
Understanding the first observation of  by Belle-IIB → Kνν̄

Olcyr Sumensari

ICHEP '24, 19 Jully, 2024

IJCLab (Orsay)

Based on [2301.06990, 2309.02246],  
in collaboration with L. Allwicher, D. Becirevic, G. Piazza and S. Rosauro-Alcaraz



Olcyr Sumensari (IJCLab, Orsay)O. Sumensari

• Flavor Changing Neutral Current (FCNC) processes are powerful indirect probes of New Physics 
(NP) effects since they are loop- and CKM suppressed. 

• The main obstacle to probe NP at low energies is the careful assessment of hadronic uncertainties: 

 Decays based on the  transition are theoretically cleaner than those based on , 
since they are not affected by problematic long-distance contributions from  loops. 

• Motivation to study these decays: 

 Progress in the lattice QCD determinations of the  form-factor [HPQCD, 2207.12468].  
 First observation of  by Belle-II [Belle-II, 2311.1467].

⇒ b → sνν̄ b → sℓℓ
cc̄

⇒ B → K
⇒ B → Kνν̄

Motivation
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This talk: i.  Revisit the SM predictions for . 
ii. What can we learn from these measurements (in the SM and beyond)? 

B → K(*)νν̄

…
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• Effective Hamiltonian in the SM: 

• Short-distance contributions known to good precision: 
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i) Hadronic matrix-element: ii) CKM matrix:
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Xt = 1.462(17)(2)

Known Lorentz factors
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|VtbV
⇤
ts| = |Vcb| (1 +O(�2))

[Buchala et al. ’93, ’99], [Misiak et al. ’99], [Brod et al. '10]

From CKM unitarity:

Two main sources of uncertainties:

<latexit sha1_base64="+smICPPfnirNdzH5QAbo3xODIjg="></latexit>
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see e.g. [Buras et al. '14]

Including NLO QCD and two-loop EW contributions:

<latexit sha1_base64="3MOmWeaZg7D27NJ9Geooo1WQYLY="></latexit>

�t = VtbV
⇤
ts

Form-factors (e.g., LQCD) Which value to take (incl. vs. excl.)?

 in the SM B → Kνν̄
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• [NEW] We update the FLAG average by combining [HPQCD ’22] results with [FNAL/MILC ’16]: 

Pole factor:
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Pi(q
2) = 1� q2/M2

i [Becirevic, Piazza, OS. 2301.06990]

<latexit sha1_base64="/Ac/H9G2xn63sDVkALa74KHjGLE="></latexit>

�2
min/d.o.f. ' 9.2/10

Only form-factor needed for !B → Kνν̄
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f+(0) = f0(0)
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• Lattice QCD data available at nonzero recoil ( ) for all form-factors: 

    with                    . 

q2 ≠ q2
max

I. Form-factors:  B → Kνν̄ See talk by Witzel
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*Annihilation contributions not 
included below (see back-up)

Form-factors based on Light-
Cone Sum Rules (LCSR) lead 
to smaller branching fractions.

[Bharucha et al. ’15, Gubernari et al. ’18]

[  uncertainty] ≈ 3 %

4

[Becirevic, Piazza, OS. 2301.06990]

I. Form-factors:  B → Kνν̄
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• SM predictions depend on the extrapolation of the LQCD form factors to low  values — 
parameterisation dependent?  

   How can we test the shape of the extrapolated LQCD form-factors?  

• We propose to measure: 

• Using the bins  vs.  :

q2

⇒

(0, q2
max/2) (q2

max/2, q2
max)

[Intermezzo]: Cross-check of fB→K
+ (q2)

 Independent of  and the form-factor normalisation, as well as of NP contributions.⇒ λt

NB. w/o νR

<latexit sha1_base64="6g/6X30WZwn3Wpjpvk7NLhBq8M0="></latexit>

rlow/high =
B(B ! K⌫⌫̄)low�q2

B(B ! K⌫⌫̄)high�q2
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rlow/high = 1.91± 0.06
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rlow/high = 2.15± 0.26

e.g, using (old) FLAG average:

[Becirevic, Piazza, OS. 2301.06990]

5

Binned measurements at Belle-II would be a useful cross-check of the consistency of 
the -shape of SM predictions.q2
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•  decays are more challenging for several reasons:B → K*νν̄

• We use LCSR (+LQCD) results from [Bharucha et al. ’15, Horgan et al. ‘13]:

 Relatively small uncertainties, but are they accurate?⇒

[  uncertainty] ≈ 15 %

I. Form-factors:  B → K*νν̄

6



Olcyr Sumensari (IJCLab, Orsay)O. Sumensari

II. Which CKM value?
• Using available  data:b → cℓν̄

… to be compared to CKM global fits:

There is not a clear answer to this ambiguity so far.

