Baryon asymmetry of the Universe
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What is the Universe made of?
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Today

Life on earth
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Relic radiation decouples (CMB)

Matter domination
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Nucleosynthesis
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Quantum gravity wall
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B-mesogenesis

G. Elor, M. Escudero, A. E. Nelson, Phys. Rev. D 99, 035031 (2019)

Out of equilibrium
late time decay

; G0

CP violating oscillations

d s
AM AZE

B-mesons decay into \

Dark Matter and hadrons

e Dark Matter

—_ e/ @ anti-Baryon
\ 0 Baryon

BR(B — ¢¢ + Baryon + )

® B A FLLRE(5.3 GeV), BEEMEFERY

® CPIEMBIITEB Fik7
o FIRIFFRERISHIRATER

(BaryogeneD

Yp =87x 1071

&

Dark Matter




B-mesogenesis
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Is electroweak baryogenesis
dead?

James M. Clinel2

LCERN, Theoretical Physics Department, Geneva,

Switzerland
2Department of Physics, McGill University, 3600 Rue

University, Montréal, Québec, Canada H3A 2T8

Nucleated bubble

Challenge in model building
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Baryogenesis Without Grand Unification (4000+ citations),
Fukugita and Yanagida, 1986’

. 1 - " G.F. Giudice, et al,
Lr = Lsy + iNg,@Ng, — ( 5 MiNg, Nk, + €arYoiNr Lo H® + h.c.) Nucl.Phys.B 685 (2004) 89-149
, 1016 o
| DN
H> 10
éa
v (N; = o, H) — 7 (Ni N ZH*) 3 107
€ia = — =
Sa (N = LaH) +7 (N; — L H*) % g0
Yﬁi = YN1 X €XMN np = 7—9(B —L); 10 \\Qoininantly/l
10°
=1 473 8 ’ i 2= ATA 107 10%  10° 10* 1072 1
_ﬂggng*Fpm;ﬁE#ﬂﬁ‘l 03GeV, 1&%1&17@5& my ineV

Type lll seesaw[gfz5Type | 2{U 11



B—RiRE RS
H(2,1/2), A(3,1), L(2,—1/2)

(1) (53

A —At/2

Yukawa

1 _
LYukawa = ESM LiyszfALJ‘l' h.C. =—

EW precision measurement

O(1) GeV > [(AY%] > 0.05 eV

)

1

required by neutrino masses

§yijAODCV + h.c.

12



42 S Rkt

BRRFRNFEIRIEFERNE (Type Il seesaw leptogenesis)

[ ] [ 3
VOLUME 80, NUMBER 26 PHYSICAL REVIEW LETTERS 29 JUNE 1998 500+ citations

Neutrino Masses and Leptogenesis with Heavy Higgs Triplets

Ernest Ma
Department of Physics, University of California, Riverside, California 92521
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PHYSICS REPORTS

Physics Reports
Volume 466, Issues 4-5, September 2008, Pages 105-177
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Leptogenesjs 1000+ citations

Sacha Davidson ? & X, Enrico Nardi €= Yosef Nir & 1 =

To calculate er, one should use the Lagrangian terms given in eqn . While a single triplet is

enough to produce three light massive neutrinos, there is a problem in leptogenesis if indeed this is the
only source of neutrinos masses: The asymmetry is generated only at higher loops and in unacceptably
small.

It is still possible to produce the required lepton asymmetry from a gingle triplet scalar decays if there
are additional sources for the neutrino masses, such as type I, type III, or type II contributions from
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PHYSICAL REVIEW LETTERS 128, 141801 (2022)
Affleck-Dine Leptogenesis from Higgs Inflation

Neil D. Barrie®,"” Chengcheng Han 2" and Hitoshi Murayama 3454

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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[Double beta decay]

Double beta decay Neutrinoless
which emits anti-neutrinos double beta decay
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Ref. [64]). While, in the type II seesaw case, thermal leptogenesis requires a triplet mass
above 10'° GeV or so [65-67|, a TeV-scale scalar triplet with non-minimal coupling to grav-
ity can lead to successful leptogenesis [68] through the Affleck-Dine mechanism [69]. The
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FRfi{FPontecorvoliXiFsE, BNRIIRRER S. T. PetcoviE(JHEP 01 (2023) 001)XIHATLIE#ITFA

The Type II Seesaw mechanism is known to be unable to successfully lead to standard
thermal Leptogenesis, in contrast to the Type I and III Seesaw mechanisms. Thermal
Leptogenesis can only be achieved in this mechanism through the inclusion of additional
particles, an extra triplet Higgs or a right-handed neutrino [16], undoing the minimal nature
of the model. However, in recent work, it was found that it is possible to achieve su 1
Leptogenesis within the minimal Type II Seesaw framework, through the ADM [17 ,ﬂ
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