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Heavy Neutral Lepton - Sterile Neutrino

-

\—

[Minkowski, Mohapatra, Senjanovi’c, Gell-Mann, Ramond, Slansky, Yanagida]

Neutrino mass:
type-1 seesaw

mechanism
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MinibooNE low energy excess

[PRL 128, 241801 (2022)]
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Via mixing and

dipole operator
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Heavy Neutral Lepton - Mixing Portal
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[P. D. Bolton, E. F. Deppisch, P. S. B. Dev, arXiv: 1912.03058]

jFEREAEEE Y-Y Li 3 Jan, 2023, ICISE, Quy Nhon




Heavy Neutral Lepton - Dipole Portal

When the mixing effect 1s subdominant, ... .
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(flavor universal)

(c) Primakoff upscattering (d) N — ~«v (signal)
[Magill, Plestid, Pospelov, Tsai, arXiv:1803.03262]
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UV completion — Mixing vs Dipole

* Consider heavy scalar lepto-quark S1 ~ (37 1, 1/ 3)
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UV completion — Mixing vs Dipole

* Consider heavy scalar lepto-quark S ~ (37 1, 1/ 3)

Ly bsNS +y2Q3 Li ST + h.c.

\\\\\\\\\\\\\\

o

\\\

\
J
W

\/ml/ MN
MeV

1y, ~ 1072 g

for lepto-quark masses at the TeV scale
m, ~ 0.1eV, u, ~ 10_15,uB
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UV completion — Mixing vs Dipole

[Lindner et al., arXiv:1706.02555]

+ Voloshin-type symmetry S{7(2),,

(NS, vp)! €2 SU(2);, — SU(3) 1.

Vi Np — —vUrp Np ﬂLO'MVNRF’LW — 5LO'MVNRF'U“V

2

Ly o ms

myN ~
UB 4 2me
_ \/ml/MN
, ~ 1078
s e MeV

SU (Q)V Symmetry-breaking scale my at the TeV scale

m, ~ 0.1eV, u,, ~ 10_11,uB

Oroasasss v y [ / Jan, 2023, ICISE, Quy Nhon




Current Probes: terrestrial experiments

Beam dump experiments:
MiniBOOIle NON AD CH ARM [Magill, Plestid, Pospelov, Tsai, arXiv:1803.03262]
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[Brdar, Greljo, Kopp, Opferkuch, arXiv:2007.15563]
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Current Probes: terrestrial experiments

- looking to the sky
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Current Probes: terrestrial experiments

Solar neutrino spectrum:
[Magill, Plestid, Pospelov, Tsai, arXiv:1803.03262]

Xenonl T, Borexino [Brdar, Greljo, Kopp, Opferkuch, arXiv:2007.15563]
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Current Probes: terrestrial experiments

[Magill, Plestid, Pospelov, Tsai, arXiv:1803.03262]

. [Brdar, Greljo, Kopp, Opferkuch, arXiv:2007.15563]
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Current Probes: terrestrial experiments

Atmospheric neutrino  DUNE, Super-K

[Magill, Plestid, Pospelov, Tsai, arXiv:1803.03262]
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Current Probes: cosmology
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Current Probes: Supernova

10% of energy loss

to sterile neutrino
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Mult-messenger Signals
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[V. Brdar, A. de Gouvéa, YYL, P. A. N. Machado, arXiv:2302.10965]
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Mult-messenger Signals

[V. Brdar, A. de Gouvéa, YYL, P. A. N. Machado, arXiv:2302.10965]
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Mult-messenger Signals
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Multi-messenger Signals : v — ray detection
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+ At the time of SN1987A, the Gamma- X
Ray Spectrometer (GRS) observed
Nobs = 1393 photons with energy
25-100 MeV at At < 223s

+ Assuming a SN event happens in the T
galaxy at a distance of D_SN = 10kpc, 10 100" 10° 10" 10°
Fermi-LAT: E, > 100MeV, 0 < 5° MyIMeV]
e-ASTROGAM: E, > 1MeV, 6 < 1.25°

[V. Brdar, A. de Gouvéa, YYL, P. A. N. Machado, arXiv:2302.10965]
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Mult-messenger Signals : neutrino detection

SN1987A, neutrino events
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Mult-messenger Signals : neutrino detection

« Assuming a SN event happens in
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Multi—messeng Cr Slgnals . diffused BSM Photon and neutrino background
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Multi—messeng Cr Slgnals . diffused BSM Photon and neutrino background
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Left - Right symmetric model
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type-II seesaw dominance

Ur 0O3x3
U == "

Vy Vi Vy

- 6GF
:u‘]’L 2\/571_2

3
sin 2¢ Z Moo IM [(PU™) 0 (PsU™) i

a=1

Jan, 2023, ICISE, Quy Nhon



Left - Right symmetric model

Tree level production in SN including three-body decay channel
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[G. Li, YYL, Y.-L. Zhou, in preparation]
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Left - Right symmetric model

Majorana Case
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[G. Li et al., arXiv:2009.01257]
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Left - Right symmetric model

Majorana Case
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Conclusion

Multi-messenger Signals: Photon + Neutrino

Neutrino Timing Information

Outlooks

photon polarization
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CP violation in neutral lepton transition dipole moment? : /

Photon signals from sterile neutrino decay or axion decay?
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[J. Beacham, arXiv:1901.09966]

Muon coupling dominance: U?: Uj:Uz = 0:1:0
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Multimesseng Cr Slgnals . diffused BSM Photon and neutrino background
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