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Motivation
• Effective Field Theories (EFTs) provide the most general description of New Physics, 

provided there is not enough energy to produce them on-shell ( ): E ≪ Λ
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• The SMEFT is defined for  and is invariant under : 

 Challenge:  dim-6 operators that conserve  and  — rich flavor structure! 

Λ ≫ vEW SU(3)c × SU(2)L × U(1)Y

⇒ N = 2499 B L

Motivation
• Effective Field Theories (EFTs) provide the most general description of New Physics, 

provided there is not enough energy to produce them on-shell ( ): E ≪ Λ
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 However, these processes can be suppressed in 
concrete scenarios (e.g., MFV,  …). 

 LHC processes can be useful to probe these 
types of scenarios (with lower values for )! 

⇒
U(2)5

⇒
Λ

This talk: Drell-Yan complementarity to flavor searches

[1910.11775]

• The SMEFT is defined for  and is invariant under : 

 Challenge:  dim-6 operators that conserve  and  — rich flavor structure! 

Λ ≫ vEW SU(3)c × SU(2)L × U(1)Y

⇒ N = 2499 B L

• The best probes of the EFT operators are rare/forbidden processes in the SM: 

Motivation
• Effective Field Theories (EFTs) provide the most general description of New Physics, 

provided there is not enough energy to produce them on-shell ( ): E ≪ Λ



How to probe flavor at high-pT?

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...).  

Flavorful New Physics?
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Many works on EFTs and Drell-Yan: 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], [Angelescu et al. ’20], [Allwicher et al. ’23]…
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LHC as a flavor experiment
i) LHC collides quarks with five flavors
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ii) Energy helps precision
cf. e.g. [Farina et al. ’16]

[PDF4LHC15_nnlo_mc]

Energy-growth can partially overcome heavy-flavor PDF suppression.
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Indirect searches at the LHC

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 flavor transitions that are poorly constrained at low energies (e.g., )b → sττ



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

Caveat: EFT must be valid ( ). Otherwise, use explicit model (e.g., leptoquark or Z’).E ≪ Λ

Indirect searches at the LHC

Goal: Probe flavor transitions that are poorly constrained at low energies (e.g., )b → sττ



SMEFT and Drell-Yan



SMEFT operators

i) Four-fermion: ψ4 ii) Leptonic dipoles: ψ2XH

iii) Z/W-coupling modifications: ψ2D2H

• Warsaw basis  : 

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

d = 6

pp → ℓℓ′ ψ4 ψ2XH ψ2D2H

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

NB. Besides operators redefining SM inputs (not energy-enhanced!).
5

Ve
ct

or
Sc

al
ar

Te
ns

or



SMEFT operators
• Warsaw basis  : 

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

d = 6

pp → ℓℓ′ ψ4 ψ2XH ψ2D2H

Too many operators…

*only  terms interfering with the SMd = 8
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[Buchmuller, Wyler. ’85], [Grzadkowski et al. ’10] 



SMEFT operators
• Warsaw basis  : 

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

d = 6

pp → ℓℓ′ ψ4 ψ2XH ψ2D2H

Too many operators…

*only  terms interfering with the SMd = 8

Two possible strategies: 
• To invoke a flavor symmetry (e.g., MFV, …) or a 

specific model. 

• 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]

 This talk!⇒
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[Buchmuller, Wyler. ’85], [Grzadkowski et al. ’10] 



HighPT: A Tool for high-  Drell-Yan Tails Beyond the SMpT

[arXiv:2002.12223]  

CMS-PAS-EXO-19-019  

ATLAS-CONF-2021-025  

[arXiv:1906.05609]  

[arXiv:2205.06709] 
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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.  

Recast procedure: 

   MadGraph 5 + Pythia + Delphes
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Low vs high-energy searches

•  and  
•  (indirectly) 

b → cτν̄ b → sττ
b → sνν̄

Examples:

Other examples:

- Charm decays 
- LFV meson decays

[Fuentes-Martin et al. ’20]

[Angelescu et al. ’20, Descotes-Genon et al. ’23]

See back-up!

