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The cosmic Baryon Asymmetry (BA) is derived from measurements of light
elements abundances (D, *He, “*He, "Li) and the CMB
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[1 Could be an initial condition?... A crucial ingredient of ACDM is inflation...
Any primordial B asymmetry would be diluted.

[1 The origin of the Baryon Asymmetry should be dynamic (Baryogenesis):

Sakharov Conditions
Pisma Zh.Eksp.Teor.Fiz. 5 (1967) 32-35

[1 The Baryon Asymmetry generating interations must violate B.
[1 The Baryon Asymmetry generating interactions must break CP.

[1 The Baryon Asymmetry generating interactions must departure -at
some point- from Thermodynamical Equilibrium.

Any model satisfying these conditions -in principle-

constitutes a framework for baryogenesis
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Baryogenesis in the SM

Qualitatively

niroducton e B is broken at the non-perturbative level (sphalerons processes)

e Baryon asymmetry
e Origin of the BA

e CP violation is provided by the CKM quark mixing matrix

e Possible approaches

e Standard leptogenesis

e Departure from TEQ provided by the electro-weak phase transition.

Leptogenesis and low-energy
observables

Implementation Quantltatlvely
e C'P violation to small []
e Succesful baryogenesis requires strongly 1%£ order phase transition =
mp < 40 GeV while LEP: mj > 115 GeV (Kajantie et. al. PRL,77,2887) N

The SM fails at the quantitative level
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A large number of mechanisms (models) for baryogenesis exist. Among

them two of the most widely studied are:

EW baryogenesis

(Cohen, Kaplan, Nelson, PLB,245,561)

EW baryogenesis models “cure” the SM pitfalls via extended scalar sectors

su(®) — V( ) Additional CP violating sources

Leptogenesis:

(Fukugita, Yanagida, PLB,174,45)

Ya, — Yap

B + L violating EW sphalerons interactions

OB_|_L — H (qu qLi qLieLi)
i=1,2,3

Strongly 1% order EWPT: relaxing m}

max

Qualitatively (quantitatively in some cases) viable in models of Majorana
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Standard leptogenesis

Leptogenesis in the standard seesaw model (type-l seesaw) with
Mi < Ms 3. YA, proceeds via Ng; decays

2
I'p =T (Np, — ¢H,ZHT) = My
’ 8mwv2

~ ~ *
Introduction m;q Mo O >‘io¢>‘ia

Zi:e,uﬁ

e Baryon asymmetry
e Origin of the BA

® Baryogenesis i the SM = Majorana mass term mg IS a L violating source (AL = 2).

e Possible approaches

m )\;, — contain new physical CPV phases. CPV asymmetries arise at the

Lte)ptogeglesis and low-energy One-|00p |€V€I (COVi, ROUlet, Vissani, PLB384, 169)
observables
- L li L
Implementation . L. ‘
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H H H
= Departure from thermal equilibrium provided by the expansion.
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[J Standard LG relies in physics near Agyt = [AYUIEERGCE Mo MelolSlol[cH.

[ BbIEERES® Use low-energy mesurements to make statements
-hopefully definitive- on the YA , produced via LG:

onergy, a3lle,

eyl

— Y LG [Ideal picture: E.g. 6,12 =0 = YALg = 0]
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Constrained scenarios

New symmetries may put additional contraints:

Introduction S eesa'w —|—
Leptogenesis and low-energy NQW Symmetry gI‘OUp
observables

e An attempt

e Constrained scenarios

Implementation [G |:| d, — n dim, n < 18] WhiCh G ?
Current neutrino data indicates sin*fly = 0 sin’fh =1/2 sin®6j,’ =1/3
that lepton mixing is o 1?{/36 yg 10\/§
close to the TB mixing pattern e :1/% 3 _1/\/§

PROGRAM

Fix G = Grgy and see what kind of statements about
leptogenesis can be established from low-energy data
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my22 —|_ ml/23 _ ml/12 mV12 ml/l? Real

