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 Neutrino 
Masses

Weinberg operator

Weinberg, S. 1979
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A few examples
     

SMEFT



  

SMEFT  connection with NSI 
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Production
Propagation
Detection

Operators affecting neutrinos 
oscillations CC

NC



  

● Affect detection and production.
● Strongly constrained by other 

observables like meson and lepton 
decays. 

● Neglected in neutrino 
oscillation studies   

Charged current (CC) NSI

Biggio, Blennow, Fernández-Martínez 2019 
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● Much more difficult to probe, main 
bounds from oscillation data.

    

Neutral current (NC) NSI

Propagation DetectionDetection
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Combination of global fits

Coloma, P., Gonzalez-Garcia, M. C., Maltoni, M., Pinheiro, 
J. P., & Urrea, S. (2023). Global constraints on non-
standard neutrino interactions with quarks and 
electrons. JHEP, 08, 032.

Bresó-Pla, V., Falkowski, A., González-Alonso, M., & 
Monsálvez-Pozo, K. (2023). EFT analysis of New 
Physics at COHERENT. JHEP, 05, 074.
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Theoretical framework



  

NSI: Propagation
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Vacuum Matter



  

NSI: Propagation

A global phase in the Hamiltonian does not 
modify propagation and propagation is only 
sensitive to

   7 

Vacuum Matter



  

NSI: Propagation

(Average in 
Earth)

Atmospheric and LBL 

A global phase in the Hamiltonian does not 
modify propagation and propagation is only 
sensitive to
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Vacuum Matter



  

NSI: NC detection
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Matching 
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Integrate out the heavy SM fields like 
the W,Z... employing EOM 



  

Matching 
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ResultsResults



  

SMEFT impact on neutrino NSIs
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Osc. + CEνNS
Non-Osc.
Combination

● Neutrino propagation depends only 
on the differences of NSI.

● Improvements in the second family 
propagate to the other families.    
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Neutrino data impact on SMEFTNeutrino data impact on SMEFT
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Conclusions 

● SMEFT and NSI are a good way to parametrize 
new physics in a model-independent way.

● Current neutrino data can provide useful 
complementary information to constrain SMEFT.

 



  

Back-up



  

Lagrangians



  

Lagrangians



  

Operators SMEFT



  

Full NC Matching 



  

Our analysis includes data from:
● Solar: (Chlorine, Gallex/GNO, SAGE, SNO, SK[1-4], the first two 

phases of Borexino);
● Atmospheric: (SK[1-4], Deepcore, IceCUBE)
● Reactor: (KamLAND, Double-Chooz, Daya-Bay, RENO)
● Accelerator: (Minos, T2K, NovA)
● CEvNS: Dresden II, both the Ar target and the CsI target 

configurations of COHERENT.

(only vector NSI) (Both vector and axial NSI)
● Elastic scattering with 

electrons (ES)
● NC on  deuterium (Axial)
● CEvNS(Vector)

Experiments included in the Global fit
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Non-Osc.
Non-Osc. + Osc. + CEνNS
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