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Overview
Dark matter and neutrino portal — general 
discussion 

The model and constraints — Type Ib seesaw 
model 

Results 

Summary 
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Dark matter and  
neutrino portal
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Freeze-out: 
Thermal 
equilibrium 

Freeze-in: 
Never in 
thermal 
equilibrium

Dark Matter Production
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The observed DM relic abundance gives a constraint 
to DM yield 
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⌦obs
DMh2 = 0.120± 0.001

N. Aghanim et al. (Planck), (2018), arXiv:1807.06209



Neutrino Portal
General neutrino portal  

heavy scalar scenario 

Dark matter producing process
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The model and constraints

6 arXiv:2102.07780 [hep-ph]



Why Type Ib?
Large Yukawa coupling and GeV scale heavy neutrino 

Only one heavy neutrino 

Strongly constrained by oscillation data

7

<latexit sha1_base64="EFxjKg5wJKXn4FuSBTgrcY7eGW4="></latexit>

LseesawIb = �Y ⇤
1↵L

c
L↵�

⇤
1NL � Y2↵LL↵�2NR �MNNLNR + h.c.

<latexit sha1_base64="KxDYBFRjDqLbsQA1K/rITL1pMsM=">AAACXHicbVC7TsNAEDybVwgEEpBoaCLS0BDZESI0oEg0lCARHsKRtb6s7VN8Z+vuDATLn8LX0MIH0PAtOODGCVPNztzu7Y6XRExpy/oyzKXlldW12np9Y7Oxtd1s7dyqOJUUhzSOYnnvgcKICRxqpiO8TyQC9yK88yYXM//uCaVisbjR0wRHHALBfEZBF5Lb7D+4me1AlISQO5IFoQYp4+f2g2s7Tr0we/+aPbfZsbrWL9qLxC5Jh5S4cltGwxnHNOUoNI1AqQykZjTCvO6kChOgEwjwsaACOKpR9ntbxcwCCUnI6EtVBa446HBBVFPuLYh+LLSa+1L7p6OMiSTVKGjerrSoYtUQx9U5KvV8FqSyunum2eT1yMep4CBmY2Z1WSrUxUE8AX1WZNO18noRoD0f1yK57XXtk651fdwZnJdR1sg+OSCHxCZ9MiCX5IoMCSVv5J18kE/j21w2N8zG31PTKHt2SQXm3g9WKrlQ</latexit>

Y1↵ ! Y1

Y2↵ ! Y2

<latexit sha1_base64="fZBH9GZ7ExBWanTFwKqerAfwjv0="></latexit>

Y1Y2v1v2
MN

= 3.0⇥ 10�11 :2o

<latexit sha1_base64="C9A6ySuJaCbTkCsnvLGzQBYJQnk=">AAACRXicbVDLTsJAFL3jE/EFuGRDZOMG0hKjLolu3GgwkYcRaKbDtEzoTJuZKQGb/opb/RO/wY9wZ9xqxW4KntXJOffcuXPswGNKG8Y7Wlvf2Nzazu3kd/f2Dw4LxVJH+aEktE18z5c9GyvqMUHbmmmP9gJJMbc92rUnV79+d0qlYr641/OADjh2BXMYwTqRrEKp70hMoodhYzpsxNGNdRtbhapRNxaorBIzJVVI0bKKqNwf+STkVGjiYaUiLDUjHo3z/VDRAJMJduljQgXmVA2ixdkZM3IlDsaMzLIq5opjPV4R1ZzbK6LjC62WntTOxSBiIgg1FSSuZCIqOXVMR9k9Dp0LHvyn1XCo/ayhQtthbiizH400mzzVFiEs4nxSp7lc3irpNOrmWd24O602L9Nic1CGYzgBE86hCdfQgjYQmMEzvMArekMf6BN9/Y2uoTRzBBmg7x9dl7Un</latexit>

Y 2v2

MN

<latexit sha1_base64="F2dixp4ShX93EAZk+WDo5ULRqn8=">AAACS3icbVDLTsJAFJ2iKOILdGPChsjGDaQlRl0S3bjRYCKvCJlMh9syoTNtZqZEbOrXuNU/8QP8DnfGhRW7KXhWJ+fcc+fOsQOPKW2aH0ZubT2/sVnYKm7v7O7tl8oHXeWHkkKH+p4v+zZR4DEBHc20B/1AAuG2Bz17evXr92YgFfPFvZ4HMOLEFcxhlOhEwqWjoSMJjQbYGuDmDFsz3IyjG3wb41LNbJgLVFeJlZIaStHGZaMyHPs05CA09YhSEZGaUQ/i4jBUEBA6JS48JFQQDmoULY7PmJErSTBh9DGrEq440ZMVUc25vSI6vtBq6UntXIwiJoJQg6BxNRNRyakTGGf3ODAXPPhPq5NQ+1lDhbbD3FBmPxppNn2qL0JExMWkTmu5vFXSbTass4Z5d1prXabFFlAFHaMTZKFz1ELXqI06iKJn9IJe0ZvxbnwaX8b332jOSDOHKINc/gfpNbZV</latexit>

