests of General Relativity which are awe inspiring 
experiments which continue to validate a beautiful theory. 
Any deviation from 
the predictions of 
GR would be a clear 
sign of new physics 
and could possibly 
solve the puzzle of 
Dark Energy.
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