… with comments on SM predictions.
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Example i)  b → cτν̄

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

RD(⇤) =
B(B ! D(⇤)⌧⌫)

B(B ! D(⇤)µ⌫)

•  and  : dominated by BaBar! 

• LHCb also measured  and , but with limited precision. 

• It can only be accommodated by New Physics with  .

Rexp
D Rexp

D*

Rexp
J/ψ Rexp

Λc

Λ ≲ 10 TeV

Needs urgent clarification from Belle-II and LHCb (run-2) data!

See talks by Y. Fan, Fazzini, Lytle and Vos

[Di Luzio et al. ’17]
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[Intermezzo]:  in the SMB → D(*)ℓν̄

[MILC/Fermilab ’15, HPQCD ’15]

<latexit sha1_base64="AhKiYm81g0FhnEkS4qo6wUEozk4="></latexit>

Rlatt.
D = 0.293(5)

For light (heavy) leptons:
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Rlatt.+exp
D = 0.295(3)
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B ! D(⇤)l⌫̄ (l = e, µ)

[FLAG ’21]

Form-factors (from lattice, exp…)
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hD(⇤)|c̄L�µbL|Bi =
X

a

Kµ
a Fa(q

2)

Known Lorentz factors

•  : one (two) form-factors with  at ; 

 Lattice QCD at  for both form-factors. 

• : three (four) form-factors; 

 [NEW] First lattice results at  ! 

 Tensions with  exp. data… 

B → D f0(0) = f+(0) q2 = 0
⇒ q2 ≠ q2

max

B → D*

⇒ q2 ≠ q2
max

⇒ B → D*ℓν̄

… for [MILC/Fermilab ’21, HPQCD ’23]
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See talk by Lytle



10

[Intermezzo]: Warning!

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

NB. Recent JLQCD agrees well with exp. data! 
 

[HPQCD, ’23][FNAL/MILC, ’21]

 Needs clarification to reliably extract  from … 
 

⇒ |Vcb | B → D*ℓν̄

See talk by Lytle



[Intermezzo] How to improve our  predictions? RD*

<latexit sha1_base64="BgB2LFYxP2THkKjrb/KkqwboQJA="></latexit>

R(⌧/µ)
D⇤ =

Z q2max

m2
⌧

dq2
dB
dq2

(B ! D⇤⌧ ⌫̄)

Z q2max

m2
µ

dq2
dB
dq2

(B ! D⇤µ⌫̄)
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/ A1(q
2), A2(q

2), V (q2)
<latexit sha1_base64="mlvtRUFzxntvnkYk4WuVNIsGJF0=">AAAB+XicdVDLSgMxFM3UV62vUZdugkWom2GmSHVZdeOygn1AOw6ZNNOGZjIxyRTK0D9x40IRt/6JO//GTFvB54GQwzn3cu89oWBUadd9twpLyyura8X10sbm1vaOvbvXUkkqMWnihCWyEyJFGOWkqalmpCMkQXHISDscXeZ+e0ykogm/0RNB/BgNOI0oRtpIgW33hEyETuB54FbubqvHgV12nZqbA/4mnjP73TJYoBHYb71+gtOYcI0ZUqrruUL7GZKaYkampV6qiEB4hAakayhHMVF+Ntt8Co+M0odRIs3jGs7Urx0ZipWaxKGpjJEeqp9eLv7ldVMdnfkZ5SLVhOP5oChl0FyaxwD7VBKs2cQQhCU1u0I8RBJhbcIqmRA+L4X/k1bV8WqOd31Srl8s4iiCA3AIKsADp6AOrkADNAEGY3APHsGTlVkP1rP1Mi8tWIueffAN1usHE82SpQ==</latexit>

/ A0(q
2)

<latexit sha1_base64="pLIza+kRtNV15RC7TfrLfLTzLuc="></latexit>

dB
dq2

(B ! D
⇤
`⌫̄) = �(q2)!`(q

2)


HV (q

2)2 +
m`

2

m`
2 + 2q2

HS(q
2)2

�
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<latexit sha1_base64="Y55Pw6ZiC3czy/HTYqk4STvqk1I="></latexit>

R(⌧/µ)
D⇤ [q2min] =

Z q2max

q2min

dq2
dB
dq2

(B ! D⇤⌧ ⌫̄)