• Alternative strategy: to use 

<latexit sha1_base64="SUYOvgepJHO5JqmizA5KN5q0jfk="></latexit>

|�t|UTfit = (41.4± 0.5)⇥ 10�2
<latexit sha1_base64="c7OEf7VQr5vZvRv4ZHo2zdMUVJo="></latexit>

|�t|CKMfitter = (40.5± 0.3)⇥ 10�2

<latexit sha1_base64="pZu+WU3c65V2HRpqy7QNXbrhxe0="></latexit>

�mBs / f2
Bs

B̂Bs |�t|2 [Buras, Venturini. ’21, ’22]
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fBs

q
B̂Bs = 274± 8 MeV
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fBs

q
B̂Bs = 256± 6 MeV

(Nf = 2 + 1)

(Nf = 2 + 1 + 1)

[FLAG, ’21]

[HFLAV, ’22]

[HFLAV, ’22]

[FLAG ’21]

cf. also [Martinelli et al. ‘21]

<latexit sha1_base64="dTmcMWuabK/fs4HJqjDKo2tgdnM="></latexit>

|�t|⇥ 103 =

(
41.9± 1.0 , (Nf = 2 + 1 + 1)

39.2± 1.1 , (Nf = 2 + 1)
[HPQCD ’19]
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See talks by Aversano and Fael
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Projected sensitivity/SM ( ): 50 ab−1 ≈ 10 %

[Becirevic, Piazza, OS. 2301.06990]

*Using  from  for illustrationVcb B → Dℓν̄

Summary

8

Take-home:  

• To remain cautious about hadronic uncertainties associated with the form-factors and the 
CKM values extracted from data — non-negligible given the projected Belle-II sensitivity. 

• Binned measurements at Belle-II would be valuable for testing the  form factors.B → K

Current Belle-II uncertainty:  0.7 × 10−6

?

FF CKM
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[NEW] Belle-II results
[Belle-II, 2311.14647]

 above the SM prediction≈ 3σ

 More data is needed! Many possible cross-checks (e.g., , semilep. tagging…) 

 Can these results be accommodated by new physics?

⇒ B0 → KSνν̄

⇒

New Belle-II results

First Belle-II result

See talks by M. Liu and  J. Libby

<latexit sha1_base64="NTaCjRr94VR4q5K0F3bIwjpIlDw="></latexit>
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⇥
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⇥ 10�5
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• Low-energy EFT:

• Complementarity of  and  :B → Kνν̄ B → K*νν̄

see e.g. [Buras et al. ’14]
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⌘K = 0
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⌘K⇤ = 3.5(1)
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EFT for b → sνν̄

Forbidden region in the EFT approach

Exclusion from Belle/BaBar

[Becirevic, Piazza, OS. ’22]

[Bause et al. ’23]
[Allwicher et al (OS). ’23]
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Predictions
• Another observable to measure is the  longitudinal-polarisation asymmetry: K*

The measurement of  and  would be model-independent 
tests of Belle-II results.

ℬ(B → K*νν̄) FL(B → K*νν̄)

[Altmannshofer et al. ’09, Buras et al’. ’14, Das et al. ’17]

[Allwicher, Becirevic, Piazza, Rousaro-Alcaraz OS. ’23]

Depletion of SM prediction!

<latexit sha1_base64="TOIEkWW1Cls1mY5a/+2Z4iOqZKg="></latexit>

FL ⌘ �L(B ! K⇤⌫⌫̄)

�(B ! K⇤⌫⌫̄)
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FL(B ! K⇤⌫⌫̄)SM = 0.49(7)
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SMEFT for  (and )b → sνν b → sℓℓ
• SMEFT is formulated for  with  invariant operators. 

• Gauge invariance correlates  with  since  . 

• Two types of  contributions at tree-level:

Λ ≫ vew SU(3)c × SU(2)L × U(1)Y

b → sνν̄ b → sℓℓ Li = (νLi, ℓLi)T

d = 6

i)  :ψ2H2D ii)  :ψ4

Lepton flavor universal!

[Allwicher, Becirevic, Piazza, Rousaro-Alcaraz OS. ’23]

e.g., e.g., 

[Buchmuller & Wyler. ’85, Gradkowski et al. ’10]

<latexit sha1_base64="CeulshTM/jcJQqcmCajn1j+ZZMU="></latexit>
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��
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[Bause et al. ’23]
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SMEFT for  (and )b → sνν b → sℓℓ
• SMEFT is formulated for  with  invariant operators. 

• Gauge invariance correlates  with  since  . 

• Two types of  contributions at tree-level:

Λ ≫ vew SU(3)c × SU(2)L × U(1)Y

b → sνν̄ b → sℓℓ Li = (νLi, ℓLi)T

d = 6

i)  :ψ2H2D ii)  :ψ4

 Severely constrained by  and  :⇒ ℬ(Bs → μμ) ΔmBs

Lepton flavor universal!

 Only viable option!⇒

[Allwicher, Becirevic, Piazza, Rousaro-Alcaraz OS. ’23]

e.g., e.g., 

[Buchmuller & Wyler. ’85, Gradkowski et al. ’10]
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[Bause et al. ’23]
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SMEFT for  (and )b → sνν b → sℓℓ

[Allwicher, Becirevic, Piazza, Rousaro-Alcaraz OS. ’23]

•  operators invariant under :ψ4 SU(2)L × U(1)Y
<latexit sha1_base64="qOmhC3I620l+fNaRprFTyuDWxR0=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69BIvgqSQi6rHoxWMF+wFNKJvtpF262YTdTaGE/hMvHhTx6j/x5r9x0+ag1Qe7PN6bYWZemHKmtOt+WZW19Y3Nrep2bWd3b//APjzqqCSTFNs04YnshUQhZwLbmmmOvVQiiUOO3XByV/jdKUrFEvGoZykGMRkJFjFKtJEGth36OnGUj5znxTcf2HW34S7g/CVeSepQojWwP/1hQrMYhaacKNX33FQHOZGaUY7zmp8pTAmdkBH2DRUkRhXki83nzplRhk6USPOEdhbqz46cxErN4tBUxkSP1apXiP95/UxHN0HORJppFHQ5KMq4Y44tYnCGTCLVfGYIoZKZXR06JpJQbcKqmRC81ZP/ks5Fw7tqeA+X9eZtGUcVTuAUzsGDa2jCPbSgDRSm8AQv8Grl1rP1Zr0vSytW2XMMv2B9fAOpZZOv</latexit>

