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Flavor physics
• The Standard Model is an effective theory at low-energies of a more fundamental 

(unknown) theory: 

 Hierarchy and flavor problems unanswered — among many other problems. 
 Quest for physics beyond the SM! 

• Fermions appear as three almost identical replicas: 

 Flavor physics is the study of flavor-changing phenomena and CP violation. 

⇒
⇒

⇒

Twofold role of flavor physics:

I. To identify new symmetries: II. Search of New Physics:

*Through precision!
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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.

⇒

⇒

2

• 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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• Striking hierarchy of fermion masses [does not look accidental…]

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

How to explain the observed patterns in terms of less and more fundamental parameters?

I. Origin of flavor?
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i. 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.  

 Challenging task!  decays are a good example. ⇒ B → Kνν

II. Indirect searches of New Physics
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ii. Search processes forbidden (by accidental symmetries) in the SM

Global symmetry of the SM gauge sector:

Clean probes of New Physics!

<latexit sha1_base64="WaM4tbpHH5hmgmPKa8sNQ7OWlKY="></latexit>

U(3)5 ⌘ U(3)Q ⇥ U(3)L ⇥ U(3)U ⇥ U(3)D ⇥ U(3)E
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U(1)B ⇥ U(1)e ⇥ U(1)µ ⇥ U(1)⌧

Broken by Yukawas to

Examples: 

• Proton decay (BNV):   

•  (LNV):   

• Lepton Flavor Violation (LFV):  

p → π0e+

0νββ (A, Z) → (A, Z + 2) + 2e−

μ → eγ

II. Indirect searches of New Physics
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No direct evidence of 
New Physics…  

Presence of a mass gap?

Indirect searches!

What is experiment telling us?
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The SM is an Effective Field Theory (EFT) at low energies of a more fundamental 
theory which is still unknown: 

Most general description of new physics as long 
as there is not enough energy to produce the new 
degrees of freedom.

The EFT approach
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What is the scale of New Physics?
Flavor physics tells us that New Physics is either heavy, or has a non-trivial flavor structure:

<latexit sha1_base64="hW7sNU90WbGhVpCAcLk4+zUAYAg="></latexit>
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Non-trivial flavor structures are essential to reconcile TeV-scale solutions of the hierarchy 
problem with flavor data — is there are joint solution of both problems?

What is the scale of New Physics?

Observables with 3rd-generation fermions are very compelling targets — accessible at 
LHC(b) and Belle-II!

Flavor physics tells us that New Physics is either heavy, or has a non-trivial flavor structure:
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[D'Ambrosio et al. ’02]

ΔF = 2 LFV EDMsΔF = 2
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(Flavorful) New Physics?

High-pT searches (CMS and ATLAS) can probe the same four-fermion operators 
constrained by flavor-physics experiments (NA62, KOTO, BES-III, LHCb, Belle-II...).  

[Angelescu, Faroughy, OS. ’20], [Allwicher, Faroughy, Jaffredo, OS, Wilsch. ’22], [Descotes-Genon, Faroughy, Plakias, OS, ’23] 

Recent works on EFTs and DY: Cirigliano et al. ’12, ’18], [de Blas et al. ’13], [Farina et al. ’16], [Dawson et al. ’18, ’21],[Greljo et al. ’18],[Shepherd et al. ’18], 
[Fuentes-Martín et al. ’20], [Marzocca et al. ’20], [Endo et al. ’21], [Boughezal et al. ’21], [Greljo et al. ‘22][Grunwald et al. ’23], [Hiller et al. ’24] …

Flavorful EFTs at the LHC



Olcyr Sumensari (IJCLab, Orsay) Flavor physics at low- and high-pTO. Sumensari 10

Combined effort!

Rich experimental landscape: large experiments (with extensive physics program) and 
small experiments (with specific targets).

Flavor physics is a combined effort — complementary to Higgs/EW and direct searches!

…
…
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I.  Introduction 

II.  Seeking New Physics with rare B-decays 

III. LHC probes of flavor 

IV. Outlook 

Outline
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Seeking New Physics with rare B-decays

• Reminder: FCNCs in the SM 
•  in the SM 
• First lessons from Belle-II data

B → Kνν
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Flavor Changing Neutral Currents (FCNCs)
• 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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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: 

• 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: 

Flavor Changing Neutral Currents (FCNCs)

• Reminder: GIM mechanism
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[Intermezzo]: "The unbelievably heavy top quark…"
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Combined effort: flavor, electroweak and high-energy searches

[Intermezzo]: "The unbelievably heavy top quark…"
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Capdevilla talk at FPCP'23

13

Anomalies in  decays?B → K(*)ℓℓ
•  observables show a preference for  : B → K(*)μμ δC9μ < 0

New physics effects or underestimated 
hadronic uncertainties?

see e.g. [Ciuchini et al’. ’21, Gubernari et al. ’22, Isidori et al. ’24]…

There is still room for exp. improvement before reaching the  th. precision of LFU tests!𝒪(1 %)

• LFU observables are unaffected by these uncertainties, but (now) in agreement with the SM:
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[LHCb, ’22,’25], cf. backup
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[Bordone et al. ’16], [Isidori et al. ’20,’22]
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•  :B → K(*)ℓℓ •  :B → K(*)νν̄

- Sensitive to BSM effects. 