Z q2max

q2min

dq2
dB
dq2

(B ! D⇤µ⌫̄)

• Th. uncertainties are related to  (only source of LFU breaking in the SM): 

• A simple redefinition can reduce these uncertainties: 

mτ

Usual definition

Definition with same bins



[Intermezzo] How to improve our  predictions? RD*

[Isidori, OS. ’20]  

<latexit sha1_base64="BgB2LFYxP2THkKjrb/KkqwboQJA="></latexit>

R(⌧/µ)
D⇤ =

Z q2max

m2
⌧

dq2
dB
dq2

(B ! D⇤⌧ ⌫̄)

Z q2max

m2
µ

dq2
dB
dq2

(B ! D⇤µ⌫̄)

<latexit sha1_base64="JSpFeKOA+5CQ+pZ/JlRN/5X5ucY=">AAACC3icdVDLSsNAFJ34rPUVdelmaBEqSEiKVJetblxWsA9oY5hMJ+3QycOZiVBCXbvxV9y4UMStP+DOv3GSRvB5YLiHc+7lzj1uxKiQpvmuzc0vLC4tF1aKq2vrG5v61nZbhDHHpIVDFvKuiwRhNCAtSSUj3YgT5LuMdNzxaep3rgkXNAwu5CQito+GAfUoRlJJjl7qRzyMZAgbjlW5uqzuH9w0nGrO2ll19LJp1MwU8DexjKyaZZCj6ehv/UGIY58EEjMkRM8yI2kniEuKGZkW+7EgEcJjNCQ9RQPkE2En2S1TuKeUAfRCrl4gYaZ+nUiQL8TEd1Wnj+RI/PRS8S+vF0vv2E5oEMWSBHi2yIsZVLenwcAB5QRLNlEEYU7VXyEeIY6wVPEVVQifl8L/SbtqWDXDOj8s10/yOApgF5RABVjgCNTBGWiCFsDgFtyDR/Ck3WkP2rP2Mmud0/KZHfAN2usHAzSYeg==</latexit>

/ A1(q
2), A2(q

2), V (q2)
<latexit sha1_base64="mlvtRUFzxntvnkYk4WuVNIsGJF0=">AAAB+XicdVDLSgMxFM3UV62vUZdugkWom2GmSHVZdeOygn1AOw6ZNNOGZjIxyRTK0D9x40IRt/6JO//GTFvB54GQwzn3cu89oWBUadd9twpLyyura8X10sbm1vaOvbvXUkkqMWnihCWyEyJFGOWkqalmpCMkQXHISDscXeZ+e0ykogm/0RNB/BgNOI0oRtpIgW33hEyETuB54FbubqvHgV12nZqbA/4mnjP73TJYoBHYb71+gtOYcI0ZUqrruUL7GZKaYkampV6qiEB4hAakayhHMVF+Ntt8Co+M0odRIs3jGs7Urx0ZipWaxKGpjJEeqp9eLv7ldVMdnfkZ5SLVhOP5oChl0FyaxwD7VBKs2cQQhCU1u0I8RBJhbcIqmRA+L4X/k1bV8WqOd31Srl8s4iiCA3AIKsADp6AOrkADNAEGY3APHsGTlVkP1rP1Mi8tWIueffAN1usHE82SpQ==</latexit>

/ A0(q
2)

<latexit sha1_base64="pLIza+kRtNV15RC7TfrLfLTzLuc="></latexit>

dB
dq2

(B ! D
⇤
`⌫̄) = �(q2)!`(q

2)


HV (q

2)2 +
m`

2

m`
2 + 2q2

HS(q
2)2

�

Usual definition

Definition with same bins

Definition with same bins 
and re-weighting

<latexit sha1_base64="aoqBOqtdul1TmRFOmmhNqDrNXsw="></latexit>

eR(⌧/µ)
D⇤ [q2min] =

Z q2max

q2min

dq2
dB
dq2

(B ! D⇤⌧ ⌫̄)

Z q2max

q2min

dq2
!⌧ (q2)

!µ(q2)

dB
dq2

(B ! D⇤µ⌫̄)

NB. QED corrections not included!

