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Can this be serious?

“Don’t let me catch anyone talking about the 
universe in my department”
Edict of Ernest Rutherford to his subordinates in 

Cambridge

“There is speculation, speculation square –
and cosmology”
Cynics in Physics departments around the 
world a few decades ago



Big advances
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• Many very important new experimental results
• Fantastic new instruments, like:



What we know:

The Universe is 
expanding
Experimental facts:

1. Red-shift
2. Cosmic Microwave Background
3. Chemical composition of universe



Misconceptions:
the Big Bang is not an explosion

• Popular idea:
– See the Big Bang as 

the detonation of a 
compact ball of 
matter in preexisting 
void

WRONG!

If it were so, CMB 
would not be 
homogeneous as it is



Big Bang = expansion of space

• What is “the expansion of the 
universe”?

• Living inside vs. living on the surface
• The shape of the universe.



• Three kinds of 
expansion:

flat, closed and open.
• We live in...?



Observational fact 1: red shift

• Observation:
– Light from far objects is 

shifted to lower frequencies:
They are moving away from 

us!
– The more distant they are, 

the faster they fly away, 
some are escaping nearly 
at the speed of light

Only explanation:
The Universe is expanding



The afterglow of creation

Playing the expansion 
movie back:

The universe was 
once in a 
compressed and 
dense state, and 
therefore HOT!

It should radiate!

Can we see this?



Observational fact 2:
The tune of creation

• 1965: Penzias and  Wilson 
discovered an all 
surrounding background 
radiation in the microwave 
range

• Discovery was accidental, 
as many important 
discoveries are � .

• Spectrum corresponds to 
blackbody radiation of 
temperature 2.7 K

Confirmation of key prediction 
of Big Bang model!



Background radiation (CMB) 40 years later

• Initial measurements 
confirmed and much 
improved

• COBE and WMAP 
satellites mapped the 
whole sky 

• Our universe is filled with 
radiation that does not
originate from stars -
microwave radiation 
(100-200 GHz)

• Temperature variations 
1/100 000

• Something missing? �



Where does background radiation come from?

• In the first 300 000 years matter and radiation were good friends; 
they were coupled together. As the universe was expanding, and 
thus cooling, those two broke apart. Radiation went flying 
through the space and matter started building galaxies.

The CMB gives us a snapshot of the universe
~380’000 years after creation!

Central band:
Milky Way



Why is the CMB so cold?
• Runaway radiation suffered consequences. When it decoupled 

from matter, this light was quite energetic (short wavelength) but 
not for long.

• Expansion of space caused expansion of light’s wavelength thus 
creating microwaves (long wavelength).

• These microwaves make cosmic background 
we see today!



Observational fact 3:
Chemical composition of the universe

• Visible matter consists of 
– hydrogen (~ 75%) 
– helium (~ 25%).

• All other elements are 
almost negligible.

• The Big Bang model 
says the same thing.



What we know we do not know:

Dark matter
Dark energy

A lot of dark stuff out there



Dark matter? Dark energy?
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Dark matter: rather like this

Dark matter = does not emit or reflect electromagnetic radiation!
Everything which is not stars



Dark matter is out there: lots of it!

• Strong evidence for the presence of 
dark matter in the universe:
– Rotational curves of galaxies
– Dynamics of galaxy clusters
– Gravitational lensing

• Dark matter accounts for the vast 
majority of mass in the universe!



Rotational curves of galaxies



Gravitational lensing

Light of background 
galaxies deformed 
by gravitational 
effect of large 
quantities of 
invisible matter



Composition of dark matter: ???

• Possible candidates:
– Baryonic Dark matter:

• Clouds of nonluminous gas
• Brown dwarfs or planets (MACHOs)

– Neutrinos
– Non Baryonic Dark Matter: new particles, cold or 

hot
• WIMPS
• SUSY Particles
• ...



Looking at the expansion speed

“standard candle”:
Type Ia Supernovae



Surprise: accelerated expansion!

Data clearly hint at:

Expansion of the 
universe is 

accelerating!

(acceleration 
started recently)

DARK ENERGY!



What is dark energy?



The content of the universe



Standard model of cosmology



Approaching t=0

• High Energy particle physics data are a 
precious guide, but only up to certain 
point
– We do NOT understand gravity

• Mystery: temperature equilibrium over 
causally unrelated areas
– Solution: inflation, but what is it?

• Singularity, or not?



Some final thoughts

• Can physics (dis)prove creation ab
nihilo ?

• The universe is bio-friendly, almost fixed 
up



Thank you �


