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• Flavor Changing Neutral Current (FCNC) processes are powerful indirect probes of New Physics 
(NP) effects since they are GIM suppressed in the SM. 

• The main obstacle to probing 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 study these decays: 

 First observation of  by Belle-II and upcoming measurements. 

 New determination of the  form-factors on the lattice.  

 Opportunity to probe NP couplings to 3rd gen leptons — i.e., .

⇒ b → sνν̄
b → sℓℓ cc̄

⇒ B+ → K+νν̄

⇒ B → K

⇒ Lτ = (ντ, τL)T

Motivation

1

…

[HPQCD, ’22]
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…

[HPQCD, ’22]

The  decays are among the most promising (and theoretically cleaner!) 
probes of NP in current flavor experiments — together with  [NA62] and 

 [KOTO!]

B → K(*)νν
K+ → π+νν̄

KL → π0νν̄
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Motivation

This talk: 

i.  Critically revisit the SM predictions for . 

ii. What can we learn from  observables (in the SM and beyond)? 

B → K(*)νν̄

b → sνν̄

Decay rate = Kinematics CKM Hadronic 
quantities NP effects?+

Exp: Belle-II Nonperturbative QCD

Altmanshofer, Bolton, 
Cornella, Marzocca, 

Novoa, Schmidt

Bouchard, 
van Dyk

BonaSee theory talks by:

These processes can be used to learn more about the SM (in particular, the CKM parameters 
and non-pertubative QCD), or possible New Physics effects — provided that the SM 
predictions are under control:

See talk by de Marino
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I. Motivation 

II.  in the SM 
i) FFs 

ii) CKM 

III.  Differential distributions 

IV.    

V.  Remarks on  ratios 

VI.  Summary and outlook

B → K(*)νν̄

q2

FL(B → K*νν)

ν/μ

Main focus: quantities beyond the total decay rates — namely, observables built 
from kinematical distributions and/or ratios of observables.
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I.  in the SMB → K(*)νν̄
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• Effective Hamiltonian in the SM: 

• Short-distance contributions known to good precision: 

<latexit sha1_base64="OviTYFuTozoeCJwG1fKN9CcafMA="></latexit>

Lb!s⌫⌫
e↵ =

4GF�tp
2

↵em

2⇡

X

i

CSM
L (s̄L�µbL)(⌫̄Li�

µ⌫Li) + h.c. ,

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

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

|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>

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
⇤
ts

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

 in the SM B → K(*)νν̄

4

See talk by Altmannshofer
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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]

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

�2
min/d.o.f. ' 9.2/10

I. Form-factors:  B → Kνν̄ See talks by Bouchard and van Dyk

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

    with                    . 

q2 ≠ q2
max

Only form-factor needed for !B → Kνν̄
<latexit sha1_base64="owtJlLqahtk/KSWG4dA9GU2WyFs=">AAAB9HicdVDLSgMxFM3UV62vqks3oUWoFErGalsXQtGNywr2Ae0wZNJMG5p5mGQKw9C/ENy4UMStH+Ouf2P6EFT0wOUezrmX3Bwn5EwqhKZGamV1bX0jvZnZ2t7Z3cvuH7RkEAlCmyTggeg4WFLOfNpUTHHaCQXFnsNp2xldz/z2mArJAv9OxSG1PDzwmcsIVlqyXLtYQCeXro10s7N5VEKVC3RWhZrMocl5rWzWytBcKvl6rld8mNbjhp396PUDEnnUV4RjKbsmCpWVYKEY4XSS6UWShpiM8IB2NfWxR6WVzI+ewGOt9KEbCF2+gnP1+0aCPSljz9GTHlZD+dubiX953Ui5NSthfhgp6pPFQ27EoQrgLAHYZ4ISxWNNMBFM3wrJEAtMlM4po0P4+in8n7ROS2alZN7qNK7AAmlwBHKgAExQBXVwAxqgCQi4B4/gGbwYY+PJeDXeFqMpY7lzCH7AeP8ELcKTZw==</latexit>

f+(0) = f0(0)

<latexit sha1_base64="ydVPQN/dBFAOcGFPWZVUDQyDMz8="></latexit>

hK(k)|s̄�µb|B(p)i =

(p+ k)µ � m2

B �m2
K

q2
qµ
�
f+(q

2) + qµ
m2

B �m2
K

q2
f0(q

2)
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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 %

6

[Becirevic, Piazza, OS. 2301.06990]

I. Form-factors:  B → Kνν̄



O. Sumensari

*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 %

6

[Becirevic, Piazza, OS. 2301.06990]

I. Form-factors:  B → Kνν̄

Form-factor uncertainties at the few % level. 
Are these results robust?
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[Intermezzo]: Cross-check of fB→K
+ (q2)

 Independent of  and the form-factor normalisation!  

