
Revisiting  decays in the SM (and beyond)B → K(*)νν̄

Olcyr Sumensari

Portorož: Particle Physics from Early Universe to Colliders, 11 March, 2023

IJCLab (Orsay)

Based on [2301.06990],  
in collaboration with Damir Becirevic and Gioacchino Piazza



Olcyr Sumensari (IJCLab, Orsay)  decays in the SM and beyondB → K (*)νν̄

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

…

See talks by Buras and Schwanda

• 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. 

• Further motivation to revisit these decays: 

 Progress in the lattice QCD determinations of the  form-factor [HPQCD, ’22].  
 Upcoming measurement at Belle-II (this year?). 

⇒ b → sνν̄ b → sℓℓ
cc̄

⇒ B → K
⇒



Revisiting  in the SMB → K(*)νν̄
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SM predictions
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i) Hadronic matrix-element: ii) CKM matrix:

<latexit sha1_base64="vbHOup3/BzpPEogwYWTC9TT+XKw=">AAAB+3icbVDLSgMxFM3UV62vsS7dBIvQboZJKa0boejGZQX7gHYYMmmmDc1khiQjltJfceNCEbf+iDv/xrSdhbYeuHA4517uvSdIOFPadb+t3Nb2zu5efr9wcHh0fGKfFjsqTiWhbRLzWPYCrChngrY105z2EklxFHDaDSa3C7/7SKVisXjQ04R6ER4JFjKCtZF8u9jzNbyGyKnVq2XUqJSrFd8uuY67BNwkKCMlkKHl21+DYUzSiApNOFaqj9xEezMsNSOczguDVNEEkwke0b6hAkdUebPl7XN4aZQhDGNpSmi4VH9PzHCk1DQKTGeE9VitewvxP6+f6vDKmzGRpJoKsloUphzqGC6CgEMmKdF8aggmkplbIRljiYk2cRVMCGj95U3SqTqo7qD7Wql5k8WRB+fgApQBAg3QBHegBdqAgCfwDF7BmzW3Xqx362PVmrOymTPwB9bnDyKOkUQ=</latexit>

Xt = 1.462(17)(2)

Known Lorentz factors

Form-factors (e.g., LQCD)

<latexit sha1_base64="kXOxvBPB1jqTowqKeNrkk2R551c="></latexit>

|VtbV
⇤
ts| = |Vcb| (1 +O(�2))

Which value to take (incl. vs. excl.)?

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

From CKM unitarity:

Two main source of uncertainties:

• Effective Hamiltonian within the SM: 

• Short-distance contributions known to good precision: 

<latexit sha1_base64="+smICPPfnirNdzH5QAbo3xODIjg="></latexit>

hK(⇤)|s̄L�µbL|Bi =
X

a

Kµ
a Fa(q

2)

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

Including NLO QCD and two-loop EW contributions:

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

�t = VtbV
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ts

See talk by Buras
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• Lattice results — circa 2021:

Pole factors:
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Pi(q
2) = 1� q2/M2

i

FLAG average of [HPQCD ’13, FNAL/MILC '16]

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
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(q

2
)

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

Pole factor:
<latexit sha1_base64="VZPaYlHezLrH7hW2IgVCevCnFNs=">AAAB/XicdVDLSgMxFM3UV62v8bFzEyxCXTjOFKluhKIbN0IF+4B2OmTStA3NZMYkI9Sh+CtuXCji1v9w59+YaSv4PBDu4Zx7uTfHjxiVyrbfjczM7Nz8QnYxt7S8srpmrm/UZBgLTKo4ZKFo+EgSRjmpKqoYaUSCoMBnpO4PzlK/fkOEpCG/UsOIuAHqcdqlGCkteeZWxaOF63Zx78TZ1+XgwqPtomfmbatkp4C/iWONq50HU1Q8863VCXEcEK4wQ1I2HTtSboKEopiRUa4VSxIhPEA90tSUo4BINxlfP4K7WunAbij04wqO1a8TCQqkHAa+7gyQ6sufXir+5TVj1T12E8qjWBGOJ4u6MYMqhGkUsEMFwYoNNUFYUH0rxH0kEFY6sJwO4fOn8H9SK1pOyXIuD/Pl02kcWbANdkABOOAIlME5qIAqwOAW3INH8GTcGQ/Gs/Eyac0Y05lN8A3G6weaWZNl</latexit>

