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Introduction

~ The positron was first seen in the year 1932.

nB—Ng

o The baryon asymmetry is Yg = —
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Introduction

= If large areas of the Universe were mainly constituted of
antimatter, the interface between this areas would produce
gamma ray radiation and distortions on the Microwave
Background Radiation.

o Yg = (8.754+0.23) x 10711

o There is more matter than antimatter!!!

Arturo Alvarez Cruz, Myriam Mondragén Leptogenesis on an S3 model



Problem
The Model
Leptogenesis
Conclusions

Cosmological Importance

values, if the baryon asymmetry would have been different, the
formation of galaxies and stars would be different also.
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S3 Model

The Standard Model is created by symmetries.

.

© We add a new flavour symmetry.

o The smallest non-abelian group is the S3.
O

S3 is the permutational group of three objects.
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S3 Symmetry

be taken apart in two irreductible representations.

~ Of dimension one.

o> Of dimension two.
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S3 Model

It is shown the SU(2) doublets explicitly.
© We add 1,J indices for the doublets and 3 for the singlets.
o We add two Higgs doublets Hp.

o In order to guarantee the right values of Z,W bosons, the
condition < Hs >2 + < Hy >2 + < Hy >°= (246GeV)?/2 is
needed.
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Modelo §3

Ly, = —YZQHsdir— Y Q3Hsds,

— Y [QiriyHidir — QmiyHod R]
—Y2Q:H dir — YEQ/HD3r + h.c.

U —Ylua/(l'O'QHEU/R) — Y3U63(I'O'2H§U3R)

~ Y5 [Qrr(ioaHT ugr) — Qimu(iocaHs uyr)]
—Yf@(iO'QHI*U/R) — Y5ua/(i0'2H;I<U3R) + h.c.

'\
<
I
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S3 Model

4 L3Fjer — Yy LA D3r + N.C.
Lyy = —YlyL_[(iO'QH;V[R)— Y3VL_3(I'O'2H;V3R)
~ Y3 [Liky(ioaH{vir) — Limy(ioaHyv R )]

_Y4VL_3(I.O'2HI*I//R) — Y5VL_/(I.O'2H7<V3R) + h.C.,

where o are the Pauli matrices

(%)
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S3 Model

LM = —M1V/7,;CV/R — M3V3TRCV3R. (1)

o The model includes a Z2 symmetry.

o The Z2 symmetry vanishes some elements of the Lagrangian.
some of them Y{ = Y =0
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S3 Model

~ The model predicts a non-zero mixing angle 6;3.

= The model explains the interactions of the Standard Model
with less parameters.

o It has been added two Higgs doublets.
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See-Saw Mechanism

o This mechanism explains why the neutrino’'s masses are so low.
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Neutrinos

T T
LM = _MlV/RCVIR — M31/3RCV3R.
o The two mass terms can be combined in to the Lagrangian

1 _
L,mass = §wZ-C 1MD_|_/\//w[_ + h.c..

0 mp 4]
Vip+m = <mD MR) oL (C(vR)T>

with
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Neutrinos

A A
enforcing M; = M,
o The M,
205> 0 2050y
M,=|( 0  2(05) 0

20505 0 2(pf)* +2(p5)?

where p = (15)/My'”. g = (1) /My"*, 05 = (15)/ M5
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Neutrinos On The S3 Model

UVTM,,UV — diag(lm,,1|ei¢1, |m,,2[ei¢2, |m,,3|ei¢3,)

where
|my1|Sing; = |my2|Singa = |my3|Sings.

Is required to ensure the unitary of U.
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Neutrinos On The S3 Model
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Md Matrix

Md _ / ms3 M2 ms M2 O

2 2
\\//V/z(ms—m1)(m2—m3)e"5 V M2(mz—my)(ma—m3)ei )
d
2m3 2m3
With
28 (o B
(e gy €= )y )

ms3
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Baryogenesis

~ Baryogenesis is the term for processes in the early universe
that lead to an asymmetry between baryons and antibaryons.
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Renormalization Group

for the SM due to the three Higgs doublets.

,dY;

16
d dt

. 1 9g° + 15g’
:Zkhzl(T,kYk—l—YkYI:rY,—FEY,Yljyk)_ g 8 Y,

where Tj; is
Ty = tr(Y;Y]).
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Leptogenesis

= This allow right handed neutrinos to decay in to left handed
ones.

VR — .

o The Lepton and the Baryon Number are not conserved
quantities, nevertheless B — L is, so

L — B.

Arturo Alvarez Cruz, Myriam Mondragén Leptogenesis on an S3 model




Leptogenesis Leptogenesis

Leptogenesis

() (b) (c)

Fig 2.1 a) At tree level. b) One loop diagram. c) Self-interaction
diagram.
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Leptogenesis

;=Y [T(vi = H+La) +T(vi — H+0,)]

1
= —(hh");i M;.
87'('( )
o The Lepton CP asymmetry is

. Za F(N1 — KaH) — F(N1 — Zaﬁ)
S T(Np = LoH) + T(Ny — 2, H)

€1
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Leptogenesis

~ f(x) is from the loop diagram (Fig 2.1 (a))

1+ x

X

f(x) =+/x[1— (14 x)In( )].

o g(x) is from the self-interaction diagram (Fig 2.1 (c))

glx)=1—
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Leptogenesis

a
a—1

Ye =a(Ypg_L) = YL,

where a is a = (8Nf +4Ny)/(22Ns + 13Ny) and

ng — Ny €
YL: - :K}—I.

S g
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Leptogenesis

0.3

~ GO for 10 < K < 10°

K

1
K~ for 0 < K <10,

2v K2 4+ 9

where k =1 /H < 1 describes off-thermal equilibrium process,
k < 1 describe the washout effects.
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Leptogenesis

s M, (mzr)mD)ll.
1.66,/gx(8mv?) M
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o The maximum is reached when § = %TW and 07 = .
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M3/ NA2— 1000
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account the self-interaction contribution.
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Conclusions

doesn't change in high energies.
~ Leptogenesis is very dependent on the phases.

o The S3 model show a contribution to Leptogenesis, this
contribution can be considerable with specific values of phases

and masses.
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Conclusions

Thanks!!!
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