• Th. uncertainties are related to  (only source of LFU breaking in the SM): 

• A simple redefinition can reduce these uncertainties: 

mτ

11
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EFT for b → cτν̄
<latexit sha1_base64="CXbMCbOODrOak4mXJugMvGr4xS0="></latexit>

Le↵ = �2
p
2GFVcb

h
(1 + gVL)

�
c̄L�µbL

��
¯̀
L�µ⌫L

�
+ gVR

�
c̄R�µbR

��
¯̀
L�µ⌫L

�

+ gSR

�
c̄LbR

��
¯̀
R⌫L

�
+ gSL

�
c̄RbL

��
¯̀
R⌫L

�
+ gT

�
c̄R�µ⌫bL

��
¯̀
R�µ⌫⌫L

�i
+ h.c.

•   gauge invariance implies that only  ,  ,  and   
can break LFU at . 

• Few scenarios can accommodate data: 

SU(3)c × SU(2)L × U(1)Y gVL
gSL

gSR
gT

d = 6

Only scalar/vector leptoquarks can do the job!

-  :   ,   

-  :    

-  :   , 

U1 ∼ (3, 1, 2/3) gVL
gSR

R2 ∼ (3, 2, 7/6) gSL
= 4gT

S1 ∼ (3, 1, 1/3) gSL
= − 4gT gVL

see e.g. [Angelescu, Becirevic, Faroughy, Jaffredo, OS, ’21]



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

Complementarity between LHC data, flavor and EWPT

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

First considered by [Eboli, ‘88] 

cf. also [Faroughy et al. ’15] 

13
*see back-up for the other models!

HighPT

[Feruglio et al. ’16] 



Olcyr Sumensari (IJCLab, Orsay) Flavor physics at low- and high-pT 14

Example ii)  b → sττ

vs.

Upper limits (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="9U5NWOuQUdX4TxHOBhk5ppARFHs="></latexit>

B(B0 ! K⇤ 0⌧⌧) < 3.1⇥ 10�3

<latexit sha1_base64="HkBRfQiv+JmrcQvGkar16Vj20vo="></latexit>

B(B+ ! K+⌧⌧) < 2.25⇥ 10�3
<latexit sha1_base64="sYsf+QPzP+1gkSLbCYPgYS/Z7A8=">AAACEHicdVDLSsNAFJ34rPUVdelmsIhuDIlI67LUjRuhon1AE8NkOmmHTh7MTMQS8glu/BU3LhRx69Kdf+MkreDzwDCHc+7l3nu8mFEhTfNdm5mdm19YLC2Vl1dW19b1jc22iBKOSQtHLOJdDwnCaEhakkpGujEnKPAY6Xijk9zvXBMuaBReynFMnAANQupTjKSSXH3PDpAcYsTSRuYWnAfpxVkGbRTHPLqBlnmVHtQyV6+YRtXMAX8Tyyh+swKmaLr6m92PcBKQUGKGhOhZZiydFHFJMSNZ2U4EiREeoQHpKRqigAgnLQ7K4K5S+tCPuHqhhIX6tSNFgRDjwFOV+crip5eLf3m9RPrHTkrDOJEkxJNBfsKgjGCeDuxTTrBkY0UQ5lTtCvEQcYSlyrCsQvi8FP5P2oeGVTWs86NKvTGNowS2wQ7YBxaogTo4BU3QAhjcgnvwCJ60O+1Be9ZeJqUz2rRnC3yD9voBkQ2c5g==</latexit>

BSM ⇡ 10�7

[LHCb. ’17]

[BaBar. ’16]

[Belle. ’21]

[Allwicher et al., in preparation]

Vector

• Related to  for some operators through  invariance,  . 

• Extremely difficult measurement at low-energies!

b → cτν̄ SU(2)L Li = (νLi, ℓLi)T



Olcyr Sumensari (IJCLab, Orsay) Flavor physics at low- and high-pT 14

Example ii)  b → sττ

vs.

