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• Lessons within the SM 
• EFT implications 
• Probing hidden sectors? 

V.  Summary and outlook

B → K(*)νν̄
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 13 free parameters (masses and quark mixing) — fixed by data. 

  These (many) parameters exhibit a hierarchical structure which we do not understand.

⇒

⇒

1

Flavor physics
• Gauge sector of the SM entirely fixed by symmetry:

• Flavor sector loose:

 Only a handful of parameters. 
 Theory renormalizable and verified at the loop level.

⇒
⇒
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What is the origin of flavor?
• Striking hierarchy of fermion masses [does not look accidental…]

• Why three families? Why do quarks and leptons mix in different ways?

One of the roles of flavor physics is to unveil symmetries beyond those present in the SM.
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No direct evidence for New Physics in LHC data (presence of a mass gap?).
What is experiment telling us?
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Search deviations w.r.t. SM predictions:

e.g.,

<latexit sha1_base64="5q7pSYUWSJcol/hRul5voUyKJIw="></latexit>

Oexp = OSM (1 + �NP)

Both exp. and theory must be precise!

Look for observables: 
• (Highly) sensitive to contributions from New Physics 
• Mildly sensitive to hadronic uncertainties 
• Accessible in current and/or (near) future experiments.  

 Rare -meson decays are a good example!⇒ B

Indirect searches of New Physics

 Complementary to the effort in the high-energy frontier!⇒

NB. Processes forbidden by 
accidental symmetries are 
very clean:  

 BNV, LNV and LFV⇒
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Flavor Changing Neutral Currents (FCNCs)
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Top-quark dominates!{<latexit sha1_base64="9Eou9QMNOm9/kpq1v7vbnbpBoWY="></latexit>
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…

…

 Rare processes 
 Sensitive new physics probes!

⇒
⇒

• FCNC processes are loop- and CKM-suppressed: 

• Reminder: GIM mechanism

• FCNCs are absent at tree-level in the SM — i.e., couplings of neutral SM bosons to 
fermions are flavor diagonal.  

• The only source of flavor violation in the SM is the CKM matrix: 
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• Short- and long-distance contributions are factorized: 

• Low-energy coefficients can be precisely computed through matching + RGEs.
6

The EFT expansion can be truncated 
to a given order in .E/Λ

• -physics depends on many different scales    EFT approach! B ⇒

EFT description

E ≪ Λ

short-distance contribution (perturbative) long-distance cont. (to be computed non-pert.)

{
light d.o.f
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•  :B → K(*)ℓℓ •  :B → K(*)νν̄

FCNC -meson decaysB

- Sensitive to new physics effects. 
- Experimentally clean (especially for ). 
- Many observables (angular distribution). 
- Theoretically challenging (non-factorizable 

contributions…)

ℓ = μ

- Sensitive to new physics effects. 
- Exp. more challenging (missing energy). 
- Fewer observables. 
- Theoretically cleaner! 
- Sensitive to operators with -leptons.τ



SM description
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SM description
<latexit sha1_base64="OviTYFuTozoeCJwG1fKN9CcafMA="></latexit>
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Xt = 1.462(17)(2)

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

• Effective Hamiltonian within the SM: 

• Short-distance contributions known to good precision: 

see e.g. [Buras et al. '14]

Including NLO QCD and two-loop EW contributions:

<latexit sha1_base64="3MOmWeaZg7D27NJ9Geooo1WQYLY="></latexit>
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i) Hadronic matrix-element: ii) CKM matrix:
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Xt = 1.462(17)(2)

Known Lorentz factors

<latexit sha1_base64="kXOxvBPB1jqTowqKeNrkk2R551c="></latexit>
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[Buchala et al. ’93, ’99], [Misiak et al. ’99], [Brod et al. '10]

From CKM unitarity:

Two main sources of uncertainties:

• Effective Hamiltonian within the SM: 

• Short-distance contributions known to good precision: 

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

SM description



Olcyr Sumensari (IJCLab, Orsay)O. Sumensari

• Lattice QCD data available at nonzero recoil ( ) for all form-factors: 

    with                    . 

q2 ≠ q2
max

9

• [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
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Only form-factor needed for !B → Kνν̄
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f+(0) = f0(0)

I. Form-factors:  B → Kνν̄
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*Annihilation contributions not 
included below (see next slides)!