b ! s``
<latexit sha1_base64="JaUhgoukQb1KZFps+fTAXOTBktU=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBVUlE1GXRjcsK9gFNKJPppB06mYSZiVhCfsWNC0Xc+iPu/BsnbRbaemCYwzn3cu89QcKZ0o7zbVXW1jc2t6rbtZ3dvf0D+7DeVXEqCe2QmMeyH2BFORO0o5nmtJ9IiqOA014wvS383iOVisXiQc8S6kd4LFjICNZGGtr1wNMxUp5IvQDLzPz50G44TWcOtErckjSgRHtof3mjmKQRFZpwrNTAdRLtZ1hqRjjNa16qaILJFI/pwFCBI6r8bL57jk6NMkJhLM0TGs3V3x0ZjpSaRYGpjLCeqGWvEP/zBqkOr/2MiSTVVJDFoDDlyJxbBIFGTFKi+cwQTCQzuyIywRITbeKqmRDc5ZNXSfe86V423fuLRuumjKMKx3ACZ+DCFbTgDtrQAQJP8Ayv8Gbl1ov1bn0sSitW2XMEf2B9/gBPtZSg</latexit>

b ! s⌫⌫̄

Which flavor?

i. Couplings to muons are tightly constrained by  and . 

ii. The only viable option is coupling to ’s (due to weak exp. limits on ).

ℬ(Bs → μμ) RK(*)

τ b → sττ

 Predictions: ⇒
<latexit sha1_base64="CQF6fLkp+UwrQoGERchMRp6pE5w="></latexit>

B(Bs ! ⌧⌧)

B(Bs ! ⌧⌧)SM
' B(B ! K(⇤)⌧⌧)

B(B ! K(⇤)⌧⌧)SM
' 10

However, experimentally challenging…

[Bause et al. ’23]

see e.g. Capdevilla et al. ‘17
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• Correlations for concrete mediators: 

-                    : 

-                    : 

-                    : 

-                    : 

-                    : 

   …

14

SMEFT for  (and )b → sνν b → sℓℓ
•  operators invariant under :ψ4 SU(2)L × U(1)Y

<latexit sha1_base64="VPjWEBLVVGVtoPc1w5kQhEDxgWc=">AAACBXicdZDLSgMxFIYz9VbrrepSF6FF6GAZZipW3RXduHBR0Wkr7TBk0rQNzVxIMkIZunHjC/gQblwo4tZ3cNe3MW0VvP4Q+PjPOZyc34sYFdI0R1pqZnZufiG9mFlaXlldy65v1EQYc0xsHLKQNzwkCKMBsSWVjDQiTpDvMVL3+ifjev2acEHD4FIOIuL4qBvQDsVIKsvNbhcu7MKe7uJiq6iopLtniuyCpbtXupvNm8a+aR2VLfgbLMOcKF/JtXbvRpVB1c2+tdohjn0SSMyQEE3LjKSTIC4pZmSYacWCRAj3UZc0FQbIJ8JJJlcM4Y5y2rATcvUCCSfu14kE+UIMfE91+kj2xM/a2Pyr1oxl59BJaBDFkgR4uqgTMyhDOI4EtiknWLKBAoQ5VX+FuIc4wlIFl1EhfF4K/4daybDKhnWu0jgGU6XBFsiBArDAAaiAU1AFNsDgBtyDR/Ck3WoP2rP2Mm1NaR8zm+CbtNd3Gz+YIg==</latexit>

(SU(3)c, SU(2)L, U(1)Y )

•  mixing imposes strict bounds!Bs − Bs

 There are LQ models that could explain the excess 
for .
⇒

mLQ ≲ 3 TeV

 Scenarios with a  would be in tension with  .⇒ Z′ ΔmBs

See back-up!

<latexit sha1_base64="4zWNRjZdWyddXCmcsRZmz8H2qPc=">AAACE3icbVDLSsNAFJ3UV62vqEs3g0WoUkoioi6L3bisYB/QxDCZTNqhk4czE6GE+A1u/BU3LhRx68adf+Ok7cK2HrhwOOde7r3HjRkV0jB+tMLS8srqWnG9tLG5tb2j7+61RZRwTFo4YhHvukgQRkPSklQy0o05QYHLSMcdNnK/80C4oFF4K0cxsQPUD6lPMZJKcvQTK0BygBFLG5mTsvvsLq2Yx5lVrT7OOl7m6GWjZowBF4k5JWUwRdPRvy0vwklAQokZEqJnGrG0U8QlxYxkJSsRJEZ4iPqkp2iIAiLsdPxTBo+U4kE/4qpCCcfq34kUBUKMAld15neKeS8X//N6ifQv7ZSGcSJJiCeL/IRBGcE8IOhRTrBkI0UQ5lTdCvEAcYSlirGkQjDnX14k7dOaeV4zb87K9atpHEVwAA5BBZjgAtTBNWiCFsDgCbyAN/CuPWuv2of2OWktaNOZfTAD7esXlZ2enA==</latexit>