- Experimentally clean (especially for ). 

- Many observables (angular distribution). 

- Theoretically challenging (non-factorizable 
contributions…)

ℓ = μ

- Sensitive to BSM physics effects. 

- Exp. more challenging (missing energy). 

- Fewer observables. 

- Theoretically cleaner! 

- Sensitive to operators with -leptons.τ

14

Why to study -decays with neutrinos?B
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 in the SMB → Kνν
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• Effective Hamiltonian within 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. ,

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

Xt = 1.462(17)(2)

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

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

Including NLO QCD and two-loop EW contributions:
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 in the SM B → Kνν̄
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• Effective Hamiltonian within the SM: 

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

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

From CKM unitarity:

Two main sources of uncertainties:
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see e.g. [Buras et al. '14]

Including NLO QCD and two-loop EW contributions:
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Form-factors (e.g., LQCD) Which value to take (incl. vs. excl.)?
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 in the SM B → Kνν̄
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• Lattice QCD data available at nonzero recoil ( ) for all form-factors: 

    with                    . 

q2 ≠ q2
max

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

Pole factor:
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i [Becirevic, Piazza, OS. 2301.06990]
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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)

Form-factors:  B → Kνν̄

<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 %

17

[Becirevic, Piazza, OS. 2301.06990]

I. Form-factors:  B → Kνν̄
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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]

18

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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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

19

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]

[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  [Belle-II] and  [LHCb, CMS, ATLAS] in the long term.

Vcb

B → Kνν̄ Bs → μμ

see also [Buras et al. ’21, ’22]

?



Olcyr Sumensari (IJCLab, Orsay) Flavor physics at low- and high-pTO. Sumensari

First lessons from Belle-II data
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• 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). 

21 

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

 above the SM prediction≈ 3σ

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

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

�0.4(syst)
⇤
⇥ 10�5

New Belle-II results

First Belle-II result

Theory uncertainty sub-dominant 
(thus far!)

Several observables to be further explored: ,  and ℬ(B0 → KSνν) ℬ(B → K*νν) FL(B → K*νν)
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• Low-energy EFT: see e.g. [Buras et al. ’14]

<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
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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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Predictions
• Another observable to measure is the  longitudinal-polarisation asymmetry: K*

[Altmannshofer et al. ’09]

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

The measurements of  and  would be model-independent tests!ℬ(B → K*νν̄) FL(B → K*νν̄)

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)

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

RFL ⌘ FL

F SM
L
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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

Lepton flavor universal!

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

e.g., 
<latexit sha1_base64="ZmTNk4XbKpiVjVflVr8oUOZjGmo="></latexit>

O
(1)
Hl

= (H† !
DH)(L̄�µ

L)

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

ii)  :ψ4

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

Old = (L̄�µL)(d̄R�µdR)
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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
(1)
Hl

= (H† !
DH)(L̄�µ

L)

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

<latexit sha1_base64="wJPhvN9NKdtsZ8Ol3GqV9IKgKVY="></latexit>

Cbs⌫⌫
⇤2

' (5 TeV)�2
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SMEFT for  (and )b → sνν b → sℓℓ
•  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⌫⌫̄
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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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Opportunity for LHC searches with -leptons!τ

26

 and  Bs → ττ B → K(*)ττ

vs.Exp. (90%CL.): <latexit sha1_base64="pY1lbRtMwjnW9YTJdVzwIWZJSLk=">AAACGnicbVC7TsMwFHV4lvIKMLJYVEhlIEoAlQ4MVVkYi0QfUhMix3Vaq85DtoNURfkOFn6FhQGE2BALf4PTZoCWI13p+Nx7dX2OFzMqpGl+a0vLK6tr66WN8ubW9s6uvrffEVHCMWnjiEW85yFBGA1JW1LJSC/mBAUeI11vfJ33uw+ECxqFd3ISEydAw5D6FCOpJFe37ADJEUYsbWbVpitsGUFboiSvE3gFa0ZdvWlABLTM+/T0PHP1immYU8BFYhWkAgq0XP3THkQ4CUgoMUNC9C0zlk6KuKSYkaxsJ4LECI/RkPQVDZE65qRTaxk8VsoA+hFXFUo4VX9vpCgQYhJ4ajI3IuZ7ufhfr59Iv+6kNIwTSUI8O+QnDCr/eU5wQDnBkk0UQZhT9VeIR4gjLFWaZRWCNW95kXTODKtmWLcXlUaziKMEDsERqAILXIIGuAEt0AYYPIJn8AretCftRXvXPmajS1qxcwD+QPv6ASrBnwg=</latexit>