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

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

[Becirevic, Piazza, OS. 2301.06990]

I. Form-factors:  B → Kνν̄

10
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*Annihilation contributions not 
included below (see next slides)!

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

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

[Becirevic, Piazza, OS. 2301.06990]

Form-factor uncertainties are known to 
 level. Are these results robust?'(1%)

I. Form-factors:  B → Kνν̄

10
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[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
<latexit sha1_base64="T3GlPE8HB20ixvoG0n1icxZOY+E=">AAACFXicdVDLSgMxFM3UV62vqks3wSK4kHGmaHUjFN24rGAf0A5DJs10QpOZIckoZZifcOOvuHGhiFvBnX9jpg/weSDk5Jx7yb3HixmVyrI+jMLc/MLiUnG5tLK6tr5R3txqySgRmDRxxCLR8ZAkjIakqahipBMLgrjHSNsbXuR++4YISaPwWo1i4nA0CKlPMVJacssHwk17HKlA8JRFt9nh7BHQQZBlZ7Bq2se9mEPLrNbccsUya1YO+JvY5vi2KmCKhlt+7/UjnHASKsyQlF3bipWTIqEoZiQr9RJJYoSHaEC6moaIE+mk460yuKeVPvQjoU+o4Fj92pEiLuWIe7oyn1n+9HLxL6+bKP/USWkYJ4qEePKRnzCoIphHBPtUEKzYSBOEBdWzQhwggbDSQZZ0CLNN4f+kpXOrmfbVUaV+Po2jCHbALtgHNjgBdXAJGqAJMLgDD+AJPBv3xqPxYrxOSgvGtGcbfIPx9gmXHZ5h</latexit>

rlow/high = 2.15± 0.26

e.g, using (old) FLAG average:

[Becirevic, Piazza, OS. 2301.06990]

• 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)

11



Olcyr Sumensari (IJCLab, Orsay)O. Sumensari

•  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

12
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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]

<latexit sha1_base64="Fcu7PHMre1+9mX9+99NRzivLtro=">AAACG3icbVBNS8NAEN34bf2KevSyWARPJSlFvQhSL16ECrYVmhA2241dupvE3YlQQvwdXvwrXjwo4knw4L9x0/bg14OBx3szzMwLU8E1OM6nNTM7N7+wuLRcWVldW9+wN7c6OskUZW2aiERdhUQzwWPWBg6CXaWKERkK1g2Hp6XfvWVK8yS+hFHKfEmuYx5xSsBIgV2PgrwZ6MLTNwpyb0AgbxYTqTiuHzawl0p8dOdJAgMl83PWKQK76tScMfBf4k5JFU3RCux3r5/QTLIYqCBa91wnBT8nCjgVrKh4mWYpoUNyzXqGxkQy7efj3wq8Z5Q+jhJlKgY8Vr9P5ERqPZKh6Sxv1L+9UvzP62UQHfk5j9MMWEwni6JMYEhwGRTuc8UoiJEhhCpubsV0QBShYOKsmBDc3y//JZ16zT2ouReN6klzGscS2kG7aB+56BCdoDPUQm1E0T16RM/oxXqwnqxX623SOmNNZ7bRD1gfX5ubocA=</latexit>