C(1)
lq , Cld

<latexit sha1_base64="LkMWA+J+IFrG+SSndHhRfOBt0pY=">AAAB/3icbVDLSsNAFL3xWesrKrhxEyxC3ZRERV0Wu3FZwT6gjWEynbRDJ5M4MxFKzMJfceNCEbf+hjv/xknbhbYeGDiccy/3zPFjRqWy7W9jYXFpeWW1sFZc39jc2jZ3dpsySgQmDRyxSLR9JAmjnDQUVYy0Y0FQ6DPS8oe13G89ECFpxG/VKCZuiPqcBhQjpSXP3O+GSA0wYmkt81J2n92l5dPjzDNLdsUew5onzpSUYIq6Z351exFOQsIVZkjKjmPHyk2RUBQzkhW7iSQxwkPUJx1NOQqJdNNx/sw60krPCiKhH1fWWP29kaJQylHo68k8rZz1cvE/r5Oo4NJNKY8TRTieHAoSZqnIysuwelQQrNhIE4QF1VktPEACYaUrK+oSnNkvz5PmScU5rzg3Z6Xq1bSOAhzAIZTBgQuowjXUoQEYHuEZXuHNeDJejHfjYzK6YEx39uAPjM8f8baWDA==</latexit>

C(3)
lq

<latexit sha1_base64="w+XYHCPdLd6d4J+be/L/5Dr/5hk=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQi6rLYjcsK9gFtCJPJpB06mYSZSaGE/okbF4q49U/c+TdO2iy09cDA4Zx7uWdOkHKmtON8W5WNza3tnepubW//4PDIPj7pqiSThHZIwhPZD7CinAna0Uxz2k8lxXHAaS+YtAq/N6VSsUQ86VlKvRiPBIsYwdpIvm0PY6zHBPO8NfdzHs59u+40nAXQOnFLUocSbd/+GoYJyWIqNOFYqYHrpNrLsdSMcDqvDTNFU0wmeEQHhgocU+Xli+RzdGGUEEWJNE9otFB/b+Q4VmoWB2ayyKlWvUL8zxtkOrrzcibSTFNBloeijCOdoKIGFDJJieYzQzCRzGRFZIwlJtqUVTMluKtfXifdq4Z703Afr+vN+7KOKpzBOVyCC7fQhAdoQwcITOEZXuHNyq0X6936WI5WrHLnFP7A+vwBA9WT6Q==</latexit>

Cld

<latexit sha1_base64="c1ojPh/+R50lfZJ7aAzDLjFtbhM=">AAACD3icbZC7TsMwFIadcivlFmBksVqBikBVwgCMFSyMRaIX0YTKcZ3Wqp1EtoMURX0DFiSehIUBhFhZ2fo2OG2H0vJLlj795xz5nN+LGJXKskZGbml5ZXUtv17Y2Nza3jF39xoyjAUmdRyyULQ8JAmjAakrqhhpRYIg7jHS9AbXWb35SISkYXCnkoi4HPUC6lOMlLY65tH9gxMJyokjKYdlhyPV9/zUHp7OoHXcMUtWxRoLLoI9hVK16Jy8jKpJrWP+ON0Qx5wECjMkZdu2IuWmSCiKGRkWnFiSCOEB6pG2xgBxIt10fM8QHmqnC/1Q6BcoOHZnJ1LEpUy4pzuzJeV8LTP/q7Vj5V+6KQ2iWJEATz7yYwZVCLNwYJcKghVLNCAsqN4V4j4SCCsdYUGHYM+fvAiNs4p9XrFvdRpXYKI8OABFUAY2uABVcANqoA4weAKv4B18GM/Gm/FpfE1ac8Z0Zh/8kfH9C/46nvU=</latexit>

Z 0 ⇠ (1,1, 0)

<latexit sha1_base64="gKxmhOzuSW1t/siO/4kPvoo/1Vg="></latexit>

V ⇠ (1, 3, 0)

<latexit sha1_base64="isy+J7xKpYot2F1cELClVvQR8PU=">AAACDXicbZBPSwJBGMZn7Z/Zv62OXQYtMBLbVaiOUpeOBq0KrsjsOKuDM7vLzGwgi1+gS5c+SJcORXTt3s1v06walPXAwI/nfV/mfR8vYlQqy5oYmaXlldW17HpuY3Nre8fc3WvIMBaYODhkoWh5SBJGA+IoqhhpRYIg7jHS9IZXab15R4SkYXCrRhHpcNQPqE8xUtrqmodO14aupBwWXY7UwPOT6rj0jfa4VDmtHnfNglW2poJ/wZ5DoZZ3Tx4ntVG9a366vRDHnAQKMyRl27Yi1UmQUBQzMs65sSQRwkPUJ22NAeJEdpLpNWN4pJ0e9EOhX6Dg1P05kSAu5Yh7ujNdUy7WUvO/WjtW/kUnoUEUKxLg2Ud+zKAKYRoN7FFBsGIjDQgLqneFeIAEwkoHmNMh2Isn/4VGpWyfle0bncYlmCkLDkAeFIENzkENXIM6cAAG9+AJvIBX48F4Nt6M91lrxpjP7INfMj6+ANDlnRs=</latexit>

U1 ⇠ (3,1, 2/3)

<latexit sha1_base64="RMtLUkB7hmprHRQbw9tgEOHqx9c=">AAACFHicbVDLSsNAFJ34rPUVdelmaBEqLTUxoC6LblxWtA9oSplMJ+3QySTMTIQS8hGC+CtuXCji1oW7/o3Th6CtBy4czrmXe+/xIkalsqyRsbS8srq2ntnIbm5t7+yae/t1GcYCkxoOWSiaHpKEUU5qiipGmpEgKPAYaXiDq7HfuCdC0pDfqWFE2gHqcepTjJSWOmbxtuNA6EoawIIbINX3/MT1kEicNC39CE5ask+c446Zt8rWBHCR2DOSr+Tc4uOoMqx2zC+3G+I4IFxhhqRs2Vak2gkSimJG0qwbSxIhPEA90tKUo4DIdjJ5KoVHWulCPxS6uIIT9fdEggIph4GnO8dnynlvLP7ntWLlX7QTyqNYEY6ni/yYQRXCcUKwSwXBig01QVhQfSvEfSQQVjrHrA7Bnn95kdRPy/ZZ2b7RaVyCKTLgEORAAdjgHFTANaiCGsDgATyDV/BmPBkvxrvxMW1dMmYzB+APjM9vPmqgCw==</latexit>

