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 → Disclaimer: Very few references in this talk 
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Why BSM?
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Neutrino masses

?

Weinberg, 1979
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Additional BSM signals?



Scope of this white paper
● What this paper is about:

any BSM scenario that can lead to new effects on: oscillation 
probabilities, flavor ratios and spectral distortions for ultra-high 
energy neutrinos, or new patterns in flavor conversion in 
supernovae.

● What this paper is NOT about:
using neutrino experiments as fixed targets (searches for HNLs, 
dark matter, ALPs, double-bangs, etc), neutrino electromagnetic 
properties, sterile neutrino oscillations, or phenomenology using 
CEvNS experiments. 



Theory/pheno

Experiment



Overview of experiments covered
Goldhagen et al, 

2109.14898

Table adapted from Arguelles 
et al, 1912.09486

Hyper-K coll., 
1611.06118 



Additional states

Updated compilation of 
present bounds on non-

unitarity for the two 
regimes



Additional states

The mixing between the SM neutrinos and the KK tower is 
parametrized by:

The masses of the tower of states are given by



Additional states
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Additional interactions
We include an overview of current and future bounds

Neutral-current NSI:

Vector operators: Scalar operators:

Charged-current NSI:
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Model building challenges

→ Given the renewed interest in this topic, we include a detailed 
compilation of bounds on light Z’ mediators, not only from 
oscillations but also other experiments (scattering, colliders, etc)
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Additional interactions
1) Operators involving additional neutrino states, e.g.:

2) Dark matter – neutrino connections: e.g., the interactions of neutrinos with 
ultra-light (bosonic) dark matter (as light as 10-20 eV)

leads to several effects, including a time modulation of the parameters measured in 
neutrino experiments:



Neutrino decay
Neutrino decay typically arises in Majoron models. For example, for 
Majorana neutrinos

The phenomenology depends on whether neutrinos are Majorana/Dirac, and 
on whether the field is a scalar or a pseudoscalar. 

We typically distinguish between invisible or visible decay, according to the 
expected signatures in neutrino experiments.



Neutrino decay

Fig from Abdullahi and Denton, 2005.07200



Tests of fundamental symmetries
Lorentz violationCPT violation

T2K coll., 2101.03779
Icecube coll., 1709.03434



Tests of fundamental symmetries
Quantum decoherence:

Figure from Stuttard and Jensen, 2007.00068



Summary
● This white paper aims to cover the main players for BSM 

effects on neutrino flavor
● The topic is very broad, and we have tried to capture the main 

interests from the community on this topic
● With respect to last Snowmass, there have been some 

changes:
– there has been a renewed interest in NSI and light mediators, 

as well as on non-unitarity of the PMNS
– we have new data from long-baseline neutrino oscillation 

experiments, and from DeepCore and ANTARES
– the field of neutrino telescopes is blooming with new proposals, 

data, and exciting prospects 



We want your feedback!
● Two feedback/writing sessions organized here, please join 

us this afternoon! 
● For further comments and suggestions, please reach out:

– teppei.katori at kcl.ac.uk
– pilar.coloma at ift.csic.es
– dvanegas at udemedellin.edu.co

● We will distribute the paper and a google form very soon 
through slack and mailing lists, stay tuned



Thank you!



Scope of this white paper

We identified a total of 
38 LoIs which are 

relevant to this white 
paper 