Y1Y2v1v2
MN

<latexit sha1_base64="MJfYM73tx21ezBHtR8tXTE4UBnY="></latexit>

⌫ ⌫

� �

N

Y Y

<latexit sha1_base64="RUl8aXZlljYyk1MBO3gfLwKewoo="></latexit>

⌫ ⌫

�1 �2

N

Y1 Y2

<latexit sha1_base64="dYJO3Ag5lnSCpM5vOjjsqI+9vhM=">AAACVXicbVBNT8JAEN1WRMQPQI9eiFy80LQclIsJ0YveMOErEUK2y7Rs2t1uulsjNvwIr/rDjD/GxAV7KfWd3ry3MzvzXBFSqWz72zD3Svvlg8ph9ej45LRWb5yNZJTEBIYkCqN44mIJIeUwVFSFMBExYOaGMHaD+40/foFY0ogP1ErAjGGfU48SrLQ0Hmip+Yjn9ZZt2Vs0i8TJSAtl6M8bRne6iEjCgCsSYilTHCtKQlhXp4kEgUmAfXjWlGMGcpZuN82ZqR9jsaTkNa9iJhlWy4IoV8wtiF7Eldz5UnndWUq5SBRwsm7mWqRedQmL/BwPVpyJ/7Q2TlSUN2TietRP4vyhqaLBW3vbhLl2NmVWSVD6eCawutU5WvZaZ+3sJlsko47lXFv2U6fVu8tSr6ALdImukINuUA89oD4aIoIC9I4+0KfxZfyYJbP899Q0sp5zlINZ+wUSiLjQ</latexit>

Type Ia
<latexit sha1_base64="/m80LqL73q0HxQ7Zjb0T4d9y8ds=">AAACVXicbVBNT8JAEN1WRMQPQI9eiFy80LQclIsJ0YveMOErEUK2y7Rs2t1uulsjNvwIr/rDjD/GxAV7KfWd3ry3MzvzXBFSqWz72zD3Svvlg8ph9ej45LRWb5yNZJTEBIYkCqN44mIJIeUwVFSFMBExYOaGMHaD+40/foFY0ogP1ErAjGGfU48SrLQ0Hmip+ejO6y3bsrdoFomTkRbK0J83jO50EZGEAVckxFKmOFaUhLCuThMJApMA+/CsKccM5CzdbpozUz/GYknJa17FTDKslgVRrphbEL2IK7nzpfK6s5RykSjgZN3MtUi96hIW+TkerDgT/2ltnKgob8jE9aifxPlDU0WDt/a2CXPtbMqskqD08UxgdatztOy1ztrZTbZIRh3Lubbsp06rd5elXkEX6BJdIQfdoB56QH00RAQF6B19oE/jy/gxS2b576lpZD3nKAez9gsUc7jR</latexit>

Type Ib



Experimental Constraints
Muon decay 

Collider data on neutrino mixing 
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Results 
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Required Portal Coupling
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tanβ=v2/v1=10 

MN=1 GeV 

ν-Yukawa 
dominance is 
only allowed in a 
small region 
when Y1>>Y2



Required Portal Coupling
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tanβ=v2/v1=10 

MN=102 GeV  

ν-Yukawa 
dominance is 
allowed on both 
side



Required Portal Coupling
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tanβ=v2/v1=10 

MN=104 GeV 

Minimum     
mφ/mχ for DS 
dominance 



Required Portal Coupling

13

tanβ=v2/v1=10 

MN=106 GeV 

ν-Yukawa 
dominance is 
favoured in most 
region



Relation to Experiments 
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ν-Yukawa 
dominance is 
allowed above 
the coloured 
dashed lines 

Downwards as 
tanβ increases



Relation to Experiments 
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Relation to Experiments 
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ν-Yukawa 
dominance is 
allowed above 
the coloured 
dashed lines 

Upwards as 
mφ/mχ 
increases 

Strongest 
constraint 
given by νμ 
mixing



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

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

The results can be further constrained by future 
experiments
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Thanks!
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