S3 ⇠ (3̄,3, 1/3)

<latexit sha1_base64="BAKjnIiVMj0rX6/Jithskv+i5lA=">AAACFnicbZDLSgMxFIYz9VbrrerSTbAIFWqdqVLdCEU3LqvYC7SlZDJn2tDMhSSjlGGewo2v4saFIm7FnW9jehG0+kPg4z/nkHN+O+RMKtP8NFJz8wuLS+nlzMrq2vpGdnOrLoNIUKjRgAeiaRMJnPlQU0xxaIYCiGdzaNiDi1G9cQtCssC/UcMQOh7p+cxllChtdbMH7TvmgGLcgfg66ZbwGc63PaL6thsfJYVvLCUF67C8383mzKI5Fv4L1hRyaKpqN/vRdgIaeeAryomULcsMVScmQjHKIcm0IwkhoQPSg5ZGn3ggO/H4rATvacfBbiD08xUeuz8nYuJJOfRs3TlaU87WRuZ/tVak3NNOzPwwUuDTyUduxLEK8Cgj7DABVPGhBkIF07ti2ieCUKWTzOgQrNmT/0K9VLTKRevqOFc5n8aRRjtoF+WRhU5QBV2iKqohiu7RI3pGL8aD8WS8Gm+T1pQxndlGv2S8fwEl954S</latexit>

eR2 = (3,2, 1/6)

• Many more correlations with low-energy observables can appear in complete scenarios:

 (NA62),  (LHCb, Belle-II) and Drell-Yan (CMS, ATLAS)K+ → π+νν̄ B → D(*)τν
[Marzocca et al. '24]



Other directions?
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•  is also a probe of light/invisibles particles — different EFT description needed: 

• If the excess is due to , where  is a mediator produced on-shell (i.e., 
with ), the main difference would be a peak at . 

• Good fit to Belle-II data too, since the excess is mostly localised (within large uncertainties):

B → K + inv

B → KX( → inv) X ∼ (1, 1,0)
mX < mB q2 ≃ m2

X

15

Hidden sectors?

Best fit ( ):2.8σ

 To be checked by dedicated searches!⇒

<latexit sha1_base64="FuMq2+MNzVwwm41f4v0uxSBpRjs=">AAACA3icbVDLSsNAFJ34rPUVdaebwSK4KkkRdVl0ocsK9gFNCJPppB06kwwzE7GEiht/xY0LRdz6E+78GydtFtp64MLhnHu5955QMKq043xbC4tLyyurpbXy+sbm1ra9s9tSSSoxaeKEJbITIkUYjUlTU81IR0iCeMhIOxxe5n77jkhFk/hWjwTxOerHNKIYaSMF9j4POtBDQsjkHtYePI70QPLsirTGgV1xqs4EcJ64BamAAo3A/vJ6CU45iTVmSKmu6wjtZ0hqihkZl71UEYHwEPVJ19AYcaL8bPLDGB4ZpQejRJqKNZyovycyxJUa8dB05jeqWS8X//O6qY7O/YzGItUkxtNFUcqgTmAeCOxRSbBmI0MQltTcCvEASYS1ia1sQnBnX54nrVrVPa26NyeV+kURRwkcgENwDFxwBurgGjRAE2DwCJ7BK3iznqwX6936mLYuWMXMHvgD6/MHxj6Xng==</latexit>

mX ⇡ 2 GeV

<latexit sha1_base64="girZWVQmaklgEaGvauyo/XBvAo0="></latexit>

B(B ! KX) = (5.1± 2.1)⇥ 10�6

see e.g. [Izaguirre et al. ’17, Gavela et al.’19, Felk et al’. 23, Altmannshofer et al. ’23] 
[Bauer et al. ’21, Alonso-Alvarez et al. ’23, He et al. ’23, Buras et al. ’24]…

[Altmannshofer et al. ’23]