Pi(q
2) = 1� q2/M2

i [Becirevic, Piazza, OS. 2301.06990]
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�2
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Only form-factor needed for !B → Kνν̄
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f+(0) = f0(0)
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Form-factors:  B → Kνν̄
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• Our final predictions:

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

Form-factors:  B → Kνν̄

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

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

[  uncertainty] ≈ 3 %

5

[Becirevic, Piazza, OS. 2301.06990]
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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

<latexit sha1_base64="g0gf2jNtV3/3LQ1iVQm2j2klH6Q=">AAACFXicbVDLSgMxFM34rPVVdekmWAQXMs6IVF0IRTcuK9gHtGXIpJlOaDIZkoxShvkJN/6KGxeKuBXc+Tem7QjaeiDk5Jx7yb3HjxlV2nG+rLn5hcWl5cJKcXVtfWOztLXdUCKRmNSxYEK2fKQIoxGpa6oZacWSIO4z0vQHVyO/eUekoiK61cOYdDnqRzSgGGkjeaVD6aUdjnQoecrEfXb08whpP8yyC+ja524n5tCxnYpXKptrDDhL3JyUQY6aV/rs9AROOIk0ZkiptuvEupsiqSlmJCt2EkVihAeoT9qGRogT1U3HW2Vw3yg9GAhpTqThWP3dkSKu1JD7pnI0s5r2RuJ/XjvRwVk3pVGcaBLhyUdBwqAWcBQR7FFJsGZDQxCW1MwKcYgkwtoEWTQhuNMrz5LGse1WbPfmpFy9zOMogF2wBw6AC05BFVyDGqgDDB7AE3gBr9aj9Wy9We+T0jkr79kBf2B9fAN+gp5Q</latexit>

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]

• 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)
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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 %

Form-factors:  B → K*νν̄
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Which CKM value?

8

• 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]

See talks by Buras and Becirevic

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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Weak-annihilation contributions

9

• 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: Can these contributions be disentangled by exploiting the  lifetime?τ

• 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 %
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Summary

10

[Becirevic, Piazza, OS. 2301.06990]

*Using  from  for illustrationVcb B → Dℓν̄

[Belle 1303.3719, 1702.03224]

[BaBar 1009.1529, 1303.7465]

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)
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[Becirevic, Piazza, OS. 2301.06990]

*Using  from  for illustrationVcb B → Dℓν̄

[Belle-II 2104.12624]

Belle-II: New results expected soon?

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]

See talk by Schwanda
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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]



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

B → K(*)νν̄ B → K(*)μμ
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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]

This measurement 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]
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Implications beyond the SM
• Low-energy EFT:

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

cf. [Buras et al. ’14]
<latexit sha1_base64="dxuqOX2uAR3sNTzPTbNimowJWhY=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ9CJ4qWA/pA1ls520SzebsLsRSuiv8OJBEa/+HG/+G7dtDlp9MPB4b4aZeUEiuDau++UUlpZXVteK66WNza3tnfLuXlPHqWLYYLGIVTugGgWX2DDcCGwnCmkUCGwFo+up33pEpXks7804QT+iA8lDzqix0kMXDe3dkku3V664VXcG8pd4OalAjnqv/NntxyyNUBomqNYdz02Mn1FlOBM4KXVTjQllIzrAjqWSRqj9bHbwhBxZpU/CWNmShszUnxMZjbQeR4HtjKgZ6kVvKv7ndVITXvgZl0lqULL5ojAVxMRk+j3pc4XMiLEllClubyVsSBVlxmZUsiF4iy//Jc2TqndW9e5OK7WrPI4iHMAhHIMH51CDG6hDAxhE8AQv8Ooo59l5c97nrQUnn9mHX3A+vgGlwo+n</latexit>