 New Physics effects would cancel out in this ratio as well — provided that NP is heavy.

⇒ λt

⇒
See next slides!

<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
<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]

7

Binned measurements at Belle-II would be a useful cross-check of the consistency of 
the -shape of SM predictions.q2

• 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: 

• For instance, 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 %

I. Form-factors:  B → K*νν̄

8

See talk by van Dyk

See also [Gubernari et al. ’23]
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II. Which CKM value?
• Using available  data:b → cℓν̄

… to be compared to CKM global fits:

<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

[FLAG, ’21]

[HFLAV, ’22]

[HFLAV, ’22]

cf. also [Martinelli et al. ‘21]

<latexit sha1_base64="XT/goTM39SktP6zXAIfEU6GrjO0="></latexit>

�t = VtbV
⇤
ts

9

See talks by Bona and Dorigo
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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]

<latexit sha1_base64="XT/goTM39SktP6zXAIfEU6GrjO0="></latexit>

�t = VtbV
⇤
ts
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See talks by Bona and Dorigo
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CKM and theory uncertainties [Becirevic, Piazza, OS. '23]

<latexit sha1_base64="3PMYpjW/nUfTD36vl95uzlrknXQ="></latexit>

|VtbV
⇤
ts| = |Vcb|

⇥
1 +O(�2)

⇤

[Amhis et al. ’23]

[Belle-II uncertainty. ’24]

[Kou et al. ’18][Belle-II projection ( )]50 ab−1

[FCC-ee projection]

The ambiguity in determining  can be a bottleneck for SM predictions of clean 
FCNC processes such as  and  in the long term.

Vcb

B → Kνν̄ Bs → μμ

see also [Buras et al. ’21, ’22]

?
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Weak-annihilation contributions
• To keep in mind: decay modes with charged mesons are affected by tree-level weak 

annihilation contributions.

[Kamenik, Smith. '09]

• Non-negligible contributions:

Belle-II: These contributions are treated as a background.

• Using narrow-width approximation:

 They cannot be removed by a simple kinematical cut…⇒

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

mK(⇤)+  m⌧  mB

<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 %

11
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[Becirevic, Piazza, OS. 2301.06990]

*Using  [ ] for illustration — the central 
value changes by or if we use  
or , respectively.

Vcb B → Dℓν̄
−7 % +10 % B → D*ℓν̄

B → Xcℓν̄

Summary I

12

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(*)

FF CKM

See next slides!
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<latexit sha1_base64="F06RRSegTO06hIrTIerpgs1H5a4=">AAACB3icbVDLSgMxFM34rPU16lKQYBGEQpkRUZelbgQ3FewDOtOSSdM2NJMZkjtCGbpz46+4caGIW3/BnX9j2s5CWw+EHM65l+ScIBZcg+N8W0vLK6tr67mN/ObW9s6uvbdf11GiKKvRSESqGRDNBJesBhwEa8aKkTAQrBEMryd+44EpzSN5D6OY+SHpS97jlICROvZRpV30IMK37dQjGnBxjD2ZeAFRqbnHHbvglJwp8CJxM1JAGaod+8vrRjQJmQQqiNYt14nBT4kCTgUb571Es5jQIemzlqGShEz76TTHGJ8YpYt7kTJHAp6qvzdSEmo9CgMzGRIY6HlvIv7ntRLoXfkpl3ECTNLZQ71EYBN8UgrucsUoiJEhhCpu/orpgChCwVSXNyW485EXSf2s5F6U3LvzQrmS1ZFDh+gYnSIXXaIyukFVVEMUPaJn9IrerCfrxXq3PmajS1a2c4D+wPr8Ae5xmL4=</latexit>

