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Angels and demons

4Alexander Kartavtsev Baryon asymmetry of the Universe



5Alexander Kartavtsev Baryon asymmetry of the Universe



6Alexander Kartavtsev Baryon asymmetry of the Universe



Cosmic rays contain

positrons and antiprotons
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Why is the Universe baryonically asymmetric ?
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Outline

• Experimental evidence 

– Cosmic Microwave Background

– Big Bang Nucleosynthesis

• Theoretical interpretation

– Baryon number violation

– Baryogenesis via leptogenesis
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Cosmic microwave background
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t ~ 47.000
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PLANCK 2013

Small scalesWhole sky
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time

Comoving volume, t=t0

Comoving volume, t=t1

ηB/ηγ = const.
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Big Bang nucleosynthesis
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t ~ 47.000
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t ~ 3 min

T ~ 1010 K

Deuterium bottleneck = η dependence
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PDG
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Intermediate summary I

• Antimatter is a rare commodity nowadays

• Baryon to photon ratio: η ≈ 6.2 x 10-10

• ηBBN is consistent with ηCMB
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Why is the Universe baryonically asymmetric ?
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Baryon number violation
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t ~ 10146 years
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Baryogenesis via leptogenesis
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B-L=const.

sphaleron scales
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Left-handed neutrino

Right-handed neutrino
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• Violation of baryon number 

• C- and CP-violation

• Deviation from equilibrium

Andrei Sakharov
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=

if the intermediate state 

is on the mass shell, then
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Intermediate summary II

• Heavy Majoranas explain the BAU

• predict 0ββ decay

• and can be searched for in colliders  
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