
Reviving the Low-Mass Right Handed Neutrino Regime in Minimal 
Scotogenic Leptogenesis using Majoron Velocity

Based on:

 arXiv:2608.12497 [hep-ph]


Arghyajit Datta 
Department of Physics, 
Chung-Ang University

In collaboration with:

Hyun Min Lee, Jun-Ho Song

12th Workshop on Flavor Symmetries and Consequences in Accelerators and Cosmology



Neutrino Mass Dark Matter 

Baryon asymmetry  
of the Universe 

Unresolved issues 
in SM 

Introduction:



Neutrino Mass Dark Matter 

Baryon asymmetry  
of the Universe 

Unresolved 
in 

Scotogenic 
Model

Introduction:

[E. Ma, 1998,2006]



Neutrino Mass Dark Matter 

Baryon asymmetry  
of the Universe 

SM + N1, N2, . . . + inert doublet
ℤ2 : ( + ) ( − ) ( − )

(η+

η0)

[one loop] Scotogenic 
Model

Neutrino mass:

<latexit sha1_base64="ayEqzMqtsl1YujjqX4xjfDrWh24="></latexit>

→L ↑ Y ω
εiω̄Lω ε̃Ni +

1

2
MiN̄ c

i Ni + h.c.

[E. Ma, 1998,2006]



Neutrino Mass Dark Matter 

Baryon asymmetry  
of the Universe 

Scotogenic 
Model 

SM + N1, N2, . . . + inert doublet
ℤ2 : ( + ) ( − ) ( − )

(η+

η0)

[one loop]

After EWSB

[E. Ma, 1998,2006]

Neutrino mass:

<latexit sha1_base64="ayEqzMqtsl1YujjqX4xjfDrWh24="></latexit>

→L ↑ Y ω
εiω̄Lω ε̃Ni +

1

2
MiN̄ c

i Ni + h.c.



Neutrino Mass Dark Matter 

Baryon asymmetry  
of the Universe 

Scotogenic 
Model 

SM + N1, N2, . . . + inert doublet
ℤ2 : ( + ) ( − ) ( − )

(η+

η0)

ηR + iηI

[one loop]

After EWSB

[E. Ma, 1998,2006]

Dark Matter:

<latexit sha1_base64="ayEqzMqtsl1YujjqX4xjfDrWh24="></latexit>

→L ↑ Y ω
εiω̄Lω ε̃Ni +

1

2
MiN̄ c

i Ni + h.c.

See Huchan’s Talk



Neutrino Mass Dark Matter 

Baryon asymmetry  
of the Universe 

Scotogenic 
Model 

SM + N1, N2, . . . + inert doublet
ℤ2 : ( + ) ( − ) ( − )

(η+

η0)

[one loop]

Mi > mη

ηR + iηI

After EWSB

[E. Ma, 1998,2006]

Dark Matter:

<latexit sha1_base64="ayEqzMqtsl1YujjqX4xjfDrWh24="></latexit>

→L ↑ Y ω
εiω̄Lω ε̃Ni +

1

2
MiN̄ c

i Ni + h.c.

See Huchan’s Talk



Neutrino Mass Dark Matter 

Baryon asymmetry  
of the Universe 

Scotogenic 
Model 

SM + N1, N2, . . . + inert doublet
ℤ2 : ( + ) ( − ) ( − )

(η+

η0)

[one loop]

Mi > mη

ηR + iηI

After EWSB

[E. Ma, 1998, 2006]
[E Ma 2006,

Kubo 2006,


LopezHonorez 2006,

Hambye 2009, 


Dolle 2009,

Arina 2009, 


LopezHonorez 2010, 

LopezHonorez 2010,


Goudelis 2013,

Krawczyk 2013, 


Diaz 2015, 

Garcia-Cely 2015,


 Belyaev 2016,

many more….l


Dark Matter:

<latexit sha1_base64="ayEqzMqtsl1YujjqX4xjfDrWh24="></latexit>

→L ↑ Y ω
εiω̄Lω ε̃Ni +

1

2
MiN̄ c

i Ni + h.c.

See Huchan’s talk 



Neutrino Mass Dark Matter 

Scotogenic 
Model 

SM + N1, N2, . . . + inert doublet
ℤ2 : ( + ) ( − ) ( − )

(η+

η0)

[one loop]

Mi > mη

ηR + iηI

After EWSB

[E. Ma, 1998, 2006]
[E Ma 2006,

Kubo 2006,


LopezHonorez 2006,

Hambye 2009, 


Dolle 2009,

Arina 2009, 


LopezHonorez 2010, 

LopezHonorez 2010,


Goudelis 2013,

Krawczyk 2013, 


Diaz 2015, 

Garcia-Cely 2015,


 Belyaev 2016,

many more….l


<latexit sha1_base64="E/Xs+WA1e3R2lf1UdUwBQM7eGBU=">AAACF3icbVA9SwNBEN3zM8avqKXNYhCsjjsxailaqF0EE4VcOPY2c3Fx78PdOTEc8VfY+FdsLBSx1c5/4ya5QqMPBt6+N8POvCCVQqPjfFkTk1PTM7OlufL8wuLScmVltamTTHFo8EQm6jJgGqSIoYECJVymClgUSLgIro8G/sUtKC2S+Bx7KbQj1o1FKDhDI/kVu1Zz7j2EO8yPodn3JNzQyM89QOafjp5u4Z8b369UHdsZgv4lbkGqpEDdr3x6nYRnEcTIJdO65ToptnOmUHAJ/bKXaUgZv2ZdaBkaswh0Ox/e1aebRunQMFGmYqRD9edEziKte1FgOiOGV3rcG4j/ea0Mw/12LuI0Q4j56KMwkxQTOgiJdoQCjrJnCONKmF0pv2KKcTRRlk0I7vjJf0lz23Z37d2znerBYRFHiayTDbJFXLJHDsgJqZMG4eSBPJEX8mo9Ws/Wm/U+ap2wipk18gvWxzdIdKAK</latexit>

550 GeV → mωI → 1 TeV
<latexit sha1_base64="bEdXnglHiMM57s9U1cSYdRsz3wc=">AAACAnicbVDLSgMxFM34rPU16krcBIvgxjIjWl0W3bisYB/QGYdMJtOGJpkhyQhlKG78FTcuFHHrV7jzb0zbWWjrgcDhnHO5uSdMGVXacb6thcWl5ZXV0lp5fWNza9ve2W2pJJOYNHHCEtkJkSKMCtLUVDPSSSVBPGSkHQ6ux377gUhFE3GnhynxOeoJGlOMtJECe99jJhyh4NzraRPj0HXu85PaCAZ2xak6E8B54hakAgo0AvvLixKccSI0Zkipruuk2s+R1BQzMip7mSIpwgPUI11DBeJE+fnkhBE8MkoE40SaJzScqL8ncsSVGvLQJDnSfTXrjcX/vG6m40s/pyLNNBF4uijOGNQJHPcBIyoJ1mxoCMKSmr9C3EcSYW1aK5sS3NmT50nrtOrWqrXbs0r9qqijBA7AITgGLrgAdXADGqAJMHgEz+AVvFlP1ov1bn1MowtWMbMH/sD6/AGiPJZN</latexit>

ω5 ↭ 10→6From Vanilla Scotogenic  
DM Pheno:

Dark Matter:

* if ΩηI
= 100 % ΩDM

<latexit sha1_base64="ayEqzMqtsl1YujjqX4xjfDrWh24="></latexit>

→L ↑ Y ω
εiω̄Lω ε̃Ni +

1

2
MiN̄ c

i Ni + h.c.



Neutrino Mass Dark Matter 

Baryon asymmetry  
of the Universe 

Scotogenic 
Model 

SM + N1, N2, . . . + inert doublet
ℤ2 : ( + ) ( − ) ( − )

(η+

η0)

[one loop]

Mi > mη

ηR + iηI

After EWSB

[E. Ma, 1998,2006]
[E Ma 2006,

Kubo 2006,


LopezHonorez 2006,

Hambye 2009, 


Dolle 2009,

Arina 2009, 


LopezHonorez 2010, 

LopezHonorez 2010,


Goudelis 2013,

Krawczyk 2013, 


Diaz 2015, 

Garcia-Cely 2015,


 Belyaev 2016,

many more….l


Baryogenesis:

<latexit sha1_base64="ayEqzMqtsl1YujjqX4xjfDrWh24="></latexit>

→L ↑ Y ω
εiω̄Lω ε̃Ni +

1

2
MiN̄ c

i Ni + h.c.



Neutrino Mass Dark Matter 

Scotogenic 
Model 

SM + N1, N2, . . . + inert doublet
ℤ2 : ( + ) ( − ) ( − )

(η+

η0)

[one loop]

Mi > mη

ηR + iηI

Ni → ℓLα
+ η

After EWSB

Before EWSB
[via leptogenesis]

Baryon asymmetry  
of the Universe 

[E. Ma, 1998,2006]
[E Ma 2006,

Kubo 2006,


LopezHonorez 2006,

Hambye 2009, 


Dolle 2009,

Arina 2009, 


LopezHonorez 2010, 

LopezHonorez 2010,


Goudelis 2013,

Krawczyk 2013, 


Diaz 2015, 

Garcia-Cely 2015,


 Belyaev 2016,

many more….l


[Kashiwase, 2012, 

Kashiwase 2013, 


Racker 2013,

 Clarke 2015,

 Hugle 2018, 


Mahanta 2019]


Baryogenesis:

<latexit sha1_base64="ayEqzMqtsl1YujjqX4xjfDrWh24="></latexit>

→L ↑ Y ω
εiω̄Lω ε̃Ni +

1

2
MiN̄ c

i Ni + h.c.



Scotogenic 
Model

SM + N1, N2, . . . + inert doublet
ℤ2 : ( + ) ( − ) ( − )

(η+

η0)

Limitations: 
1. Theoretical 

The origin of the RHN Majorana scale remains unexplained.

Solution: 
Natural possibility is to generate RHN mass dynamically

<latexit sha1_base64="ayEqzMqtsl1YujjqX4xjfDrWh24="></latexit>

→L ↑ Y ω
εiω̄Lω ε̃Ni +

1

2
MiN̄ c

i Ni + h.c.



Scotogenic 
Model 

SM + N1, N2, . . . + inert doublet
ℤ2 : ( + ) ( − ) ( − )

(η+

η0)

Limitations: 
1. Theoretical 

The origin of the RHN Majorana scale remains unexplained.

Solution: 
Natural possibility is to generate RHN mass dynamically

+ φ

U(1)B−L : (−1) (+2)
<latexit sha1_base64="QFxdTkj+rKfA1hcXWJyEgBpJsjY="></latexit>

→L ↑ Y ω
εiω̄Lω ε̃Ni +

1

2
Y N
i ϑN̄ c

i Ni + h.c.

(0)
[ Global ]

<latexit sha1_base64="FAqpRSSorCPPo/uhsrdScnYPce8=">AAACD3icbVDLSsNAFL3xWesr6tLNYFFclaRIdVl047KCfUATwmQ6aYdOHs5MCiXkD9z4K25cKOLWrTv/xmmbhbYeGDiccy93zvETzqSyrG9jZXVtfWOztFXe3tnd2zcPDtsyTgWhLRLzWHR9LClnEW0ppjjtJoLi0Oe0449upn5nTIVkcXSvJgl1QzyIWMAIVlryzDNnjEUyZMhRMXICgUk29gotzxz5IFRWy3PPrFhVawa0TOyCVKBA0zO/nH5M0pBGinAsZc+2EuVmWChGOM3LTippgskID2hP0wiHVLrZLE+OTrXSR0Es9IsUmqm/NzIcSjkJfT0ZYjWUi95U/M/rpSq4cjMWJamiEZkfClKOdPZpOajPBCWKTzTBRDD9V0SGWJeidIVlXYK9GHmZtGtVu16t311UGtdFHSU4hhM4BxsuoQG30IQWEHiEZ3iFN+PJeDHejY/56IpR7BzBHxifP173nYo=</latexit>

ω → vω↑
2

After SSB of U(1)B−L :
<latexit sha1_base64="chqkoCA2gx25cQdgEpQe1jT3jKY=">AAACCnicbVA7T8MwGHR4lvIKMLIYKiSmklSosCBVsLCAikQfqAmR4zqtVccJtlOpijqz8FdYGECIlV/Axr/BbTNAy0mWT3ffJ/vOjxmVyrK+jbn5hcWl5dxKfnVtfWPT3NquyygRmNRwxCLR9JEkjHJSU1Qx0owFQaHPSMPvXYz8Rp8ISSN+qwYxcUPU4TSgGCkteeaeoyJ45VF4dnd/ra++5/SRiLv0yJEPQqWloWcWrKI1BpwldkYKIEPVM7+cdoSTkHCFGZKyZVuxclMkFMWMDPNOIkmMcA91SEtTjkIi3XQcZQgPtNKGQST04QqO1d8bKQqlHIS+ngyR6sppbyT+57USFZy6KeVxogjHk4eChEEdf9QLbFNBsGIDTRAWVP8V4i4SCCvdXl6XYE9HniX1UtEuF8s3x4XKeVZHDuyCfXAIbHACKuASVEENYPAInsEreDOejBfj3fiYjM4Z2c4O+APj8wcpKpn4</latexit>

→ Mi = Y N
i vω/

↑
2

( + )



Limitations: 
2. Phenomenological 

With two hierarchical RHN setup, Thermal Leptogenesis is high scale phenomena
<latexit sha1_base64="ayEqzMqtsl1YujjqX4xjfDrWh24="></latexit>

→L ↑ Y ω
εiω̄Lω ε̃Ni +

1

2
MiN̄ c

i Ni + h.c. i = 1,2



Limitations: 
2. Phenomenological 

With two hierarchical RHN setup, Thermal Leptogenesis is high scale phenomena
<latexit sha1_base64="ayEqzMqtsl1YujjqX4xjfDrWh24="></latexit>

→L ↑ Y ω
εiω̄Lω ε̃Ni +

1

2
MiN̄ c

i Ni + h.c. i = 1,2

CP violation: 
<latexit sha1_base64="lV/S09KWZ86nAxQ1x0rbRbAgKWU="></latexit>

|ω1| ↭
3

8ε
ϑ→1
2

M1

v2!
m3,

<latexit sha1_base64="2CwFNDA7RXYfXe912lmmtG/VbX4="></latexit>

ωi →
M2

i

16ε2v2!