B+ ! K⇤+⌫⌫̄
<latexit sha1_base64="OiAKT8fG31ttLsG1M0kfnfeGgyk=">AAACA3icbVDLSgMxFL3js9bXqDvdBIsgFMqMiLosdSO4qWAf0JmWTJq2oZnMkGSEMhTc+CtuXCji1p9w59+YtrPQ1gMhh3PuJTkniDlT2nG+raXlldW19dxGfnNre2fX3tuvqyiRhNZIxCPZDLCinAla00xz2owlxWHAaSMYXk/8xgOVikXiXo9i6oe4L1iPEayN1LEPK+2ipyN0205RcYw8kXgBlqm5xx274JScKdAicTNSgAzVjv3ldSOShFRowrFSLdeJtZ9iqRnhdJz3EkVjTIa4T1uGChxS5afTDGN0YpQu6kXSHKHRVP29keJQqVEYmMkQ64Ga9ybif14r0b0rP2UiTjQVZPZQL+HIhJ4UgrpMUqL5yBBMJDN/RWSAJSba1JY3JbjzkRdJ/azkXpTcu/NCuZLVkYMjOIZTcOESynADVagBgUd4hld4s56sF+vd+piNLlnZzgH8gfX5A7MTlvI=</latexit>

B+ ! K+⌫⌫̄
<latexit sha1_base64="oiC7jb9JeA6NcIBzCsRL35d02/E=">AAACB3icbVDLSgMxFM34rPU16lKQYBFclRkRdVnqRnBTwT6g05ZMmmlDM5khuSOUYXZu/BU3LhRx6y+4829M21lo64GQwzn3kpzjx4JrcJxva2l5ZXVtvbBR3Nza3tm19/YbOkoUZXUaiUi1fKKZ4JLVgYNgrVgxEvqCNf3R9cRvPjCleSTvYRyzTkgGkgecEjBSzz6qdh0PInzbTT2iATsZ9mTi+USl5s56dskpO1PgReLmpIRy1Hr2l9ePaBIyCVQQrduuE0MnJQo4FSwreolmMaEjMmBtQyUJme6k0xwZPjFKHweRMkcCnqq/N1ISaj0OfTMZEhjqeW8i/ue1EwiuOimXcQJM0tlDQSKwCT4pBfe5YhTE2BBCFTd/xXRIFKFgqiuaEtz5yIukcVZ2L8ru3XmpUs3rKKBDdIxOkYsuUQXdoBqqI4oe0TN6RW/Wk/VivVsfs9ElK985QH9gff4A/maYyA==</latexit>

B0 ! K⇤0⌫⌫̄

[Belle-II, ’21] [Belle, ’13][Belle, ’17]

<latexit sha1_base64="E8jE3oSAuMLtBAWk8nTDvuVa5bs=">AAACAHicbVC7TsMwFL0pr1JeBQYGFosKialKEALGqixILEXQh9SEyHGd1qrjRLaDVEVd+BUWBhBi5TPY+BvcNgO0HMny0Tn3yj4nSDhT2ra/rcLS8srqWnG9tLG5tb1T3t1rqTiVhDZJzGPZCbCinAna1Exz2kkkxVHAaTsYXk389iOVisXiXo8S6kW4L1jICNZG8ssH9Qfb1TG68e+QK1I3wDIz99gvV+yqPQVaJE5OKpCj4Ze/3F5M0ogKTThWquvYifYyLDUjnI5LbqpogskQ92nXUIEjqrxsGmCMjo3SQ2EszREaTdXfGxmOlBpFgZmMsB6oeW8i/ud1Ux1eehkTSaqpILOHwpQjk3jSBuoxSYnmI0Mwkcz8FZEBlpho01nJlODMR14krdOqc151bs8qtXpeRxEO4QhOwIELqME1NKAJBMbwDK/wZj1ZL9a79TEbLVj5zj78gfX5A8qnleo=</latexit>

B0 ! KS⌫⌫̄

[Belle, ’17]

O.S.

SM predictions
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II. Differential -distributionsq2
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• If New Physics is heavy, the most general EFT reads:

<latexit sha1_base64="3mZtkDXtARSdI+LXfYXMprMgGMk="></latexit>

C
⌫i⌫j
L ⌘ CSM

L �ij + �C
⌫i⌫j
L

<latexit sha1_base64="kndXnELiF6vF3gf7GMv4CHEqZYk="></latexit>

C
⌫i⌫j
R ⌘ �C

⌫i⌫j
R

<latexit sha1_base64="u/iBGOUeF8YpKuq/CrGxqHRgXjE="></latexit>

LEFT � 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.