B(Bs ! ⌧⌧) < 6.8⇥ 10�3

<latexit sha1_base64="sYsf+QPzP+1gkSLbCYPgYS/Z7A8=">AAACEHicdVDLSsNAFJ34rPUVdelmsIhuDIlI67LUjRuhon1AE8NkOmmHTh7MTMQS8glu/BU3LhRx69Kdf+MkreDzwDCHc+7l3nu8mFEhTfNdm5mdm19YLC2Vl1dW19b1jc22iBKOSQtHLOJdDwnCaEhakkpGujEnKPAY6Xijk9zvXBMuaBReynFMnAANQupTjKSSXH3PDpAcYsTSRuYWnAfpxVkGbRTHPLqBlnmVHtQyV6+YRtXMAX8Tyyh+swKmaLr6m92PcBKQUGKGhOhZZiydFHFJMSNZ2U4EiREeoQHpKRqigAgnLQ7K4K5S+tCPuHqhhIX6tSNFgRDjwFOV+crip5eLf3m9RPrHTkrDOJEkxJNBfsKgjGCeDuxTTrBkY0UQ5lTtCvEQcYSlyrCsQvi8FP5P2oeGVTWs86NKvTGNowS2wQ7YBxaogTo4BU3QAhjcgnvwCJ60O+1Be9ZeJqUz2rRnC3yD9voBkQ2c5g==</latexit>

BSM ⇡ 10�7

[LHCb. ’17]

[Belle-II. ’26]

[LHCb. ’25]

• But… extremely difficult measurement!

Effectively, "null tests" for NP effects given 
the current exp. sensitivity! Current reach:

see e.g. [Capdevilla et al. ’17] 

SM predictions:

see e.g. [Faroughy et al. ’16], [Allwicher et al. (OS), 22]

• Motivated by New Physics scenarios with hierarchical flavor structure; potential explanation 
of the discrepancies in  data.b → sμμ [Crivellin et al. ’18, Cornella et al. ’20]

[Intermezzo]:

<latexit sha1_base64="hgBHOtaY66Hz9agBCOA2KhL8gHM="></latexit>

B(B+ ! K+⌧⌧) < 0.56⇥ 10�3

<latexit sha1_base64="/HUa/ROoSc9/qwtlyMtYrhAJtCg="></latexit>

B(B0 ! K⇤⌧⌧) < 2.5⇥ 10�4

<latexit sha1_base64="+qnAJq3qSHqHnY2qlpcDBwz+w4E="></latexit>

|Cbs⌧⌧ |
⇤2

. (1.8 TeV)�2
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Summary I

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

• : 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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LHC probes of flavor
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Non-resonant searches at the LHC

ℒEFT ⊃ ∑
a

𝒞(6)
a

Λ2
𝒪(6)

a + …

Strategy: Recast di-lepton searches and look for NP effects in the tails of the invariant-
mass distributions (where  is large).S/B

Goal: Probe transitions that are poorly unconstrained at low energies — including flavor!
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EFT valid 

Strategy: Recast di-lepton searches and look for NP effects in the tails of the invariant-
mass distributions (where  is large).S/B

Goal: Probe transitions that are poorly unconstrained at low energies — including flavor!

29

Non-resonant searches at the LHC

Caveat: Check that the EFT is indeed valid ( ) — or, use instead a concrete model.E ≪ Λ
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LHC as a flavor experiment
i) LHC collides quarks with five flavors

<latexit sha1_base64="bZwSAYIHjU/8vnFapnU0U7GozUo="></latexit>

�(pp ! ``0) =
X

ij

Z
d⌧

⌧
Lqiq̄j(⌧) �̂(qiq̄j ! ``0)ŝ=s⌧

Partonic cross-sectionParton luminosities

<latexit sha1_base64="eJYY7EMIvLSJD9NDbhBb/j5KT6E="></latexit>

⌧ = ŝ/s
<latexit sha1_base64="TC4hI9DZQJoXxeGy8Y+ZrpzHEZw="></latexit>

ŝ = m2
``0

<latexit sha1_base64="+zC72QmWYgRmDXVJ3S/Ple92ai0="></latexit>p
s = 13 TeV

[PDF4LHC15_nnlo_mc]
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LHC as a flavor experiment
i) LHC collides quarks with five flavors

<latexit sha1_base64="bZwSAYIHjU/8vnFapnU0U7GozUo="></latexit>

�(pp ! ``0) =
X

ij

Z
d⌧

⌧
Lqiq̄j(⌧) �̂(qiq̄j ! ``0)ŝ=s⌧

Partonic cross-sectionParton luminosities

<latexit sha1_base64="eJYY7EMIvLSJD9NDbhBb/j5KT6E="></latexit>

⌧ = ŝ/s
<latexit sha1_base64="TC4hI9DZQJoXxeGy8Y+ZrpzHEZw="></latexit>

ŝ = m2
``0

<latexit sha1_base64="+zC72QmWYgRmDXVJ3S/Ple92ai0="></latexit>p
s = 13 TeV

ii) Energy helps precision
cf. e.g. [Farina et al. ’16]

[PDF4LHC15_nnlo_mc]

Energy-growth can partially overcome heavy-flavor PDF suppression.

