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1. How do neutrinos get mass? 

2. Nature of neutrinos (Dirac or Majorana?) 

3. Neutrino Mass ordering (Normal or Inverted?)   

4. Probing neutrino mass messengers at facilities such as DUNE

5.    New interactions of Neutrinos with matter and its implications

6.   Electromagnetic properties of neutrinos

7.   Investigating experimental anomalies such as MiniBooNE, LSND...…



Non-Standard Interactions of Neutrinos

Standard Interactions of Neutrinos

• NSI: unknown couplings involving neutrinos.

• NSI effects: neutrino production, propagation 

through matter,  and the detection processes.

• It can affect mass ordering and CP violation. 
Wolfenstein (1978)



Projected DUNE sensitivity: 14% (9.5%) for εττ
for an exposure of 300 kt·MW·yr (and 850 kt·MW·yr)

Non-Standard Interactions of Neutrinos

Babu, Dev, SJ, Thapa (2019)



Simplified Picture of Flavor Conversions due to NSI



Non-Standard Interactions of Supernova Neutrinos 
and Mass Ordering Ambiguity at DUNE

SJ and Porto,  arXiv:2403:14762
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Electromagnetic Interactions of Neutrinos

• In the Standard Model, neutrinos do not have 

direct coupling to photons.

• Quantum loop corrections can induce 

electromagnetic properties of neutrino.

• Study of neutrino electromagnetic interactions 

may shed light on the underlying theory. 



Exploiting a future galactic supernova to probe 
neutrino magnetic moments

Porto-Silva, SJ, Sen (2022)

Akhmedov and T. Fukuyama (2003),
Ando and Sato (2003)

Resonance Condition:



Neutrino magnetic moments at DUNE

Porto-Silva, SJ, Sen (JCAP 2022)



SN neutrino flavor conversion was thought to be insensitive to 

Dirac Magnetic Moments. 

But “Always”

Dirac neutrino magnetic moments in Sne?



(Resonance Condition)

Dirac neutrino magnetic moments in Sne?

SJ, Porto (2023)



Neutrino spectra at DUNE



Neutrino spectra at DUNE and HK



Simplified Picture of Flavor Conversions

Porto-Silva, SJ (JCAP 2022)

Spin flip resonance
SJ, Porto (PRL (2024), arXiv: 2303.13572)

~ 2000 km 

Fe-core



Future Directions at DUNE



Future Directions at DUNE

Bertuzzo, SJ, Machado, Z. Funchal (PRL’ 2018)



Take Home Messages…

• DUNE is a powerful, multi-purpose ν experiment for exploring rich new physics.

• DUNE compliments the Energy Frontier experiments on BSM physics.

• Key open questions in neutrino physics demand new physics 

— DUNE can help answer them.