<latexit sha1_base64="kDyX47LGwkH6NtLoohkPBVXbhlc=">AAACPHicdVDNTgIxGGz9xfUP9OilSkg8EZYQ9Uj04hETF0hgQ7rdLjR0u5u2SyQbnsGrvozv4d2b8erZLuwBQb+kyWTmm2a+8WLOlK7V3uHG5tb2zm5hz9o/ODw6LpZO2ipKJKEOiXgkux5WlDNBHc00p91YUhx6nHa88V2mdyZUKhaJRz2NqRvioWABI1gbyun7kVaDYrlWrc0HrQM7B2WQT2tQgufGSJKQCk04Vqpn12PtplhqRjidWf1E0RiTMR7SnoECh1S56TztDFUM46MgkuYJjebssiPFocoUZVZDrEdqVVTT0PtPy8i/tdVYOrhxUybiRFNBFqmChCMdoawn5DNJieZTAzCRzByGyAhLTLRp06osf+VPWKzyG58WR1qWKdVerXAdtOtV+6raeGiUm7d5vQVwBi7AJbDBNWiCe9ACDiCAgWfwAl7hG/yAn/BrsboBc88p+DXw+wcKQ65e</latexit>. . .<latexit sha1_base64="5TiHQmtoEJeq7XPrk9eiz3JPj3c=">AAACP3icdVDNTsJAGNziH9Y/0KOXVULiibSEqEeCFxMvmAg0kYZst1vYsN02u1siaXgJr/oyPoZP4M149eYWekDQSTaZzHzf5pvxYkalsqx3o7CxubW9U9w19/YPDo9K5eOujBKBSQdHLBKOhyRhlJOOoooRJxYEhR4jPW98k/m9CRGSRvxBTWPihmjIaUAxUlpyWn0VwTvoDEoVq2bNAdeJnZMKyNEelI2zvh/hJCRcYYakfLTrsXJTJBTFjMzMfiJJjPAYDcmjphyFRLrp/OAZrGrFh0Ek9OMKztXljRSFMnOkHg2RGslVU05D7z8vE//2Vs9SwbWbUh4ninC8uCpIGNSVZFVBnwqCFZtqgrCgOhjEIyQQVrpQs7r8lT+hscwzPi1CmqYu1V6tcJ106zX7sta4b1SarbzeIjgF5+AC2OAKNMEtaIMOwICBZ/ACXo0348P4NL4WowUj3zkBv2B8/wANwq7K</latexit>

B ! KX
<latexit sha1_base64="KY87wcVW7wQZ0cjJRus8DIZSVxs=">AAACS3icdVDLTgIxFO2gKI4vwKWbKiFxRWYIUZcENya6QCNIwkxIp3SgodOZtB0CIfyKW/0ZP8DvcGdc2IFZIOhN2pycc+/NPceLGJXKsj6MzNZ2dmc3t2fuHxweHecLxbYMY4FJC4csFB0PScIoJy1FFSOdSBAUeIw8e6ObRH8eEyFpyJ/UNCJugAac+hQjpalevthwVAjvoMPj3v3if+zlS1bFWhTcBHYKSiCtZq9gnDn9EMcB4QozJGXXrkbKnSGhKGZkbjqxJBHCIzQgXQ05Coh0Z4vj57CsmT70Q6EfV3DBrk7MUCATRerWAKmhXBflNPD+0xLyb239LOVfuzPKo1gRjpdX+TGDOpwkNtingmDFphogLKg2BvEQCYSVDtcsr67qj2kkU4+TpUnT1KHa6xFugna1Yl9Wag+1Ur2RxpsDp+AcXAAbXIE6uAVN0AIYTMALeAVvxrvxaXwZ38vWjJHOnIBflcn+ANCusgI=</latexit>

B ! K⌫L⌫R

<latexit sha1_base64="ldIdY36/SYBpw9eKrq58hvyScAc=">AAACSHicdVDLSsNAFJ3UV42Ptrp0M1oKrkoiRV2WuhHcVLAPaEKZTCbt0MkkzEyKJfRL3OrP+Af+hTtx56TNorZ64cLhnHsv5x4vZlQqy/owClvbO7t7xX3z4PDouFSunHRllAhMOjhikeh7SBJGOekoqhjpx4Kg0GOk503uMr03JULSiD+pWUzcEI04DShGSlPDcqnlqAg+QAePadbDctWqW4uCm8DOQRXk1R5WjHPHj3ASEq4wQ1IO7KtYuSkSimJG5qaTSBIjPEEjMtCQo5BIN104n8OaZnwYREI3V3DBrm6kKJSZIvVoiNRYrotyFnr/aRn5t7ZuSwW3bkp5nCjC8dJVkDCok8kygz4VBCs20wBhQfVjEI+RQFjpZM3a6il/SmOZ//i8fNI0daj2eoSboHtVt6/rjcdGtdnK4y2CM3ABLoENbkAT3IM26AAMEvACXsGb8W58Gl/G93K0YOQ7p+BXFQo/wjOxCg==</latexit>

B ! K��
<latexit sha1_base64="fJ58DpI6TwnQoOeXq+2EiB2XByY=">AAACSXicdVDLSsNAFJ20Pmp8pbp0M1oKrkoiRV2WuhHcVLAPaEKZTCbt0MmDmUmxhP6JW/0Zv8DPcCeunKRZ1FYvzHA4597LPceNGRXSND+0Unlre2e3sqfvHxweHRvVk56IEo5JF0cs4gMXCcJoSLqSSkYGMScocBnpu9O7TO/PCBc0Cp/kPCZOgMYh9SlGUlEjw2jbMoIP0I4nNP9GRs1smHnBTWAVoAaK6oyq2rntRTgJSCgxQ0IMratYOinikmJGFrqdCBIjPEVjMlQwRAERTpqfvoB1xXjQj7h6oYQ5uzqRokBkilCtAZITsS6KeeD+p2Xk39r6WdK/dVIaxokkIV5e5ScMqmiy0KBHOcGSzRVAmFNlDOIJ4ghLFa1eX13lzWgsCo/PS5O6rkK11iPcBL2rhnXdaD42a612EW8FnIELcAkscANa4B50QBdgMAMv4BW8ae/ap/alfS9bS1oxcwp+Van8A1ZKsU4=</latexit>

B ! K��

[Kamenik et al. ’11, Bolton et al. ’24, Rosauro-Alcaraz, Leal. ’24]

See talk by Novoa-Brunet
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Summary & Outlook
• Precision frontier: fundamental to seek new physics particles that cannot be produced 

on-shell at the LHC — complementary approach! 

• Hadronic uncertainties: QCD remains the main obstacle to using low-energy 
observables to probe new physics — caution is advised! 

