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Neutrino Portal
General neutrino portal 


heavy scalar scenario


Dark matter producing process

2

<latexit sha1_base64="IXUBhrkzfEvOpRAH4HtmF1eDRgg="></latexit>

yi��Ni

<latexit sha1_base64="5+qQhFTYnbRWAnJH/DgOPWpVQEk="></latexit>

�

Ni �

Nj �

<latexit sha1_base64="T677gzzuVVP7tKee3Qnprjs/BIk="></latexit>

�

Ni �

Nj �

<latexit sha1_base64="uqHqAgMIigdojzaDiqLrzjpPzsg="></latexit>

Ni

⌫↵, ⌫↵, `
±
↵

H,G
0
, G

⌥

�

�

<latexit sha1_base64="+JwctoDQEjQZf3k4ou/KfwiNj2c=">AAACdXicbVDJTsMwFHTDvhc4IqSIBsSlJe0BuCAhuHAEiVIQXfTivrRW40WxDZSoX8DXcIUv4Uu4EkouaZnTvBk/2zOBipg2vv9VcGZm5+YXFpeWV1bX1jeKm1t3WtqYYp3KSMb3AWiMmMC6YSbCexUj8CDCRjC4/PUbTxhrJsWtGSpscegJFjIKJpU6xX2vKaxXfrADeAZXxZKi1q7XTJky0n1o14btmtcplvyKP4Y7TaoZKZEM153NwmmzK6nlKAyNQOsEYsNohKPlptWogA6gh48pFcBRt5JxkpyZ9GJQfUZf8ipwzcH0p0Q95MGUGEph9MSTJjxtJUwoa1DQkZtb0elX+9jN3xPiUHD1n1YGa2Te0DYIWc/G+aCJYYPX8ngJROr8jtmk0aThuQJzlvZY8Udp19XJZqfJXa1SPa74N7XS+UXW+iLZIXvkkFTJCTknV+Sa1Aklb+SdfJDPwrez63jOwd9Rp5DtbJMcnKMfhyPDgQ==</latexit>

⌫-Yukawa process / Y 2y2
<latexit sha1_base64="9/VN5/jf0kN+Ej3z1sB5UahVeyY="></latexit>

⌫-Yukawa process / Y 2y2
<latexit sha1_base64="wjaCODkCkqVdeJyzLmk/xYOXnYc=">AAACcXicbVDLTsMwEHTD+13ghLgEygEJUaUIARekCi4cQaKAREvluJvWavyQd4MoUc98DVf4Fr6DHyAtuYQyp9kZr+2Z0MYSKQi+St7U9Mzs3PzC4tLyyupaeX3jDk3iBDSEiY17CDlCLDU0SFIMD9YBV2EM92H/cuTfP4NDafQtDSy0FO9qGUnBKZPa5Z0Od30fQZBxvnVGAKK/18yYJeMPno732uVKUA3G8CdJLScVluO6vV46a3aMSBRoEjFHTLkjKWIYLjYTBMtFn3fhMaOaK8BWOk5RMNOu47YnxUtR5QoVp96EiAMVToiR0YR/nqTorJVKbRMCLYZ+YQWzr/agU7wngoFW9j/tkCdkigYmYSS7iSsGTUn2Xw/HS1xnzmjMJwTKwivL6TzrsRoMs65rf5udJHdH1dpJNbg5qtQv8tbn2TbbZfusxk5ZnV2xa9Zggr2xd/bBPkvf3pbne7u/R71SvrPJCvAOfgBo5cKe</latexit>

dark sector process / y4

<latexit sha1_base64="Hjy994WmVx0UtRWpe/llbfnvG7U="></latexit>

�

Ni

�



Why Type Ib Seesaw Model?

Traditional type I seesaw mechanism 
(type Ia)
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Type Ib seesaw mechanism

MN~1GeV → Y~10-7: too small to 
play roles in dark matter production

One of  Y1, Y2 can be small while the 
other one is large



Type Ib Seesaw Model with a Neutrino Portal
Particles and symmetries


Seesaw Lagrangian and neutrino portal


The two RH neutrinos form a Dirac pair 
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Dark Matter Production
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Dark matter producing processes


• ν-Yukawa processes


• dark sector processes


If  mφ>>mχ, MN, the dark matter production only depends on mφ/mχ


• ν-Yukawa dominance


• dark sector dominance


Condition for ν-Yukawa dominance
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Results
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ν-Yukawa dominance is allowed above the coloured dashed lines


More constrained as mφ/mχ increases


The strongest constraint is given by νμ mixing



Leptogenesis
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Extended Type Ib Seesaw Mechanism
Particles and symmetries


Seesaw Lagrangian 


Type Ib seesaw mechanism can be realised effectively 
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Resonant Leptogenesis
NR1 and NR2 gain mass splitting through mixing with NR3