fBs

q
B̂Bs = 274± 8 MeV

<latexit sha1_base64="WCwEcSE/cnMIHdwMHBnrcoHp+iY=">AAACG3icbVDLSsNAFJ3Ud31VXboZLIKrkhStbgSpGzdCBfuApoTJdNIOnUnizI1QQvwON/6KGxeKuBJc+DdOHwttPXDhcM693HuPHwuuwba/rdzC4tLyyupafn1jc2u7sLPb0FGiKKvTSESq5RPNBA9ZHTgI1ooVI9IXrOkPLkd+854pzaPwFoYx60jSC3nAKQEjeYVy4KVVT2euvlOQun0CaTWbSNl5+aSC3VjiyoMrCfSVTK9ZI/MKRbtkj4HniTMlRTRFzSt8ut2IJpKFQAXRuu3YMXRSooBTwbK8m2gWEzogPdY2NCSS6U46/i3Dh0bp4iBSpkLAY/X3REqk1kPpm87RjXrWG4n/ee0EgrNOysM4ARbSyaIgERgiPAoKd7liFMTQEEIVN7di2ieKUDBx5k0IzuzL86RRLjmVknNzXLyoTuNYRfvoAB0hB52iC3SFaqiOKHpEz+gVvVlP1ov1bn1MWnPWdGYP/YH19QOYd6G+</latexit>

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]

13

Se talk by K. Vos
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Weak-annihilation contributions
• To keep in mind: decay modes with charged mesons are affected by tree-level weak 

annihilation contributions.

<latexit sha1_base64="xxA0xHYJ1qs/Pfs72UTctIFoNK8=">AAACDHicbVDLSgMxFM34rPVVdekmWISKUGZE1GWpG8FNBfuAzlgyadqGJjNjckcow3yAG3/FjQtF3PoB7vwb03YW2nogcDjnXG7u8SPBNdj2t7WwuLS8sppby69vbG5tF3Z2GzqMFWV1GopQtXyimeABqwMHwVqRYkT6gjX94eXYbz4wpXkY3MIoYp4k/YD3OCVgpE6hKDvJ9V1ScomGo+M0dQW7x7LjAolxxqsmZZftCfA8cTJSRBlqncKX2w1pLFkAVBCt244dgZcQBZwKlubdWLOI0CHps7ahAZFMe8nkmBQfGqWLe6EyLwA8UX9PJERqPZK+SUoCAz3rjcX/vHYMvQsv4UEUAwvodFEvFhhCPG4Gd7liFMTIEEIVN3/FdEAUoWD6y5sSnNmT50njpOyclZ2b02KlmtWRQ/voAJWQg85RBV2hGqojih7RM3pFb9aT9WK9Wx/T6IKVzeyhP7A+fwCXlpqw</latexit>

mK(⇤)+  m⌧  mB

[Kamenik, Smith. '09]

• Non-negligible contributions:

Belle-II: These contributions are treated as a background thanks to the  lifetimeτ

• Using narrow-width approximation:

 They cannot be removed by a simple kinematical cut…⇒

<latexit sha1_base64="v3yehvkEliUrOw2yE/g2jfgZLAE="></latexit>

B(B+ ! K+⌫⌫̄)tree
B(B+ ! K+⌫⌫̄))loop

' 14 %

<latexit sha1_base64="xsmwvA2cdWJjnjF+sIAomPn65CI="></latexit>

B(B+ ! K⇤+⌫⌫̄)tree
B(B+ ! K⇤+⌫⌫̄))loop

' 11 %

14
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[Becirevic, Piazza, OS. 2301.06990]

Take-home:  

• To remain cautions about hadronic uncertainties associated to the form-factors and the 
extraction of CKM matrix-elements — non-negligible given the projected Belle-II sensitivity. 

• Binned measurements at Belle-II would be a valuable piece of information to test the 
consistency the SM predictions.

