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Neutrino portals to Dark Matter

Brief Introduction



➤ Nature of Dark Matter
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➤ Standard Model

- weakly interacting 
- small mass 
- stable

good candidate 

DARK MATTER



BEYOND NEUTRINO DM

Hot                                    Cold 

Not enough structure

→ Needs some more new particles

➤ Beyond the SM Neutrino mass 
Baryon asymmetry 
Inflation 
：



NEUTRINOS MASS AND DARK MATTER

➤ Type-I seesaw mechanism

10-9 10-6 10-3 100 103 106 109 1012 1015

M [GeV]

10-12

10-10

10-8

10-6

10-4

10-2

100

y

mν = 0.1 eV

mD
=M

‣ Low scale
νMSM

Asaka, Blanchet, Shaposhnikov (2005)

‣ Thermal leptogenesis

‣ keV scale Warm DM

‣ y~1, M ~1014GeV

‣ Collider reach
‣ y~ye,  M ~1TeV

‣ High scale

‣ EW scale

m⌫ ⇠ y2v2

M



NEUTRINOS MASS AND DARK MATTER

➤ Type-I seesaw mechanism

10-9 10-6 10-3 100 103 106 109 1012 1015

M [GeV]

10-12

10-10

10-8

10-6

10-4

10-2

100

y

mν = 0.1 eV

mD
=M

‣ Low scale
νMSM

Asaka, Blanchet, Shaposhnikov (2005)

‣ Thermal leptogenesis

‣ keV scale Warm DM

‣ y~1, M ~1014GeV

‣ Collider reach
‣ y~ye,  M ~1TeV

Dark Sector

‣ High scale

‣ EW scale

m⌫ ⇠ y2v2

M



PORTAL TO DARK SECTOR 

H†H�†�Higgs Portal
Neutrino Portal
Vector Portal Fµ⌫X

µ⌫

HLNR

Dark SectorSM
Portal



PORTAL TO DARK SECTOR 

H†H�†�Higgs Portal
Neutrino Portal
Vector Portal Fµ⌫X

µ⌫

HLNR

Dark SectorSM
Portal

Dark SectorSM
➤ Higgs Portal

|H|2S2 S : Singlet scalar

- DM Direct search 
- Invisible decay of Higgs boson

χ : Singlet fermion

h
χ

χ

χ

Ko et al. (2012)

e.g.)
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- U(1)B-L symmetry 
- Exact symmetry

➤ ~ TeV - PeV scale seesaw

- NR DM
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➤ Neutrino Portal
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Nuria Rius
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- U(1)B-L symmetry 
- Exact symmetry

➤ ~ TeV - PeV scale seesaw

- NR DM
- High-energy Neutrino



RADIATIVE NEUTRINO MASS GENERATION
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➤ Radiative Seesaw Model

mij
⌫ =

✓
1

16⇡2

◆N fij
⇤

h�0i2

‣ Zee model 1980, 1985

N loop :

D=5 operator

SM + Φ2  + S± 

Tiny neutrino masses would be explained in a natural way  
by TeV-sclae dynamics. 



RADIATIVE SEESAW MODEL WITH DM
➤ Symmetry guarantees ✓ Radiative generation of ν mass 

✓ DM stability
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SM+NR + S1± + S2± 
S1± , S2± : singly charged singlet scalars

➤ Mosel with Z2 symmetry
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・・・

Feebly interacting massive particle (FIMP) DM scenario
 M~10keV,  y~10-9

➤ Many models have been proposed along this line.

Emiliano Molinaro

SM+NR + S1± + S2± 
S1± , S2± : singly charged singlet scalars

➤ Mosel with Z2 symmetry
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- DD/ID of DM/new particles 
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Any new ideas to proof  
the connection would be welcome.e.g.)sub-diagram
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