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Non-gravitational Interaction of DM: 
Renormalizable Portals

•Scalar portal 

•Vector portal 

•Neutrino portal 

Motivations For Neutrino Portal: 

•Explains neutrino mass 

• Less well-studied portal to the Dark Sector 

•Rich phenomenology 
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Typical Seesaw: L � �1

2
mNNN � yLHN � �N��+ h.c.

Diagonalizing the mass matrix 
light neutrino, heavy neutrino, and mixing angle: 

1� U2m� > mN ⇠

m� < mN ⇠ U2
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Secluded regime

U is small for TeV scale neutrinos,  
effective coupling between DM and SM is small 
indirect signature: (gamma rays, antiproton, CMB distortions)
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m� < mN

h�vi = y4U4
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Thermal WIMP demands large mixing angle!

Model:

�L � m2
�|�|2 +m���+mNNN + [�lLlH̃NR + ��(yLNL + yRNR) + h.c.]

global U(1) lepton number symmetry: 
forbids light SM neutrino masses 
mixing angle a free parameter that can be large!

Direct annihilation to SM
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Sterile Neutrino constraints:

τ→νμν

τ→ν�π
����
νμ→ντ

�→
����

�→
����

� �� ��� ���� ��� ��� ���
��-�

�����

�����

�����

�� (���)

|�
τ�
�

π→
μν �����

�→μν

τμ /����

��� ���������

�→μν�
�→����

�→�����→μ

� �
��

��-�

��-�

��-�

|�
μ�
�

π→�ν

τμ/����

�����

π → �νπ → μν

�→�ν�
�→����

�→�����→�

�→�ν

��-�

��-�

��-�

|�
��
�µdecay :

nonvanishing |Ue4| and/or |Uµ4|
! modifiedGF ! a↵ects measuring CKM

Lack of distortion in e+ energy spectrum inµ+
decay

⌧ :

leptonic and hadronic decay

neutrino oscillation

BBN :

number of relativistic species

Invisible Higgs and Z decays
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Sterile Neutrino constraints Cont.:

Rare meson decays
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peak in energy spectrum of lepton 

likeK+ ! µ+ + invisible
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Sterile Neutrino constraints, Cont.:

l 2U2
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LHC searches, W mass measurement:
Heavy neutrino decays invisibly into dark sector,
distortion of the kinematics of the decay

ATLAS 1701.07240



Dark Matter Phenomenology
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Direct detection provides a powerful  
probe of the high Dark Matter mass region 

Note: these limits can be weakened or  
evaded if the Dark matter has a  mass splitting

Direct Detection:  
spin independent scattering off nuclei via Z 

Recent: XENON1T, PandaX-II 
Future : SuperCDMS SNOLAB 
Neutrino floor

L � aZ
g

cW
Zµ��

µPR�



DM Structure:

Missing satellite problem: observation of fewer satellite 
galaxies of the Milky Way than expected

Possible solution: 
Relatively strong coupling between Dark matter and light 
neutrinos  
     produces a pressure agains gravity 
     suppressing the growth of small scale structures  
!
!
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Cutoff mass: 
below which structures do not efficiently form
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Summary

• Neutrino portal is an economical, predictive and less 

well-studied model to explain thermal WIMP DM. 

• Rich phenomenology 

• Can solve Dark matter problems, e.g. missing satellite 

problem 
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