⌘K = 0
<latexit sha1_base64="iOMIoYmDmj1hiQpVMThCyM8ZTYM=">AAAB/3icbVDJSgNBEO2JW4zbqODFS2MQ4iXMuF+EoBfBSwSzQGYcejqdpEnPQneNEMYc/BUvHhTx6m9482/sJHPQxAcFj/eqqKrnx4IrsKxvIzc3v7C4lF8urKyurW+Ym1t1FSWSshqNRCSbPlFM8JDVgINgzVgyEviCNfz+1chvPDCpeBTewSBmbkC6Ie9wSkBLnrnjMCBeenPvEAVDfIGPyicl+8Azi1bZGgPPEjsjRZSh6plfTjuiScBCoIIo1bKtGNyUSOBUsGHBSRSLCe2TLmtpGpKAKTcd3z/E+1pp404kdYWAx+rviZQESg0CX3cGBHpq2huJ/3mtBDrnbsrDOAEW0smiTiIwRHgUBm5zySiIgSaESq5vxbRHJKGgIyvoEOzpl2dJ/bBsn5bt2+Ni5TKLI4920R4qIRudoQq6RlVUQxQ9omf0it6MJ+PFeDc+Jq05I5vZRn9gfP4AWYOUXA==</latexit>

⌘K⇤ = 3.5(1)

<latexit sha1_base64="dyH2QosuYtpsQ0A49mecnWErnxo="></latexit>

FL(B ! K⇤⌫⌫̄) $ B(B ! K⌫⌫̄), B(B ! K⇤⌫⌫̄)NB.

<latexit sha1_base64="uu1dnTGdYnMGhm8lm3v2Mz+fmA4="></latexit>

Lb!s⌫⌫
e↵ =

4GF�tp
2

↵em

2⇡

X

ij

h
C

⌫i⌫j
L (s̄L�µbL)(⌫̄Li�

µ⌫Lj) + C
⌫i⌫j
R (s̄R�µbR)(⌫̄Li�

µ⌫Lj)
i
+ h.c. ,

<latexit sha1_base64="a58soYbFO7KWVeTaJweRpoqBxwA="></latexit>

�C
⌫i⌫j
L(R) = �ij �CL(R)Example:
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SMEFT
• EFT invariant under  [ ]:SU(2) × U(1)Y ψ4

<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 )

<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="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="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⌫⌫̄

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

V ⇠ (1, 3, 0)

• Correlations for concrete mediators: 

-                    : 

-                    : 

-                    : 

-                    : 

   …
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Example: couplings to μL

<latexit sha1_base64="NCExDY7qLqjSa/NRKtVWfRueT8A=">AAACBHicbVC7TsMwFHV4lvIKMHaxqJCYqgQhYKxgYSwSfUhNVDnuTWvVcSLbQaqiDCz8CgsDCLHyEWz8DW6aAVqObOnonHt9fU+QcKa043xbK6tr6xubla3q9s7u3r59cNhRcSoptGnMY9kLiALOBLQ10xx6iQQSBRy6weRm5ncfQCoWi3s9TcCPyEiwkFGijTSwa4GnY6xw5hVvZQFPIfdEak4+sOtOwymAl4lbkjoq0RrYX94wpmkEQlNOlOq7TqL9jEjNKIe86qUKEkInZAR9QwWJQPlZMTjHJ0YZ4jCW5gqNC/V3R0YipaZRYCojosdq0ZuJ/3n9VIdXfsZEkmoQdD4oTDk2e88SwUMmgWo+NYRQycxfMR0TSag2uVVNCO7iysukc9ZwLxru3Xm9eV3GUUE1dIxOkYsuURPdohZqI4oe0TN6RW/Wk/VivVsf89IVq+w5Qn9gff4AeKiYpA==</latexit>

