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The asymmetry of the Universe

The Universe contains more matter the antimatter as evidenced by the structure around us.
This can be observed in two equivalent ways:
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These values are inferred independently from S N N .
1. Enhancement of the odd peaks in CMB Yap = ——— | = 8752023 x10
2. Abundances of D, 3He during BBN
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Sakharov conditions

The observed baryon asymmetry should be created dynamically after inflation:

This can be achieved by the 3 Sakharov conditions:
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1. Baryon number violation
2. C-and CP- violation

3. Departure from thermal equilibrium

Credit: Wikipedia



Asymmetrizing within the SM

Can we satisfy Sakharov conditions in the SM...? Not really! AB = AL = +£3.

1. Sphalerons conserve B-L but violate B+L
with unsuppressed decay rate at high temperatures. OK!

2.1 Weak interactions violate C maximally. OK!

2.2 The CP-violation from the CKM matrix however is ~ 1074, NOT ENOUGH!
3. EWSB does not give a first order phase transition — Higgs is too heavy! NOT OK!

ook for explanation in connection with other unsolved problems of the SM.



Neutrinos to the rescue

Baryogenesis can be nicely connected to an explanation of neutrino masses.

1. Light neutrino masses from a heavy right-handed neutrino -> seesaw mechanism
2. CP violating decays of RHN are out of equilibrium and produce AL
3. AL Is converted into AB by sphalerons.

Features of the THERMAVL LEPTOGENESIS scenario:

1. RHN has to be very heavy mN> 10° GeV => High reheating temperatures needed
2. Not many clear experimental signatures.
3. CP-asymmetry in the DECAY of on-shell RHN.

LINK WITH PHASE TRANSITIONS.

We use the ideas first outlined In
M.Cataldi and B.Shakya, JCAP 11 (2024) 047

Artwork by Sandbox Studio, Chicago with Ana Kova L
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Strong phase tranS|t|ons often feature grawtatlonal wave signals!



Particles popping from bubbles

For that runaway bubbles are needed.
We need to limit the friction on the bubble walls
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Maximum energy for particle production E ~y v

produced particles

Compared to bubble — plasma collision : vev does not have to be related to the heavy particle mass!
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The production is always dominated by the mN resonance!

Low energies pLmy:

High energies  p>> my :
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Equal and opp05|te asymmetrles produced but SEPARATED |nto two sectors
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Conclusions

|. Bubble collisions from phase transitions allow to create very heavy particles
1. The same mechanism can also entail CP violation in the production
l11. We have applied this observation to a concrete realization of baryogenesis
V. We computed CP violation both from the on-shell and off-shell production

V. We start with zero asymmetry =|> the asymmetry is separated into two different
sectors.

V1. Consequently, we also attempt to explain the DM abundance via cogenesis.
VIl. Adding lepton violating terms can be used to also explain the neutrino masses

Thank you for attention!
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