<latexit sha1_base64="bpuGL1Ey5wRZ5VniZzHAgl88CYE="></latexit>

Le↵ �
C
(6)

⇤2
O

(6) + . . .

<latexit sha1_base64="JC23R90e3bkfONaamGeBBzObS04=">AAACS3icbVBNSwMxEM1Wq7V+VT16CRZBEMpuEfUiFL14USraD+jWkk3TNjTZXZJZoSz7/7x48eaf8OJBEQ+mH0Jt+yDw8t4MM/O8UHANtv1mpZaW0yurmbXs+sbm1nZuZ7eqg0hRVqGBCFTdI5oJ7rMKcBCsHipGpCdYzetfDf3aE1OaB/4DDELWlKTr8w6nBIzUynluj0Dsat6VJMEXePrbciWBnpLx/U2Cjxdb3Ic5L/4zb8vJYzFp5fJ2wR4BzxNnQvJognIr9+q2AxpJ5gMVROuGY4fQjIkCTgVLsm6kWUhon3RZw1CfSKab8SiLBB8apY07gTLPBzxSpztiIrUeSM9UDrfUs95QXOQ1IuicN829YQTMp+NBnUhgCPAwWNzmilEQA0MIVdzsimmPKELBxJ81ITizJ8+TarHgnBacu5N86XISRwbtowN0hBx0hkroGpVRBVH0jN7RJ/qyXqwP69v6GZemrEnPHvqHVPoXr+y1lg==</latexit>

�̂ = �̂SM + �̂int + �̂NP2

<latexit sha1_base64="Py69fy1GE2olMu1Pm3OCBz4WxmM=">AAACBXicdVC7SgNBFJ2Nrxhfq5ZaDAYhNmFXgyZd0MbCIoJ5QHYJs5NJMmT24cxdISzb2PgrNhaK2PoPdv6Nk4fg88CFwzn3ztx7vEhwBZb1bmTm5hcWl7LLuZXVtfUNc3OrocJYUlanoQhlyyOKCR6wOnAQrBVJRnxPsKY3PBv7zRsmFQ+DKxhFzPVJP+A9TgloqWPuFhx1LSFxBgQSlabYEQI7F/qBLjnomHmrWKqUraMK/k3sojVBHs1Q65hvTjeksc8CoIIo1batCNyESOBUsDTnxIpFhA5Jn7U1DYjPlJtMrkjxvla6uBdKXQHgifp1IiG+UiPf050+gYH66Y3Fv7x2DL2ym/AgioEFdPpRLxYYQjyOBHe5ZBTESBNCJde7YjogklDQweV0CJ+X4v9J47BoHxfty1K+ejqLI4t20B4qIBudoCo6RzVURxTdonv0iJ6MO+PBeDZepq0ZYzazjb7BeP0Apl2YsA==</latexit>

(
p
ŝ ⌧ ⇤)

<latexit sha1_base64="grR2oY/Dot4feacVlQ4kxlvmTss=">AAACA3icdVDLSgMxFM3UV62vUXe6CRbBVZnRou2u6MZlBfuAzlAymUwbmsmEJCOUYcCNv+LGhSJu/Ql3/o3pQ/B5IHA4515uzgkEo0o7zrtVWFhcWl4prpbW1jc2t+ztnbZKUolJCycskd0AKcIoJy1NNSNdIQmKA0Y6wehi4nduiFQ04dd6LIgfowGnEcVIG6lv73lCJkIn0AsjiXDm5pk3RDpTed63y06lWq85J3X4m7gVZ4oymKPZt9+8MMFpTLjGDCnVcx2h/QxJTTEjeclLFREIj9CA9AzlKCbKz6YZcnholBBGiTSPazhVv25kKFZqHAdmMkZ6qH56E/Evr5fqqOZnlItUE45nh6KUQZN5UggMqSRYs7EhCEtq/grxEJkutKmtZEr4TAr/J+3jintaca+q5cb5vI4i2AcH4Ai44Aw0wCVoghbA4Bbcg0fwZN1ZD9az9TIbLVjznV3wDdbrB3WQmLk=</latexit>

/ 1

ŝ

<latexit sha1_base64="vl8z3kx+1iBl6Vi6vaxXm+K1af0="></latexit>

/ 1

⇤2
Re

�
C(6)