[
L(i)
ωR

↑ L(i)
ωI

]
, L(i)

x =
m2

x

m2
x ↑M2

i

ln

(
m2

x

M2
i

)
.

Washout Factor: 

<latexit sha1_base64="0Bq1igdDPO27nIXN2d0P4oBBtqY="></latexit>

K1 =
1

4ωv2!
ε→1
1

∑

ω

mω|Rω1|2
Mp

0.33
√

g↑(M1)
.

<latexit sha1_base64="1ps4Rlpqs2V7jDoFx8EPyWdtq3M=">AAACCHicbVDLSgNBEJyNrxhfqx49OBiEeIm7ItGLEPRgQIQI5gFJWHonk2TIzO4yMyuEJUcv/ooXD4p49RO8+TdOHgdNLGgoqrrp7vIjzpR2nG8rtbC4tLySXs2srW9sbtnbO1UVxpLQCgl5KOs+KMpZQCuaaU7rkaQgfE5rfv9q5NceqFQsDO71IKItAd2AdRgBbSTP3r/x3AvcvAYhwHOPmwJ0jwBPSkOcu/XcI8/OOnlnDDxP3CnJoinKnv3VbIckFjTQhINSDdeJdCsBqRnhdJhpxopGQPrQpQ1DAxBUtZLxI0N8aJQ27oTSVKDxWP09kYBQaiB80zk6VM16I/E/rxHrznkrYUEUaxqQyaJOzLEO8SgV3GaSEs0HhgCRzNyKSQ8kEG2yy5gQ3NmX50n1JO8W8oW702zxchpHGu2hA5RDLjpDRVRCZVRBBD2iZ/SK3qwn68V6tz4mrSlrOrOL/sD6/AG6Fpfm</latexit>

K1 = !1/H(M1)

K1 ≫ 4
*Even for TeV scale RHN 

Ni

⌘

`L↵

Ni

⌘

`L↵

Ni

`L↵

⌘

⌘

`L

Nj

⌘

`L

Nj



Limitations: 
2. Phenomenological 

With two hierarchical RHN setup, Thermal Leptogenesis is high scale phenomena
<latexit sha1_base64="ayEqzMqtsl1YujjqX4xjfDrWh24="></latexit>

→L ↑ Y ω
εiω̄Lω ε̃Ni +

1

2
MiN̄ c

i Ni + h.c. i = 1,2

CP violation: 
<latexit sha1_base64="lV/S09KWZ86nAxQ1x0rbRbAgKWU="></latexit>

|ω1| ↭
3

8ε
ϑ→1
2

M1

v2!
m3,

<latexit sha1_base64="2CwFNDA7RXYfXe912lmmtG/VbX4="></latexit>

ωi →
M2

i

16ε2v2!

[
L(i)
ωR

↑ L(i)
ωI

]
, L(i)

x =
m2

x

m2
x ↑M2

i

ln

(
m2

x

M2
i

)
.

Washout Factor: 

<latexit sha1_base64="0Bq1igdDPO27nIXN2d0P4oBBtqY="></latexit>

K1 =
1

4ωv2!
ε→1
1

∑

ω

mω|Rω1|2
Mp

0.33
√

g↑(M1)
.

<latexit sha1_base64="1ps4Rlpqs2V7jDoFx8EPyWdtq3M=">AAACCHicbVDLSgNBEJyNrxhfqx49OBiEeIm7ItGLEPRgQIQI5gFJWHonk2TIzO4yMyuEJUcv/ooXD4p49RO8+TdOHgdNLGgoqrrp7vIjzpR2nG8rtbC4tLySXs2srW9sbtnbO1UVxpLQCgl5KOs+KMpZQCuaaU7rkaQgfE5rfv9q5NceqFQsDO71IKItAd2AdRgBbSTP3r/x3AvcvAYhwHOPmwJ0jwBPSkOcu/XcI8/OOnlnDDxP3CnJoinKnv3VbIckFjTQhINSDdeJdCsBqRnhdJhpxopGQPrQpQ1DAxBUtZLxI0N8aJQ27oTSVKDxWP09kYBQaiB80zk6VM16I/E/rxHrznkrYUEUaxqQyaJOzLEO8SgV3GaSEs0HhgCRzNyKSQ8kEG2yy5gQ3NmX50n1JO8W8oW702zxchpHGu2hA5RDLjpDRVRCZVRBBD2iZ/SK3qwn68V6tz4mrSlrOrOL/sD6/AG6Fpfm</latexit>

K1 = !1/H(M1)

K1 ≫ 4
*Even for TeV scale RHN 

Mmin
1 (YB = 8.7 × 10−11) = 1011 GeV

*Even for λ5 = λmax
5

Ni

⌘

`L↵

Ni

⌘

`L↵

Ni

`L↵

⌘

⌘

`L

Nj

⌘

`L

Nj



Limitations: 
2. Phenomenological 

With two hierarchical RHN setup, Thermal Leptogenesis is high scale phenomena
<latexit sha1_base64="ayEqzMqtsl1YujjqX4xjfDrWh24="></latexit>

→L ↑ Y ω
εiω̄Lω ε̃Ni +

1

2
MiN̄ c

i Ni + h.c. i = 1,2

CP violation: 
<latexit sha1_base64="lV/S09KWZ86nAxQ1x0rbRbAgKWU="></latexit>

|ω1| ↭
3

8ε
ϑ→1
2

M1

v2!
m3,

<latexit sha1_base64="2CwFNDA7RXYfXe912lmmtG/VbX4="></latexit>

ωi →
M2

i

16ε2v2!

[
L(i)
ωR

↑ L(i)
ωI

]
, L(i)

x =
m2

x

m2
x ↑M2

i

ln

(
m2

x

M2
i

)
.

Washout Factor: 

<latexit sha1_base64="0Bq1igdDPO27nIXN2d0P4oBBtqY="></latexit>

K1 =
1

4ωv2!
ε→1
1

∑

ω

mω|Rω1|2
Mp

0.33
√

g↑(M1)
.

<latexit sha1_base64="1ps4Rlpqs2V7jDoFx8EPyWdtq3M=">AAACCHicbVDLSgNBEJyNrxhfqx49OBiEeIm7ItGLEPRgQIQI5gFJWHonk2TIzO4yMyuEJUcv/ooXD4p49RO8+TdOHgdNLGgoqrrp7vIjzpR2nG8rtbC4tLySXs2srW9sbtnbO1UVxpLQCgl5KOs+KMpZQCuaaU7rkaQgfE5rfv9q5NceqFQsDO71IKItAd2AdRgBbSTP3r/x3AvcvAYhwHOPmwJ0jwBPSkOcu/XcI8/OOnlnDDxP3CnJoinKnv3VbIckFjTQhINSDdeJdCsBqRnhdJhpxopGQPrQpQ1DAxBUtZLxI0N8aJQ27oTSVKDxWP09kYBQaiB80zk6VM16I/E/rxHrznkrYUEUaxqQyaJOzLEO8SgV3GaSEs0HhgCRzNyKSQ8kEG2yy5gQ3NmX50n1JO8W8oW702zxchpHGu2hA5RDLjpDRVRCZVRBBD2iZ/SK3qwn68V6tz4mrSlrOrOL/sD6/AG6Fpfm</latexit>

K1 = !1/H(M1)

K1 ≫ 4
*Even for TeV scale RHN 

Mmin
1 (YB = 8.7 × 10−11) = 1011 GeV

*Even for λ5 = λmax
5

How to remove this 
limitation?

Ni

⌘

`L↵

Ni

⌘

`L↵

Ni

`L↵

⌘

⌘

`L

Nj

⌘

`L

Nj



whether this conclusion can be relaxed if the RHN mass is generated dynamically 
and can the associated Majoron field (for global symmetry breaking) play any important role 

here?

Main topic of this talk

Minimal scotogenic Model 

Conventional thermal leptogenesis typically prefers a very high RHN mass scale 

What we ask in this talk 
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ω̇nB→L

<latexit sha1_base64="iBqbuisOZXCWo51JqgfXhKbyfA0=">AAACDHicbVDLSgMxFM34rPVVdekmWAQ31pki1Y1QdOPChYK1hU4tmfSODU1mhuSOUIb5ADf+ihsXirj1A9z5N6a1C18HAodzzk1yT5BIYdB1P5yp6ZnZufnCQnFxaXlltbS2fmXiVHNo8FjGuhUwA1JE0ECBElqJBqYCCc1gcDLym7egjYijSxwm0FHsJhKh4Ayt1C2VfZV2s+Pds/w687WiEIY5PfJ7MWY+9gFZvle1KbfijkH/Em9CymSC827p3V7AUwURcsmMaXtugp2MaRRcQl70UwMJ4wN2A21LI6bAdLLxMjndtkqPhrG2J0I6Vr9PZEwZM1SBTSqGffPbG4n/ee0Uw8NOJqIkRYj410NhKinGdNQM7QkNHOXQEsa1sH+lvM8042j7K9oSvN8r/yVX1YpXq9Qu9sv140kdBbJJtsgO8cgBqZNTck4ahJM78kCeyLNz7zw6L87rV3TKmcxskB9w3j4BJ9ebEQ==</latexit>

µe!
B→L = ω̇/2



Solution: 
<latexit sha1_base64="zqZ4M6W+0iWsNyAcwIzPKzlfb1I="></latexit>

ω =
1→
2
(vω + hω) exp

[
i
J(x)

vω

]

<latexit sha1_base64="jpwOyTJ9PfAaLvNYmzHY2k3m8Mk="></latexit>

1

2
→
2
Y N
i vωe

iεN c
i Ni

after  SSB:
U(1)B−L

[ RHN mass term ]


Redefine 
Ni → eθ/2Ni Redefine all fermions


<latexit sha1_base64="w548dT73cC8yynxHdwggA7zkS7A=">AAACC3icbVC7SgNBFJ31GeNr1dJmSBBsDLsi0TLERsQignlANi6zk0kyZGZ3mbkrhCW9jb9iY6GIrT9g5984m6TQxAMD555zL3fuCWLBNTjOt7W0vLK6tp7byG9ube/s2nv7DR0lirI6jUSkWgHRTPCQ1YGDYK1YMSIDwZrB8DLzmw9MaR6FdzCKWUeSfsh7nBIwkm8XvJgo4ET4qSeTsQcDBgRf308qP62e3Ix9u+iUnAnwInFnpIhmqPn2l9eNaCJZCFQQrduuE0MnzfZQwcZ5L9EsJnRI+qxtaEgk0510cssYHxmli3uRMi8EPFF/T6REaj2SgemUBAZ63svE/7x2Ar2LTsrDOAEW0umiXiIwRDgLBne5YhTEyBBCFTd/xXRAFKFg4subENz5kxdJ47Tklkvl27NipTqLI4cOUQEdIxedowq6QjVURxQ9omf0it6sJ+vFerc+pq1L1mzmAP2B9fkDnUWbag==</latexit>