• : theory and exp. progress is needed to solve this issue — needed to fix the parametric 
uncertainties of rare decays in the SM… Belle-II data and new LQCD results will be 
essential.  

• : Theoretically clean and very helpful to constrain (B)SM physics. More data 
and further cross-checks are needed to understand the first Belle-II results — e.g., 

,  and . 

Vcb

B → Kνν

B0 → KSνν̄ B → K*νν̄ FL(B → K*νν̄)

Many opportunities to explore physics (B)SM in flavor experiments!

Thank you!
16



Back-up







[Belle-II, SnowMass - 2207.06307]



[NEW] Warning!

NB. Recent JLQCD agrees well with exp. data! 
 

[HPQCD, ’23][FNAL/MILC, ’21]

 Needs clarification to reliably extract  from … 
 

⇒ |Vcb | B → D*ℓν̄



Comparison from A. Lytle talk
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•  and  have a similar decay spectrum away from the narrow  resonances:B → K(*)νν B → K(*)μμ cc̄

  Form-factor uncertainties cancel out to a good extent for  . 

  Neglecting NP contributions, this ratio can be used to extract  !

⇒ q2 ≫ m2
ℓ

⇒ Cμμ
9

[Becirevic, Piazza, OS. 2301.06990]

Ratio of partial branching fractions 
integrated in the same -bin.q2

[Bartsch et al. '09]

• We can defined the CKM-free ratio:

<latexit sha1_base64="wyOi6xa2gKwqBFLn3ju+er4C3KM=">AAACAXicbVDLSgMxFM34rPU16kZwEyyCqzLj212pG8FNBfuAzljupJk2NJMZkoxQhrrxV9y4UMStf+HOvzF9LLT1QMjhnHtJzgkSzpR2nG9rbn5hcWk5t5JfXVvf2LS3tmsqTiWhVRLzWDYCUJQzQauaaU4biaQQBZzWg97V0K8/UKlYLO50P6F+BB3BQkZAG6ll75Y9HeObew+Uxp5IvQBkZu5Byy44RefYcS5PsSEjYHeaFNAElZb95bVjkkZUaMJBqabrJNrPQGpGOB3kvVTRBEgPOrRpqICIKj8bJRjgA6O0cRhLc4TGI/X3RgaRUv0oMJMR6K6a9obif14z1eGFnzGRpJoKMn4oTDk2oYd14DaTlGjeNwSIZOavmHRBAtGmtLwpYSbyLKkdFd2zont7UiiVJ3Xk0B7aR4fIReeohK5RBVURQY/oGb2iN+vJerHerY/x6Jw12dlBf2B9/gA+xJbI</latexit>

B ! K⇤⌫⌫̄
<latexit sha1_base64="wobXXhcRNykiLM+bU2J4lWvnMKQ=">AAAB+3icdVDLSsNAFJ34rPUV69LNYBFchaSmNt2VuhHcVLAPaGKZTCft0MkkzEzEUvorblwo4tYfceffOH0IKnqYgcM593LvPWHKqFS2/WGsrK6tb2zmtvLbO7t7++ZBoSWTTGDSxAlLRCdEkjDKSVNRxUgnFQTFISPtcHQx89t3REia8Bs1TkkQowGnEcVIaalnFuq+SuDVrY+kgn6c6dczi7ZV9ar2WRnalmu7XsnRxHFL5YoHHcueowiWaPTMd7+f4CwmXGGGpOw6dqqCCRKKYkameT+TJEV4hAakqylHMZHBZL77FJ5opQ+jROjPFZyr3zsmKJZyHIe6MkZqKH97M/Evr5upyAsmlKeZIhwvBkUZg/rcWRCwTwXBio01QVhQvSvEQyQQVjquvA7h61L4P2mVLOfccq7dYq2+jCMHjsAxOAUOqIAauAQN0AQY3IMH8ASejanxaLwYr4vSFWPZcwh+wHj7BLFBlD8=</latexit>

B ! K⇤µµ

<latexit sha1_base64="yQs2kPbkrM2ynBw+SSW/ckZPB/Q=">AAAB/XicbZDLSsNAFIZP6q3WW7zs3AwWwVVJirUuS90IbirYVmhCmUwn7dDJJMxMhBqKr+LGhSJufQ93vo3Ty0Jbfxj4+M85zDl/kHCmtON8W7mV1bX1jfxmYWt7Z3fP3j9oqTiVhDZJzGN5H2BFORO0qZnm9D6RFEcBp+1geDWptx+oVCwWd3qUUD/CfcFCRrA2Vtc+qns6RjfIEynyAiwzA+OuXXRKTqVcqVaRgamQuwhFmKvRtb+8XkzSiApNOFaq4zqJ9jMsNSOcjgteqmiCyRD3acegwBFVfjbdfoxOjdNDYSzNExpN3d8TGY6UGkWB6YywHqjF2sT8r9ZJdXjpZ0wkqaaCzD4KU47MwZMoUI9JSjQfGcBEMrMrIgMsMdEmsIIJYenkZWiVS+5Fyb09L9bq8zjycAwncAYuVKEG19CAJhB4hGd4hTfryXqx3q2PWWvOms8cwh9Znz+5m5TH</latexit>

