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Class 20 :  
What kind of Universe do we live in? 

  Determining the geometry of our 
Universe 
  Attempt to measure the density parameter 
  Direct measures of the geometry 

  Discovery of the acceleration of our 
Universe 

The big questions about OUR Universe 

  What are the contents of our Universe? 
  What is the average density? 
  How much normal matter, dark matter, 

radiation etc is there? 
  What is the geometry of our Universe?  

Spherical, flat, hyperbolic? 
  What is the history of our Universe? 

  How does the scale factor change with time 
(does it follow the prediction of the standard 
model)? 

  How old is our Universe? 
  What is its eventual fate? 
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I : The density parameter and 
geometry of our Universe 
  Let’s take a census of mass in the Universe… 

we will phrase all densities as fractions of the 
critical density 

  Normal (“baryonic”) matter… 
  Primordial nucleosynthesis ⇒ ΩB=0.04 
  Stars account for 10-25% of this. 
  Rest of the baryonic mass is in gas 

  Dark matter… 
  Galaxy dark matter halos ΩDM~0.1 
  Add in dark matter in groups & clusters, ΩDM~0.3 
  This is much more than the density of baryonic 

matter allowed from primordial nucleosynthesis… so 
most of the dark matter must be non-baryonic 

  So… best guess is that Ω≈0.3 

  What about the geometry of the 
Universe? 
  We can study the geometry of the Universe 

using the properties of triangles 
  Suppose that we draw a giant triangle in 

space and then add up the angles inside the 
triangle… 
  Sum of angles = 180o ⇒ flat geometry 
  Sum of angles < 180o ⇒ hyperbolic geometry 
  Sum of angles > 180o ⇒ spherical geometry 
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  We can study these “triangles” by looking at 
the CMB fluctuations… 
  Many of these fluctuations are due to oscillations 

(sound waves) that were present in the early 
Universe 

  An “image” of these sound waves was frozen into the 
CMB at the time that radiation and matter decoupled 

  We can calculate the physical length (i.e. the actual 
number of meters) between two fluctuation peaks… 
and we know how far this “image” of the CMB is 
from us. 

  Thus, we have our triangle… all we need to do is 
measure the angle subtended by these fluctuations 
as seen from Earth 
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  Result: 
  Universe is very close to being flat! 
  If phrased in terms of density parameter, 

the geometry of the Universe suggests that 
Ω=1.00±0.01 

  So, we seem to have a problem… 
  A direct census of the mass that we see in 

the Universe gives Ω≈0.3 
  But the geometry of the Universe is flat, 

suggesting that Ω≈1.0 
  Something is wrong/missing! 

II : The acceleration of our 
Universe 
  The missing ingredient was discovered in the late 1990s 
  People were studying the expansion of the Universe 

using Type-1a Supernovae (SN1a) 
  Digression… what is a type-1a supernova? 

  Fundamentally different to the “core-collapse” supernova 
that we’ve come across 

  Consider a white dwarf that is steadily accreting matter 
from a companion star… 

  White dwarfs have a maximum mass of 1.4Msun (the 
Chandrasekhar mass)… if a white dwarf is pushed over this 
mass, it will start to collapse 

  As it collapses, it heats up… this then triggers runaway 
thermonuclear fusion of the helium or carbon/oxygen 
making up the white dwarf. 

  The fusion burns all of the way to iron… the enormous 
energy release completely blows the star apart! 

  All type-1a supernovae have the same luminosity! 
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  So, we find type-1a supernova and 
measure two quantities… 
  Distance : using the fact that they all have 

the same luminosity 
  Velocity/redshift : using their spectra 

  We then plot distance against velocity 
  Find curvature in the plot indicating that 

expansion was slower in the past 
  Thus the Universe is accelerating! 
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  What’s causing the acceleration?  Two 
possibilities… 
  Our understanding of gravity is wrong, and GR needs 

to be modified on cosmological scales 
  There is a new kind of “stuff” that is pushing the 

Universe apart (Dark Energy) 

  If you work out the mass equivalent of the 
required amount of Dark Energy, get ΩDE≈0.7 
  Adding in the contribution from matter, ΩM≈0.3, this 

is just the right amount to make the Universe flat 
  The basic nature of Dark Energy is a profound 

mystery. 
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