Leptoflavorgenesis

Kyohei Mukaida

KEK

Based on 2111.03082, (2208.03237)
Collaboration with V.Domcke, K.Kamada, K. Schmitz, M.Yamada






Cosmic Inflation v.s. Baryon Asymmetry

> Inflation: accelerated expansion of Universe

- Solve horizon/flatness problems + Provide density perturbations.

= Dilute unwanted relics, but also baryons.
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= Baryogenesis (i.e., production of BAU) after inflation



Sakharov’s conditions

> Conditions on Hamiltonian (i) and state (p)

- Violation of Baryon charge

Heisenberg eq. QB =1[H, Qp] ey [, Q] # 0
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Sakharov’s conditions

> Conditions on Hamiltonian (i) and state (p)

v Violation of Baryon charge

Heisenberg eq. QB =1[H, Qp] ey [ H, Q] # 0

> Chiral anomaly
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No effect within the current age of Universe
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- Weak sphaleron at high T

Tws {(8.0 +1.3)x 1077 for T >161GeV

- = T
T4 e~ 147719+ 0830005y for T < 161GeV
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[See e.g., Boedeker, Buchmuller 2009.07294]




Weak sphaleron & Baryogenesis

Weak sphaleron equilibrated
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> Electroweak Bar)logenesis [Kuzmin, Rubakov, Shaposhnikov]

= We need a new source of CP violation & strong EWPT
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= We need a new source of CP violation & strong EWPT should be applied to B-L!
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= We need a new source of CP violation & strong EWPT .~ should be applied to B-L!
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Weak sphaleron & Baryogenesis

Weak sphaleron equilibrated
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> Electroweak Baryogenesis [Kuzmin, Rubakov, Shaposhnikov]

- We need a new source of CP violation & strong EWPT "

g LePtogenesis (B-L genesis) -

[Fukugita, Yanagida Phys.Lett.B 174 (1986)]

- Out-of-equil. CPV decay of the lightest Majorana RHy ~ V-Yukawa  Tajorana mass
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= Neutrino mass « Right-handed Majorana neutrino 1 41

> [KM, K.Schmitz, M.Yamada 2111.03082]






Chemical equilibrium in the early Universe

Weak sphaleron equilibrated
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> What is the conversion factors from Qc to Qg!?

- Leptogenesis < chemical transport under ideal gas apprx.

- Leptoflavorgenesis < chemical transport beyond ideal gas apprx.
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Chemical equilibrium @ LO

> The standard conversion factor of B-L into B.

1 _g(lu- _
0= Ee ’B(H LyfHay QAngY) w/ Qa, = %B Qr,— flavored lepton charge
hyper charge (b baryon charge

- Ideal gas approximation (i.e., LO)
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Chemical equilibrium beyond ideal gas

> The conversion factor into B beyond ideal gas

1 _g(lu- _
0= Ee 'B(H LfHag QAngY) w/ Qa, = % — Qr,— flavored lepton charge
hyper charge (b baryon charge

- Thermodynamic potential w/ lepton Yukawa corrections

Pressure as a grand potential
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Chemical equilibrium beyond ideal gas

> The conversion factor into B beyond ideal gas
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- Thermodynamic potential w/ lepton Yukawa corrections

Pressure as a grand potential
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Chemical equilibrium beyond ideal gas

> The conversion factor into B beyond ideal gas
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- Thermodynamic potential w/ lepton Yukawa corrections

Pressure as a grand potential
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Ideal gas approximation
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Chemical equilibrium beyond ideal gas

> The conversion factor into B beyond ideal gas
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- Baryon charge from lepton-flavor charge [KM,K Schmitz, M.Yamada 2111.03082]
Corrections from Higgs VEV
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Chemical equilibrium beyond ideal gas

> The conversion factor into B beyond ideal gas
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- Baryon charge from lepton-flavor charge [KM,K Schmitz, M.Yamada 2111.03082]
Corrections from Higgs VEV
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C L Fv & Le ptofl AvVO rge nes i S [KM, K.Schmitz, M.Yamada 21 11.03082]
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Sakharov’s conditions
should be applied.
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should be applied.

> Equilibration of cLFV interactions

- E.g., to ey
cff’

/ _
A2 %ng“vPRff’Fuv

v Current bound [Future prospect]
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> Concrete realization of leptoflavorgenesis via cLFV?

Cff

- E.g., to ey ff

A2 f fO' eRf/B'uv(D

v" Thermal Ieptoflavorgenesis — but, difficult to generate large asym.

v Spontaneous leptoflavorgenesis
(Almost) any shift symmetric coupling can do the job! E.g., Oa1p0-Je,, Oarp Guy (S

v Affleck-Dine leptoflavorgenesis [J.March-Russell, H.Murayama, A.Riotto JHEP I 1 (1999) 015]

v Wash-in leptoflavorgenesis
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7

should be applied.

> Observation of cLFV — leptoflavorgenesis @ decoupling Tcirv

v It can be effective at relative low T such as 104 GeV.

> Lepton-flavor asymmetry is enough (no need for B-L).

> Large lepton-flavor asymmetry is required.

v' QCD PT becomes the first order ? = gravitational wave? [Gao, Oldengott Phys.Rev.Lett. 128 (2022)]

V' Chiral plasma instabilities put constraints on T-phobic case. [V.Domcke, K.Kamada, KM, K.Schmitz, M.Yamada 2208.03237]