ﬂ' . A

diag (e, ei‘@

Diagonalization of mp and My

L —-UgL

UL‘LmDU :mp = TI’LD:UTL”I"I\’LDUT]L
N — Ui Npr R S~~~ R

Real

Ngr — Vg Ng } VRT My Vg = MN = MN_1:VRMN_1 VRT
Real

m, = —D (UTBT UL) mp (URJr VR) MN_l (VRT UR*) mp (ULT UTB) D
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(Urg)i; are square roots of fractions while charged lepton masses m, and
Ami2,23 do not have such a fractional relationship:

The mixing angles are independent

of the mass eigenvalues

C. I. Low and R. R. Volkas (hep-ph/0305243)

[:> Ur,r and Vg independent from mp and MNJ

\ . J/ \ . 7 A& J \ . J/

m, = —D (UTBT UL) mp (UR]L VR) MN_l (VRT UR*> mp (ULT UTB) D

PLOD,’: ODiTPRORm ORmTPRODi* ODiTPL

L,R L,R L,R)
3

[l PL,R = diag (eal ,er2 e”

L R L R
afo+ars+ 12 =nmw, a3 +a3 =kw

[1 Op,: Unitary, rotates “” degenerate eigenvalues of mp

[1 Og,, : Real orthogonal (preserves canonical kinetic terms), rotates “m”
degenerate eigenvalues of My No degeneracy Op,,r,, = Ident
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Dirac matrix and leptogenesis

In the basis in which My is diagonal:
Ur = Urp P Op;,
URJf = ODiT PR ORm, V'RJr

R PN
Introduction mD — mD VR — UL mD I-JIIJr VR {

Leptogenesis and low-energy
observables

mp
Implementation R - N o
By mpy = Urp P, Op, mp Op," Pr O, Vi' Vg
e Structure of the matrices ~ v~ ~
D
e Avoiding vanishing CPVA
Conclusions mg — UTB PL mD PR ORm

The CPV asymmetry

Rf R T A2

mpmp =0 m7 O

eNlch Im [(mgfmg) ] DD = Bm D “Bm ey, =0
B#a pa Real

The same result holds for the CPV flavored asymmetries ef{}l

Bertuzzo, Di Bari, Feruglio, Nardi (arXiv:0908.0161)

In the limit of exact TBM the leptogenesis

DAS, Bazzocchi, de Medeiros, Merlo, Morisi (arXiv:0908.09 07)
scenario does not work Gonzalez Felipe, Serodio (arXiv:0908.2947)
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Avoiding vanishing CPVA

[] Due to these corrections me, mp and My are “shifted”:

Introduction mngmg’ — mlR;ng ‘|‘ mg‘t (Uél)T mg + UL Ul(ll) mD U_R-r VR + UL mb URJ[ VR —|_ ce
N——

Leptogenesis and low-energy
observables

No longer Real

Implementation

e Setup

¢ Sture of he matries BN New degrees of freedom E.g. an interplay between (I + 1l) seesaw:
e Dirac matrix and leptogenesis

H

H 'dl'")" A

Conclusions > €N1 x Im [mD mg YAT ,LL}

KM
N, : u
"L R = b £ 0

Lj =0

DAS, Nardi, Losada arXiv:arXiv:0705.1489
7 Induce new CPVA ( ardi, Losada arXiv:arXiv )

(DAS, F. Bazzocchi, Reiner de Alderhat, work in progress )

R

o=~ - H R
/’ \\ - ENg (X Im [mDng] = €Ny 7é 0

Quite generically an indirect test
of leptogenesis is not possible
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Final remarks

introduction O Analysis of constrained standard seesaw models (seesaw + Gtg) have
Leptogenesi and ow crergy shown the CPV asymmetry vanishes. The result holds for any pattern in
which the mass maitrices are enforced to be “Form diagonalizable”

Implementation

Conclusions

[1 Several paths to a non-vanishing CPV asymmetry may be constructed:

[1 Inclusion of NLO corrections (higher dimensional effective operators)

[J New contributions to CP violating asymmetries (beyond standard seesaw +
Gs)

[1 Flavon dynamics.

[1 In general an indirect test not possible... in particular realizations a bridge
between low-energy measurements and leptogenesis is possible.
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