� <latexit sha1_base64="43n2Kah/6q3zMZMYjM8pPNonI1U="></latexit>

/ ŝ

⇤4
|C(6)|2
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SMEFT operators

Too many operators…

*only  terms interfering with the SMd = 8

31

• Warsaw basis  (2499 operators…) 

• Operator classes contributing to  at tree-level:  , , 

d = 6

pp → ℓℓ′￼ ψ4 ψ2XH ψ2D2H

[Buchmuller, Wyler. ’85], [Grzadkowski et al. ’10] 

[Allwicher, Faroughy, Jaffredo, OS, Wilsch. ’22]
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SMEFT operators

Too many operators…

*only  terms interfering with the SMd = 8

Usual strategies: 
i) To invoke a flavor symmetry (e.g., MFV, …) or a 

specific model. 

ii) To focus on a specific transition and/or subset of operators.

U(2)5

see e.g. [Grunwald et al. ’23, Greljo et al. '23]

31

• Warsaw basis  (2499 operators…) 

• Operator classes contributing to  at tree-level:  , , 

d = 6

pp → ℓℓ′￼ ψ4 ψ2XH ψ2D2H

[Buchmuller, Wyler. ’85], [Grzadkowski et al. ’10] 

Our approach: to automatize!

[Allwicher, Faroughy, Jaffredo, OS, Wilsch. ’22]
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[arXiv:2002.12223]  

CMS-PAS-EXO-19-019  

ATLAS-CONF-2021-025  

[arXiv:1906.05609]  

[arXiv:2205.06709] 

<latexit sha1_base64="0LZvpwIa9xvUjOl0h+dV2ghlhis=">AAACRXicdVDLTsJAFJ3BF9YX6NJNlZC4Ii0h6pLoxiUm8khoJdPpFCZM28nMlEga/sOt/ozf4Ee4M251Cl0g6E1ucnLOvTfnHo8zKpVlvcPCxubW9k5x19jbPzg8KpWPOzJOBCZtHLNY9DwkCaMRaSuqGOlxQVDoMdL1xreZ3p0QIWkcPagpJ26IhhENKEZKU4+cOyo2HYWSrAelilWz5mWuAzsHFZBXa1CGZ44f4yQkkcIMSdm361y5KRKKYkZmhpNIwhEeoyHpaxihkEg3nduemVXN+GYQC92RMufs8kaKQpkpUo+GSI3kqiinofeflpF/a6u2VHDtpjTiiSIRXrgKEmbqXLLATJ8KghWbaoCwoPoxE4+QQFjpWI3q8il/QrnMf3xaPGkYOlR7NcJ10KnX7Mta475Rad7k8RbBKTgHF8AGV6AJ7kALtAEGAjyDF/AK3+AH/IRfi9ECzHdOwK+C3z/Lq7It</latexit>pp ! ⌧⌧
<latexit sha1_base64="D+k1ctsQWjXMn5jeiURDA9iILX4=">AAACSnicdVDLTsJAFJ0iKtYX6NJNlZC4IIQSoi6JblxiIo+EEjIdbmHCtJ3MTFHS8Clu9Wf8AX/DnXHjFLpA0JuZ5OSce2/uOS5nVKpq9cPIbGW3d3Zze+b+weHRcb5w0pZhJAi0SMhC0XWxBEYDaCmqGHS5AOy7DDru5C7RO1MQkobBo5px6Pt4FFCPEqw0NcgXOHdUaAGUnbLjR/oN8sVqpbooaxPYKSiitJqDgnHuDEMS+RAowrCUPbvGVT/GQlHCYG46kQSOyQSPoKdhgH2Q/Xhx+9wqaWZoeaHQP1DWgl2diLEvE0XqVh+rsVwX5cx3/9MS8m9t/Szl3fRjGvBIQUCWV3kRs3Q0SWrWkAogis00wERQbcwiYywwUTpbs7S6ajilXKYen5cmTVOHaq9HuAnatYp9Vak/1IuN2zTeHDpDF+gS2egaNdA9aqIWIugJvaBX9Ga8G5/Gl/G9bM0Y6cwp+lWZ7A8IX7Ir</latexit>pp ! ee, µµ