*Using  from  for illustrationVcb B → Dℓν̄

10°6

10°5

10°4

<latexit sha1_base64="OXj8yQaCaa+C/xB4c8GjRKzAK2A=">AAACDnicbVDLSsNAFJ34rPUVdelmsBQqhZKIqMtSN4KbCvYBTVom00k7dDIJMxOhhHyBG3/FjQtF3Lp25984abPQ1gMDh3PuZe45XsSoVJb1baysrq1vbBa2its7u3v75sFhW4axwKSFQxaKrockYZSTlqKKkW4kCAo8Rjre5DrzOw9ESBryezWNiBugEac+xUhpaWCWnQCpMUYsaaSVRr/qqBDe9qvQ4TF0PCQSTdLTgVmyatYMcJnYOSmBHM2B+eUMQxwHhCvMkJQ924qUmyChKGYkLTqxJBHCEzQiPU05Coh0k1mcFJa1MoR+KPTjCs7U3xsJCqScBp6ezI6Xi14m/uf1YuVfuQnlUawIx/OP/JhBnTnrBg6pIFixqSYIC6pvhXiMBMJKN1jUJdiLkZdJ+6xmX9Tsu/NSvZHXUQDH4ARUgA0uQR3cgCZoAQwewTN4BW/Gk/FivBsf89EVI985An9gfP4AjGGbKQ==</latexit>

B(B+ ! K+⌫⌫̄)
<latexit sha1_base64="FFtuii4dwR4IlgQAXi0/vvsBzFw=">AAACDnicbVDLSsNAFJ34rPUVdelmsBTqpiQi6rLUjeCmon1AE8NkOmmHTiZhZiKUkC9w46+4caGIW9fu/BsnbRbaemDgcM69zD3HjxmVyrK+jaXlldW19dJGeXNre2fX3NvvyCgRmLRxxCLR85EkjHLSVlQx0osFQaHPSNcfX+Z+94EISSN+pyYxcUM05DSgGCkteWbVCZEaYcTSZlZr3luOiuC1dwsdnkDHRyLVJDv2zIpVt6aAi8QuSAUUaHnmlzOIcBISrjBDUvZtK1ZuioSimJGs7CSSxAiP0ZD0NeUoJNJNp3EyWNXKAAaR0I8rOFV/b6QolHIS+noyP17Oe7n4n9dPVHDhppTHiSIczz4KEgZ15rwbOKCCYMUmmiAsqL4V4hESCCvdYFmXYM9HXiSdk7p9VrdvTiuNZlFHCRyCI1ADNjgHDXAFWqANMHgEz+AVvBlPxovxbnzMRpeMYucA/IHx+QPU75tX</latexit>

B(B0 ! KS⌫⌫̄)
<latexit sha1_base64="WpqG53V3z6fRUGXGUsxKZTEzUDU=">AAACFXicbVDLSgMxFM34rPVVdekmWIRKpcyIqMtSN4KbCvYBnbbcSdM2NJMZkoxQhvkJN/6KGxeKuBXc+Tem7Sy09UDgcM693JzjhZwpbdvf1tLyyuraemYju7m1vbOb29uvqyCShNZIwAPZ9EBRzgStaaY5bYaSgu9x2vBG1xO/8UClYoG41+OQtn0YCNZnBLSRurlT1wc9JMDjSlKodIquDvBtJ3ZBaVxMsCsi7HogY0OSk24ub5fsKfAicVKSRymq3dyX2wtI5FOhCQelWo4d6nYMUjPCaZJ1I0VDICMY0JahAnyq2vE0VYKPjdLD/UCaJzSeqr83YvCVGvuemZxkUPPeRPzPa0W6f9WOmQgjTQWZHepHHJvok4pwj0lKNB8bAkQy81dMhiCBaFNk1pTgzEdeJPWzknNRcu7O8+VKWkcGHaIjVEAOukRldIOqqIYIekTP6BW9WU/Wi/VufcxGl6x05wD9gfX5Ax7Qnis=</latexit>