Lepton number violation

9

<latexit sha1_base64="zUruQDjf6CiKQuPl4dYdJa1loCU="></latexit>

`� , `�

�l,�⇤
l

nj

`↵

�k

ni y⇤, y y, y⇤ y

<latexit sha1_base64="b7KWSJLSa9KL8Cknahs1HlFlAfk="></latexit>

�
✏wave
n1

�
1↵

=
�
✏wave
n2

�
1↵

' Y1↵Y ⇤
1↵

2Y 2
1

=
�
M2

13 +M2
23

�

MM3

<latexit sha1_base64="Ky5OWjd9vI6LP8mgmiv2eJi7ulQ="></latexit>

m1 ' M � (M13 +M23)
2

2M3
, m2 ' M +

(M13 �M23)
2

2M3
, m3 ' M3

<latexit sha1_base64="Kz+uOTlu8EwXuSQoa8Jjf1K/pu8="></latexit>

Y�↵ '
X

i

✏i↵Y
eq
ni

zsph
2 C2i↵|A↵↵|

<latexit sha1_base64="uECQ8uSxfMVBuDhg16W8cou4ofE=">AAACSXicbVC9TsMwGPzS8lPKXwsSS5eILiyNEpCAsaILY5Hoj0SqyHGd1KrtRLGDKCEvwwpvwhPwGGyIibRkScNNpzuffT43ZFQq0/zUKtWNza3t2k59d2//4LDRPBrKII4wGeCABdHYRZIwKshAUcXIOIwI4i4jI3feW/qjRxJJGoh7tQjJhCNfUI9ipDLJaZzYHKkZRizppc65bkvKddOwnEbbNMwV9DKxctKGHH2nqbXsaYBjToTCDEmZoEhRzEhat2NJQoTnyCcPGRWIEzlJVtULZuJHKJxR/FRUEZfLiiVRLrhbEr1AKLn2pPKuJwkVYayIwKleiMis6oxMi/d4ZCF4+J/WQbEKioaMXY/6cVT8aKLo/LmzCiGR1rM5rfXxymR4bliXxsWd2e7e5MPWoAWncAYWXEEXbqEPA8DwAq/wBu/ah/alfWs/f0crWp45hgIq1V848rT0</latexit>

C2 ⇠ 0.1
<latexit sha1_base64="P85w5FZRobZA5ZYvU+TpS9/ZcJE=">AAACSnicbVC9TsMwGHRKgVL+WhgYulR0YWlJQALGChYWpCL1T6JV5LhfEquxE2K7oo3yNKzwJrwAr8GGWAhtljTcdL7zff58VuBRIXX9UytsFDe3tks75d29/YPDSvWoL3wVEugR3/PDoYUFeJRDT1LpwTAIATPLg4E1vfvzBzMIBfV5V84DGDPscGpTgmUimZWThRmJwI1H8KzorP5w3l2dzUpDb+lL1PPESEkDpeiYVa02mvhEMeCSeFiICIeSEg/i8kgJCDCZYgeeEsoxAzGOlrtnzMgJceBS8pJVMRMMSzcnijmzcqLtcynWnpT2zTiiPFASOInrmYhIVnVhkp1jw5yz4D+tiZX0s4ZQlk0dFWY/Gkk6XTSXIczjclKnsV5envQvWsZV6/JRb7Rv02JLqIZO0Rky0DVqo3vUQT1EUIxe0Rt61z60L+1b+1ldLWhp5hhlUCj+ApO4trw=</latexit>

zsph ⌘ M/Tsph

<latexit sha1_base64="uDRNgj1f/L3grBnXUeI1d+/YhAM="></latexit>

0

BB@

NR1

NR2

NR3

1

CCA !

0

BB@

nR1

nR2

nR3

1

CCA =

0

BBBB@

1p
2

⇣
1� M2

13�M2
23

4MM3

⌘⇤
1p
2

⇣
1 + M2

13�M2
23

4MM3

⌘⇤
�M⇤

13+M⇤
23

M3

ip
2

⇣
1 + M2

13�M2
23

4MM3

⌘⇤
� ip

2

⇣
1� M2

13�M2
23

4MM3

⌘⇤
�iM

⇤
13�M⇤

23
M3

M13p
2M3

M23p
2M3

1

1

CCCCA

0

BB@

NR1

NR2

NR3

1

CCA



Results
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Theoretical and experimental constraints

• type Ib seesaw dominant

• pseudo-Dirac neutrino

• oscillation data 

• observed baryogenesis


Allowed region of  mixing strength 
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Summary 

We discussed dark matter production in a minimal extension of  type Ib seesaw model 

with a neutrino portal


The DM-ν relation is constrained by experimental results when the heavy neutrino is 

1-100 GeV


The results can be further constrained by future experiments


The type Ib seesaw mechanism can be realised effectively to produce BAU through 

resonant leptogenesis


Leptogenesis and dark matter can be realised simultaneously in the type Ib seesaw model 

for GeV scale heavy neutrino
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Thank You!
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