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Why BSM?

Experimental evidence:
Dark matter

Neutrino masses
Matter-antimatter asymmetry
Gravitational interaction
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Theoretical indications:
Strong CP problem
Hierarchy problem

Flavor puzzle
Cosmological constant




ok, so...where is it??
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Why neutrino experiments?
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Why neutrino experiments?
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Why neutrino experiments?
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Why neutrino experiments?
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This talk

Neutrino oscillations + neutrino scattering

NSI
Light 7/
Neutrino experiments as fixed target facilities

Heavy neutral leptons, axion-like particles, ...
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Non-Standard tnteractions
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Neutrino masses
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Neutrino masses
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Non-Standard Interactions
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Non-Standard Interactions
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NSl in propagation

NSI in propagation will lead to a generalized matter potential affecting

neutrino oscillations:
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Oscillations are only sensitive to vector NSI in the form:
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NSl in propagation

NSI in propagation will lead to a generalized matter potential affecting

neutrino oscillations:
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Bounds from oscillations

Fig from Gonzalez-Garcia and Maltoni, 1307.3092
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Bounds from oscillations
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CEVNS

In the SM:
do G% €
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CEVNS

In presence of NSI:

do G% 2 ME
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COHERENT
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COHERENT

Using only total rate info, the allowed region is an ellipse in NSI space:

[Qw + (2Z + N) €“]* + 2 [Ow + (2Z + N) EEM:IQ — constant

Csl data:
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CEVNS at reactors — Dresden Il
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New (lLight) vector bosons
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Light flavored Z’
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Light flavored Z’

Oscillations
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Scattering vs Oscillations
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Light flavored Z’: present bounds

Coloma, Gonzalez-Garcia and Maltoni, 2009.14220
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— Oscillation data rules out many U(1)" explanations of the muon g-2 anomaly!
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Light flavored Z’: present bounds

Vectorial U(1)r,—r, model

Vectorial U(1)g,-z, model Vectorial U(1)s-1 model
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How Light can we go...?
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LLong-range forces

Matter potential depends now on: T
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Neutrino experiments as fixed target facilities

Pilar Coloma - IFT
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Heavy neutrinos

eV keV MeV GeV TeV GUT

Voo = Z UoziVi =+ Ua4N
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Heavy neutrinos

eV keV MeV GeV TeV GUT
Warm dark : : Leptogenesis
matter | | Colliders
Beta decay
- | Leptogenesis |
Oscillations
Tau and meson decays
Neutrinoless double beta decay
Voo = Z UaiVi + Uga N Charged lepton flavor violation
i
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Heavy Neutral Leptons

For HNL masses below a few GeV: v, = Z U iv; + U N
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Heavy Neutral Leptons

Production in the target:
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Heavy Neutral Leptons

Production in the atmosphere
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Coloma, Hernandez, Munoz, Shoemaker, 1911.09129
(see also Kusenko, Pascoli, hep-ph/0405198; Asaka, Watanabe, 1202.0725)
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Heavy Neutral Leptons
Minimal scenario: 2 heavy neutral leptons
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Heavy Neutral Leptons

Minimal scenario: 2 heavy neutral leptons

Pilar Coloma - IFT

— Including DUNE
input on osc. params.

6 =—m/2
553 = 0.42,0.58
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Heavy Neutral Leptons

Minimal scenario: production and decay through mixing

Non-minimal extensions could lead to new signatures!
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Axton-LLikee pa rticles
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Light (pseudo)scalars

Is the Higgs the only fundamental scalar?

Light scalars arise as pseudo-Nambu Goldstone bosons in
BSM models with global symmetry breaking

The axion solves the strong CP problem and provides a
viable DM candidate

However, it is not the only possibility — ALPs

Pilar Coloma - IFT
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See e.g., Brdar, Dutta, Jang, Kim, et al, 2011.07054; Bhattarai, Brdar, Dutta, et al,
2206.06380; Dent, Dutta, Kim, et al, 1912.05733; Kelly, Kumar, Liu, 2011.05995
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ALPs
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Summary

We have good reasons to believe that BSM physics is out there

A new Era of precision neutrino experiments is well positioned
to search for its signals, not only in oscillations

CEvNS data is already here!

[ have left out of this talk many exciting
topics worth pursuing...

Lorentz lnvariance violation, Large Extra Dimensions, light
dark watter, neutrino-DM Linteractions, distorted neutrino
oscillations, baryonic neutrinos, neutrino magwetic
moments, neutrino charge radii, pseudo-bDirac neutrino
oscillations, millicharged particles, dark photons, ...
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