What can we learn from                       ?
<latexit sha1_base64="Aq9xHFWendbCTQ+sFpGZ7F0OVxY="></latexit>

dB(B ! K⌫⌫̄)/dq2

NB. In particular, w/o  νR

[Buras et al. ’14]
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What can we learn from                       ?
• If New Physics is heavy, the most general EFT reads:

• The only NP effect is the overall rescaling of  :dℬ/dq2

 The -shape measured experimentally gives direct access to the  form-factor!⇒ q2 f+(q2)

<latexit sha1_base64="VaAkK31fDFrez/TggIvDVcayNgM="></latexit>

hK(k)|s̄�µb|B(p)i ! f+(q
2)

<latexit sha1_base64="3mZtkDXtARSdI+LXfYXMprMgGMk="></latexit>

C
⌫i⌫j
L ⌘ CSM

L �ij + �C
⌫i⌫j
L

<latexit sha1_base64="kndXnELiF6vF3gf7GMv4CHEqZYk="></latexit>

C
⌫i⌫j
R ⌘ �C

⌫i⌫j
R

<latexit sha1_base64="5jErfL+OC/UhNxwuPYVMy07ktj8="></latexit>

dB
dq2

(B ! K⌫i⌫̄j) / |C⌫i⌫j

L + C
⌫i⌫j

R |2 '(q2) f+(q2)2

NB. In particular, w/o  νR

i.e., with mν → 0

<latexit sha1_base64="u/iBGOUeF8YpKuq/CrGxqHRgXjE="></latexit>

LEFT � 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="Aq9xHFWendbCTQ+sFpGZ7F0OVxY="></latexit>

dB(B ! K⌫⌫̄)/dq2

[Buras et al. ’14]

[Becirevic, Piazza, OS. '23]
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• The -shape of  can only be modified in the presence of light NP:q2 B → Kνν

 Example: light RH neutrino⇒

<latexit sha1_base64="ekScFanUad4kK/Ws1AXbVplEifI="></latexit>

L⌫EFT �
X

i

Ci

v2
Oi + h.c.

… and  (L ↔ R)

New types of operators:

Operators made of SM 
fields and  N ∼ (1, 1, 0)

<latexit sha1_base64="Ce2ZQYIu37oXBIoEbScPkloqK8o="></latexit>

OSLL =
�
s̄RbL

��
N̄⌫L

�

<latexit sha1_base64="By+13UpyEReLdHj+ylOqBxf4MJY="></latexit>

OTL =
�
s̄R�

µ⌫
bL

��
N̄�µ⌫⌫L

�

[Felkl et al., ’21], [Rosauro-Alcaraz et al. ’24], [Becirevic et al. ’24], 
[Buras et al.  ’24], [Bolton et al. ’25]… 

What can we learn from                       ?
<latexit sha1_base64="Aq9xHFWendbCTQ+sFpGZ7F0OVxY="></latexit>

dB(B ! K⌫⌫̄)/dq2
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• The -shape of  can only be modified in the presence of light NP:q2 B → Kνν

 Example: light RH neutrino⇒

<latexit sha1_base64="ekScFanUad4kK/Ws1AXbVplEifI="></latexit>

L⌫EFT �
X

i

Ci

v2
Oi + h.c.

 Binned -distributions can probe EFTs 
with new light d.o.f. — provided that  
is well known.

⇒ q2

f+(q2)

… and  (L ↔ R)

New types of operators:

Operators made of SM 
fields and  N ∼ (1, 1, 0)

See talk by Schmidt

<latexit sha1_base64="Ce2ZQYIu37oXBIoEbScPkloqK8o="></latexit>

OSLL =
�
s̄RbL

��
N̄⌫L

�

<latexit sha1_base64="By+13UpyEReLdHj+ylOqBxf4MJY="></latexit>

OTL =
�
s̄R�

µ⌫
bL

��
N̄�µ⌫⌫L

�

[Felkl et al., ’21], [Rosauro-Alcaraz et al. ’24], [Becirevic et al. ’24], 
[Buras et al.  ’24], [Bolton et al. ’25]… 

 Reweighting of the MC is needed for 
consistency.
⇒

NB. Separate contributions (to be added to the SM)!

SM

Tensor

Scalar

What can we learn from                       ?
<latexit sha1_base64="Aq9xHFWendbCTQ+sFpGZ7F0OVxY="></latexit>

dB(B ! K⌫⌫̄)/dq2

See talk by Gaertner
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What about                        ?
• SM form-factors:  B → K*νν

 The differential -distribution is mostly sensitive to the  form-factors.⇒ q2 B → K*

NB. They could be modified by operators with light NP — cf. back-up.

