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Plan of talk

• Introduction
• The current scenario
• Non-standard 

interaction
• Possible implications in 

the neutrino sector
• LFV muon decays
• Remarks



K Wood- CoSSURF-2024
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Precision frontier -> Indirect hint from high scale (multi-TeV) physics

CP violation







Mass ordering ?





Possible solution



• Joint fit T2K-NOvA
• IO – both similar
• NO- differ
• Joint flit- split difference

J Wolcott,  Neutrino 2024



J Wolcott, Neutrino 2024

• Mild preference for NO

• CP conservation points 
outside of 3 sigma – IO

• Expect CPV if IO

𝐴 = 𝜋𝑟!



J Wolcott- Neutrino 16-22 June 2024

• CP – Conserving 
points favored in NO

• Outside -3 sigma IO

• Mass ordering &  
CPV entangled

NOvA



J Wolcott - Neutrino 16-22 June 2024







NSI

B Dev et al, 1907.00991; S Choubey, JHEP 12, 126 (2015); R Majhi et al, 2205.04269, 
K Babu et al, 1908.02779; Farzan and Tortola, Front. Phys. 6, 10 (2018),….











Parameters used



2NSI constraints





1D plots with 2NSI















CP sensitivity with 2 NSI











LFV muon decays

• Precision Physics and 
BSM
• cLFV and BSM
• NSI and muon LFV



LFV

• Neutrino oscillation indicate LFV
• LFV in charged lepton  sector is not seen
• In the SM negligible:
                            =                          
                            
•   [                         ~                                            ]     
• New physics can enhance the                      by few orders
• cLFV are very clean probes-unambiguous signal of BSM physics



Leptoquark scenario

• Some anomalies in flavour and neutrino sector 
• Leptoquark: probable BSM for simultaneous explanation
• Consider U3 vector leptoquark

• The effective four fermion interaction

Leptoquark:     U3 (3, 3, 2/3) 



Leptoquark contribution to LFV muon decays



We consider Leptoquark mass 2 TeV and with standard parameters 

~  4.67 x 10 -18 

~  1.0 x 10 -20

~  6.8 x 10 -19



Current Status of 

Roberta Volpe’s talk @ HQL 2023
arxiv: 2311.14647



Branching ratios of several decay modes as a function of the scalar (left) and vector (right) Wilson coefficients for 
fixed sterile neutrino mass. The dashed horizontal contours indicate the current upper bounds for B0 → K⋆0+inv 
(red), B+ → K⋆+inv (orange), and B0 → K0+ inv (green). The light-blue band symbolises the simple weighted 
average for BR(B+ → K+ +inv) and the hatched light-blue region is compatible with the 2023 Belle II measurement

2111.04327  &  2309.02490  



Remarks
• Precision Neutrino physics key to BSM physics
• Mild tension in CP phase in T2K and NOvA (NO)
• NSI can spoil the clean measurement of parameters
• Distinct prediction for DUNE and T2HK
• DUNE may exhibit signature of mass orderings
• Possible implications in muon LFV
• Interesting time ahead

Thank you!
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SM  B→K νν

• In the SM: FCNC can occur only at the loop level, highly suppressed;
• Theoretical prediction:
• BR (B+→K+νν-bar)SM =(5.06 ± 0.14 )x 10-6

• BR (B0 →K*0νν-bar)SM = (9.05 ±	1.25) x 10-6              [ 2301.06990]

• Complementary to b→sl+l- where tension with the SM been observed 



When Energy go missing?

• We focus on 4 dim-6 operators in νSMEFT [PRD 96 (2017) 015012]:

        (the operators are defined at µ=1 TeV and matched onto the LEFT at ΛEW= mZ )
• Relevant operators described by Lagrangian:

• With effective operators

2111.04327  &  2309.02490  