ωµεJ
µ
B→L

( ·θ,0,0,0)<latexit sha1_base64="2tPurMwZBwd30a7t9ae1aGwWYFQ=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEN5ZEpLosdePCRQX7gDaEyXTaDp1MwsyNUELAX3HjQhG3foc7/8Zpm4W2HrhwOOfemXtPEAuuwXG+rcLK6tr6RnGztLW9s7tn7x+0dJQoypo0EpHqBEQzwSVrAgfBOrFiJAwEawfjm6nffmRK80g+wCRmXkiGkg84JWAk3z7CvX4EaQ9GDEiGpZ/Wz+8y3y47FWcGvEzcnJRRjoZvf5lnaBIyCVQQrbuuE4OXEgWcCpaVeolmMaFjMmRdQyUJmfbS2foZPjVKHw8iZUoCnqm/J1ISaj0JA9MZEhjpRW8q/ud1ExhceymXcQJM0vlHg0RgiPA0C9znilEQE0MIVdzsiumIKELBJFYyIbiLJy+T1kXFrVaq95flWj2Po4iO0Qk6Qy66QjV0ixqoiShK0TN6RW/Wk/VivVsf89aClc8coj+wPn8Asg6VVQ==</latexit>

ω̇nB→L

<latexit sha1_base64="iBqbuisOZXCWo51JqgfXhKbyfA0=">AAACDHicbVDLSgMxFM34rPVVdekmWAQ31pki1Y1QdOPChYK1hU4tmfSODU1mhuSOUIb5ADf+ihsXirj1A9z5N6a1C18HAodzzk1yT5BIYdB1P5yp6ZnZufnCQnFxaXlltbS2fmXiVHNo8FjGuhUwA1JE0ECBElqJBqYCCc1gcDLym7egjYijSxwm0FHsJhKh4Ayt1C2VfZV2s+Pds/w687WiEIY5PfJ7MWY+9gFZvle1KbfijkH/Em9CymSC827p3V7AUwURcsmMaXtugp2MaRRcQl70UwMJ4wN2A21LI6bAdLLxMjndtkqPhrG2J0I6Vr9PZEwZM1SBTSqGffPbG4n/ee0Uw8NOJqIkRYj410NhKinGdNQM7QkNHOXQEsa1sH+lvM8042j7K9oSvN8r/yVX1YpXq9Qu9sv140kdBbJJtsgO8cgBqZNTck4ahJM78kCeyLNz7zw6L87rV3TKmcxskB9w3j4BJ9ebEQ==</latexit>

µe!
B→L = ω̇/2

Particle
 Antiparticle

E

E



Solution: 
<latexit sha1_base64="zqZ4M6W+0iWsNyAcwIzPKzlfb1I="></latexit>

ω =
1→
2
(vω + hω) exp

[
i
J(x)

vω

]

<latexit sha1_base64="jpwOyTJ9PfAaLvNYmzHY2k3m8Mk="></latexit>

1

2
→
2
Y N
i vωe

iεN c
i Ni

after  SSB:
U(1)B−L

[ RHN mass term ]


Redefine 
Ni → eθ/2Ni Redefine all fermions


<latexit sha1_base64="w548dT73cC8yynxHdwggA7zkS7A=">AAACC3icbVC7SgNBFJ31GeNr1dJmSBBsDLsi0TLERsQignlANi6zk0kyZGZ3mbkrhCW9jb9iY6GIrT9g5984m6TQxAMD555zL3fuCWLBNTjOt7W0vLK6tp7byG9ube/s2nv7DR0lirI6jUSkWgHRTPCQ1YGDYK1YMSIDwZrB8DLzmw9MaR6FdzCKWUeSfsh7nBIwkm8XvJgo4ET4qSeTsQcDBgRf308qP62e3Ix9u+iUnAnwInFnpIhmqPn2l9eNaCJZCFQQrduuE0MnzfZQwcZ5L9EsJnRI+qxtaEgk0510cssYHxmli3uRMi8EPFF/T6REaj2SgemUBAZ63svE/7x2Ar2LTsrDOAEW0umiXiIwRDgLBne5YhTEyBBCFTd/xXRAFKFg4subENz5kxdJ47Tklkvl27NipTqLI4cOUQEdIxedowq6QjVURxQ9omf0it6sJ+vFerc+pq1L1mzmAP2B9fkDnUWbag==</latexit>

ωµεJ
µ
B→L

( ·θ,0,0,0)<latexit sha1_base64="2tPurMwZBwd30a7t9ae1aGwWYFQ=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEN5ZEpLosdePCRQX7gDaEyXTaDp1MwsyNUELAX3HjQhG3foc7/8Zpm4W2HrhwOOfemXtPEAuuwXG+rcLK6tr6RnGztLW9s7tn7x+0dJQoypo0EpHqBEQzwSVrAgfBOrFiJAwEawfjm6nffmRK80g+wCRmXkiGkg84JWAk3z7CvX4EaQ9GDEiGpZ/Wz+8y3y47FWcGvEzcnJRRjoZvf5lnaBIyCVQQrbuuE4OXEgWcCpaVeolmMaFjMmRdQyUJmfbS2foZPjVKHw8iZUoCnqm/J1ISaj0JA9MZEhjpRW8q/ud1ExhceymXcQJM0vlHg0RgiPA0C9znilEQE0MIVdzsiumIKELBJFYyIbiLJy+T1kXFrVaq95flWj2Po4iO0Qk6Qy66QjV0ixqoiShK0TN6RW/Wk/VivVsf89aClc8coj+wPn8Asg6VVQ==</latexit>

ω̇nB→L

<latexit sha1_base64="iBqbuisOZXCWo51JqgfXhKbyfA0=">AAACDHicbVDLSgMxFM34rPVVdekmWAQ31pki1Y1QdOPChYK1hU4tmfSODU1mhuSOUIb5ADf+ihsXirj1A9z5N6a1C18HAodzzk1yT5BIYdB1P5yp6ZnZufnCQnFxaXlltbS2fmXiVHNo8FjGuhUwA1JE0ECBElqJBqYCCc1gcDLym7egjYijSxwm0FHsJhKh4Ayt1C2VfZV2s+Pds/w687WiEIY5PfJ7MWY+9gFZvle1KbfijkH/Em9CymSC827p3V7AUwURcsmMaXtugp2MaRRcQl70UwMJ4wN2A21LI6bAdLLxMjndtkqPhrG2J0I6Vr9PZEwZM1SBTSqGffPbG4n/ee0Uw8NOJqIkRYj410NhKinGdNQM7QkNHOXQEsa1sH+lvM8042j7K9oSvN8r/yVX1YpXq9Qu9sv140kdBbJJtsgO8cgBqZNTck4ahJM78kCeyLNz7zw6L87rV3TKmcxskB9w3j4BJ9ebEQ==</latexit>

µe!
B→L = ω̇/2

Particle
 Antiparticle

E

E − μeff
B−L

E + μeff
B−L

E



Solution: 
<latexit sha1_base64="zqZ4M6W+0iWsNyAcwIzPKzlfb1I="></latexit>

ω =
1→
2
(vω + hω) exp

[
i
J(x)

vω

]

<latexit sha1_base64="jpwOyTJ9PfAaLvNYmzHY2k3m8Mk="></latexit>

1

2
→
2
Y N
i vωe

iεN c
i Ni

after  SSB:
U(1)B−L

[ RHN mass term ]


Redefine 
Ni → eθ/2Ni Redefine all fermions


<latexit sha1_base64="w548dT73cC8yynxHdwggA7zkS7A=">AAACC3icbVC7SgNBFJ31GeNr1dJmSBBsDLsi0TLERsQignlANi6zk0kyZGZ3mbkrhCW9jb9iY6GIrT9g5984m6TQxAMD555zL3fuCWLBNTjOt7W0vLK6tp7byG9ube/s2nv7DR0lirI6jUSkWgHRTPCQ1YGDYK1YMSIDwZrB8DLzmw9MaR6FdzCKWUeSfsh7nBIwkm8XvJgo4ET4qSeTsQcDBgRf308qP62e3Ix9u+iUnAnwInFnpIhmqPn2l9eNaCJZCFQQrduuE0MnzfZQwcZ5L9EsJnRI+qxtaEgk0510cssYHxmli3uRMi8EPFF/T6REaj2SgemUBAZ63svE/7x2Ar2LTsrDOAEW0umiXiIwRDgLBne5YhTEyBBCFTd/xXRAFKFg4subENz5kxdJ47Tklkvl27NipTqLI4cOUQEdIxedowq6QjVURxQ9omf0it6sJ+vFerc+pq1L1mzmAP2B9fkDnUWbag==</latexit>

ωµεJ
µ
B→L

( ·θ,0,0,0)<latexit sha1_base64="2tPurMwZBwd30a7t9ae1aGwWYFQ=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEN5ZEpLosdePCRQX7gDaEyXTaDp1MwsyNUELAX3HjQhG3foc7/8Zpm4W2HrhwOOfemXtPEAuuwXG+rcLK6tr6RnGztLW9s7tn7x+0dJQoypo0EpHqBEQzwSVrAgfBOrFiJAwEawfjm6nffmRK80g+wCRmXkiGkg84JWAk3z7CvX4EaQ9GDEiGpZ/Wz+8y3y47FWcGvEzcnJRRjoZvf5lnaBIyCVQQrbuuE4OXEgWcCpaVeolmMaFjMmRdQyUJmfbS2foZPjVKHw8iZUoCnqm/J1ISaj0JA9MZEhjpRW8q/ud1ExhceymXcQJM0vlHg0RgiPA0C9znilEQE0MIVdzsiumIKELBJFYyIbiLJy+T1kXFrVaq95flWj2Po4iO0Qk6Qy66QjV0ixqoiShK0TN6RW/Wk/VivVsf89aClc8coj+wPn8Asg6VVQ==</latexit>

ω̇nB→L

<latexit sha1_base64="iBqbuisOZXCWo51JqgfXhKbyfA0=">AAACDHicbVDLSgMxFM34rPVVdekmWAQ31pki1Y1QdOPChYK1hU4tmfSODU1mhuSOUIb5ADf+ihsXirj1A9z5N6a1C18HAodzzk1yT5BIYdB1P5yp6ZnZufnCQnFxaXlltbS2fmXiVHNo8FjGuhUwA1JE0ECBElqJBqYCCc1gcDLym7egjYijSxwm0FHsJhKh4Ayt1C2VfZV2s+Pds/w687WiEIY5PfJ7MWY+9gFZvle1KbfijkH/Em9CymSC827p3V7AUwURcsmMaXtugp2MaRRcQl70UwMJ4wN2A21LI6bAdLLxMjndtkqPhrG2J0I6Vr9PZEwZM1SBTSqGffPbG4n/ee0Uw8NOJqIkRYj410NhKinGdNQM7QkNHOXQEsa1sH+lvM8042j7K9oSvN8r/yVX1YpXq9Qu9sv140kdBbJJtsgO8cgBqZNTck4ahJM78kCeyLNz7zw6L87rV3TKmcxskB9w3j4BJ9ebEQ==</latexit>

µe!
B→L = ω̇/2

Particle
 Antiparticle

E

E − μeff
B−L

E + μeff
B−L

Biases equilibrium distribution function

for particle and antiparticle


<latexit sha1_base64="ne8ZOkN9NRQHJmnfmFKPnBbCOyE=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF49V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Jv2yxW36s5BVomXkwrkaPTLX71BzNIIpWGCat313MT4GVWGM4HTUi/VmFA2pkPsWipphNrP5pdOyZlVBiSMlS1pyFz9PZHRSOtJFNjOiJqRXvZm4n9eNzXhtZ9xmaQGJVssClNBTExmb5MBV8iMmFhCmeL2VsJGVFFmbDglG4K3/PIqaV1UvVq1dn9Zqd/kcRThBE7hHDy4gjrcQQOawCCEZ3iFN2fsvDjvzseiteDkM8fwB87nD6IejXI=</latexit>

}



Solution: 
<latexit sha1_base64="zqZ4M6W+0iWsNyAcwIzPKzlfb1I="></latexit>

ω =
1→
2
(vω + hω) exp

[
i
J(x)

vω

]

<latexit sha1_base64="jpwOyTJ9PfAaLvNYmzHY2k3m8Mk="></latexit>

1

2
→
2
Y N
i vωe

iεN c
i Ni

after  SSB:
U(1)B−L

[ RHN mass term ]


Redefine 
Ni → eθ/2Ni Redefine all fermions


<latexit sha1_base64="w548dT73cC8yynxHdwggA7zkS7A=">AAACC3icbVC7SgNBFJ31GeNr1dJmSBBsDLsi0TLERsQignlANi6zk0kyZGZ3mbkrhCW9jb9iY6GIrT9g5984m6TQxAMD555zL3fuCWLBNTjOt7W0vLK6tp7byG9ube/s2nv7DR0lirI6jUSkWgHRTPCQ1YGDYK1YMSIDwZrB8DLzmw9MaR6FdzCKWUeSfsh7nBIwkm8XvJgo4ET4qSeTsQcDBgRf308qP62e3Ix9u+iUnAnwInFnpIhmqPn2l9eNaCJZCFQQrduuE0MnzfZQwcZ5L9EsJnRI+qxtaEgk0510cssYHxmli3uRMi8EPFF/T6REaj2SgemUBAZ63svE/7x2Ar2LTsrDOAEW0umiXiIwRDgLBne5YhTEyBBCFTd/xXRAFKFg4subENz5kxdJ47Tklkvl27NipTqLI4cOUQEdIxedowq6QjVURxQ9omf0it6sJ+vFerc+pq1L1mzmAP2B9fkDnUWbag==</latexit>