<latexit sha1_base64="BE9sNPtzpqVHPZe+XMunINfR25s="></latexit>

hK̄(k)|s̄�µb|B̄(p)i ! V (q2)

<latexit sha1_base64="1s5EkgJMltCipsjEPkSjSGh47mo="></latexit>

hK̄(k)|s̄�µ�5b|B̄(p)i ! A1(q
2), A12(q

2) i.e., with mν → 0

• The -shapes of  can be mildly modified by the EFT (with LH neutrinos):q2 B → K*νν
<latexit sha1_base64="15JfTy2ZxaV2qiUE3QZ4wvAk0YM=">AAACCXicdVDLSgMxFM34rPVVdekmWARXZaZqWzdS7MZlFfuATh0yadqGZjJDckcoQ7du/BU3LhRx6x+4829MX6CiBy73cM69JPf4keAabPvTWlhcWl5ZTa2l1zc2t7YzO7t1HcaKshoNRaiaPtFMcMlqwEGwZqQYCXzBGv6gMvYbd0xpHsobGEasHZCe5F1OCRjJy2C3wwSQpOJd3yaujD0XSDzvo9G57WWyds4ulM5KRWzIBIaclo7zBQc7MyWLZqh6mQ+3E9I4YBKoIFq3HDuCdkIUcCrYKO3GmkWEDkiPtQyVJGC6nUwuGeFDo3RwN1SmJOCJ+n0jIYHWw8A3kwGBvv7tjcW/vFYM3VI74TKKgUk6fagbCwwhHseCO1wxCmJoCKGKm79i2ieKUDDhpU0I80vx/6SezzmFnHN1ki1fzOJIoX10gI6Qg4qojC5RFdUQRffoET2jF+vBerJerbfp6II129lDP2C9fwFopZrO</latexit>

�C⌫⌧⌫⌧
R > 0

<latexit sha1_base64="QtJh9Iee33DqpCT7GrOIGWYvQmA=">AAACCXicdVDLSgMxFM3Ud31VXboJFsHVkKmttuBCdONSxarQqUMmTW1oJjMkd4QydOvGX3HjQhG3/oE7/8b0BSp64HIP59xLck+YSGGAkE8nNzU9Mzs3v5BfXFpeWS2srV+aONWM11ksY30dUsOlULwOAiS/TjSnUSj5Vdg9HvhXd1wbEasL6CW8GdFbJdqCUbBSUMB+i0ug2XFwfpP5Kg18oOmk9/sHJCgUiVurkXK5iolbIaVSuWIJ2S1Vqx72XDJEEY1xGhQ+/FbM0ogrYJIa0/BIAs2MahBM8n7eTw1PKOvSW96wVNGIm2Y2vKSPt63Swu1Y21KAh+r3jYxGxvSi0E5GFDrmtzcQ//IaKbSrzUyoJAWu2OihdioxxHgQC24JzRnIniWUaWH/ilmHasrAhpe3IUwuxf+Ty5Lr7bneWbl4eDSOYx5toi20gzy0jw7RCTpFdcTQPXpEz+jFeXCenFfnbTSac8Y7G+gHnPcvdXqa1w==</latexit>

�C⌫⌧⌫⌧
R < 0

SM

<latexit sha1_base64="YQLqa/ma0NJEo7YynCevJSN3wbU=">AAACCXicdVC7SgNBFJ31GeMramkzGASrsBs1iY0E01hYRDAPyMZldjJJhszOLjN3hbCktfFXbCwUsfUP7PwbJy9Q0QOXezjnXmbu8SPBNdj2p7WwuLS8sppaS69vbG5tZ3Z26zqMFWU1GopQNX2imeCS1YCDYM1IMRL4gjX8QWXsN+6Y0jyUNzCMWDsgPcm7nBIwkpfBbocJIEnFu7pNXBl7LpB43kejc9vLZO2cXSidlYrYkAkMOS0d5wsOdmZKFs1Q9TIfbiekccAkUEG0bjl2BO2EKOBUsFHajTWLCB2QHmsZKknAdDuZXDLCh0bp4G6oTEnAE/X7RkICrYeBbyYDAn392xuLf3mtGLqldsJlFAOTdPpQNxYYQjyOBXe4YhTE0BBCFTd/xbRPFKFgwkubEOaX4v9JPZ9zCjnn+iRbvpjFkUL76AAdIQcVURldoiqqIYru0SN6Ri/Wg/VkvVpv09EFa7azh37Aev8CXwmayA==</latexit>