B ! K⌫⌫̄
<latexit sha1_base64="yWWHNF96pZDEHr9H55ZLATnXQK0=">AAAB9XicdVBNSwMxEM3Wr1q/qh69BIvgadnVta23Ui+Clwq2FbpryabZNjTJLklWKaX/w4sHRbz6X7z5b8y2Farog4HHezPMzAsTRpV2nE8rt7S8srqWXy9sbG5t7xR391oqTiUmTRyzWN6GSBFGBWlqqhm5TSRBPGSkHQ4vMr99T6SisbjRo4QEHPUFjShG2kh3dV/H8Ar6PM2qWyy5tjMFdGyveu6clg1xq2eeV4HfVgnM0egWP/xejFNOhMYMKdVxnUQHYyQ1xYxMCn6qSILwEPVJx1CBOFHBeHr1BB4ZpQejWJoSGk7VxYkx4kqNeGg6OdID9dvLxL+8TqqjajCmIkk1EXi2KEoZNK9mEcAelQRrNjIEYUnNrRAPkERYm6AKiyH8T1ontlu23WuvVKvP48iDA3AIjoELKqAGLkEDNAEGEjyCZ/BiPVhP1qv1NmvNWfOZffAD1vsXlHuR8A==</latexit>

B ! Kµµ

*using 2-loop results for  loops from [Asatryan et al. '09]cc̄

Remarks on B → K(*)νν/ B → K(*)μμ

See back-up!



Olcyr Sumensari (IJCLab, Orsay)O. Sumensari

• Predictions using perturbative calculation of  loops:cc̄ [Becirevic, Piazza, OS. 2301.06990]

Precise measurements could help us to understand the various anomalies in  data.b → sμμ

with the following dependence on  :Ceff
9

<latexit sha1_base64="lBOMWEHqiTJADIRU7aNBlc0OzSg=">AAACDXicbZC7TsMwFIadcivlFmBksShI7VIShICxggWJpSB6kZoQOa7bWnWcyHaQqigvwMKrsDCAECs7G2+D02aAll+y9Ok/58jn/H7EqFSW9W0UFhaXlleKq6W19Y3NLXN7pyXDWGDSxCELRcdHkjDKSVNRxUgnEgQFPiNtf3SZ1dsPREga8js1jogboAGnfYqR0pZnHjgBUkOMWHKbesn1fVJxkFTVNM2Ix0dOEFdTzyxbNWsiOA92DmWQq+GZX04vxHFAuMIMSdm1rUi5CRKKYkbSkhNLEiE8QgPS1chRQKSbTK5J4aF2erAfCv24ghP390SCAinHga87s93lbC0z/6t1Y9U/dxPKo1gRjqcf9WMGVQizaGCPCoIVG2tAWFC9K8RDJBBWOsCSDsGePXkeWsc1+7Rm35yU6xd5HEWwB/ZBBdjgDNTBFWiAJsDgETyDV/BmPBkvxrvxMW0tGPnMLvgj4/MHiyab2Q==</latexit> R
(⌫

/
µ
)

K
(
⇤
)

using [Asatryan et al. '09]



Olcyr Sumensari (IJCLab, Orsay)O. Sumensari

• More correlations between observables can arise in concrete models: 

Which concrete model?

- LQs:- : Z′ 

•  imposes strict bounds :ΔF = 2

 Small coupling to quarks: 

 Impossible to fit data with a perturbative coupling 
to ’s for a heavy .

⇒

⇒
τ Z′ 

[Allwicher, Becirevic, Piazza, Rousaro-Alcaraz OS. ’23]

Difficult to accommodate such a large excess, but possible in certain models.

 Upper bound on LQ mass:⇒

<latexit sha1_base64="m/V2OYV/pdi7CZc9dwNEJQ2Ukfw=">AAACEHicbVC7SgNBFJ31GRMfUUubwShahV0FtQzaWFgkkBckIcxObpIhM7vLzGwgLOsf2PgrglgoInaWdn6I1k4egiYeuHA4517uvccNOFPatj+sufmFxaXlxEoytbq2vpHe3CorP5QUStTnvqy6RAFnHpQ00xyqgQQiXA4Vt3cx9Ct9kIr5XlEPAmgI0vFYm1GijdRMH4hmVBdEd6WIrgpxjOsclFJM4OPrH70I5biZzthZewQ8S5wJyeT2Pu9f+6mvfDP9Xm/5NBTgacqJUjXHDnQjIlIzyiFO1kMFAaE90oGaoR4RoBrR6KEY7xulhdu+NOVpPFJ/T0REKDUQrukc3qimvaH4n1cLdfusETEvCDV4dLyoHXKsfTxMB7eYBKr5wBBCJTO3YtolklBtMkyaEJzpl2dJ+SjrnGSdgknjHI2RQDtoFx0iB52iHLpEeVRCFN2gO/SInqxb68F6tl7GrXPWZGYb/YH19g2HSqHz</latexit>

mLQ . 3 TeV

<latexit sha1_base64="G409XEmL2KCUrOeu7SlHbqhdM7o="></latexit>

LZ0 � g ij ( ̄i�
µ j)Z

0
µ

<latexit sha1_base64="CTERurt3TF2KTHLu/AJCL94I9pw="></latexit>

L eR2
� yRij (d̄Ri

eR2i⌧2Lj) + h.c.

<latexit sha1_base64="hTrL9IHp+BzfDp/ytVVKpGYA2AE="></latexit>

|gRsb|
mZ0

. 2⇥ 10�3 TeV�1



Olcyr Sumensari (IJCLab, Orsay)O. Sumensari

Left vs. Right-Handed Neutrinos

[Rosauro Alcaraz, Leal, 2404.17440]



Olcyr Sumensari (IJCLab, Orsay)O. Sumensari

LFU vs. single-flavor [Allwicher, Becirevic, Piazza, Rousaro-Alcaraz OS. ’23]