b ! s⌫⌫
<latexit sha1_base64="gJQVk6KwgUT5uSt3iAzFEnJDsIs=">AAACH3icbVDLSsNAFJ3UV62vqks3g0VwVROR6rLoxmUF+4AmlMn0th06mYR5CCXkT9z4K25cKCLu+jdO0y609XIHDufcx9wTJpwp7bpTp7C2vrG5Vdwu7ezu7R+UD49aKjaSQpPGPJadkCjgTEBTM82hk0ggUcihHY7vZnr7CaRisXjUkwSCiAwFGzBKtKV65Vro6xgrnPr5rDTkBjJfGJvZxZImoZ/5kbGZ9coVt+rmgVeBtwAVtIhGr/zt92NqIhCacqJU13MTHaREakY5ZCXfKEgIHZMhdC0UJAIVpPneDJ9Zpo8HsbRPaJyzvztSEik1iUJbGRE9UsvajPxP6xo9uAlSJhKjQdD5ooHh2J49Mwv3mQSq+cQCQiWzf8V0RCSh2lpasiZ4yyevgtZl1atVvYerSv12YUcRnaBTdI48dI3q6B41UBNR9Ixe0Tv6cF6cN+fT+ZqXFpxFzzH6E870BzNNpFc=</latexit>

b ! s⌫⌫/b ! sµµ
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Example: couplings to τL

Complementarity with other observables!

<latexit sha1_base64="hxxBtMss6OFpO0mKT/Slw2MGhRo="></latexit>⇥
O

(1)
lq

⇤
3323

=
�
L3�

µL3

��
Q2�µQ3

�

<latexit sha1_base64="Tu75jG+0PKcZGJBjkWHuahsbsgI="></latexit>⇥
O

(3)
lq

⇤
3323

=
�
L3�

µ⌧ IL3

��
Q2⌧

I�µQ3

�

[Allwicher, Faroughy, Jaffredo, OS, Wilsch. 2207.10756]

See talks by Jaffredo and Smolkovic

• Unique access to operators with left-handed ’s :τ

with

<latexit sha1_base64="naeUq71W7nVkrblGbpcYS/wu8mU="></latexit>

⇤

|C(1,3)
lq |

& 16 TeV



Summary
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Summary
•  decays are cleaner than , but one should still be cautious about the 

hadronic uncertainties associated to the form-factors and CKM matrix-elements. 

• Recent LQCD calculation of  form-factors by HPQCD makes  rather precise, 
but it should be cross-checked independently: 

 Binned data could be useful to test these predictions — which are more reliable at high- . 

 We propose to measure the ratio , which only depends 

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

B → K(*)νν̄ B → K(*)μμ

B → K Br(B → Kνν̄)

⇒ q2

⇒ Br(B → Kνν̄)low/Br(B → Kνν̄)high

q2

B → Kνν̄

B → K(*)νν̄/B → K(*)μμ
cc̄ Cμμ

9 b → sμμ

Hvala!

We are looking forward to the Belle-II results! Many opportunities to test (B)SM physics!



Back-up





Pole factors:
<latexit sha1_base64="VZPaYlHezLrH7hW2IgVCevCnFNs=">AAAB/XicdVDLSgMxFM3UV62v8bFzEyxCXTjOFKluhKIbN0IF+4B2OmTStA3NZMYkI9Sh+CtuXCji1v9w59+YaSv4PBDu4Zx7uTfHjxiVyrbfjczM7Nz8QnYxt7S8srpmrm/UZBgLTKo4ZKFo+EgSRjmpKqoYaUSCoMBnpO4PzlK/fkOEpCG/UsOIuAHqcdqlGCkteeZWxaOF63Zx78TZ1+XgwqPtomfmbatkp4C/iWONq50HU1Q8863VCXEcEK4wQ1I2HTtSboKEopiRUa4VSxIhPEA90tSUo4BINxlfP4K7WunAbij04wqO1a8TCQqkHAa+7gyQ6sufXir+5TVj1T12E8qjWBGOJ4u6MYMqhGkUsEMFwYoNNUFYUH0rxH0kEFY6sJwO4fOn8H9SK1pOyXIuD/Pl02kcWbANdkABOOAIlME5qIAqwOAW3INH8GTcGQ/Gs/Eyac0Y05lN8A3G6weaWZNl</latexit>

Pi(q
2) = 1� q2/M2

i Numerical coefficients to be 
determined non-perturbatively.







[Becirevic, Piazza, OS. 2301.06990]



[Kamenik, Smith, 0908.1174]