ωµεJ
µ
B→L

( ·θ,0,0,0)<latexit sha1_base64="2tPurMwZBwd30a7t9ae1aGwWYFQ=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEN5ZEpLosdePCRQX7gDaEyXTaDp1MwsyNUELAX3HjQhG3foc7/8Zpm4W2HrhwOOfemXtPEAuuwXG+rcLK6tr6RnGztLW9s7tn7x+0dJQoypo0EpHqBEQzwSVrAgfBOrFiJAwEawfjm6nffmRK80g+wCRmXkiGkg84JWAk3z7CvX4EaQ9GDEiGpZ/Wz+8y3y47FWcGvEzcnJRRjoZvf5lnaBIyCVQQrbuuE4OXEgWcCpaVeolmMaFjMmRdQyUJmfbS2foZPjVKHw8iZUoCnqm/J1ISaj0JA9MZEhjpRW8q/ud1ExhceymXcQJM0vlHg0RgiPA0C9znilEQE0MIVdzsiumIKELBJFYyIbiLJy+T1kXFrVaq95flWj2Po4iO0Qk6Qy66QjV0ixqoiShK0TN6RW/Wk/VivVsf89aClc8coj+wPn8Asg6VVQ==</latexit>

ω̇nB→L

<latexit sha1_base64="iBqbuisOZXCWo51JqgfXhKbyfA0=">AAACDHicbVDLSgMxFM34rPVVdekmWAQ31pki1Y1QdOPChYK1hU4tmfSODU1mhuSOUIb5ADf+ihsXirj1A9z5N6a1C18HAodzzk1yT5BIYdB1P5yp6ZnZufnCQnFxaXlltbS2fmXiVHNo8FjGuhUwA1JE0ECBElqJBqYCCc1gcDLym7egjYijSxwm0FHsJhKh4Ayt1C2VfZV2s+Pds/w687WiEIY5PfJ7MWY+9gFZvle1KbfijkH/Em9CymSC827p3V7AUwURcsmMaXtugp2MaRRcQl70UwMJ4wN2A21LI6bAdLLxMjndtkqPhrG2J0I6Vr9PZEwZM1SBTSqGffPbG4n/ee0Uw8NOJqIkRYj410NhKinGdNQM7QkNHOXQEsa1sH+lvM8042j7K9oSvN8r/yVX1YpXq9Qu9sv140kdBbJJtsgO8cgBqZNTck4ahJM78kCeyLNz7zw6L87rV3TKmcxskB9w3j4BJ9ebEQ==</latexit>

µe!
B→L = ω̇/2

Particle
 Antiparticle

E

E − μeff
B−L

E + μeff
B−L

Biases equilibrium distribution function

for particle and antiparticle


presence of fast  violating  processB − L

<latexit sha1_base64="ne8ZOkN9NRQHJmnfmFKPnBbCOyE=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF49V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Jv2yxW36s5BVomXkwrkaPTLX71BzNIIpWGCat313MT4GVWGM4HTUi/VmFA2pkPsWipphNrP5pdOyZlVBiSMlS1pyFz9PZHRSOtJFNjOiJqRXvZm4n9eNzXhtZ9xmaQGJVssClNBTExmb5MBV8iMmFhCmeL2VsJGVFFmbDglG4K3/PIqaV1UvVq1dn9Zqd/kcRThBE7hHDy4gjrcQQOawCCEZ3iFN2fsvDjvzseiteDkM8fwB87nD6IejXI=</latexit>

}
+



Solution: 
<latexit sha1_base64="zqZ4M6W+0iWsNyAcwIzPKzlfb1I="></latexit>

ω =
1→
2
(vω + hω) exp

[
i
J(x)

vω

]

<latexit sha1_base64="jpwOyTJ9PfAaLvNYmzHY2k3m8Mk="></latexit>

1

2
→
2
Y N
i vωe

iεN c
i Ni

after  SSB:
U(1)B−L

[ RHN mass term ]


Redefine 
Ni → eθ/2Ni Redefine all fermions


<latexit sha1_base64="w548dT73cC8yynxHdwggA7zkS7A=">AAACC3icbVC7SgNBFJ31GeNr1dJmSBBsDLsi0TLERsQignlANi6zk0kyZGZ3mbkrhCW9jb9iY6GIrT9g5984m6TQxAMD555zL3fuCWLBNTjOt7W0vLK6tp7byG9ube/s2nv7DR0lirI6jUSkWgHRTPCQ1YGDYK1YMSIDwZrB8DLzmw9MaR6FdzCKWUeSfsh7nBIwkm8XvJgo4ET4qSeTsQcDBgRf308qP62e3Ix9u+iUnAnwInFnpIhmqPn2l9eNaCJZCFQQrduuE0MnzfZQwcZ5L9EsJnRI+qxtaEgk0510cssYHxmli3uRMi8EPFF/T6REaj2SgemUBAZ63svE/7x2Ar2LTsrDOAEW0umiXiIwRDgLBne5YhTEyBBCFTd/xXRAFKFg4subENz5kxdJ47Tklkvl27NipTqLI4cOUQEdIxedowq6QjVURxQ9omf0it6sJ+vFerc+pq1L1mzmAP2B9fkDnUWbag==</latexit>

ωµεJ
µ
B→L

( ·θ,0,0,0)<latexit sha1_base64="2tPurMwZBwd30a7t9ae1aGwWYFQ=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEN5ZEpLosdePCRQX7gDaEyXTaDp1MwsyNUELAX3HjQhG3foc7/8Zpm4W2HrhwOOfemXtPEAuuwXG+rcLK6tr6RnGztLW9s7tn7x+0dJQoypo0EpHqBEQzwSVrAgfBOrFiJAwEawfjm6nffmRK80g+wCRmXkiGkg84JWAk3z7CvX4EaQ9GDEiGpZ/Wz+8y3y47FWcGvEzcnJRRjoZvf5lnaBIyCVQQrbuuE4OXEgWcCpaVeolmMaFjMmRdQyUJmfbS2foZPjVKHw8iZUoCnqm/J1ISaj0JA9MZEhjpRW8q/ud1ExhceymXcQJM0vlHg0RgiPA0C9znilEQE0MIVdzsiumIKELBJFYyIbiLJy+T1kXFrVaq95flWj2Po4iO0Qk6Qy66QjV0ixqoiShK0TN6RW/Wk/VivVsf89aClc8coj+wPn8Asg6VVQ==</latexit>

ω̇nB→L

<latexit sha1_base64="iBqbuisOZXCWo51JqgfXhKbyfA0=">AAACDHicbVDLSgMxFM34rPVVdekmWAQ31pki1Y1QdOPChYK1hU4tmfSODU1mhuSOUIb5ADf+ihsXirj1A9z5N6a1C18HAodzzk1yT5BIYdB1P5yp6ZnZufnCQnFxaXlltbS2fmXiVHNo8FjGuhUwA1JE0ECBElqJBqYCCc1gcDLym7egjYijSxwm0FHsJhKh4Ayt1C2VfZV2s+Pds/w687WiEIY5PfJ7MWY+9gFZvle1KbfijkH/Em9CymSC827p3V7AUwURcsmMaXtugp2MaRRcQl70UwMJ4wN2A21LI6bAdLLxMjndtkqPhrG2J0I6Vr9PZEwZM1SBTSqGffPbG4n/ee0Uw8NOJqIkRYj410NhKinGdNQM7QkNHOXQEsa1sH+lvM8042j7K9oSvN8r/yVX1YpXq9Qu9sv140kdBbJJtsgO8cgBqZNTck4ahJM78kCeyLNz7zw6L87rV3TKmcxskB9w3j4BJ9ebEQ==</latexit>

µe!
B→L = ω̇/2

Particle
 Antiparticle

E

E − μeff
B−L

E + μeff
B−L

Biases equilibrium distribution function

for particle and antiparticle


μeq
B−L = cB−L

·θSphalerons
Yeq
B ≠ 0

<latexit sha1_base64="ne8ZOkN9NRQHJmnfmFKPnBbCOyE=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF49V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Jv2yxW36s5BVomXkwrkaPTLX71BzNIIpWGCat313MT4GVWGM4HTUi/VmFA2pkPsWipphNrP5pdOyZlVBiSMlS1pyFz9PZHRSOtJFNjOiJqRXvZm4n9eNzXhtZ9xmaQGJVssClNBTExmb5MBV8iMmFhCmeL2VsJGVFFmbDglG4K3/PIqaV1UvVq1dn9Zqd/kcRThBE7hHDy4gjrcQQOawCCEZ3iFN2fsvDjvzseiteDkM8fwB87nD6IejXI=</latexit>

}
+

presence of fast  violating  processB − L

[Cohen, 1987, 

Cohen, 1988]



Rolling Majoron gives rise to equilibrium baryon asymmetry in presence of fast  violating interactionB − L

Remember: 
Washout Factor:


<latexit sha1_base64="ApNPD53os2pZEQj5j7q/7e7fbVc=">AAACC3icbVDLSgNBEJz1GeMr6tHLkCDES9yVEL0Ygh4MiBDBPCAJS+9kkgyZ2V1mZoWw5O7FX/HiQRGv/oA3/8bJ46CJBQ1FVTfdXV7ImdK2/W0tLa+srq0nNpKbW9s7u6m9/ZoKIklolQQ8kA0PFOXMp1XNNKeNUFIQHqd1b3A19usPVCoW+Pd6GNK2gJ7PuoyANpKbSt+4zgVuXYMQ4DonLQG6T4DH5RHO3rrOcbGYd1MZO2dPgBeJMyMZNEPFTX21OgGJBPU14aBU07FD3Y5BakY4HSVbkaIhkAH0aNNQHwRV7XjyywgfGaWDu4E05Ws8UX9PxCCUGgrPdI5vVfPeWPzPa0a6e96OmR9GmvpkuqgbcawDPA4Gd5ikRPOhIUAkM7di0gcJRJv4kiYEZ/7lRVI7zTmFXOEunyldzuJIoEOURlnkoDNUQmVUQVVE0CN6Rq/ozXqyXqx362PaumTNZg7QH1ifP1NfmLQ=</latexit>

K1 = !1/H(M1) >> 4
For Minimal Scotogenic model with two hierarchical RHNs

M1 ≃ 1 TeV



Rolling Majoron gives rise to equilibrium baryon asymmetry in presence of fast  violating interactionB − L

Remember: 
Washout Factor:


<latexit sha1_base64="ApNPD53os2pZEQj5j7q/7e7fbVc=">AAACC3icbVDLSgNBEJz1GeMr6tHLkCDES9yVEL0Ygh4MiBDBPCAJS+9kkgyZ2V1mZoWw5O7FX/HiQRGv/oA3/8bJ46CJBQ1FVTfdXV7ImdK2/W0tLa+srq0nNpKbW9s7u6m9/ZoKIklolQQ8kA0PFOXMp1XNNKeNUFIQHqd1b3A19usPVCoW+Pd6GNK2gJ7PuoyANpKbSt+4zgVuXYMQ4DonLQG6T4DH5RHO3rrOcbGYd1MZO2dPgBeJMyMZNEPFTX21OgGJBPU14aBU07FD3Y5BakY4HSVbkaIhkAH0aNNQHwRV7XjyywgfGaWDu4E05Ws8UX9PxCCUGgrPdI5vVfPeWPzPa0a6e96OmR9GmvpkuqgbcawDPA4Gd5ikRPOhIUAkM7di0gcJRJv4kiYEZ/7lRVI7zTmFXOEunyldzuJIoEOURlnkoDNUQmVUQVVE0CN6Rq/ozXqyXqx362PaumTNZg7QH1ifP1NfmLQ=</latexit>

K1 = !1/H(M1) >> 4
For Minimal Scotogenic model with two hierarchical RHNs

M1 ≃ 1 TeV

<latexit sha1_base64="NsBtwefNtsUzyGSSkakHHQx/Xhg=">AAACCnicbVDLSgMxFM34rPVVdekmWgRXdUakuiy6sMsK9gGdUu6kaRuaZIYkI5Shazf+ihsXirj1C9z5N2amXWjrgcDJOfdy7z1BxJk2rvvtLC2vrK6t5zbym1vbO7uFvf2GDmNFaJ2EPFStADTlTNK6YYbTVqQoiIDTZjC6Sf3mA1WahfLejCPaETCQrM8IGCt1C0c+BzngFPu3IAT4Kvud+QLMkABPqpNuoeiW3Ax4kXgzUkQz1LqFL78XklhQaQgHrdueG5lOAsowwukk78eaRkBGMKBtSyUIqjtJdsoEn1ilh/uhsk8anKm/OxIQWo9FYCvTFfW8l4r/ee3Y9K86CZNRbKgk00H9mGMT4jQX3GOKEsPHlgBRzO6KyRAUEGPTy9sQvPmTF0njvOSVS+W7i2LlehZHDh2iY3SKPHSJKqiKaqiOCHpEz+gVvTlPzovz7nxMS5ecWc8B+gPn8wdFJ5qo</latexit> →
!
↑
/H