�C⌫⌧⌫⌧
L > 0

<latexit sha1_base64="jn+Zqt4taTDAgIpuQsLETqRzVsI=">AAACCXicdVDLSgMxFM3Ud31VXboJFsHVkKmttuBCdOPChYJVoVOHTJra0ExmSO4IZejWjb/ixoUibv0Dd/6N6QtU9MDlHs65l+SeMJHCACGfTm5qemZ2bn4hv7i0vLJaWFu/NHGqGa+zWMb6OqSGS6F4HQRIfp1oTqNQ8quwezzwr+64NiJWF9BLeDOit0q0BaNgpaCA/RaXQLPj4PQm81Ua+EDTSe/3D0hQKBK3ViPlchUTt0JKpXLFErJbqlY97LlkiCIa4ywofPitmKURV8AkNabhkQSaGdUgmOT9vJ8anlDWpbe8YamiETfNbHhJH29bpYXbsbalAA/V7xsZjYzpRaGdjCh0zG9vIP7lNVJoV5uZUEkKXLHRQ+1UYojxIBbcEpozkD1LKNPC/hWzDtWUgQ0vb0OYXIr/J5cl19tzvfNy8fBoHMc82kRbaAd5aB8dohN0huqIoXv0iJ7Ri/PgPDmvzttoNOeMdzbQDzjvX2vemtE=</latexit>

�C⌫⌧⌫⌧
L < 0

SM

Rescaling of 
the SM:

Almost flat!

<latexit sha1_base64="kC8LCfbej9V+wSXNrzclvBWAGNw="></latexit>

dB(B ! K⇤⌫⌫̄)/dq2

LH: RH:
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Summary II

I. If New Physics is assumed to be heavy [i.e., SMEFT]: 

•  gives direct access to  — i.e., independently of NP effects! 

•  is mostly senstitive to the form-factors — with mild -dependent 
effects induced by contributions from right-handed currents.

dℬ(B → Kνν)/dq2 f+(q2)

dℬ(B → K*νν)/dq2 q2

 Useful cross-checks of form-factor inputs!⇒

Differential -distributionsq2
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Summary II

I. If New Physics is assumed to be heavy [i.e., SMEFT]: 

•  gives direct access to  — i.e., independently of NP effects! 

•  is mostly senstitive to the form-factors — with mild -dependent 
effects induced by contributions from right-handed currents.

dℬ(B → Kνν)/dq2 f+(q2)

dℬ(B → K*νν)/dq2 q2

Differential -distributionsq2

II. If New Physics has light d.o.f [e.g., EFT with light ]: 

• Differential distributions can be used as additional probes of New Physics — assuming 
that SM predictions are under control. 

νR

 Useful cross-checks of form-factor inputs!⇒

Important: Monte Carlo reweighting needed for consistent reinterpretations! 

See talk by Gaertner

See talks by Schmidt and Bolton
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III. FL(B → K*νν)
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• The  distribution readsB → K*( → Kπ)νν

• Two independent observables:

 Longitudinal ( ) and transverse ( ) polarization fractions can be extracted from data.⇒ ΓL ΓT

<latexit sha1_base64="9w+ftpeDG9AEpIuQRRlim/9Z7Xs="></latexit>

d2�

dq2d cos ✓K
=

3

2

d�L

dq2
cos2 ✓K +

3

4

d�T

dq2
sin2 ✓K

 The longitudinal polarization fraction ( ) is a ratio, thus independent of the CKM 
matrix ( ) and less sensitive to form-factors uncertainties.
⇒ FL

λt

 Clean probe of New Physics effects!⇒

<latexit sha1_base64="Lp/rHs9uhXtdKIfh4OqLJDGZ4oM="></latexit>

B(B0 ! K⇤0⌫⌫̄)SM =
�
9.1± 1.3± 0.6

�
⇥ 10�6

<latexit sha1_base64="R0CipfoBOzb3PJIeUlpC//tFwZc="></latexit>

FL ⌘ d�L

dq2

�
d�

dq2

<latexit sha1_base64="+J7TW8gIDX5HuWUk2vEgacBoe5o="></latexit>

d�

dq2
⌘ d�L

dq2
+

d�T

dq2

<latexit sha1_base64="CzuDqUJdDPPO+GYZbJz3/o6Tdx0="></latexit>

FL(B
0 ! K⇤0⌫⌫̄)SM = 0.49± 0.04

<latexit sha1_base64="q5XPFXBRFJyAd+W+L5tVB6z2fpk="></latexit>

FL(B ! K⇤⌫⌫)

