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Introduction

Three important shortcomings of the Standard Model:

1 Neutrino masses

2 Baryon Asymmetry of the Universe (BAU)

3 Dark Matter

Address three issues with single extension to SM
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The Model
To produce two neutrino mass states, usually add two Majorana
fermions and one Higgs doublet

Ibarra and Hehn (2012) proposed a Scotogenic model with one
Majorana fermion N and two additional complex scalar doublets η1,2
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Neutrino Masses
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Note

mν has rank 2 ⇒ produce two massive neutrino states
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Baryogenesis

Any Baryogenesis mechanism must contain three ingredients (Sakharov
conditions)
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Baryogenesis

Any Baryogenesis mechanism must contain three ingredients (Sakharov
conditions)
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CP-violation

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

First attempt: tree-level. But
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CP-violation
Next attempt: loop-level.

Now have
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Kinetic equations

Assume MN ≪ mη1,mη2.

Obtain kinetic equations of the form

dYN

dz
= CN(YN − Y eq

N )

dYℓi

dz
= Sℓi (YN − Y eq

N )−WℓiYℓi

with z = mη1/T . We find

CN ≈ −cNz
5/2e−z

Wℓi ≈ cWiz
5/2e−z

Sℓi ≈ cSiz
5/2e−z
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Dark Matter
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1. Constraint

mDM ≳ 6 keV ⇒ cN ≲ 5.5× 10−3
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Leptogenesis

10 4 10 3 10 2 10 1 100 101 102

cN

0.0

0.2

0.4

0.6

0.8

1.0

c W
1/c

N

B
=

6.
14

3×
10

10

Lepton Asymmetry for cS = 10 6

10.0

9.8

9.6

9.4

9.2

9.0

8.8

8.6

8.4

lo
g 1

0(
B
)

2. Constraint

cS1 = −cS2, cW 1 + cW 2 = cN ⇒ cS > 2.106× 10−6
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Neutrino Masses

In neutrino mass eigenbasis,

mν = YΛY T =

(
m2 0
0 m3

)
where

Λ(ab) =
λ
(ab)
5 v2

8π2

MN

m2
ηa −m2

ηb

log

(
m2

ηa

m2
ηb

)
≈

λ
(ab)
5 v2

8π2

MN

m2
ηa

in the limit mηb → mηa.

We can invert this to find

λ
(ab)
5 =

(
Y−1mν

(
Y T
)−1

)(ab)

/Λ̃(ab)

with Λ̃(ab) = Λ(ab)/λ
(ab)
5
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Joint Parameter Region

For the decay parameter,

cN =
∑
i ,a

∣∣∣Y (a)
i

∣∣∣2 2−7/2π−1/2 aR
mηa

⇒ make Y
(a)
i tiny and mηa large to obtain cN < 5.5× 10−3

For decay asymmetry,

cS =
Im[Y

(1)
i Y

(1)∗
j Y

(2)
j Y

(2)∗
i ]

m2
η1 −m2

η2

aRmη12
−5/2π1/2

⇒ resonant enhancement! Expect mη1 ∼ mη2 to obtain cS > 2× 10−6.
Set

λ
(ab)
5 =

(
Y−1mν

(
Y T
)−1

)(ab)

/Λ̃(ab)

to generate neutrino masses
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Summary & Outlook

Explored new mechanism for Leptogenesis ✓

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

Need to understand the joint parameter region better

Study other interesting region MN ≫ mη1,mη2

Explore phenomenology of the model
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