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Introduction

Three important shortcomings of the Standard Model:
© Neutrino masses
@ Baryon Asymmetry of the Universe (BAU)
© Dark Matter

Address three issues with single extension to SM
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Neutrino Masses
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Baryogenesis

Any Baryogenesis mechanism must contain three ingredients (Sakharov
conditions)

o Departure from thermal equilibrium = Expansion of the Universe
o Baryon-number violation = Sphaleron processes

o CP-violation = Majorana fermion decay
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CP-violation

Majorana fermion decays into leptons and anti-leptons = CP-violation
possible.
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CP-violation
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CP-violation

Next attempt: loop-level. Now have
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Kinetic equations

Assume My < my1, myp.
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Assume My < my1, myp. Obtain kinetic equations of the form

dYn e
TN _ ep(Yy — Y&
dZ N( N N)
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Kinetic equations

Assume My < my1, myp. Obtain kinetic equations of the form

o
DN _ Yy — Y

dZ CN( N N)

dYy;

Il S, (Y — Y — Wi Ve
e Sei(Yn —Yy') i Yei

with z = my;/T. We find
CN ~ —ch5/2e_z

Wg,' ~ CW’_ZS/Ze—z

5/2 —z
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Dark Matter

Dark-Matter Relic Abundance
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Dark Matter

-Matter Relic Abundance
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Leptogenesis

Lepton Asymmetry for cs =107 _84
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Leptogenesis
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2. Constraint

Cs1 = —Cs2,Cw1 + cwa = cy = cs > 2.106 x 107°
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Neutrino Masses

In neutrino mass eigenbasis,

m, = YAYT = (m2 0)

0 ms3
where
(ab) 2 2 (ab) 2

(ab) )\5 v MN mﬁa )\5 v MN
N = 82 m2 slog | —7 | = 82 m2
T My, = my, b T my,

in the limit my,, — my,.
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Neutrino Masses

In neutrino mass eigenbasis,

m, = yAyT = (™ 0
Y 0 ms3

where
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in the limit m,, — my,. We can invert this to find

_1\ (ab) .
)\(ab) <Y m, (yT) ) /A(@b)
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Joint Parameter Region

For the decay parameter,

N = Z’Y,-(a)
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Joint Parameter Region

For the decay parameter,

N = Z’Y,-(a)

i,a
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= make Y,-(a tiny and m;), large to obtain cy < 5.5 X 103
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Joint Parameter Region
For the decay parameter,

CN:Z)Y,'(a)
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= make Y,.(a) tiny and m,, large to obtain cy < 5.5 x 1073
For decay asymmetry,

Im[Y.(l) Y.(l)* Y.(2) y_(2)*]
— ! J J !
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Joint Parameter Region
For the decay parameter,

CN:Z)Y;(a)

2 ar
o-7/2,-1/2 3R
mna

= make Y,.(a) tiny and m;), large to obtain cy < 5.5 X 1073
For decay asymmetry,

Im[Y.(l) Y.(l)* Y.(2) y_(2)*]
— ! J J !

Cs =
2 2
mnl — mn2

ar m771275/2”1/2

= resonant enhancement! Expect m,; ~ m,; to obtain cs > 2 x 107°.

Set
@) (y—lmy (yT)_l)(

to generate neutrino masses

ab)
/ A(ab)
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Summary & Outlook

Explored new mechanism for Leptogenesis v/

Explain Neutrino Masses, BAU and DM with two Higgs doublets and
single Majorana fermion v/

Need to understand the joint parameter region better

Study other interesting region My > my1, m;;»

Explore phenomenology of the model
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