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Standard Picture: Freeze-out
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“WIMP miracle”



Alternative Path: Freeze-in
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Can we probe Freeze-in?
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Freeze-in through Portals
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Three portals:
o nggS portal [Silveira, Zee ’85; De Romeri, Karamitros, Lebedev, Toma *20; Arcadi, Djouadi, Kado "21;...]
@ Vector portal [Galison, Manohar *84; Holdom ’86; Fitzpatrick, Liu, Slatyer, Tsai 20; ...]

@ Neutrino portal [Pospelov, Ritz, Voloshin *07; Escudero, Rius, Sanz *16; Batell, Han, McKeen, Shams Es Haghi *17; Becker

’18; Blennow et al ’19; ...]
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Three portals:
o nggS portal [Silveira, Zee ’85; De Romeri, Karamitros, Lebedev, Toma *20; Arcadi, Djouadi, Kado "21;...]

@ Vector portal [Galison, Manohar *84; Holdom ’86; Fitzpatrick, Liu, Slatyer, Tsai 20; ...]

[

Neutrino portal [Pospelov, Ritz, Voloshin *07; Escudero, Rius, Sanz *16; Batell, Han, McKeen, Shams Es Haghi *17; Becker

’18; Blennow et al ’19; ...]

We will consider a heavy neutrino portal. Connects to several other phenomena:

@ Neutrino mass

Leptogenesis
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Charged lepton flavor violation
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A Simple Model

Standard Model plus
@ SM gauge-singlet RHNs NV;. Need at least two for neutrino mass generation at tree level.
@ A gauge-singlet Majorana fermion , which is the dark matter candidate.

@ A real singlet scalar ¢ which connects the DM to the RHN portal.



A Simple Model

Standard Model plus
@ SM gauge-singlet RHNs NV;. Need at least two for neutrino mass generation at tree level.
@ A gauge-singlet Majorana fermion , which is the dark matter candidate.

@ A real singlet scalar ¢ which connects the DM to the RHN portal.

Assume that y and ¢ are odd under a Z», while SM and RHN are Z>-even.

(]

Assume Y is lighter than ¢ for the stability of DM.



A Simple Model

Standard Model plus
@ SM gauge-singlet RHNs NV;. Need at least two for neutrino mass generation at tree level.
@ A gauge-singlet Majorana fermion , which is the dark matter candidate.

@ A real singlet scalar ¢ which connects the DM to the RHN portal.

Assume that y and ¢ are odd under a Z», while SM and RHN are Z>-even.

(]

Assume Y is lighter than ¢ for the stability of DM.

— 1 R
—EU = (Yp)aj La HNJ + E(MN)U ]\7,LL Nj + H.c.

—Lawc = yx Ne o x +my X° x + He. + V(H, )

V(H, ) = —py (HH) + Xy (H H)? + 12 0° + Mo " + Anp o” (H'H) .



Freeze-in Production of Dark Matter
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Freeze-in Production of Dark Matter
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Decay Case
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Experimental Prospect
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Scattering Case
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Scattering Case
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Scattering Case
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Leptogenesis
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Conclusion

@ Freeze-in dark matter can be tested experimentally via its portal interactions.

@ We studied a heavy neutrino portal scenario.

@ Two possibilities for DM production: Decay and Scattering of heavy neutrinos.
o In the decay case, the DM Yukawa coupling y, < 107 for freeze-in to work.
o In the scattering case, y, < 1077,

@ In both cases, the correct relic density region falls within the future sensitivity for RHN
searches.

@ Also compatible with successful leptogenesis.



