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Heavy neutrinos




Dark neutrinos
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Dark U(1)’ broken by a new complex scalar,
under which no SM field is charged.
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Dark neutrinos

SU2);, Uy U1

Anomaly cancellation:
Neutrino portal DM
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Dark U(1)’ broken by a new complex scalar,
under which no SM field is charged.

L =L+ DD (D'D) - V(O, H)
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Anomaly cancellation:

Dark neutrinos Neutrino portal DM
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Neutrino
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Radiative ISS neutrino masses

The one active generation neutrino mass matrix reads:
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L mass 5 7y, N 7o $mp o/ A&SINE& —
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Massless light
neutrinos at tree-level!

See P.S.B. Dev et al., 1209.4051, and J. Lopez-Pavon et al1209.5342
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Radiative ISS neutrino masses

The one active generation neutrino mass matrix reads:

. ! B ) .. 0 mp 0 V!C ' M 1 s ht
L mass 4 N D $ mp /j A& $ NC& ; . dSSIESS 118
2 | 0 A 0 1/C neutrinos at tree-level!
D
Z)Z/ h g0/ Gh ’GI |

With 3 generations, the one-loop light neutrino mass matrix is given by:

1 ! 3 ;

ms;, m
mij = 5 CaCin—s F(mi,m7z,mp) + Dy Djr—=F(mi, mz,mi .)
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where the SM couplingsare  Cix ! ic U ;U % and the BSM Dk §UD¢UDk-
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Radiative ISS neutrino masses
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I, mp =1GeV, m, =2 GeV
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portals to BSM

Scalar Vector Neutrino
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I portals to BSM

Scalar Vector Neutrino

NogHTH| |2 SULB . XV yo Lai N°

Combination of portals is very different from each portal taken individually!

7! vl vy
' h /

1) Dark photon decays within dark sector

2) Heavy neutrino decays mainly via Z’ via 3 body.

Open up a lot of parameter space! Kinetic mixing explanation of (¢ — 2),, now open.
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I portals to BSM

Vector Neutrino

sig! Bu"X“" Y LaH N°¢

MiniBooNE LEE explanation Strong predictions elsewhere:

Photon-like signals in

vl Vg neutrino-electron scattering
(MINERvVA ME)

C. A. Arguelles, MH, Y. Tsal, arXiv:1812.08768,

Dark double-bang signatures
(IceCube/DeepCore).

P. Coloma, arXiv:1906.02106

For pheno versions of the model at MB, see

E. Bertuzzo et al. 10.1103/PRL.121.241801

P. Ballett et al., PRD99/071701(2019) . and more!
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For another interesting
realisation of dark neutrinos, see
Renata’s talk after coffee break.



For another interesting
realisation of dark neutrinos, see

Renata’s talk after coffee break.

Thank you

A LIGHT DARK NEUTRINO SECTOR
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Radiative neutrino masses from dark neutrinos
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[1] P. Ballett, MH, S. Pascoli. (2019), Dark Neutrinos and a Three Portal Connection to the Standard Mode
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Heavy neutral leptons

Heavy neutrinos have been searched for in many ways.

If you are open minded about their properties (lifetime/BR, interactions):
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Neutrino masses at one-loop level

ij/ h,gpl Gh,G!!

Vi Vj Vi Vj Vi Vj

With a single pair of heavy states, at least one light neutrino remains massless.

- a® ab ac a'? ad'b dd
mj = ab b> bed +7 a'b' b2 b 'S
ac be 2 a'c b

[f only SM or only BSM contribution => only one massive neutrino

If both => two massive neutrinos (highly predictive).
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Vector portal
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For a light boson —> couples only to electric charge (dark photon).
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Neutrino-electron scattering

Data usually shown in one of 2 variables

— angle to the beam or dE/dx (energy deposition) —

Physical process:

@ ' e scattering

‘ NC! ©, " _CCQE

* New Physics

New physics shows up in sideband — need full dataset

@ *



Looking for light boson case
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C. A. Arguelles, MH, Y. Tsal, arXiv:1812.08768.
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Looking for heavy boson case

G/2 2(q2 "‘q?z) MQ, 2 mZ! > m 4
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