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Standard Model of Elementary Particles

three generations of matter
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® Why is there baryon asymmetry? If not ny/n, = ngm, ~ 10—2

® Why the asymmetry is so small? In the early universe (T > 1 GeV) ny, ng ~ n,
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. FEHE5EF4ERL(EW baryogenesis)

Rubakov and Shaposhnikov, 1996, D. E. Morrissey and M. J. Ramsey-Musolf, 2012’
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Is electroweak baryogenesis
dead?

James M. Cline’? 2017’

LCERN, Theoretical Physics Department, Geneva,

Switzerland
2Department of Physics, McGill University, 3600 Rue

University, Montréal, Québec, Canada H3A 2T8

Challenge in model building
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Simplest extension, not found yet, all possible



. Type | seesaw leptogenesis

Baryogenesis Without Grand Unification (4000+ citations), SR AEDR T
Fukugita and Yanagida, 1986’ N . -
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. Type Il seesaw

H(2,1/2), A(3,1), L(2,—1/2)
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Yukawa

EW precision measurement
O(1) GeV > |(A%] > 0.05 eV

required by neutrino masses



Type |l seesaw leptogenesis?

VOLUME 80, NUMBER 26 PHYSICAL REVIEW LETTERS 29 JUNE 1998 500+ citations

Neutrino Masses and Leptogenesis with Heavy Higgs Triplets

Ernest Ma
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Department of Physics, University of California, Riverside, California 92521 —_— \
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Physical Research Laboratory, Ahmedabad 380 009, India
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Type |l seesaw leptogenesis
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PHYSICAL REVIEW LETTERS 128, 141801 (2022)
Affleck-Dine Leptogenesis from Higgs Inflation

Neil D. Barrie®,"” Chengcheng Han " and Hitoshi Murayama

3,4’5’i

We find that the triplet Higgs of the type-II seesaw mechanism can simultaneously generate the neutrino
masses and observed baryon asymmetry while playing a role in inflation. We survey the allowed parameter
space and determine that this is possible for triplet masses as low as a TeV, with a preference for a small
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Type |l seesaw leptogenesis
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Standard Model of Elementary Particles

three generations of matter
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LFV operators from type |l seesaw

LFV operators between quark and lepton, potential target at flavor physics
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CCH, S. Huang, Z. Lei, Phys.Rev.D 107 (2023) 1, 015021
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. FEH55E 4Rk (Electroweak baryogenesis)

Rubakov and Shaposhnikov, 1996, D. E. Morrissey and M. J. Ramsey-Musolf, 2012’

® Strong first order phase transition (through adding new scalars)

® Additional new CP sources
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® New scalars close to electroweak scale, constrained by LHC searches

® New CP violation is highly constrained by electron EDM(< 4.1¥10-30 e.cm)



. EW baryogenesis within standard model

Phys.Rev.D 102 (2020) 7, 073003 Phys.Rev.D 108 (2023) 6, 063502

Sphalerons, baryogenesis and helical magnetogenesis BaryogeneSIS from sphaleron decouphng

in the electroweak transition of the minimal standard model _ - . " o -
Muzi Hong®”*, Kohei Kamada’* and Jun’ichi Yokoyama®"“

Dmitri Kharzeev!?, Edward Shuryak! and Ismail Zahed!

® Large size sphaleron decoupling provides Sakharov third condition
® CP violation can be enhanced at low momentum

® The final baryon asymmetry is 2-3 order smaller than observed one

New source of CP violation is necessary!



. Instanton and Sphaleron
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