B(B+ ! K⇤+⌫⌫̄)
<latexit sha1_base64="jx/z2d9iAkzIJo23qMqi9ELPSmE=">AAACFXicbVDLSgMxFM3UV62vUZdugkWoKGVGRF2WuhHcVLAP6LTlTpq2oZnMkGSEMsxPuPFX3LhQxK3gzr8xfSy09UDgcM693JzjR5wp7TjfVmZpeWV1Lbue29jc2t6xd/dqKowloVUS8lA2fFCUM0GrmmlOG5GkEPic1v3h9divP1CpWCju9SiirQD6gvUYAW2kjn3qBaAHBHhSTgvl9omnQ3zbTjxQGjsp9kSMPR9kYkh63LHzTtGZAC8Sd0byaIZKx/7yuiGJAyo04aBU03Ui3UpAakY4TXNerGgEZAh92jRUQEBVK5mkSvGRUbq4F0rzhMYT9fdGAoFSo8A3k+MMat4bi/95zVj3rloJE1GsqSDTQ72YYxN9XBHuMkmJ5iNDgEhm/orJACQQbYrMmRLc+ciLpHZWdC+K7t15vlSe1ZFFB+gQFZCLLlEJ3aAKqiKCHtEzekVv1pP1Yr1bH9PRjDXb2Ud/YH3+ACa0njA=</latexit>

B(B+ ! K⇤0⌫⌫̄)

SM
Exp (90% CL)

[Belle 1303.3719, 1702.03224]
[BaBar 1009.1529, 1303.7465]

Summary (circa ’22)



Belle-II results



Olcyr Sumensari (IJCLab, Orsay)O. Sumensari

Efficiency

Background

Hadronic Semileptonic Inclusive
Fully reconstructed 
hadronic decay Btag → D(*)ℓν Several channels

≈ 0.5 % ≈ 2 % ≈ 8 %

Small Large Large

16

Belle-II strategy

NB. The inclusive-tagging method was not applied to BaBar and Belle data (yet)! 

• Belle-II (SuperKEKB) is an asymmetric  collider operating at  :e+e− s ≃ mΥ(4S)

• Different tagging methods:

<latexit sha1_base64="olKpp/whkQixJO6RndipRN1usDM=">AAACD3icbVDLSgMxFM3UV62vqks3oUWpFMuMiLosdeOyon1Apy2Z9LYNzWSGJCOUoX/gRvBL3LhQxK1bd/0b08dCqwcCh3Pu5eYcL+RMadseW4ml5ZXVteR6amNza3snvbtXVUEkKVRowANZ94gCzgRUNNMc6qEE4nscat7gauLX7kEqFog7PQyh6ZOeYF1GiTZSO30ErTyG1gl2dYDdSqgYD0Tu7PZ4KpSw6xEZl0btdNYu2FPgv8SZk2wx4+afxsVhuZ3+cjsBjXwQmnKiVMOxQ92MidSMchil3EhBSOiA9KBhqCA+qGY8zTPCh0bp4G4gzRMaT9WfGzHxlRr6npn0ie6rRW8i/uc1It29bMZMhJEGQWeHuhHHJuqkHNxhEqjmQ0MIlcz8FdM+kYRqU2HKlOAsRv5LqqcF57zg3Jg2SmiGJDpAGZRDDrpARXSNyqiCKHpAz+gVvVmP1ov1bn3MRhPWfGcf/YL1+Q2bE51/</latexit>

e+e� ! ⌥(4S) ! BB̄
<latexit sha1_base64="lpSo+K1GEOpJ+/KY/W+kWNzi8+Y=">AAACD3icdVC7SgNBFJ31GRMfUUubwahYhV2LaBliYxnBPCBZwt3JJBkyO7vMzAbCsn9g469YaKGIYGVr54do7Wyi4vPAMIdz7uXee7yQM6Vt+9mamZ2bX1jMLGVzyyura/n1jboKIklojQQ8kE0PFOVM0JpmmtNmKCn4HqcNb3ic+o0RlYoF4kyPQ+r60BesxwhoI3Xye5VO2wc9kH6soZ/gtgcyriSfomJ9ATzp5At2sWSnwL+JU5z8dqG883L1MMq9Vjv5p3Y3IJFPhSYclGo5dqjdGKRmhNMk244UDYEMoU9bhgrwqXLjyT0J3jVKF/cCaZ7QeKJ+7YjBV2rse6YyXVP99FLxL68V6d6RGzMRRpoKMh3UizjWAU7DwV0mKdF8bAgQycyumAxAAtEmwqwJ4eNS/D+pHxSdUtE5NWlU0BQZtIW20T5y0CEqoxNURTVE0Dm6RDfo1rqwrq07635aOmO992yib7Ae3wBGWqHj</latexit>