<latexit sha1_base64="2/LtXa+njH7eMdpL7NpWG3Ilh9A=">AAACRXicdVDLTgIxFO3gC8cX6NJNlZC4IjOEqEuiG5eYyCNhRtIpHWjodJq2QySE/3CrP+M3+BHujFvtwCwQ9CRNTs65t7nnBIJRpR3n3cptbG5t7+R37b39g8OjQvG4peJEYtLEMYtlJ0CKMMpJU1PNSEdIgqKAkXYwuk399phIRWP+oCeC+BEacBpSjLSRHoXwdAw9jRLo8aRXKDkVZw64TtyMlECGRq9onXn9GCcR4RozpFTXrQrtT5HUFDMys71EEYHwCA1I11COIqL86fzsGSwbpQ/DWJrHNZyryxtTFKnUUWY0QnqoVk01iYL/vFT821s9S4fX/pRykWjC8eKqMGHQ9JIWBvtUEqzZxBCEJTXBIB4iibA2tdrl5a/6YypUlvFpEdK2TanuaoXrpFWtuJeV2n2tVL/J6s2DU3AOLoALrkAd3IEGaAIMJHgGL+DVerM+rE/razGas7KdE/AL1vcPSQix5g==</latexit>pp ! ⌧⌫
<latexit sha1_base64="1kE6m4bDpgO3EtNNRRgTYb+iVi4=">AAACTXicdVDLTgIxFO3gAxxfoO7cVAmJC0IYQtQl0Y1LTOSRMBPSKQUaO52m7RBxwr+41Z9x7Ye4M8YOzAJBT9Lk5Jx7m3uOLxhVulr9sDIbm1vb2dyOvbu3f3CYLxy1VRhJTFo4ZKHs+kgRRjlpaaoZ6QpJUOAz0vEfbxO/MyFS0ZA/6KkgXoBGnA4pRtpI/fyJEK4OIYEuj8pu2Q0iQ/r5YrVSnQOuEyclRZCi2S9YZ+4gxFFAuMYMKdVzakJ7MZKaYkZmthspIhB+RCPSM5SjgCgvnp8/gyWjDOAwlOZxDefq8kaMApU4yowGSI/Vqqmmgf+fl4h/e6tn6eG1F1MuIk04Xlw1jBg07STFwQGVBGs2NQRhSU0wiMdIIqxNvXZp+avBhAqVZnxahLRtU6qzWuE6adcqzmWlfl8vNm7SenPgFJyDC+CAK9AAd6AJWgCDZ/ACXsGb9W59Wl/W92I0Y6U7x+AXMtkfVfWzRA==</latexit>pp ! e⌫, µ⌫

<latexit sha1_base64="5XLLqK5loPYkKlkAIJ0klAmr3xg=">AAACVnicdVBdS8MwFE2r01m/On0UIToGPshYh6iPQ198nOBUWMtIszsXlrYhSYej7Mlf46v+Gf0zYrr1QTe9EHJyzr3hnhMKzpRuND4te2W1tLZe3nA2t7Z3dt3K3r1KUkmhQxOeyMeQKOAsho5mmsOjkECikMNDOLrO9YcxSMWS+E5PBAQReYrZgFGiDdVzD4XwdYIB+1F66p+Cr0l+m1eOem61UW/MCi8DrwBVVFS7V7GO/H5C0whiTTlRqus1hQ4yIjWjHKaOnyoQhI7IE3QNjEkEKshmPqa4Zpg+HiTSnFjjGftzIiORyhVlWiOih2pRVJMo/E/Lyb+1xbX04DLIWCxSDTGdbzVIOTYx5QniPpNANZ8YQKhkxhimQyIJ1SZnp/bzq/6YCVV4fJ6bdBwTqrcY4TK4b9a98/rZ7Vm1dVXEW0YH6BidIA9doBa6QW3UQRS9oFf0ht6tD+vLLtnr81bbKmb20a+y3W9uobTF</latexit>pp ! eµ, e⌧, µ⌧

Searches available ( ):140 fb−1

*more to be included (see GitHub page)

Main functionalities:

• Consider SMEFT ( ) and specific 
mediators (LQs, , …). 

• Computes cross-sections, event yields 
and likelihoods as a function of NP 
couplings. 

• SMEFT likelihoods can be exported in 
the WCxf format.

d ≤ 8
Z′￼

[Aebischer et al. ’17]

Reinterpretation of latest LHC Drell-Yan 
searches for New Physics scenarios with 
general flavor structure.

32

MadGraph 5 + Pythia + Delphes

HighPT: A Tool for high-  Drell-Yan Tails Beyond the SMpT
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Example I: b → sττ [Allwicher, Cornella, Martines, OS, Wilsch. In preparation]

<latexit sha1_base64="mm9fANV6X4AEiV+KKB7T7sWPBHM="></latexit>⇥
O

(1)
lq

⇤
ijkl

=
�
l̄i�

µlj
��
q̄k�µql

� <latexit sha1_base64="PyhULZFfhh944wHXNJF1diLxMEQ="></latexit>⇥
Oledq

⇤
ijkl

=
�
l̄iej

�
✏
�
d̄kql

�
+ h.c.