Upper limits (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="9U5NWOuQUdX4TxHOBhk5ppARFHs="></latexit>

B(B0 ! K⇤ 0⌧⌧) < 3.1⇥ 10�3

<latexit sha1_base64="HkBRfQiv+JmrcQvGkar16Vj20vo="></latexit>

B(B+ ! K+⌧⌧) < 2.25⇥ 10�3
<latexit sha1_base64="sYsf+QPzP+1gkSLbCYPgYS/Z7A8=">AAACEHicdVDLSsNAFJ34rPUVdelmsIhuDIlI67LUjRuhon1AE8NkOmmHTh7MTMQS8glu/BU3LhRx69Kdf+MkreDzwDCHc+7l3nu8mFEhTfNdm5mdm19YLC2Vl1dW19b1jc22iBKOSQtHLOJdDwnCaEhakkpGujEnKPAY6Xijk9zvXBMuaBReynFMnAANQupTjKSSXH3PDpAcYsTSRuYWnAfpxVkGbRTHPLqBlnmVHtQyV6+YRtXMAX8Tyyh+swKmaLr6m92PcBKQUGKGhOhZZiydFHFJMSNZ2U4EiREeoQHpKRqigAgnLQ7K4K5S+tCPuHqhhIX6tSNFgRDjwFOV+crip5eLf3m9RPrHTkrDOJEkxJNBfsKgjGCeDuxTTrBkY0UQ5lTtCvEQcYSlyrCsQvi8FP5P2oeGVTWs86NKvTGNowS2wQ7YBxaogTo4BU3QAhjcgnvwCJ60O+1Be9ZeJqUz2rRnC3yD9voBkQ2c5g==</latexit>

BSM ⇡ 10�7

[LHCb. ’17]

[BaBar. ’16]

[Belle. ’21]

[Allwicher et al., in preparation]

Vector

LHC dominates!

• Related to  for some operators through  invariance,  . 

• Extremely difficult measurement at low-energies!

b → cτν̄ SU(2)L Li = (νLi, ℓLi)T



Olcyr Sumensari (IJCLab, Orsay) Flavor physics at low- and high-pT 14

Example ii)  b → sττ
• Related to  for some operators through  invariance,  . 

• Extremely difficult measurement at low-energies!

b → cτν̄ SU(2)L Li = (νLi, ℓLi)T

vs.

Upper limits (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="9U5NWOuQUdX4TxHOBhk5ppARFHs="></latexit>

B(B0 ! K⇤ 0⌧⌧) < 3.1⇥ 10�3

<latexit sha1_base64="HkBRfQiv+JmrcQvGkar16Vj20vo="></latexit>

B(B+ ! K+⌧⌧) < 2.25⇥ 10�3
<latexit sha1_base64="sYsf+QPzP+1gkSLbCYPgYS/Z7A8=">AAACEHicdVDLSsNAFJ34rPUVdelmsIhuDIlI67LUjRuhon1AE8NkOmmHTh7MTMQS8glu/BU3LhRx69Kdf+MkreDzwDCHc+7l3nu8mFEhTfNdm5mdm19YLC2Vl1dW19b1jc22iBKOSQtHLOJdDwnCaEhakkpGujEnKPAY6Xijk9zvXBMuaBReynFMnAANQupTjKSSXH3PDpAcYsTSRuYWnAfpxVkGbRTHPLqBlnmVHtQyV6+YRtXMAX8Tyyh+swKmaLr6m92PcBKQUGKGhOhZZiydFHFJMSNZ2U4EiREeoQHpKRqigAgnLQ7K4K5S+tCPuHqhhIX6tSNFgRDjwFOV+crip5eLf3m9RPrHTkrDOJEkxJNBfsKgjGCeDuxTTrBkY0UQ5lTtCvEQcYSlyrCsQvi8FP5P2oeGVTWs86NKvTGNowS2wQ7YBxaogTo4BU3QAhjcgnvwCJ60O+1Be9ZeJqUz2rRnC3yD9voBkQ2c5g==</latexit>

BSM ⇡ 10�7

[LHCb. ’17]

[BaBar. ’16]

[Belle. ’21]

[Allwicher et al., in preparation]

Vector Scalar

LHC dominates!



Olcyr Sumensari (IJCLab, Orsay) Flavor physics at low- and high-pT 14

Example ii)  b → sττ

vs.

