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Angels and demons
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Baryon asymmetry of the Universe
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Our Solar System
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~“Cosmic ra’y‘s'cpntqih ,
positrons and antiprotons
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Why Is the Universe baryonically asymmetric ?



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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Big Bang

2l of Lnibislyy)

5
Last Scatten‘ng

PRESENT
13.7 Billion Years
after the Big Bang

The cosmic microwave background Radiation’s
“surface of last scatter” is analogous to the
light coming through the clouds to our

eye on a cloudy day.

We can only see
the surface of the
cloud where light
was last scattered
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W. Hu, An Introduction to the CMB

Alexander Kartavtsev Baryon asymmetry of the Universe 13


http://background.uchicago.edu/~whu/beginners/introduction.html

PLANCK 2013
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http://arxiv.org/abs/1303.5076
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http://arxiv.org/abs/1303.5076

Hu & Dodelson, astro-ph/0110414
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http://arxiv.org/abs/astro-ph/0110414

W. Hu, An Introduction to the CMB
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W. Hu, An Introduction to the CMB
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n = (6.19 +/- 0.14) x 10-1°



0o 00 time

Comoving volume, t=t,

nNg/Nn, = const.

Comoving volume, t=t;
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Big Bang nucleosynthesis
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Intermediate summary |

« Antimatter is a rare commodity nowadays

« Baryon to photon ratio: n = 6.2 x 1010

* Nggy IS consistent with Neyg



Why Is the Universe baryonically asymmetric ?



Baryon number violation
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n! p+ée+?@
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Baryogenesis via leptogenesis



B-L=const.

Tsutomu Yanagida

Masataka Fukugita

sphaleron scales
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arXiv:1209.3023

Free Fluxes + RSBL

Huber Fluxes, no RSBL
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http://arxiv.org/abs/1209.3023
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Right-handed neutrino

L eft-handed neutrino
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Time derivative of
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Time derivative of Phase space Momentum-energy
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* Violation of baryon number
* C- and CP-violation
* Deviation from equilibrium

Andrei Sakharov
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Time derivative of Phase space Momentum-energy
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Time derivative of  Phase space « Momentum-energy
lepton number - integral conserving delta-function
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http://arxiv.org/abs/hep-ph/0309342
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Intermediate summary ||

« Heavy Majoranas explain the BAU
 predict OB decay

 and can be searched for in colliders
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