T[GeV]

M1 = 103 GeV

<latexit sha1_base64="PadUp89uvhLGfN6GXkPnqNgr+V0=">AAACE3icbVDLSgNBEJz1GeNr1aOXwSCIh7grEj0GFYy3COYB2RB6J5NkyMzsMjMrhCX/4MVf8eJBEa9evPk3Th4HTSxoKKq66e4KY8608bxvZ2FxaXllNbOWXd/Y3Np2d3arOkoUoRUS8UjVQ9CUM0krhhlO67GiIEJOa2H/auTXHqjSLJL3ZhDTpoCuZB1GwFip5R4HHGSXUxzcgBDQSgMl8O31MFBj+SQQYHoEeFoattycl/fGwPPEn5IcmqLccr+CdkQSQaUhHLRu+F5smikowwinw2yQaBoD6UOXNiyVIKhupuOfhvjQKm3ciZQtafBY/T2RgtB6IELbOTpRz3oj8T+vkZjORTNlMk4MlWSyqJNwbCI8Cgi3maLE8IElQBSzt2LSAwXE2BizNgR/9uV5Uj3N+4V84e4sV7ycxpFB++gAHSEfnaMiKqEyqiCCHtEzekVvzpPz4rw7H5PWBWc6s4f+wPn8AfqMnkE=</latexit>

→!ID↑/H

T = M1



Rolling Majoron gives rise to equilibrium baryon asymmetry in presence of fast  violating interactionB − L

Remember: 
Washout Factor:


<latexit sha1_base64="ApNPD53os2pZEQj5j7q/7e7fbVc=">AAACC3icbVDLSgNBEJz1GeMr6tHLkCDES9yVEL0Ygh4MiBDBPCAJS+9kkgyZ2V1mZoWw5O7FX/HiQRGv/oA3/8bJ46CJBQ1FVTfdXV7ImdK2/W0tLa+srq0nNpKbW9s7u6m9/ZoKIklolQQ8kA0PFOXMp1XNNKeNUFIQHqd1b3A19usPVCoW+Pd6GNK2gJ7PuoyANpKbSt+4zgVuXYMQ4DonLQG6T4DH5RHO3rrOcbGYd1MZO2dPgBeJMyMZNEPFTX21OgGJBPU14aBU07FD3Y5BakY4HSVbkaIhkAH0aNNQHwRV7XjyywgfGaWDu4E05Ws8UX9PxCCUGgrPdI5vVfPeWPzPa0a6e96OmR9GmvpkuqgbcawDPA4Gd5ikRPOhIUAkM7di0gcJRJv4kiYEZ/7lRVI7zTmFXOEunyldzuJIoEOURlnkoDNUQmVUQVVE0CN6Rq/ozXqyXqx362PaumTNZg7QH1ifP1NfmLQ=</latexit>

K1 = !1/H(M1) >> 4
For Minimal Scotogenic model with two hierarchical RHNs

M1 ≃ 1 TeV

<latexit sha1_base64="NsBtwefNtsUzyGSSkakHHQx/Xhg=">AAACCnicbVDLSgMxFM34rPVVdekmWgRXdUakuiy6sMsK9gGdUu6kaRuaZIYkI5Shazf+ihsXirj1C9z5N2amXWjrgcDJOfdy7z1BxJk2rvvtLC2vrK6t5zbym1vbO7uFvf2GDmNFaJ2EPFStADTlTNK6YYbTVqQoiIDTZjC6Sf3mA1WahfLejCPaETCQrM8IGCt1C0c+BzngFPu3IAT4Kvud+QLMkABPqpNuoeiW3Ax4kXgzUkQz1LqFL78XklhQaQgHrdueG5lOAsowwukk78eaRkBGMKBtSyUIqjtJdsoEn1ilh/uhsk8anKm/OxIQWo9FYCvTFfW8l4r/ee3Y9K86CZNRbKgk00H9mGMT4jQX3GOKEsPHlgBRzO6KyRAUEGPTy9sQvPmTF0njvOSVS+W7i2LlehZHDh2iY3SKPHSJKqiKaqiOCHpEz+gVvTlPzovz7nxMS5ecWc8B+gPn8wdFJ5qo</latexit> →
!
↑
/H

T[GeV]

M1 = 103 GeV

<latexit sha1_base64="PadUp89uvhLGfN6GXkPnqNgr+V0=">AAACE3icbVDLSgNBEJz1GeNr1aOXwSCIh7grEj0GFYy3COYB2RB6J5NkyMzsMjMrhCX/4MVf8eJBEa9evPk3Th4HTSxoKKq66e4KY8608bxvZ2FxaXllNbOWXd/Y3Np2d3arOkoUoRUS8UjVQ9CUM0krhhlO67GiIEJOa2H/auTXHqjSLJL3ZhDTpoCuZB1GwFip5R4HHGSXUxzcgBDQSgMl8O31MFBj+SQQYHoEeFoattycl/fGwPPEn5IcmqLccr+CdkQSQaUhHLRu+F5smikowwinw2yQaBoD6UOXNiyVIKhupuOfhvjQKm3ciZQtafBY/T2RgtB6IELbOTpRz3oj8T+vkZjORTNlMk4MlWSyqJNwbCI8Cgi3maLE8IElQBSzt2LSAwXE2BizNgR/9uV5Uj3N+4V84e4sV7ycxpFB++gAHSEfnaMiKqEyqiCCHtEzekVvzpPz4rw7H5PWBWc6s4f+wPn8AfqMnkE=</latexit>

→!ID↑/H

T = M1

Decay and inverse decay remain in equilibrium  
for extended period of time

T inv
dec ∼ M1/10



Rolling Majoron gives rise to equilibrium baryon asymmetry in presence of fast  violating interactionB − L

Remember: 
Washout Factor:


<latexit sha1_base64="ApNPD53os2pZEQj5j7q/7e7fbVc=">AAACC3icbVDLSgNBEJz1GeMr6tHLkCDES9yVEL0Ygh4MiBDBPCAJS+9kkgyZ2V1mZoWw5O7FX/HiQRGv/oA3/8bJ46CJBQ1FVTfdXV7ImdK2/W0tLa+srq0nNpKbW9s7u6m9/ZoKIklolQQ8kA0PFOXMp1XNNKeNUFIQHqd1b3A19usPVCoW+Pd6GNK2gJ7PuoyANpKbSt+4zgVuXYMQ4DonLQG6T4DH5RHO3rrOcbGYd1MZO2dPgBeJMyMZNEPFTX21OgGJBPU14aBU07FD3Y5BakY4HSVbkaIhkAH0aNNQHwRV7XjyywgfGaWDu4E05Ws8UX9PxCCUGgrPdI5vVfPeWPzPa0a6e96OmR9GmvpkuqgbcawDPA4Gd5ikRPOhIUAkM7di0gcJRJv4kiYEZ/7lRVI7zTmFXOEunyldzuJIoEOURlnkoDNUQmVUQVVE0CN6Rq/ozXqyXqx362PaumTNZg7QH1ifP1NfmLQ=</latexit>

K1 = !1/H(M1) >> 4
For Minimal Scotogenic model with two hierarchical RHNs

M1 ≃ 1 TeV

<latexit sha1_base64="NsBtwefNtsUzyGSSkakHHQx/Xhg=">AAACCnicbVDLSgMxFM34rPVVdekmWgRXdUakuiy6sMsK9gGdUu6kaRuaZIYkI5Shazf+ihsXirj1C9z5N2amXWjrgcDJOfdy7z1BxJk2rvvtLC2vrK6t5zbym1vbO7uFvf2GDmNFaJ2EPFStADTlTNK6YYbTVqQoiIDTZjC6Sf3mA1WahfLejCPaETCQrM8IGCt1C0c+BzngFPu3IAT4Kvud+QLMkABPqpNuoeiW3Ax4kXgzUkQz1LqFL78XklhQaQgHrdueG5lOAsowwukk78eaRkBGMKBtSyUIqjtJdsoEn1ilh/uhsk8anKm/OxIQWo9FYCvTFfW8l4r/ee3Y9K86CZNRbKgk00H9mGMT4jQX3GOKEsPHlgBRzO6KyRAUEGPTy9sQvPmTF0njvOSVS+W7i2LlehZHDh2iY3SKPHSJKqiKaqiOCHpEz+gVvTlPzovz7nxMS5ecWc8B+gPn8wdFJ5qo</latexit> →
!
↑
/H

T[GeV]

M1 = 103 GeV

<latexit sha1_base64="PadUp89uvhLGfN6GXkPnqNgr+V0=">AAACE3icbVDLSgNBEJz1GeNr1aOXwSCIh7grEj0GFYy3COYB2RB6J5NkyMzsMjMrhCX/4MVf8eJBEa9evPk3Th4HTSxoKKq66e4KY8608bxvZ2FxaXllNbOWXd/Y3Np2d3arOkoUoRUS8UjVQ9CUM0krhhlO67GiIEJOa2H/auTXHqjSLJL3ZhDTpoCuZB1GwFip5R4HHGSXUxzcgBDQSgMl8O31MFBj+SQQYHoEeFoattycl/fGwPPEn5IcmqLccr+CdkQSQaUhHLRu+F5smikowwinw2yQaBoD6UOXNiyVIKhupuOfhvjQKm3ciZQtafBY/T2RgtB6IELbOTpRz3oj8T+vkZjORTNlMk4MlWSyqJNwbCI8Cgi3maLE8IElQBSzt2LSAwXE2BizNgR/9uV5Uj3N+4V84e4sV7ycxpFB++gAHSEfnaMiKqEyqiCCHtEzekVvzpPz4rw7H5PWBWc6s4f+wPn8AfqMnkE=</latexit>

→!ID↑/H

T = M1

Decay and inverse decay remain in equilibrium  
for extended period of time

Nonzero YB−L

nonzero ·θ

Effectively  violating processB − L

T inv
dec ∼ M1/10



Rolling Majoron gives rise to equilibrium baryon asymmetry in presence of fast  violating interactionB − L

Remember: 
Washout Factor:


<latexit sha1_base64="ApNPD53os2pZEQj5j7q/7e7fbVc=">AAACC3icbVDLSgNBEJz1GeMr6tHLkCDES9yVEL0Ygh4MiBDBPCAJS+9kkgyZ2V1mZoWw5O7FX/HiQRGv/oA3/8bJ46CJBQ1FVTfdXV7ImdK2/W0tLa+srq0nNpKbW9s7u6m9/ZoKIklolQQ8kA0PFOXMp1XNNKeNUFIQHqd1b3A19usPVCoW+Pd6GNK2gJ7PuoyANpKbSt+4zgVuXYMQ4DonLQG6T4DH5RHO3rrOcbGYd1MZO2dPgBeJMyMZNEPFTX21OgGJBPU14aBU07FD3Y5BakY4HSVbkaIhkAH0aNNQHwRV7XjyywgfGaWDu4E05Ws8UX9PxCCUGgrPdI5vVfPeWPzPa0a6e96OmR9GmvpkuqgbcawDPA4Gd5ikRPOhIUAkM7di0gcJRJv4kiYEZ/7lRVI7zTmFXOEunyldzuJIoEOURlnkoDNUQmVUQVVE0CN6Rq/ozXqyXqx362PaumTNZg7QH1ifP1NfmLQ=</latexit>

K1 = !1/H(M1) >> 4
For Minimal Scotogenic model with two hierarchical RHNs

M1 ≃ 1 TeV

<latexit sha1_base64="NsBtwefNtsUzyGSSkakHHQx/Xhg=">AAACCnicbVDLSgMxFM34rPVVdekmWgRXdUakuiy6sMsK9gGdUu6kaRuaZIYkI5Shazf+ihsXirj1C9z5N2amXWjrgcDJOfdy7z1BxJk2rvvtLC2vrK6t5zbym1vbO7uFvf2GDmNFaJ2EPFStADTlTNK6YYbTVqQoiIDTZjC6Sf3mA1WahfLejCPaETCQrM8IGCt1C0c+BzngFPu3IAT4Kvud+QLMkABPqpNuoeiW3Ax4kXgzUkQz1LqFL78XklhQaQgHrdueG5lOAsowwukk78eaRkBGMKBtSyUIqjtJdsoEn1ilh/uhsk8anKm/OxIQWo9FYCvTFfW8l4r/ee3Y9K86CZNRbKgk00H9mGMT4jQX3GOKEsPHlgBRzO6KyRAUEGPTy9sQvPmTF0njvOSVS+W7i2LlehZHDh2iY3SKPHSJKqiKaqiOCHpEz+gVvTlPzovz7nxMS5ecWc8B+gPn8wdFJ5qo</latexit> →
!
↑
/H