Upper limits (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="9U5NWOuQUdX4TxHOBhk5ppARFHs="></latexit>

B(B0 ! K⇤ 0⌧⌧) < 3.1⇥ 10�3

<latexit sha1_base64="HkBRfQiv+JmrcQvGkar16Vj20vo="></latexit>

B(B+ ! K+⌧⌧) < 2.25⇥ 10�3
<latexit sha1_base64="sYsf+QPzP+1gkSLbCYPgYS/Z7A8=">AAACEHicdVDLSsNAFJ34rPUVdelmsIhuDIlI67LUjRuhon1AE8NkOmmHTh7MTMQS8glu/BU3LhRx69Kdf+MkreDzwDCHc+7l3nu8mFEhTfNdm5mdm19YLC2Vl1dW19b1jc22iBKOSQtHLOJdDwnCaEhakkpGujEnKPAY6Xijk9zvXBMuaBReynFMnAANQupTjKSSXH3PDpAcYsTSRuYWnAfpxVkGbRTHPLqBlnmVHtQyV6+YRtXMAX8Tyyh+swKmaLr6m92PcBKQUGKGhOhZZiydFHFJMSNZ2U4EiREeoQHpKRqigAgnLQ7K4K5S+tCPuHqhhIX6tSNFgRDjwFOV+crip5eLf3m9RPrHTkrDOJEkxJNBfsKgjGCeDuxTTrBkY0UQ5lTtCvEQcYSlyrCsQvi8FP5P2oeGVTWs86NKvTGNowS2wQ7YBxaogTo4BU3QAhjcgnvwCJ60O+1Be9ZeJqUz2rRnC3yD9voBkQ2c5g==</latexit>

BSM ⇡ 10�7

[LHCb. ’17]

[BaBar. ’16]

[Belle. ’21]

[Allwicher et al., in preparation]

Vector Scalar

Complementarity

LHC dominates!

• Related to  for some operators through  invariance,  . 

• Extremely difficult measurement at low-energies!

b → cτν̄ SU(2)L Li = (νLi, ℓLi)T
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Example ii)  b → sττ

vs.

Upper limits (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="9U5NWOuQUdX4TxHOBhk5ppARFHs="></latexit>

B(B0 ! K⇤ 0⌧⌧) < 3.1⇥ 10�3

<latexit sha1_base64="HkBRfQiv+JmrcQvGkar16Vj20vo="></latexit>

B(B+ ! K+⌧⌧) < 2.25⇥ 10�3
<latexit sha1_base64="sYsf+QPzP+1gkSLbCYPgYS/Z7A8=">AAACEHicdVDLSsNAFJ34rPUVdelmsIhuDIlI67LUjRuhon1AE8NkOmmHTh7MTMQS8glu/BU3LhRx69Kdf+MkreDzwDCHc+7l3nu8mFEhTfNdm5mdm19YLC2Vl1dW19b1jc22iBKOSQtHLOJdDwnCaEhakkpGujEnKPAY6Xijk9zvXBMuaBReynFMnAANQupTjKSSXH3PDpAcYsTSRuYWnAfpxVkGbRTHPLqBlnmVHtQyV6+YRtXMAX8Tyyh+swKmaLr6m92PcBKQUGKGhOhZZiydFHFJMSNZ2U4EiREeoQHpKRqigAgnLQ7K4K5S+tCPuHqhhIX6tSNFgRDjwFOV+crip5eLf3m9RPrHTkrDOJEkxJNBfsKgjGCeDuxTTrBkY0UQ5lTtCvEQcYSlyrCsQvi8FP5P2oeGVTWs86NKvTGNowS2wQ7YBxaogTo4BU3QAhjcgnvwCJ60O+1Be9ZeJqUz2rRnC3yD9voBkQ2c5g==</latexit>

BSM ⇡ 10�7

[LHCb. ’17]

[BaBar. ’16]

[Belle. ’21]

[Allwicher et al., in preparation]

Vector Scalar

Drell-Yan gives complementary constraints! 

• Related to  for some operators through  invariance,  . 