BtagB̄signal

<latexit sha1_base64="jzCRkseDKf45tWiPOaX+LvibuaA=">AAAB9XicdVDLSsNAFJ3UV62vqktBBovgKiQuqsvSgrisYB/QxDKZ3qRDJw9mJkoJ/Y66caGIW//FnVu/xEmr4PPA5R7OuZe5c7yEM6ks69UoLCwuLa8UV0tr6xubW+XtnbaMU0GhRWMei65HJHAWQUsxxaGbCCChx6HjjRq537kGIVkcXapxAm5Igoj5jBKlpSunzoIgc7gnCIVJv1yxzKqVA/8mtjnrVqV2Nt1/a7SnzX75xRnENA0hUpQTKXu2lSg3I0IxymFSclIJCaEjEkBP04iEIN1sdvUEH2plgP1Y6IoUnqlfNzISSjkOPT0ZEjWUP71c/Mvrpco/dTMWJamCiM4f8lOOVYzzCPCACaCKjzUhVDB9K6ZDohNQOqiSDuHzp/h/0j427appX+g06miOItpDB+gI2egE1dA5aqIWokigW3SPHowb4854NJ7mowXjY2cXfYPx/A4wVpX5</latexit> (

<latexit sha1_base64="U4EHGE/xiiLBrSs8t0Vqpfx6pG4="></latexit>

m⌥(4S) ' 10.579 GeV

<latexit sha1_base64="/LIxvTSipxQ7uQgVJCvoePL51TY="></latexit>

mB+ ' mB0 ' 5.279 GeV
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[NEW] Belle-II results [Belle-II, 2311.14647]

• Only the incl. method shows an excess above background (and w.r.t. the SM predictions). 

• The had. method is compatible with the SM (and with no observed signal). 

• Semileptonic tagging (i.e., ) could be a useful cross-check, as well as the 
measurement of  decays.  

Btag → Xℓν
B0 → KSνν̄

 above the SM prediction≈ 3σ

 More data is needed! Many possible cross-checks.⇒

<latexit sha1_base64="L/qynmpAubu+x/aXEaJ2yAGbpXE="></latexit>

B(B+ ! K+⌫⌫̄)exp =
⇥
2.4± 0.5(stat)+0.5

�0.4(syst)
⇤
⇥ 10�5

Belle-II results

First Belle-II result



What can we learn from  ?B → K(*)νν̄
• Remarks on /  
• Implications beyond the SM 
• Hidden sectors?

B → K(*)νν̄ B → K(*)μμ
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• Angular  observables show a preference for  : B → K(*)μμ δCμμ
9 < 0

[Intermezzo] Anomalies in  decays?B → K(*)μμ

NB. LFU ratios  do not depend on , but they are difficult to measure 
— cf. latest LHCb results, which now agree with the SM predictions.

RK(*) = ℬ(B → K(*)μμ)/ℬ(B → K(*)ee) Cℓℓ
9

New physics effects or underestimated 
hadronic uncertainties?

see e.g. Ciuchini et al’. '21

<latexit sha1_base64="3pj9RZ0d3EY/LsAIV/MQ3VT3PZc="></latexit>

Lb!s``
e↵ =

4GFp
2
�t

X

`

h
C``

9

�
s̄�µPLb

��
¯̀�µ`

�
+ C``

10

�
s̄�µPLb

��
¯̀�µ�5`

�
+ . . .

i
+ h.c.

Capdevilla talk at FPCP'23
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Remarks on B → K(*)νν/ B → K(*)μμ
•  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
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• 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]



What can we learn from  ?B → K(*)νν̄
• Remarks on /  
• Implications beyond the SM 
• Probing hidden sectors?