T[GeV]

M1 = 103 GeV

<latexit sha1_base64="PadUp89uvhLGfN6GXkPnqNgr+V0=">AAACE3icbVDLSgNBEJz1GeNr1aOXwSCIh7grEj0GFYy3COYB2RB6J5NkyMzsMjMrhCX/4MVf8eJBEa9evPk3Th4HTSxoKKq66e4KY8608bxvZ2FxaXllNbOWXd/Y3Np2d3arOkoUoRUS8UjVQ9CUM0krhhlO67GiIEJOa2H/auTXHqjSLJL3ZhDTpoCuZB1GwFip5R4HHGSXUxzcgBDQSgMl8O31MFBj+SQQYHoEeFoattycl/fGwPPEn5IcmqLccr+CdkQSQaUhHLRu+F5smikowwinw2yQaBoD6UOXNiyVIKhupuOfhvjQKm3ciZQtafBY/T2RgtB6IELbOTpRz3oj8T+vkZjORTNlMk4MlWSyqJNwbCI8Cgi3maLE8IElQBSzt2LSAwXE2BizNgR/9uV5Uj3N+4V84e4sV7ycxpFB++gAHSEfnaMiKqEyqiCCHtEzekVvzpPz4rw7H5PWBWc6s4f+wPn8AfqMnkE=</latexit>

→!ID↑/H

T = M1
T inv

dec ∼ M1/10

Decay and inverse decay remain in equilibrium  
for extended period of time

Nonzero YB−L

nonzero ·θ

Effectively  violating processB − L

  saturates when  YB−L ⟨ΓID⟩ < H
<latexit sha1_base64="jPnCsmNyvM9OIAzRiZMvsI32Qf4="></latexit>

YB =
cB
6
Yω

(
M1

vεzdec

)2



Rolling Majoron gives rise to equilibrium baryon asymmetry in presence of fast  violating interactionB − L

<latexit sha1_base64="NsBtwefNtsUzyGSSkakHHQx/Xhg=">AAACCnicbVDLSgMxFM34rPVVdekmWgRXdUakuiy6sMsK9gGdUu6kaRuaZIYkI5Shazf+ihsXirj1C9z5N2amXWjrgcDJOfdy7z1BxJk2rvvtLC2vrK6t5zbym1vbO7uFvf2GDmNFaJ2EPFStADTlTNK6YYbTVqQoiIDTZjC6Sf3mA1WahfLejCPaETCQrM8IGCt1C0c+BzngFPu3IAT4Kvud+QLMkABPqpNuoeiW3Ax4kXgzUkQz1LqFL78XklhQaQgHrdueG5lOAsowwukk78eaRkBGMKBtSyUIqjtJdsoEn1ilh/uhsk8anKm/OxIQWo9FYCvTFfW8l4r/ee3Y9K86CZNRbKgk00H9mGMT4jQX3GOKEsPHlgBRzO6KyRAUEGPTy9sQvPmTF0njvOSVS+W7i2LlehZHDh2iY3SKPHSJKqiKaqiOCHpEz+gVvTlPzovz7nxMS5ecWc8B+gPn8wdFJ5qo</latexit> →
!
↑
/H

T[GeV]

M1 = 103 GeV

<latexit sha1_base64="PadUp89uvhLGfN6GXkPnqNgr+V0=">AAACE3icbVDLSgNBEJz1GeNr1aOXwSCIh7grEj0GFYy3COYB2RB6J5NkyMzsMjMrhCX/4MVf8eJBEa9evPk3Th4HTSxoKKq66e4KY8608bxvZ2FxaXllNbOWXd/Y3Np2d3arOkoUoRUS8UjVQ9CUM0krhhlO67GiIEJOa2H/auTXHqjSLJL3ZhDTpoCuZB1GwFip5R4HHGSXUxzcgBDQSgMl8O31MFBj+SQQYHoEeFoattycl/fGwPPEn5IcmqLccr+CdkQSQaUhHLRu+F5smikowwinw2yQaBoD6UOXNiyVIKhupuOfhvjQKm3ciZQtafBY/T2RgtB6IELbOTpRz3oj8T+vkZjORTNlMk4MlWSyqJNwbCI8Cgi3maLE8IElQBSzt2LSAwXE2BizNgR/9uV5Uj3N+4V84e4sV7ycxpFB++gAHSEfnaMiKqEyqiCCHtEzekVvzpPz4rw7H5PWBWc6s4f+wPn8AfqMnkE=</latexit>

→!ID↑/H

T = M1
T inv

dec ∼ M1/10

Decay and inverse decay remain in equilibrium  
for extended period of time

Nonzero YB−L

nonzero ·θ

Effectively  violating processB − L

  saturates when  YB−L ⟨ΓID⟩ < H

Tsp = 132 GeV

  saturates at YB T = Tsp

<latexit sha1_base64="Q7GnOeWVE5D5s+lfPNMJAvl042g="></latexit>

YB =
cB
6
Yω

(
M1

vεzsp

)2

Remember: 
Washout Factor:


<latexit sha1_base64="ApNPD53os2pZEQj5j7q/7e7fbVc=">AAACC3icbVDLSgNBEJz1GeMr6tHLkCDES9yVEL0Ygh4MiBDBPCAJS+9kkgyZ2V1mZoWw5O7FX/HiQRGv/oA3/8bJ46CJBQ1FVTfdXV7ImdK2/W0tLa+srq0nNpKbW9s7u6m9/ZoKIklolQQ8kA0PFOXMp1XNNKeNUFIQHqd1b3A19usPVCoW+Pd6GNK2gJ7PuoyANpKbSt+4zgVuXYMQ4DonLQG6T4DH5RHO3rrOcbGYd1MZO2dPgBeJMyMZNEPFTX21OgGJBPU14aBU07FD3Y5BakY4HSVbkaIhkAH0aNNQHwRV7XjyywgfGaWDu4E05Ws8UX9PxCCUGgrPdI5vVfPeWPzPa0a6e96OmR9GmvpkuqgbcawDPA4Gd5ikRPOhIUAkM7di0gcJRJv4kiYEZ/7lRVI7zTmFXOEunyldzuJIoEOURlnkoDNUQmVUQVVE0CN6Rq/ozXqyXqx362PaumTNZg7QH1ifP1NfmLQ=</latexit>

K1 = !1/H(M1) >> 4
For Minimal Scotogenic model with two hierarchical RHNs

M1 ≃ 1 TeV



λ5 = 10−2

λ5 = 10−4

parameter space for leptogenesis:

<latexit sha1_base64="jPnCsmNyvM9OIAzRiZMvsI32Qf4="></latexit>

YB =
cB
6
Yω

(
M1

vεzdec

)2



Yθ ∝ M−2
1

T inv
dec < Tsp

λ5 = 10−2

λ5 = 10−4

parameter space for leptogenesis:

<latexit sha1_base64="jPnCsmNyvM9OIAzRiZMvsI32Qf4="></latexit>

YB =
cB
6
Yω

(
M1

vεzdec

)2



Yθ ∝ M−2
1

T inv
dec < Tsp

ρinv
θ,dec = ρinv

R,dec

λ5 = 10−2

λ5 = 10−4

parameter space for leptogenesis:

<latexit sha1_base64="jPnCsmNyvM9OIAzRiZMvsI32Qf4="></latexit>

YB =
cB
6
Yω

(
M1

vεzdec

)2



<latexit sha1_base64="vtxTD377un1krL3qkAEcUp92MEs="></latexit>

ω5

2

[
(ε†!)2 + h.c

]

If in equilibrium (large ), induces λ5 μη = μΦ

Helps converting individual particle asymmetry  
to  asymmetry B − L

λ5 = 10−4

λ5 = 10−2

parameter space for leptogenesis:

<latexit sha1_base64="jPnCsmNyvM9OIAzRiZMvsI32Qf4="></latexit>

YB =
cB
6
Yω

(
M1

vεzdec

)2



<latexit sha1_base64="vtxTD377un1krL3qkAEcUp92MEs="></latexit>

ω5

2

[
(ε†!)2 + h.c

]

If in equilibrium (large ), induces λ5 μη = μΦ

Helps converting individual particle asymmetry  
to  asymmetry B − L

for small , interaction equilibrate late in timeλ5

If inverse decay decouples before  
equilibration of the  interaction  λ5

 is independent variable.  μη

λ5 = 10−4

λ5 = 10−2

parameter space for leptogenesis:

<latexit sha1_base64="jPnCsmNyvM9OIAzRiZMvsI32Qf4="></latexit>

YB =
cB
6
Yω

(
M1

vεzdec

)2



<latexit sha1_base64="vtxTD377un1krL3qkAEcUp92MEs="></latexit>

ω5

2

[
(ε†!)2 + h.c

]

If in equilibrium (large ), induces λ5 μη = μΦ

Helps converting individual particle asymmetry  
to  asymmetry B − L

for small , interaction equilibrate late in timeλ5

If inverse decay decouples before  
equilibration of the  interaction λ5

 is independent variable.  
For low scale leptogenesis 
μη

μη ≃ 0

λ5 = 10−4

λ5 = 10−2

parameter space for leptogenesis:

<latexit sha1_base64="jPnCsmNyvM9OIAzRiZMvsI32Qf4="></latexit>

YB =
cB
6
Yω

(
M1

vεzdec

)2



<latexit sha1_base64="DkxPQixCLikJ/Ik417ovnKUO3/4=">AAAB/nicbVBNSwMxEM3Wr1q/VsWTl2ARPJVdkeqx6MWLUMHaQndZsmm2Dc0mIckWylLwr3jxoIhXf4c3/41puwdtfTDweG+GmXmxZFQbz/t2Siura+sb5c3K1vbO7p67f/CoRaYwaWHBhOrESBNGOWkZahjpSEVQGjPSjoc3U789IkpTwR/MWJIwRX1OE4qRsVLkHo2iYISUHFAYSCWkEfAu8iO36tW8GeAy8QtSBQWakfsV9ATOUsINZkjrru9JE+ZIGYoZmVSCTBOJ8BD1SddSjlKiw3x2/gSeWqUHE6FscQNn6u+JHKVaj9PYdqbIDPSiNxX/87qZSa7CnHKZGcLxfFGSMWifnGYBe1QRbNjYEoQVtbdCPEAKYWMTq9gQ/MWXl8njec2v1+r3F9XGdRFHGRyDE3AGfHAJGuAWNEELYJCDZ/AK3pwn58V5dz7mrSWnmDkEf+B8/gDHBpVg</latexit>

vω → M1

ρinv
θ,dec = ρinv

R,dec

With fixed , for a larger  one needs larger   
to generate correct BAU

Yθ M1 vφ

Low  can generate observed BAU  
for low  and low 

Yθ
M1 vφ

As long as  and  violation is fast  
 can be achieved

M1 > mη B − L
YB

parameter space for leptogenesis:

λ5 = 10−4

λ5 = 10−2

<latexit sha1_base64="jPnCsmNyvM9OIAzRiZMvsI32Qf4="></latexit>

YB =
cB
6
Yω

(
M1

vεzdec

)2



<latexit sha1_base64="sunoQv17T8A6sOaxxXmSoxc/HIs=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF49V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Mv65Ypbdecgq8TLSQVyNPrlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80un5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazt8mAK2RGTCyhTHF7K2EjqigzNpySDcFbfnmVtC6qXq1au7+s1G/yOIpwAqdwDh5cQR3uoAFNYBDCM7zCmzN2Xpx352PRWnDymWP4A+fzB58WjXA=</latexit>

