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The Cosmic Microwave Background
& a (very) brief history of our Universe



The Big Bang – t = 0s
Hot & Dense

● Thermal agitation is extremely 
high

● All possible reactions are 
happening at the same time, 
nothing is stable

Expanding & Cooling

● Thermal agitation 
decreases

● Reactions start freezing = 
stop happening in both 
directions



Baryogenesis



Primordial nucleosynthesis



The recombination – t = 380,000 years



The CMB – t = 380,000 years

Anisotropies = seeds for future structures (stars, galaxies, etc.)



Today!



What is the Universe made of today?

● 5% baryonic matter = us!
● 25% dark matter = "invisible" 

matter
● 70% dark energy = a 

mysterious force that drives 
the Universe expansion

https://chrisnorth.github.io/planckapps/Simulator/#

https://chrisnorth.github.io/planckapps/Simulator/#


Cosmic mysteries… 
and solution!



Initial conditions puzzle – I: homogeneity

Distance > age of the Universe x speed of light



Initial conditions puzzle – II: curvature

k > 0

k = 0

k < 0



Initial conditions puzzle – solution!



The CMB is our messenger for inflation!



… and for many other things! 13.8 billion years to explore!



Measuring the CMB



Redshift

Basic principle



Polarisation



Where to go?

D. Barkats/BK collaboration



Still avoiding the atmosphere



M. Petroff

C. Vergès

M. Petroff SPT Collaboration

D. Kellner



Large aperture telescope



Large aperture telescope

SO Collaboration



Small aperture telescope

K. Lau



External view

BK Collaboration

BK Collaboration

SO Collaboration



BK Collaboration

Tubes and mount

K. Lau

P. Rejcek

http://www.youtube.com/watch?v=eN3J2s06jms
http://www.youtube.com/watch?v=QCgYOBcIxFE


Inside a CMB 
telescope

K. Lau



Inside a CMB telescope

BK Collaboration



Small aperture 
telescope

K. Lau



SO Collaboration

BK Collaboration

Inside a CMB telescope



What do raw data look like?

BK collaboration

Telescope movement

Summed signal -> temperature

Difference signal -> polarisation



Making maps

BK collaborationBK collaboration/S4 collaboration

 



Thank you!


