
 
The discovery that the expansion of the Universe is being accelerated by a 
mysterious force that cosmologists call “Dark Energy” has had an immense impact 
and is the most exciting area of research in Cosmology today. The 2011 Nobel 
Prize in physics was awarded to three astronomers, Adam Riess, Saul Perlmutter 

and Brian Schmidt,  who found the first direct 
evidence of this acceleration by observing the 
brightness of exploding stars in the Universe. 
These astonishing observations have ignited a 
race towards an even bigger discovery – what is 
Dark Energy? In this lecture we will examine 
the evidence that the Universe is expanding ever 
more rapidly.  !!!!!!

The first conclusive observational evidence for Dark Energy came from measuring 
the distances to type Ia Supernovae. In 1998 two teams of astronomers used 
different analysis techniques and different supernovae samples and both came to 
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the same  conclusion - that the expansion of the Universe is actually speeding up. 
Supernovae remain an important probe of cosmology as they have known 
luminosities and can be considered as “standard candles” when building a cosmic 
distance ladder. The image above shows the very recent supernovae in M82 (“The 
Cigar galaxy”) detected by Nasa’s Swift satellite. The image on the left is from 

2013 while the image on the right is 
from January 2014.  !!!!!
Although we have firm 
observational evidence that dark 
energy exists, to date we still don't  
know what it is! One possible 
explanation, which we will discuss 
in this lecture, is Einstein’s famous 
cosmological constant which arises 
from quantum mechanical 
phenomena called virtual particles. 
The poem opposite is by the physics 
MIT professor and Nobel laureate 
Frank Wilczek. !
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!!
VIRTUAL PARTICLES, by Frank Wilczek  

 
Beware of thinking nothing's there.  

Remove all you can, despite your care  
Behind remains a restless seething 

Of mindless clones beyond conceiving.  
 

They come in a wink, they dance about,  
Whatever they touch is seized by doubt:  

What am I doing here? What should I weigh?  
Such thoughts often lead to rapid decay.  

 
Fear not! The terminology's misleading;  

Decay is virtual particle breeding 
Their ferment, though mindless, does serve noble 

ends: 
Those clones, when exchanged, make a bond 

between friends. 
 

To be or not? The choice seems clear enough,  
But Hamlet vacillated. So does this stuff. 

 