{

<latexit sha1_base64="DkxPQixCLikJ/Ik417ovnKUO3/4=">AAAB/nicbVBNSwMxEM3Wr1q/VsWTl2ARPJVdkeqx6MWLUMHaQndZsmm2Dc0mIckWylLwr3jxoIhXf4c3/41puwdtfTDweG+GmXmxZFQbz/t2Siura+sb5c3K1vbO7p67f/CoRaYwaWHBhOrESBNGOWkZahjpSEVQGjPSjoc3U789IkpTwR/MWJIwRX1OE4qRsVLkHo2iYISUHFAYSCWkEfAu8iO36tW8GeAy8QtSBQWakfsV9ATOUsINZkjrru9JE+ZIGYoZmVSCTBOJ8BD1SddSjlKiw3x2/gSeWqUHE6FscQNn6u+JHKVaj9PYdqbIDPSiNxX/87qZSa7CnHKZGcLxfFGSMWifnGYBe1QRbNjYEoQVtbdCPEAKYWMTq9gQ/MWXl8njec2v1+r3F9XGdRFHGRyDE3AGfHAJGuAWNEELYJCDZ/AK3pwn58V5dz7mrSWnmDkEf+B8/gDHBpVg</latexit>

vω → M1

ρinv
θ,dec = ρinv

R,dec

With fixed , for a larger  one needs larger   
to generate correct BAU

Yθ M1 vφ

Low  can generate observed BAU  
for low  and low 

Yθ
M1 vφ

As long as  and  violation is fast  
 can be achieved

M1 > mη B − L
YB

CP odd component of inert scalar: ηI

100% DM

<latexit sha1_base64="i8zma2rpec3GNNxGTDDRKHu4ySE=">AAAB+nicbVDLSsNAFL2pr1pfqS7dBIvgxpKIVldSdOOygn1AG8NkMmmHTiZhZqKU2E9x40IRt36JO//GaZuFth4YOJxzLvfO8RNGpbLtb6OwtLyyulZcL21sbm3vmOXdloxTgUkTxywWHR9JwignTUUVI51EEBT5jLT94fXEbz8QIWnM79QoIW6E+pyGFCOlJc8s95gOB8g7u3Ts++y4NvbMil21p7AWiZOTCuRoeOZXL4hxGhGuMENSdh07UW6GhKKYkXGpl0qSIDxEfdLVlKOISDebnj62DrUSWGEs9OPKmqq/JzIUSTmKfJ2MkBrIeW8i/ud1UxVeuBnlSaoIx7NFYcosFVuTHqyACoIVG2mCsKD6VgsPkEBY6bZKugRn/suLpHVSdWrV2u1ppX6V11GEfTiAI3DgHOpwAw1oAoZHeIZXeDOejBfj3fiYRQtGPrMHf2B8/gC/sJMJ</latexit>

ω5 > 10→6
<latexit sha1_base64="IRqHtM6Bm3rCKeHaj/x69Lzrk70=">AAACDHicbVC7SgNBFJ31GeMramkzGAQbw6yYaCMELdQugolCsoTZyY0OmX0wc1cMS9Lb+Cs2ForY+gF2/o2TR6HRAwOHc87lzj1+rKRBxr6cqemZ2bn5zEJ2cWl5ZTW3tl4zUaIFVEWkIn3tcwNKhlBFiQquYw088BVc+Z2TgX91B9rIKLzEbgxewG9C2ZaCo5WauXzQTBuAvHneO6J9Wi8W2a7LGPP6DYR7TE+h1rMpVmBD0L/EHZM8GaPSzH02WpFIAghRKG5M3WUxeinXKIWCXraRGIi56PAbqFsa8gCMlw6P6dFtq7RoO9L2hUiH6s+JlAfGdAPfJgOOt2bSG4j/efUE24deKsM4QQjFaFE7URQjOmiGtqQGgaprCRda2r9Sccs1F2j7y9oS3MmT/5LaXsEtFUoX+/ny8biODNkkW2SHuOSAlMkZqZAqEeSBPJEX8uo8Os/Om/M+ik4545kN8gvOxzdRbJnq</latexit>

mωI = [550→ 1000] GeV

M1 > 𝒪(600) GeV observed YB

<latexit sha1_base64="sunoQv17T8A6sOaxxXmSoxc/HIs=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF49V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Mv65Ypbdecgq8TLSQVyNPrlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80un5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazt8mAK2RGTCyhTHF7K2EjqigzNpySDcFbfnmVtC6qXq1au7+s1G/yOIpwAqdwDh5cQR3uoAFNYBDCM7zCmzN2Xpx352PRWnDymWP4A+fzB58WjXA=</latexit> {
parameter space for leptogenesis:

λ5 = 10−4

λ5 = 10−2



<latexit sha1_base64="sunoQv17T8A6sOaxxXmSoxc/HIs=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF49V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Mv65Ypbdecgq8TLSQVyNPrlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80un5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazt8mAK2RGTCyhTHF7K2EjqigzNpySDcFbfnmVtC6qXq1au7+s1G/yOIpwAqdwDh5cQR3uoAFNYBDCM7zCmzN2Xpx352PRWnDymWP4A+fzB58WjXA=</latexit>

{

<latexit sha1_base64="DkxPQixCLikJ/Ik417ovnKUO3/4=">AAAB/nicbVBNSwMxEM3Wr1q/VsWTl2ARPJVdkeqx6MWLUMHaQndZsmm2Dc0mIckWylLwr3jxoIhXf4c3/41puwdtfTDweG+GmXmxZFQbz/t2Siura+sb5c3K1vbO7p67f/CoRaYwaWHBhOrESBNGOWkZahjpSEVQGjPSjoc3U789IkpTwR/MWJIwRX1OE4qRsVLkHo2iYISUHFAYSCWkEfAu8iO36tW8GeAy8QtSBQWakfsV9ATOUsINZkjrru9JE+ZIGYoZmVSCTBOJ8BD1SddSjlKiw3x2/gSeWqUHE6FscQNn6u+JHKVaj9PYdqbIDPSiNxX/87qZSa7CnHKZGcLxfFGSMWifnGYBe1QRbNjYEoQVtbdCPEAKYWMTq9gQ/MWXl8njec2v1+r3F9XGdRFHGRyDE3AGfHAJGuAWNEELYJCDZ/AK3pwn58V5dz7mrSWnmDkEf+B8/gDHBpVg</latexit>

vω → M1

ρinv
θ,dec = ρinv

R,dec

With fixed , for a larger  one needs larger   
to generate correct BAU

Yθ M1 vφ

Low  can generate observed BAU  
for low  and low 

Yθ
M1 vφ

As long as  and  violation is fast  
 can be achieved

M1 > mη B − L
YB

CP odd component of inert scalar: ηI

100% DM

<latexit sha1_base64="i8zma2rpec3GNNxGTDDRKHu4ySE=">AAAB+nicbVDLSsNAFL2pr1pfqS7dBIvgxpKIVldSdOOygn1AG8NkMmmHTiZhZqKU2E9x40IRt36JO//GaZuFth4YOJxzLvfO8RNGpbLtb6OwtLyyulZcL21sbm3vmOXdloxTgUkTxywWHR9JwignTUUVI51EEBT5jLT94fXEbz8QIWnM79QoIW6E+pyGFCOlJc8s95gOB8g7u3Ts++y4NvbMil21p7AWiZOTCuRoeOZXL4hxGhGuMENSdh07UW6GhKKYkXGpl0qSIDxEfdLVlKOISDebnj62DrUSWGEs9OPKmqq/JzIUSTmKfJ2MkBrIeW8i/ud1UxVeuBnlSaoIx7NFYcosFVuTHqyACoIVG2mCsKD6VgsPkEBY6bZKugRn/suLpHVSdWrV2u1ppX6V11GEfTiAI3DgHOpwAw1oAoZHeIZXeDOejBfj3fiYRQtGPrMHf2B8/gC/sJMJ</latexit>

ω5 > 10→6
<latexit sha1_base64="IRqHtM6Bm3rCKeHaj/x69Lzrk70=">AAACDHicbVC7SgNBFJ31GeMramkzGAQbw6yYaCMELdQugolCsoTZyY0OmX0wc1cMS9Lb+Cs2ForY+gF2/o2TR6HRAwOHc87lzj1+rKRBxr6cqemZ2bn5zEJ2cWl5ZTW3tl4zUaIFVEWkIn3tcwNKhlBFiQquYw088BVc+Z2TgX91B9rIKLzEbgxewG9C2ZaCo5WauXzQTBuAvHneO6J9Wi8W2a7LGPP6DYR7TE+h1rMpVmBD0L/EHZM8GaPSzH02WpFIAghRKG5M3WUxeinXKIWCXraRGIi56PAbqFsa8gCMlw6P6dFtq7RoO9L2hUiH6s+JlAfGdAPfJgOOt2bSG4j/efUE24deKsM4QQjFaFE7URQjOmiGtqQGgaprCRda2r9Sccs1F2j7y9oS3MmT/5LaXsEtFUoX+/ny8biODNkkW2SHuOSAlMkZqZAqEeSBPJEX8uo8Os/Om/M+ik4545kN8gvOxzdRbJnq</latexit>

mωI = [550→ 1000] GeV

M1 > 𝒪(600) GeV observed YB

<latexit sha1_base64="sunoQv17T8A6sOaxxXmSoxc/HIs=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF49V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Mv65Ypbdecgq8TLSQVyNPrlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80un5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazt8mAK2RGTCyhTHF7K2EjqigzNpySDcFbfnmVtC6qXq1au7+s1G/yOIpwAqdwDh5cQR3uoAFNYBDCM7zCmzN2Xpx352PRWnDymWP4A+fzB58WjXA=</latexit> {
parameter space for leptogenesis:

λ5 = 10−4

λ5 = 10−2

Can we reduce the scale more??



<latexit sha1_base64="sunoQv17T8A6sOaxxXmSoxc/HIs=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF49V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Mv65Ypbdecgq8TLSQVyNPrlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80un5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazt8mAK2RGTCyhTHF7K2EjqigzNpySDcFbfnmVtC6qXq1au7+s1G/yOIpwAqdwDh5cQR3uoAFNYBDCM7zCmzN2Xpx352PRWnDymWP4A+fzB58WjXA=</latexit>

{

<latexit sha1_base64="DkxPQixCLikJ/Ik417ovnKUO3/4=">AAAB/nicbVBNSwMxEM3Wr1q/VsWTl2ARPJVdkeqx6MWLUMHaQndZsmm2Dc0mIckWylLwr3jxoIhXf4c3/41puwdtfTDweG+GmXmxZFQbz/t2Siura+sb5c3K1vbO7p67f/CoRaYwaWHBhOrESBNGOWkZahjpSEVQGjPSjoc3U789IkpTwR/MWJIwRX1OE4qRsVLkHo2iYISUHFAYSCWkEfAu8iO36tW8GeAy8QtSBQWakfsV9ATOUsINZkjrru9JE+ZIGYoZmVSCTBOJ8BD1SddSjlKiw3x2/gSeWqUHE6FscQNn6u+JHKVaj9PYdqbIDPSiNxX/87qZSa7CnHKZGcLxfFGSMWifnGYBe1QRbNjYEoQVtbdCPEAKYWMTq9gQ/MWXl8njec2v1+r3F9XGdRFHGRyDE3AGfHAJGuAWNEELYJCDZ/AK3pwn58V5dz7mrSWnmDkEf+B8/gDHBpVg</latexit>

vω → M1

ρinv
θ,dec = ρinv

R,dec

With fixed , for a larger  one needs larger   
to generate correct BAU

Yθ M1 vφ

Low  can generate observed BAU  
for low  and low 

Yθ
M1 vφ

As long as  and  violation is fast  
 can be achieved

M1 > mη B − L
YB

CP odd component of inert scalar: ηI

Subdominant DM

<latexit sha1_base64="i8zma2rpec3GNNxGTDDRKHu4ySE=">AAAB+nicbVDLSsNAFL2pr1pfqS7dBIvgxpKIVldSdOOygn1AG8NkMmmHTiZhZqKU2E9x40IRt36JO//GaZuFth4YOJxzLvfO8RNGpbLtb6OwtLyyulZcL21sbm3vmOXdloxTgUkTxywWHR9JwignTUUVI51EEBT5jLT94fXEbz8QIWnM79QoIW6E+pyGFCOlJc8s95gOB8g7u3Ts++y4NvbMil21p7AWiZOTCuRoeOZXL4hxGhGuMENSdh07UW6GhKKYkXGpl0qSIDxEfdLVlKOISDebnj62DrUSWGEs9OPKmqq/JzIUSTmKfJ2MkBrIeW8i/ud1UxVeuBnlSaoIx7NFYcosFVuTHqyACoIVG2mCsKD6VgsPkEBY6bZKugRn/suLpHVSdWrV2u1ppX6V11GEfTiAI3DgHOpwAw1oAoZHeIZXeDOejBfj3fiYRQtGPrMHf2B8/gC/sJMJ</latexit>