B → K(*)νν̄ B → K(*)μμ
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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⇤ = 3.5(1)
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+ h.c. ,

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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EFT for b → sνν̄
• 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]

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

Depletion of SM prediction!

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

FL ⌘ �L(B ! K⇤⌫⌫̄)

�(B ! K⇤⌫⌫̄)

<latexit sha1_base64="mobJMAwd1qw1Vr7TX9PlcLD8UiA="></latexit>

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

 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., 
<latexit sha1_base64="B/OzcnY9Z2uKzvK6t9xK7DK9CJI="></latexit>

Old = (L̄�µL)(d̄R�µdR)
<latexit sha1_base64="ZmTNk4XbKpiVjVflVr8oUOZjGmo="></latexit>

O
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[Buchmuller & Wyler. ’85, Gradkowski et al. ’10]
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SMEFT for  (and )b → sνν b → sℓℓ
•  operators invariant under :ψ4 SU(2) × U(1)Y

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

• SMEFT  LEFT matching:⇔

Flavor ( ) fixedi = j
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SMEFT for  (and )b → sνν b → sℓℓ

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

•  operators invariant under :ψ4 SU(2) × U(1)Y
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b ! s``
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b ! s⌫⌫̄

Which flavor?
i. Couplings to muons (… and electrons) are tightly constrained by  (… and ). 

ii. LFV couplings are constrained by searches for  and . 

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

ℬ(Bs → μμ) RK(*)

ℬ(Bs → ℓiℓj) ℬ(B → K(*)ℓiℓj)

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…⇒
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• More correlations between observables can arise in concrete models: 

26

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:⇒
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What can we learn from  ?B → K(*)νν̄
• Remarks on /  
• Implications beyond the SM 
• Probing hidden sectors?

B → K(*)νν̄ B → K(*)μμ
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Hidden sectors?
• What if the excess is due to , where  is a light mediator produced 

on-shell (i.e., with )? 

• The main difference would be a peak in the -distributions at  , smeared by the 
detector resolution. 

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

B → KX( → inv) X ∼ (1, 1,0)
mX < mB

q2 q2 ≃ m2
X

• Best fit ( ):2.8σ

 To be checked by dedicated searches!⇒

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

B(B ! KX) = (5.1± 2.1)⇥ 10�6
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mX ⇡ 2 GeV

[Altmannshofer et al. ’23]



Summary & Outlook
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Summary
•  decays are cleaner than , but one should remain cautious about 

the uncertainties from the form factors and CKM matrix elements, in view of the future 
Belle-II sensitivity: 

 Binned data can be used to test these predictions — which are more reliable at high- . 
 We propose to measure the ratio , which is sensitive to the 
-shape of the (extrapolated) vector form-factor. 
 The ambiguity in the CKM matrix-element determination is the dominant uncertainty for 

 decays and it remains an open problem — which value to take? 

• The ratio  is independent of the CKM and only mildly dependent on 
the form-factors — opportunity to extract the -contributions to  (i.e., for ). 

• The latest Belle-II results show an excess that can be accommodated, e.g., by SMEFT 
operators with -flavor. Many cross-checks of these results are possible: 

 Semileptonic tagging analysis. 
 ,  and .

B → K(*)νν̄ B → K(*)μμ

⇒ q2

⇒ Br(B → Kνν̄)low/Br(B → Kνν̄)high

q2

⇒
B → Kνν̄

B → K(*)νν̄/B → K(*)μμ
cc̄ Cμμ

9 b → sμμ

τ

⇒
⇒ Br(B0 → KSνν̄) Br(B → K*νν̄) FL(B → K*νν̄)

Many opportunities to learn more about physics (B)SM!
Thank you!



Back-up



Comparison from A. Lytle talk



[Intermezzo]: Warning!

Way out: independent LQCD results + Belle-II data! 

NB. Recent JLQCD agrees well with exp. data! 
 

[HPQCD, ’23][FNAL/MILC, ’21]

 Needs clarification to reliably extract  from … 
 

⇒ |Vcb | B → D*ℓν̄
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[Altmannshofer et al. ’23]