FF CKM FF

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

[Allwicher, Becirevic, Piazza, Rousaro-Alcaraz OS. ’23]
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This observable is sensitive to right-handed currents ( )!δCR ≠ 0

<latexit sha1_base64="R0CipfoBOzb3PJIeUlpC//tFwZc="></latexit>

FL ⌘ d�L

dq2

�
d�

dq2

<latexit sha1_base64="q5XPFXBRFJyAd+W+L5tVB6z2fpk="></latexit>

FL(B ! K⇤⌫⌫)

<latexit sha1_base64="dQCvNW9I3U+ETUncGBPYlajFA1k="></latexit>

d�L

dq2
/ |CL � CR|2 A12(q

2)2

<latexit sha1_base64="5Wcyt8/N2J50XKXHdY6cIa+WGDM="></latexit>

d�T

dq2
/ |CL � CR|2 A1(q

2)2 +# |CL + CR|2V (q2)2

Contributions from LH operators ( ) cancel out in . δCL ≠ 0 FL

L+T

L
T

<latexit sha1_base64="Jwx3K8GYwSQvf/5v3Uu/YGFauw8=">AAACUXicdVBNSwMxEJ1dv+r6VfUieIkWwVPpFlGPUi+CFwXbCt1asmlqQ7PZJZkVy1J/jVf9M578Kd5M2z1oqwMhj/dmhnkvTKQwWKl8Ou7C4tLySmHVW1vf2Nwqbu80TJxqxusslrG+D6nhUiheR4GS3yea0yiUvBkOLsd684lrI2J1h8OEtyP6qERPMIqW6hT3agHG5PohoAZJoNIgpDqz/6hTLFXKlUmReeDnoAR53XS2nYOgG7M04gqZpMa0/GqC7YxqFEzykRekhieUDegjb1moaMRNO5tYGJEjy3RJL9b2KSQT9udERiMzVoxtjSj2zaxohlH4nzYm/9Zmz8LeeTsTKkmRKza9qpdKYiMah0e6QnOGcmgBZVpYY4T1qaYMbcTe0c9V3SeRmNzj89Sk59lQ/dkI50GjWvZPyye3J6WLWh5vAfbhEI7BhzO4gCu4gToweIFXeIN358P5csF1p62uk8/swq9y174BNcKzTw==</latexit>

B ! K⇤⌫⌫̄
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Predictions
•  provides an efficient probe of right-handed currents:FL(B → K*νν)

The measurement of  and  would be model-independent tests 
of the excess in  data.

ℬ(B → K*νν̄) FL(B → K*νν̄)
B+ → K+νν

[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⇤⌫⌫̄)

<latexit sha1_base64="zs1E44QofI12SxYtC7ZDwq0W4Aw="></latexit>

RFL ⌘ FL

F SM
L

<latexit sha1_base64="PCRZW8nGp2znq3wTJujabM9O3W4="></latexit>

FL(B ! K⇤⌫⌫̄)SM = 0.49(4)

*Only ντ

See also [Bause et al. ’23]
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Predictions: LH vs RH neutrinos

 can distinguish between EFTs with left- and right-handed neutrinosFL(B → K*νν)

[Rosauro-Alcaraz, Leal. ’24]

Scalar operator 
(with RH neutrinos)

Vector operator 
(with LH neutrinos)

See also [Buras et al. ’25]

<latexit sha1_base64="X/4wnobf+CmuL1iXZxp/wS5ZXd8="></latexit>
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<latexit sha1_base64="TELQDzNlRPOLRYUKNGRXrpbNMLY="></latexit>
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+ . . .
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Summary III
FL(B → K*νν)

• The longitudinal polarization fraction ( ) is theoretically cleaner than the 
 branching fraction — i.e., it is independent of the  and form-factors 

uncertainties are reduced in this ratio. 

• Within the usual EFT scenarios (with SM neutrinos),  can directly probe effective 
operators with right-handed quark currents. 

