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Challenging Majorana neutrino 
effects in  decaysB → K(*)νν



Motivation:  transitionsb → sνν

• FCNCs very suppressed in the SM (GIM/loop) 
 sensitive probes of New Physics (NP) 

• Cleaner than the analogous decay modes 
with charged leptons (i.e., )  not 
dominated by long-distance contributions 

• Belle-II  obtained results for  that 
present mild discrepancies from their SM 
predictions

→

b → sℓℓ →

B+ → K+νν
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B-decays vs Neutrino mass bounds
Dimension-6 NP operators can accommodate the experimental excess in B-
decays. 

Alternatively, 

Dimension-7 operators can probe Lepton-Number-Violating (LNV) scenarios 

                     

 

Can  decays probe LNV while remaining consistent with limits 
from neutrino physics?
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Effective Field Theory approach
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∼ (s̄γμPLb)(ν̄αγμPLνβ)E ≪ mZ

SM

SMEFT 

Operator basis 
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generates scalar and tensor operators (LNV) 
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Low-energy fit
                                                                           B → K(*)νν

 ℬ(B+ → K+ + inv)exp = (2.3 ± 0.5+0.5
−0.4) × 10−5 ,

ℬ(B+ → K+νν)SM = (4.44 ± 0.22Vcb ± 0.17th) × 10−6

 ℬ(B0 → K*0 + inv)exp < 2.7 × 10−5 (90 % CL)

ℬ(B0 → K*0νν)SM = (9.0 ± 0.46Vcb ± 0.85th) × 10−6

5

We are interested in 
evaluating the scenario 
with one single flavor of 
active neutrinos and the 
scalar operator  CSLL

Changes the -shapesq2

Can be tested 
experimentally
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SMEFT phenomenology
Neutrino masses and operator mixing 

 

• The dominant contribution comes from dimension-7.  
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d=7 

 

generates scalar and 
tensor operators (LNV) 
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Numerical analysis

Fine-tuning required: the 
parameter space allowed by the 
Belle-II results is excluded by the 
bounds on neutrino masses
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                                                                   B → K(*)νν



N ∼ (1,1,0)
Way out: Including a light RH ν

• Scalar and tensor NP operators are generated 
at dimension 6 

• The seesaw mechanism makes the 
contributions to neutrino masses smaller.

                                                                           B → K(*)νν
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Effective Field Theory Approach
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SMEFT phenomenologyν

                

RG effects and neutrino Yukawa 

,         
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d=6        

 

generates scalar and 
tensor operators     

𝒪̄lNqd
αNij

= (l̄αN)ϵ(q̄idj)

→



Numerical analysis

There is no fine-tuning required: 
The experimental bounds for neutrino 
masses don’t exclude the allowed 
region by the Belle-II experiment.
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                                           B → K(*)νν



Conclusions

• The scalar NP operator can accommodate the experimental excess on B-meson decays, 
changing the -shape (testable prediction). 

• The SMEFT scenario involving only SM fields generates sizable contributions to neutrino 
masses, which require a high degree of fine-tuning to be consistent with .  

• A scenario including right-handed neutrinos does not raise a similar issue, thanks to the 
seesaw-like suppression of the mass. 

• It is possible to accommodate the excess in B-meson decays in a way that 
it is testable (change in -distribution) while not spoiling neutrino masses.

q2

mν < 𝒪(0.1 eV)

q2



Thank you for your attention



Backup slides



SMEFT UV completions

Generates d=7 operator, 

 

BUT also d=6, 
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SMEFT UV completionsν

The scenario with  and  is of particular interest because it introduces scalar 
and tensor current through Fierz transformations 

,                 , 

,                 .  

For the scalar and tensor operators to dominate  and 

S1 ∼ (3̄,1,1/3) R̃2 ∼ (3,2,1/6)
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