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• Horizon problem:
– Why is the CMB so smooth?

• The flatness problem:
– Why is W~1 ? Why is the universe flat ?

• The initial fluctuation problem:
– Where do the very initial fluctuations that seed the 

fluctuations we observe in the CMB come from?
• The monopole problem

– Why aren’t there magnetic monopoles (and why is there 
more matter than antimatter)?

The four classical problems of the BB model:



The horizon problem

Why is the CMB so smooth at scales > 2o if these regions were 
not causally connected? Why do they have the same T?

(From M. Georganopoulos’ lecture lib) 



The flatness problem

0.01 0.00001

Why is the Universe always so very close to flat?

(Adapted from S. Cartwright’s lecture lib) 

−0.0133 < Ωk < 0.0084 at 95% CL (Komatsu et al. 2011)



The flatness problem

Why is the Universe always so very close to flat?
−0.0133 < Ωk < 0.0084 at 95% CL (Komatsu et al. 2011)



The monopole problem: unification

Grand Unified Theories of particle physics: at high energies the strong, 
electromagnetic and weak forces are unified. But  the symmetry between 
strong and electroweak forces ‘breaks’ at an energy of ~1015 GeV (T ~ 1028 K, 
t ~ 10−36 s)
– this is a phase transition similar to freezing
– expect to form ‘topological defects’ (like defects in crystals)

1968: Glashow, Salam, Weinberg 
(Nobel 1979)
1983 CERN (W & Z bosons) + 
2012 LHC (Higgs boson)
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The monopole problem

then

(From M. Georganopoulos’ lecture lib) 

Size of the Horizon

(A. Guth, H. Tye, John Preskill) 
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Radiation dominated at GUT phase transition



The monopole problem

(From M. Georganopoulos’ lecture lib) 



Inflation:  GUT comes to the rescue
Developed primarily by Alan Guth (Henry Tye), Andrei Linde and Alexei 
Starobinsky in the 80’s as a consequence of GUTs. Here we will explore 

these consequences, not the mechanism that produces inflation.

(From M. Georganopoulos’ lecture lib) 



Inflation: exponential growth

(From M. Georganopoulos’ lecture lib) 



Inflation: exponential growth
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(From M. Georganopoulos’ lecture lib) 



Inflation versus Dark Energy

(From M. Georganopoulos’ lecture lib) 
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Inflation and the flatness problem

3/22 cH iL=

(From M. Georganopoulos’ lecture lib) 



Inflation and the flatness problem



Inflation and the horizon problem

(From M. Georganopoulos’ lecture lib) 



Inflation and the horizon problem
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Inflation and the horizon problem

(From M. Georganopoulos’ lecture lib) 



Inflation and the monopole problem

(From M. Georganopoulos’ lecture lib) 



Inflation and the source of structure

(From S. Cartwright’s lecture lib) 



The driver behind Inflation
Inflation is thought to be related to a phase transition controlled
by a form of matter known as a scalar field. Scalar fields can have 
negative pressure, satisfying the inflationary condition. After the 
phase transition is over, the scalar field decays away and inflation 
stops. There are many variants of inflation.

• Universe in the state of false 
vacuum

• energy of Universe dominated by 
vacuum energy

• Universe expands 
exponentially

• In some models, when it transits to 
true vacuum matter/antimatter is 
created and inflation ends.