<latexit sha1_base64="kgqpVLu7UQ6r1Ik6YVJ21u9g/Yw="></latexit>⇥
O

(3)
lq

⇤
ijkl

=
�
l̄i�

µ⌧ I lj
��
q̄k�µ⌧

Iql
� …

ScalarVector

LHC provides competitive constraints — to be improved at HL-LHC!
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Example II: charm semileptonic decays
[Becirevic, Martines, Rosauro-Alcaraz, OS. 2605.XXXXX]

<latexit sha1_base64="LaqXgrOyJ1+ivXrZJI02aiauW8I="></latexit>

OS = (c̄s)(µ̄R⌫L)

Differential distributions of  decays show mild discrepancies wrt the SM:D → Kμν

[BESIII 2601.21185]

<latexit sha1_base64="Ds3CK7gRgLvuz82pQTBKvQZ6x4A=">AAAB9XicdVBNSwMxEM3Wr1q/qh69BIvgQZbdbW3rrejFYwXbCt21ZNNsG5pklySrlNL/4cWDIl79L978N2bbCir6YODx3gwz88KEUaUd58PKLS2vrK7l1wsbm1vbO8XdvbaKU4lJC8csljchUoRRQVqaakZuEkkQDxnphKOLzO/cEaloLK71OCEBRwNBI4qRNtIt9nUMlc9TX6T+Sa9YcuyzetU79aBjO07NK1cz4tUqXhm6RslQAgs0e8V3vx/jlBOhMUNKdV0n0cEESU0xI9OCnyqSIDxCA9I1VCBOVDCZXT2FR0bpwyiWpoSGM/X7xARxpcY8NJ0c6aH67WXiX1431VE9mFCRpJoIPF8UpQyaV7MIYJ9KgjUbG4KwpOZWiIdIIqxNUAUTwten8H/S9my3artXlVLjfBFHHhyAQ3AMXFADDXAJmqAFMJDgATyBZ+veerRerNd5a85azOyDH7DePgGEpJKK</latexit>

c ! sµ⌫
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Example II: charm semileptonic decays
[Becirevic, Martines, Rosauro-Alcaraz, OS. 2603.XXXXX]

Differential distributions of  decays show mild discrepancies wrt the SM:D → Kμν

[BESIII 2601.21185]

Another example of the impact of LHC searches on flavor studies

<latexit sha1_base64="Ds3CK7gRgLvuz82pQTBKvQZ6x4A=">AAAB9XicdVBNSwMxEM3Wr1q/qh69BIvgQZbdbW3rrejFYwXbCt21ZNNsG5pklySrlNL/4cWDIl79L978N2bbCir6YODx3gwz88KEUaUd58PKLS2vrK7l1wsbm1vbO8XdvbaKU4lJC8csljchUoRRQVqaakZuEkkQDxnphKOLzO/cEaloLK71OCEBRwNBI4qRNtIt9nUMlc9TX6T+Sa9YcuyzetU79aBjO07NK1cz4tUqXhm6RslQAgs0e8V3vx/jlBOhMUNKdV0n0cEESU0xI9OCnyqSIDxCA9I1VCBOVDCZXT2FR0bpwyiWpoSGM/X7xARxpcY8NJ0c6aH67WXiX1431VE9mFCRpJoIPF8UpQyaV7MIYJ9KgjUbG4KwpOZWiIdIIqxNUAUTwten8H/S9my3artXlVLjfBFHHhyAQ3AMXFADDXAJmqAFMJDgATyBZ+veerRerNd5a85azOyDH7DePgGEpJKK</latexit>

c ! sµ⌫
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Charged-current RH operators are necessarily of type :ψ2DH2

 Suppressed contributions to  at high-  due to W-boson propagator. ⇒ pp → ℓν pT

<latexit sha1_base64="Otz+pvjE4qaJESkST7w4oMlf0+k="></latexit>

LLEFT � gijVR

�
ūRi�µdRj

��
¯̀
L�

µ⌫L
�
+ h.c.

<latexit sha1_base64="uf8h+BiCS6G5hBJor4zhFGV34Kg="></latexit>⇥
OHud

⇤
ij
=

�
H

†
DµH

��
ūi�

µ
dj

�
+ h.c.

Example III: right-handed currents
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°2.50 °1.25 0.00 1.25 2.50

23

22

21

13

12

11

[-0.31, 0.31]

[-0.67, 0.67]

[-0.28, 0.28]

[-0.24, 0.24]

[-0.17, 0.17]

[-0.11, 0.11]CHud
ij

/§2

Combined 95% C.L.

Already useful limits (competitive with flavor/EW data) —  to be improved at HL-LHC!

Charged-current RH operators are necessarily of type :ψ2DH2

 Suppressed contributions to  at high-  due to W-boson propagator. ⇒ pp → ℓν pT

<latexit sha1_base64="Otz+pvjE4qaJESkST7w4oMlf0+k="></latexit>

LLEFT � gijVR

�
ūRi�µdRj

��
¯̀
L�

µ⌫L
�
+ h.c.