• A peculiar feature is that operators with LH and RH neutrinos explaining the excess 
in  data lead to different predictions to  — this complementarity is 
worth exploring!

FL

B → K*νν λt

FL

B+ → K+νν FL
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Remarks on  ratiosν/μ
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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

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

[Becirevic, Piazza, OS. 2301.06990] [Bartsch et al. '09]

<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
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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 directly probe  — independently 
of form-factors!

⇒ 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]

Could such measurements help us to understand the various anomalies in  data?b → sμμ

with the following dependence on  :Ceff
9

using [Asatryan et al. '09]

• The -dependence from kinematics 
and form-factors fully cancels out in 
these ratios. 

• Binned measurements could provide 
us with additional information on  
—  e.g., is it -independent?

q2

Ceff
9

q2

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

/
µ
)

K
(
⇤
)
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Summary & Outlook

Many opportunities to explore physics (B)SM with Belle-II!

24

• : rather theoretically clean and very sensitive to NP effects — in particular, 
to operators with 3rd generation leptons! 

• Hadronic uncertainties: nonperturbative QCD effects remain the main obstacle to 
using low-energy observables to probe new physics — caution is (always) advised! 

• Differential distributions: the precise measurement of  could provide a helpful 
cross-check of the relevant form-factors, and a potential probe of EFT scenarios with 
light NP. 

• : 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. 

• Belle-II: More data and further cross-checks are needed to understand the first Belle-II 
results — e.g., ,  and . 

B → K(*)νν

dℬ/dq2

Vcb

B0 → KSνν̄ B → K*νν̄ FL(B → K*νν̄)
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Final words — to not be forgotten:
•  and  are also very clean probes of New Physics! 

• These decays can probe energy scales up to  and they can be connected 
to  in concrete flavor scenarios.

K+ → π+νν KL → π0νν

≈ 100 TeV
B → Kνν

It is fundamental to continue investigating rare kaon decays with NA62 and, most 
importantly, KOTO and its upgrades!

[Allwicher et al. ’24]

See talks by Cornella and Nanjo



Thank you!
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Form-factors: B → K*

Gubernari et al. ‘23

Bharucha et al. ‘15



FLAG - Bag parameters



LFU vs. single-flavor [Allwicher, Becirevic, Piazza, Rousaro-Alcaraz OS. ’23]
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• Low-energy EFT:

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

see e.g. [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="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. ,

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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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]

<latexit sha1_base64="6bdJmb0s4I619vAqGo1pCDlxXzw="></latexit>

C
⇤2

' (5 TeV)�2

<latexit sha1_base64="CeulshTM/jcJQqcmCajn1j+ZZMU="></latexit>

Old =
�
L̄�µL

��
s̄R�µbR

�<latexit sha1_base64="145AmVpX+uV8Rtlg5NlgJI7QueI="></latexit>

OHd =
�
H

† !
D µH

�
(s̄R�

µ
bR)

[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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Right-handed neutrinos
Vector TensorScalar

<latexit sha1_base64="aSWTl8d2ga9wA8B2tR6daxLjDmY="></latexit>
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µbL
��
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��
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<latexit sha1_base64="QxSugpxP7SGJIe8F358Pbz3PPr4="></latexit>
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��
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��
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�

<latexit sha1_base64="TOwtpTTAEaihzpj4NiGDMb8eu7s="></latexit>
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��
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�

+…



[Belle-II, SnowMass - 2207.06307]
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[Intermezzo: Using the public likelihood]

[Belle-II, ’25], [Gartner et al. ’24] 

Naive reinterpretation: Correct reinterpretation:

vs.

Constraints on vector operators are remain unaffected, but those on scalar/tensor ones 
change significantly!

<latexit sha1_base64="B5bx/b5zAHGpXrCsZGz1qbd7J8s="></latexit>
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��
N̄⌫L

�
<latexit sha1_base64="O3pfhBcrSDz6qdsJZDA+Jy4C1kk="></latexit>

OSRL =
�
s̄LbR

��
N̄⌫L

�
Scalar: 

SM SM

Vector: <latexit sha1_base64="FNq6R560A3c2NDoEwCthjDzcytA="></latexit>
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�
s̄L�

µ
bL

��
⌫̄L�µ⌫L

�
<latexit sha1_base64="P1aRfva3sAqdTERi+LQwE1xXjo4="></latexit>
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µ
bR

��
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�

See talk by Gaertner


