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The Standard Model of Par0cle Physics

2013



We have plenty of evidences for DM



New Physics Beyond the Standard Model



New Physics Beyond the Standard Model
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Neutrino detectors 

• Noble element detectors
• Liquid Argon TPCs
• Liquid and gasesous Xenon detectors

• Photon based neutrino detectors (Cherenkov or scintillation)
• Water Cherenkov 
• Scintillation

• Low-Threshold Neutrino Detectors
• Phonon, CCD sensors, HPGe, …



Neutrino experiments
2203.10811



New Physics beyond the Standard Model

• New physics related to neutrinos
• Other new physics produced similar signals in neutrino detectors



Information already known about neutrinos

KATRIN

Cosmology

• Masses and mixing angles



Neutrino physics beyond SM

• Heavy neutral lepton searches
• BSM effects on neutrino flavors
• BSM effects on neutrino scattering
• Neutrino interaction with dark matter
• Neutrino self-interaction



Heavy neutral lepton searches

• Origins of neutrino masses



Heavy neutral lepton searches

• Type-I seesaw
• Mixing angle too small

• Symmetry protected scenarios are invented. 
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Heavy neutral leptons

• Neutrino minimal standard model Asaka, Blanchet, Shaposhnikov, hep-ph/0503065

N1 is the dark matter candidate. 
N2 and N3 are nearly degenerate and in charge of leptogenesis. 
N1 dark matter can be produced through active neutrino mixing (freeze-in).



Beyond the heavy neutral lepton model

• Left-right symmetric models
• Combination of type-I and type-II seesaw

• GUT  models
• Energy scale is too high, and mixing angles between sterile neutrinos and 

active neutrinos are too small. 



Beyond the heavy neutral lepton model

• Dark sector heavy neutral lepton model



Experimental searches for neutral leptons



Experimental searches for neutral leptons

• Things will be different for more complete models



Faser neutrino detector

PRL 131 (2023) 3
2104.09688



Future colliders 
• 𝑍 → 𝑁𝜈 (𝑁 → off shell W and Z)



Nuclear decay searches

KATRIN/TRISTAN DUNE



Neutrinoless double beta decay

For mN > 100 MeV

For mN < 100 MeV

But it is usually easy to avoid the 
constraint by tuning 𝑈%& to zero.



Heavy neutral lepton searches

• Neutrino non-unitary oscillation 

No longer unitary



Neutrino self interations

Wu and Xu 2308.15849



Neutrino interaction with dark matter

• Decay of PeV dark maOer into 
neutrinos: source for IceCube PeV 
neutrinos events.
• But it can be explained by other SM 

mechanisms: 
• Produced by AGN
• Tidal disrupOon
• GalacOc PeVatron

Snowmass document 2203.10811



Neutrino interaction with dark matter

• GeV-TeV WIMP dark matter annihilate into neutrinos at the galactic 
center, and at the center of stars. 

Snowmass document 2203.10811

• DM particles collide with nucleus 
inside the Sun and lose energy, 
and then be captured by the Sun.
• The accumulated DM particles 

find their anti-particles to 
annihilate.
• The neutrinos in the final state 

will escape and fly to the earth.
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It is 𝜎!"  that gets constrained.



Neutrino interaction with dark matter

• GeV-TeV WIMP dark maOer annihilate into neutrinos at the galacRc 
center, and at the center of stars. 

Snowmass document 2203.10811

It is competitive for the case of 
spin-dependent interaction.



DM annihilate into neutrinos at the galactic 
center

Arguelles et al. Rev.Mod.Phys. 93(3) 035007, 2021



Boosted DM at neutrino detectors

Inside the Sun

Inside the detector such as DUNE

InteracOon between X and SM 
parOcles is mediated by Z’.

Berger, Cui, Graham, Necib, Petrillo, Stocks, Tsai, Zhao, 1912.05558



MeV mass dark matter: annihilation of MeV 
DM into neutrinos
• This will lead to monochromatic neutrino flux and can be detected by 

future experiments

Snowmass document 2203.10811
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Andr és Olivares-Del Campo, Sergio Palomares-Ruiz, Silvia Pascoli, 1805.09830



Neutrino interaction with dark matter

• Ultralight dark matter: time varying mass of active neutrinos.
Snowmass document 2203.10811

Asher Berlin, 1608.01307



Dark matters annihilate inside neutrino 
detectors
• A small fraction of GeV-ish DM 

with very large DM-nucleus cross 
section accumulate inside the 
Earth. 
• DM can find anti-particle to 

annihilate inside the detector 
and release GeV scale energy. 

Mckeen, Morrissey, Pospelov, Ramani, ray, 2303.03416 & PRL



Searching for cosmic ray accelerated DM with 
neutrino detectors

Bringman and Pospelov, PRL 122 (2019) 171801



Using neutrino detectors to search for 
charged excited state of dark matter
• DM must be neutron.
• There can be a charged state close to it in the spectrum. 
• (𝑋#, 𝑋±)

Case B: the spins are the 
same

Case A: the spins of 𝑋# and 
𝑋± are different



Using neutrino detectors to search for 
charged excited state of dark matter



Using neutrino detectors to search for 
charged excited state of dark matter
• Bound state formaRon will release binding energy.
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Using neutrino detectors to search for 
charged excited state of dark matter
• Bound state formation will release binding energy.
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Using neutrino detectors to search for 
charged excited state of dark matter
• Bound state formaRon will release binding energy.
• Take Xenon as the target
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Using neutrino detectors to search for 
charged excited state of dark matter
• Bound state formation will release binding energy.
• Take Xenon as the target
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Using neutrino detectors to search for 
charged excited state of dark matter
• Energy budget
• Incoming energy: 𝐸% + 𝐸&

• Total deposit energy is almost single-valued.
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Using neutrino detectors to search for 
charged excited state of dark matter

HA, M. Pospelov, J. Pradler, PRL 109 (2012), 251302



Search for baryon number viola0on using 
neutrino experiments



Dark sector study with neutrino beams
2207.06898



Dark sector study with neutrino beams



Dark sector study with neutrino beams

• Higgs portal
• Meson decay, Bremsstrahlung, Drell-Yan



Dark sector study with neutrino beams

• Vector portal
• Meson decay, Bremsstrahlung, Drell-Yan



Other possibili0es?

• Neutrino interaction with dark energy?
      Yes, there are papers. 
• Neutrino connection to inflation?
      Can sneutrino be a inflaton candidate?



Summary

?