[Eboli, Leal, Martines, OS. ’25]

<latexit sha1_base64="uf8h+BiCS6G5hBJor4zhFGV34Kg="></latexit>⇥
OHud

⇤
ij
=

�
H

†
DµH

��
ūi�

µ
dj

�
+ h.c.

Example III: right-handed currents

 But… energy-enhanced contributions to  !⇒ pp → Wh
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[Becirevic, Martines, Rosauro-Alcaraz, OS. 2603.XXXXX]

36
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Summary II
• Drell-Yan: complementary to low-energy flavor observables and particularly useful 

if New Physics couples to -leptons. 

• : current precision already allows us to test operators with 2nd and 3rd 
generation quarks — complementary to flavor and electroweak observables. 

• HL-LHC: marginal increase in energy, but  more luminosity — helpful for 
probing EFTs at the tails of the distributions!

τ

pp → Vh

× 20

Many opportunities to improve the current limits and to explore new observables!
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Outlook
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Experimental landscape

+ Kaon physics  
+ EDMs  

+ Many  exps. 
+ …

ν
1910.11775

Many opportunities to explore physics (B)SM in current/future experiments!

2206.11331

BES-III

Belle-II

LHCb/CMS/ATLAS

LFV
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Don’t forget…

[MH. Schune at ESPPU26 Open Symposium]



Olcyr Sumensari (IJCLab, Orsay) Flavor physics at low- and high-pTO. Sumensari 39

Don’t forget…



Thank you!



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

NB. JLQCD agrees well with exp. data, albeit with larger uncertainties — cf. back-up! 

[HPQCD, ’23][FNAL/MILC, ’21]

 Needs clarification to reliably extract  from … 
 

⇒ |Vcb | B → D*ℓν̄

[NEW] Warning! see [Bordone et al. ’24]
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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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• 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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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 %
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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 See talk by van Dyk

See also [Gubernari et al. ’23]
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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

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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EFT convergence — resonant mediator 
• EFT cross-section computed with different orders in  and normalized to the full model. 

• Example: 

Λ−1

Z′￼∼ (1, 1, 0)

Amplitude truncation  ≡ 𝒪𝒜

Cross-section truncation  ≡ 𝒪σ

[Allwicher, Faroughy, Martines, OS, Wilsch. ’24]
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EFT convergence — resonant mediator 
• EFT cross-section computed with different orders in  and normalized to the full model. 

• Example: 

Λ−1

Z′￼∼ (1, 1, 0)

1
̂s − m2

Z′￼

x<1= −
1

m2
Z′￼

∞

∑
n=0

xn

*Neglecting the width

x ≡
̂s

m2
Z′￼

> 0 [Allwicher, Faroughy, Martines, OS, Wilsch. ’24]

Amplitude truncation  ≡ 𝒪𝒜

Cross-section truncation  ≡ 𝒪σ
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EFT convergence — non-resonant mediator 
• EFT cross-section computed with different orders in  and normalized to the full model. 

• Example: 

Λ−1

U1 ∼ (3, 1, 2/3)

1
̂t − m2

U1

y<1= −
1

m2
U1

∞

∑
n=0

(−1)n yn

*Neglecting the width

y ≡ −
̂t

m2
U1

> 0 [Allwicher, Faroughy, Martines, OS, Wilsch. ’24]

Amplitude truncation  ≡ 𝒪𝒜

Cross-section truncation  ≡ 𝒪σ
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pp → VH
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LFU in b → cℓν

<latexit sha1_base64="6ifmocgminU6qwszjCSyxRP7ESM="></latexit>

RD(⇤) =
B(B ! D(⇤)⌧⌫)

B(B ! D(⇤)µ⌫)

• SM predictions are under reasonable control, cf. back-up. 

• Experimental situation remains unclear — more data needed! 

• New physics models explaining these excesses lead to signals in -related observables:τ

τ → ℓνν̄ h → ττ pp → ττ

pp → τν

[Feruglio et al. ’16] [Feruglio, Paradisi, OS. ’18] [Faroughy et al. ’16]

cf. also  and RJ/ψ RΛc

 ⇒ Λ / |𝒞 | ≲ few TeV

[Di Luzio et al. ’17]

see also [Bordone et al. ’24]

LQCD: [FNAL/MILC, HPQCD]

[Allwicher et al. (OS), 21][Crivellin et al. ’20]
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Complementarity between LHC data, flavor and EWPT

[L. Allwicher, D. Faroughy, F. Jaffredo, OS, F. Wilsch. ’22]Example I:  U1 ∼ (3, 1, 2/3)

First considered by [Eboli, ‘88] 

cf. also [Faroughy et al. ’15] 

HighPT

[Feruglio et al. ’16] 
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Charged-current transition: 

Matching to SMEFT @ :d = 6

<latexit sha1_base64="QUw+3t2gY2BrT7gw5QG9x2jdOgo="></latexit>
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