ω5 > 10→6
<latexit sha1_base64="IRqHtM6Bm3rCKeHaj/x69Lzrk70=">AAACDHicbVC7SgNBFJ31GeMramkzGAQbw6yYaCMELdQugolCsoTZyY0OmX0wc1cMS9Lb+Cs2ForY+gF2/o2TR6HRAwOHc87lzj1+rKRBxr6cqemZ2bn5zEJ2cWl5ZTW3tl4zUaIFVEWkIn3tcwNKhlBFiQquYw088BVc+Z2TgX91B9rIKLzEbgxewG9C2ZaCo5WauXzQTBuAvHneO6J9Wi8W2a7LGPP6DYR7TE+h1rMpVmBD0L/EHZM8GaPSzH02WpFIAghRKG5M3WUxeinXKIWCXraRGIi56PAbqFsa8gCMlw6P6dFtq7RoO9L2hUiH6s+JlAfGdAPfJgOOt2bSG4j/efUE24deKsM4QQjFaFE7URQjOmiGtqQGgaprCRda2r9Sccs1F2j7y9oS3MmT/5LaXsEtFUoX+/ny8biODNkkW2SHuOSAlMkZqZAqEeSBPJEX8uo8Os/Om/M+ik4545kN8gvOxzdRbJnq</latexit>

mωI = [550→ 1000] GeV

smaller  can also explain observed M1 YB

<latexit sha1_base64="sunoQv17T8A6sOaxxXmSoxc/HIs=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF49V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Mv65Ypbdecgq8TLSQVyNPrlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80un5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazt8mAK2RGTCyhTHF7K2EjqigzNpySDcFbfnmVtC6qXq1au7+s1G/yOIpwAqdwDh5cQR3uoAFNYBDCM7zCmzN2Xpx352PRWnDymWP4A+fzB58WjXA=</latexit> {
parameter space for leptogenesis:

λ5 = 10−4

λ5 = 10−2

Can we reduce the scale more??

mηI
< 550 GeV



<latexit sha1_base64="sunoQv17T8A6sOaxxXmSoxc/HIs=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF49V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Mv65Ypbdecgq8TLSQVyNPrlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80un5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazt8mAK2RGTCyhTHF7K2EjqigzNpySDcFbfnmVtC6qXq1au7+s1G/yOIpwAqdwDh5cQR3uoAFNYBDCM7zCmzN2Xpx352PRWnDymWP4A+fzB58WjXA=</latexit>

{

<latexit sha1_base64="DkxPQixCLikJ/Ik417ovnKUO3/4=">AAAB/nicbVBNSwMxEM3Wr1q/VsWTl2ARPJVdkeqx6MWLUMHaQndZsmm2Dc0mIckWylLwr3jxoIhXf4c3/41puwdtfTDweG+GmXmxZFQbz/t2Siura+sb5c3K1vbO7p67f/CoRaYwaWHBhOrESBNGOWkZahjpSEVQGjPSjoc3U789IkpTwR/MWJIwRX1OE4qRsVLkHo2iYISUHFAYSCWkEfAu8iO36tW8GeAy8QtSBQWakfsV9ATOUsINZkjrru9JE+ZIGYoZmVSCTBOJ8BD1SddSjlKiw3x2/gSeWqUHE6FscQNn6u+JHKVaj9PYdqbIDPSiNxX/87qZSa7CnHKZGcLxfFGSMWifnGYBe1QRbNjYEoQVtbdCPEAKYWMTq9gQ/MWXl8njec2v1+r3F9XGdRFHGRyDE3AGfHAJGuAWNEELYJCDZ/AK3pwn58V5dz7mrSWnmDkEf+B8/gDHBpVg</latexit>

vω → M1

ρinv
θ,dec = ρinv

R,dec

With fixed , for a larger  one needs larger   
to generate correct BAU

Yθ M1 vφ

Low  can generate observed BAU  
for low  and low 

Yθ
M1 vφ

As long as  and  violation is fast  
 can be achieved

M1 > mη B − L
YB

CP odd component of inert scalar: ηI

Subdominant DM

<latexit sha1_base64="i8zma2rpec3GNNxGTDDRKHu4ySE=">AAAB+nicbVDLSsNAFL2pr1pfqS7dBIvgxpKIVldSdOOygn1AG8NkMmmHTiZhZqKU2E9x40IRt36JO//GaZuFth4YOJxzLvfO8RNGpbLtb6OwtLyyulZcL21sbm3vmOXdloxTgUkTxywWHR9JwignTUUVI51EEBT5jLT94fXEbz8QIWnM79QoIW6E+pyGFCOlJc8s95gOB8g7u3Ts++y4NvbMil21p7AWiZOTCuRoeOZXL4hxGhGuMENSdh07UW6GhKKYkXGpl0qSIDxEfdLVlKOISDebnj62DrUSWGEs9OPKmqq/JzIUSTmKfJ2MkBrIeW8i/ud1UxVeuBnlSaoIx7NFYcosFVuTHqyACoIVG2mCsKD6VgsPkEBY6bZKugRn/suLpHVSdWrV2u1ppX6V11GEfTiAI3DgHOpwAw1oAoZHeIZXeDOejBfj3fiYRQtGPrMHf2B8/gC/sJMJ</latexit>

ω5 > 10→6
<latexit sha1_base64="IRqHtM6Bm3rCKeHaj/x69Lzrk70=">AAACDHicbVC7SgNBFJ31GeMramkzGAQbw6yYaCMELdQugolCsoTZyY0OmX0wc1cMS9Lb+Cs2ForY+gF2/o2TR6HRAwOHc87lzj1+rKRBxr6cqemZ2bn5zEJ2cWl5ZTW3tl4zUaIFVEWkIn3tcwNKhlBFiQquYw088BVc+Z2TgX91B9rIKLzEbgxewG9C2ZaCo5WauXzQTBuAvHneO6J9Wi8W2a7LGPP6DYR7TE+h1rMpVmBD0L/EHZM8GaPSzH02WpFIAghRKG5M3WUxeinXKIWCXraRGIi56PAbqFsa8gCMlw6P6dFtq7RoO9L2hUiH6s+JlAfGdAPfJgOOt2bSG4j/efUE24deKsM4QQjFaFE7URQjOmiGtqQGgaprCRda2r9Sccs1F2j7y9oS3MmT/5LaXsEtFUoX+/ny8biODNkkW2SHuOSAlMkZqZAqEeSBPJEX8uo8Os/Om/M+ik4545kN8gvOxzdRbJnq</latexit>

mωI = [550→ 1000] GeV

smaller  can also explain observed M1 YB

<latexit sha1_base64="sunoQv17T8A6sOaxxXmSoxc/HIs=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF49V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Mv65Ypbdecgq8TLSQVyNPrlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80un5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazt8mAK2RGTCyhTHF7K2EjqigzNpySDcFbfnmVtC6qXq1au7+s1G/yOIpwAqdwDh5cQR3uoAFNYBDCM7zCmzN2Xpx352PRWnDymWP4A+fzB58WjXA=</latexit> {
parameter space for leptogenesis:

λ5 = 10−4

λ5 = 10−2

Can we reduce the scale more??

mηI
< 550 GeV

How to produce Observed DM abundance?



<latexit sha1_base64="sunoQv17T8A6sOaxxXmSoxc/HIs=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF49V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Mv65Ypbdecgq8TLSQVyNPrlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80un5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazt8mAK2RGTCyhTHF7K2EjqigzNpySDcFbfnmVtC6qXq1au7+s1G/yOIpwAqdwDh5cQR3uoAFNYBDCM7zCmzN2Xpx352PRWnDymWP4A+fzB58WjXA=</latexit>

{

<latexit sha1_base64="DkxPQixCLikJ/Ik417ovnKUO3/4=">AAAB/nicbVBNSwMxEM3Wr1q/VsWTl2ARPJVdkeqx6MWLUMHaQndZsmm2Dc0mIckWylLwr3jxoIhXf4c3/41puwdtfTDweG+GmXmxZFQbz/t2Siura+sb5c3K1vbO7p67f/CoRaYwaWHBhOrESBNGOWkZahjpSEVQGjPSjoc3U789IkpTwR/MWJIwRX1OE4qRsVLkHo2iYISUHFAYSCWkEfAu8iO36tW8GeAy8QtSBQWakfsV9ATOUsINZkjrru9JE+ZIGYoZmVSCTBOJ8BD1SddSjlKiw3x2/gSeWqUHE6FscQNn6u+JHKVaj9PYdqbIDPSiNxX/87qZSa7CnHKZGcLxfFGSMWifnGYBe1QRbNjYEoQVtbdCPEAKYWMTq9gQ/MWXl8njec2v1+r3F9XGdRFHGRyDE3AGfHAJGuAWNEELYJCDZ/AK3pwn58V5dz7mrSWnmDkEf+B8/gDHBpVg</latexit>

vω → M1

ρinv
θ,dec = ρinv

R,dec

With fixed , for a larger  one needs larger   
to generate correct BAU

Yθ M1 vφ

Low  can generate observed BAU  
for low  and low 

Yθ
M1 vφ

As long as  and  violation is fast  
 can be achieved

M1 > mη B − L
YB

CP odd component of inert scalar: ηI

Subdominant DM

<latexit sha1_base64="i8zma2rpec3GNNxGTDDRKHu4ySE=">AAAB+nicbVDLSsNAFL2pr1pfqS7dBIvgxpKIVldSdOOygn1AG8NkMmmHTiZhZqKU2E9x40IRt36JO//GaZuFth4YOJxzLvfO8RNGpbLtb6OwtLyyulZcL21sbm3vmOXdloxTgUkTxywWHR9JwignTUUVI51EEBT5jLT94fXEbz8QIWnM79QoIW6E+pyGFCOlJc8s95gOB8g7u3Ts++y4NvbMil21p7AWiZOTCuRoeOZXL4hxGhGuMENSdh07UW6GhKKYkXGpl0qSIDxEfdLVlKOISDebnj62DrUSWGEs9OPKmqq/JzIUSTmKfJ2MkBrIeW8i/ud1UxVeuBnlSaoIx7NFYcosFVuTHqyACoIVG2mCsKD6VgsPkEBY6bZKugRn/suLpHVSdWrV2u1ppX6V11GEfTiAI3DgHOpwAw1oAoZHeIZXeDOejBfj3fiYRQtGPrMHf2B8/gC/sJMJ</latexit>

ω5 > 10→6
<latexit sha1_base64="IRqHtM6Bm3rCKeHaj/x69Lzrk70=">AAACDHicbVC7SgNBFJ31GeMramkzGAQbw6yYaCMELdQugolCsoTZyY0OmX0wc1cMS9Lb+Cs2ForY+gF2/o2TR6HRAwOHc87lzj1+rKRBxr6cqemZ2bn5zEJ2cWl5ZTW3tl4zUaIFVEWkIn3tcwNKhlBFiQquYw088BVc+Z2TgX91B9rIKLzEbgxewG9C2ZaCo5WauXzQTBuAvHneO6J9Wi8W2a7LGPP6DYR7TE+h1rMpVmBD0L/EHZM8GaPSzH02WpFIAghRKG5M3WUxeinXKIWCXraRGIi56PAbqFsa8gCMlw6P6dFtq7RoO9L2hUiH6s+JlAfGdAPfJgOOt2bSG4j/efUE24deKsM4QQjFaFE7URQjOmiGtqQGgaprCRda2r9Sccs1F2j7y9oS3MmT/5LaXsEtFUoX+/ny8biODNkkW2SHuOSAlMkZqZAqEeSBPJEX8uo8Os/Om/M+ik4545kN8gvOxzdRbJnq</latexit>

mωI = [550→ 1000] GeV

smaller  can also explain observed M1 YB

<latexit sha1_base64="sunoQv17T8A6sOaxxXmSoxc/HIs=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF49V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Mv65Ypbdecgq8TLSQVyNPrlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80un5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazt8mAK2RGTCyhTHF7K2EjqigzNpySDcFbfnmVtC6qXq1au7+s1G/yOIpwAqdwDh5cQR3uoAFNYBDCM7zCmzN2Xpx352PRWnDymWP4A+fzB58WjXA=</latexit> {
parameter space for leptogenesis:

λ5 = 10−4

λ5 = 10−2

Can we reduce the scale more??

mηI
< 550 GeV

How     
Majoron can help !!



Origin of velocity: 

As Universe expands, Kinetic energy dilutes then it can get trapped in its potential  
 & start oscillating around its potential minima

Same explicit breaking can give rise to Majoron mass

while oscillating Majoron can act as cold condensate DM

High scale explicit breaking of the  can generate required U(1)B−L
·θ

As Universe expands potential becomes subdominant  
 becomes constantYθ

Origin of Majoron DM: 



Allowed parameter space: 
<latexit sha1_base64="RBhsrQSiD0c1nB3RGT38VcgK1LE="></latexit>

V (J) = m2
Jv

2
ω

[
1→ cos

(
J

vω

)]
,



<latexit sha1_base64="RBhsrQSiD0c1nB3RGT38VcgK1LE="></latexit>

V (J) = m2
Jv

2
ω

[
1→ cos

(
J

vω

)]
,

Allowed parameter space: 

100% Majoron DM 

subdominant Majoron DM



<latexit sha1_base64="RBhsrQSiD0c1nB3RGT38VcgK1LE="></latexit>

V (J) = m2
Jv

2
ω

[
1→ cos

(
J

vω

)]
,

Allowed parameter space: 

100% Majoron DM 

subdominant Majoron DM 



Conclusion:

Dynamical Scotogenic setup  
with two hierarchical RHN

Low scale leptogenesis 
with M1 ∼ 𝒪(EW scale)

Multicomponent DM
neutrino mass

Thank You for listening !!


