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𝑑! → 𝑑"𝜈𝜈̅ searches and Belle II excess
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First exp. evidence of 𝐵! → 𝐾!𝜈𝜈̅! 
FCNC decays with neutrinos are potentially powerful probe 
of BSM physics as:
Ø they are significantly suppressed in SM
Ø long-distance contributions are generally sub-leading

∝ 𝑂(𝐺"#)

~3.5𝜎 (3.2𝜎) from zero
~2.9𝜎 (2.1𝜎) from SM value

Belle II collaboration, arxiv:2311.14647



Belle II excess as an hint of NP
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NP assumed to be heavy
(for the complementary case,

see next talk by Martin Novoa-Brunet)

BSM effects encoded in EFT operators

The chiral structure of NP depends on 𝑅)∗
*  value!

Effective scale of NP from the fit ~𝑂(10	TeV)



𝐵# → 𝐾#𝜈𝜈̅ and ROFV
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NP generically induces 
more EFT operators

Identifying correlations among observables is crucial to establish
the existence and the nature of BSM physics behind the measured anomalies!



𝐵# → 𝐾#𝜈𝜈̅ and ROFV
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Rank-One Flavor Violation (ROFV)

NP couples along a specific direction !𝑛 in 
the 𝑈(3)! quark flavor space

NP generically induces 
more EFT operators

Identifying correlations among observables is crucial to establish
the existence and the nature of BSM physics behind the measured anomalies!

This scenario is naturally realized in many well-
motivated BSM models:

Ø Single leptoquark mediator
Ø 𝑍" coupled to one flavor in the interaction basis
Ø Vector-like quark mixes with SM quarks
Ø NP coupled linearly to SM quarks
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ROFV in LEFT
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The combination relevant for 𝐵! → 𝐾!𝜈𝜈̅
is fixed to the best-fit value

Regions of the (𝜙, 𝜃) plane excluded at 95% C.L.

Ø NP should be third family aligned
Ø NP lies at few TeV

Ø LFU slightly disfavored



Going to the SMEFT
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Up to dimension six, there are 6 relevant SMEFT operators

In SMEFT new correlations arise 
due to the SM structure:

Ø rare decays 𝐵$ 𝐾%,' → 𝜇!𝜇(

Ø meson-mixing constraints
Ø high-𝑝) dilepton tails
Ø Higgs and EW fit 



Enhancement of 𝑅#$ above ~25% is 
highly disfavored due the constraints 

from 𝐵% → 𝜇&𝜇' and Δ𝑀(+!
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Single-mediator models
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Colorless vector mediators

Leptoquarks

Loop-level mediators are expected to have 
light and relatively strongly coupled states, 
disfavored by direct searches at the LHC



Single-mediator models
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Colorless vector mediators

Leptoquarks

Four-quark operators, 
constrained by meson-
mixing, arise from the 
same interaction terms



Power ranking of the simplified models
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5. It can not accommodate the Belle II excess with 1𝜎



Power ranking of the simplified models
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Disfavored as meson-mixing arises already at tree-level



Power ranking of the simplified models
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Good fit but stringent PU bound on coupling



Power ranking of the simplified models
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Slightly disfavored as they coupled to LH quarks 



Power ranking of the simplified models
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Regions of the (𝜙, 𝜃) plane 

excluded at 95% C.L.



The End

THANK YOU
FOR THE

ATTENTION!

Claudio Toni – Zurich, 11/03/2024
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LEFT fits
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Higgs-quark operators
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Enhancement of 𝑅#$ above ~25% is 
highly disfavored due the constraints 

from 𝐵% → 𝜇&𝜇' and Δ𝑀(+!



Colorless vectors
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Colorless vectors
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Colorless vectors
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Ø High-𝑝) dilepton tails bound does not hold anymore!
Ø We consider the constraints from direct searches



Leptoquark fits
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PU bound
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LNV scenario
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