• Extremely difficult measurement at low-energies!

b → cτν̄ SU(2)L Li = (νLi, ℓLi)T
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EFT vs. concrete models

The EFT reproduces well the leptoquark models for  .M ≳ 2 TeV

<latexit sha1_base64="LaGlC1T5IaONQeAIKtdaWY5GZh8=">AAACA3icdVDLSgMxFM34rPU16k43wSK4GmZUtN0V3bisYB/QGUomzbShmUxIMkIZBtz4K25cKOLWn3Dn35hOK/g8JHA4597c3BMKRpV23Xdrbn5hcWm5tFJeXVvf2LS3tlsqSSUmTZywRHZCpAijnDQ11Yx0hCQoDhlph6OLid++IVLRhF/rsSBBjAacRhQjbaSevSuErxOY+cVTWchSkvtxak7esyuu49aq7nEN/iae4xaogBkaPfvN7yc4jQnXmCGlup4rdJAhqSlmJC/7qSIC4REakK6hHMVEBVkxOIcHRunDKJHmcg0L9WtHhmKlxnFoKmOkh+qnNxH/8rqpjqpBRrlINeF4OihKGTRbTwKBfSoJ1mxsCMKSmr9CPEQSYW1iK5sQPjeF/5PWkeOdOt7VSaV+PoujBPbAPjgEHjgDdXAJGqAJMLgF9+ARPFl31oP1bL1MS+esWc8O+Abr9QOrLJja</latexit>

pp ! µµ
<latexit sha1_base64="fVQfQ2mmZFceEu6v0XlGJwc/qkk=">AAACBXicdVDLSsNAFJ34rPUVdamLwSK4KomKtruiG5cV7AOaUCbTSTt0kgzzEErIxo2/4saFIm79B3f+jZO0gs8DFw7n3Dt37gk4o1I5zrs1N7+wuLRcWimvrq1vbNpb222ZaIFJCycsEd0AScJoTFqKKka6XBAUBYx0gvFF7nduiJA0ia/VhBM/QsOYhhQjZaS+vce5pxKYesVTacA0yTyFdF5Z3644Vadec47r8Ddxq06BCpih2bffvEGCdURihRmSsuc6XPkpEopiRrKypyXhCI/RkPQMjVFEpJ8WqzN4YJQBDBNhKlawUL9OpCiSchIFpjNCaiR/ern4l9fTKqz5KY25ViTG00WhZtDcnUcCB1QQrNjEEIQFNX+FeIQEwsoEVzYhfF4K/yfto6p7WnWvTiqN81kcJbAL9sEhcMEZaIBL0AQtgMEtuAeP4Mm6sx6sZ+tl2jpnzWZ2wDdYrx9Gvpm+</latexit>

pp ! ⌧⌧

NB. The convergence is slower for -channel mediators.s

[Allwicher et al., in preparation]

Examples:



Low vs high-energy searches

•  and  
•  (indirectly) 

b → cτν̄ b → sττ
b → sνν̄

Examples:
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Example iii)   (indirectly…)b → sνν̄

i) Hadronic matrix-element: ii) CKM matrix:Known Lorentz factors

Form-factors (e.g., LQCD)

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

|VtbV
⇤
ts| = |Vcb| (1 +O(�2))

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

From CKM unitarity:<latexit sha1_base64="+smICPPfnirNdzH5QAbo3xODIjg="></latexit>

hK(⇤)|s̄L�µbL|Bi =
X

a

Kµ
a Fa(q

2)

•  decays will be soon measured by the first time by Belle-II.  

• They cannot be directly probed at the LHC (in an efficient way…), but they are 
constrained indirectly by e.g.  via gauge invariance,  . 

• These decays are (rather) clean:  

- No contributions from infamous  loops.  
- Short-distance contributions are known to good precision. 

• Two main sources of theoretical uncertainty: 

B → K(*)νν̄

pp → ℓℓ Li = (νLi, ℓLi)T

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



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

�2
min/d.o.f. ' 9.2/10
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[Intermezzo]:  form-factorsB → K(*)

Pole factor:

Only FF needed for !B → Kνν̄

f+(q2)

f0(q2)

•  : precise LQCD data available at nonzero recoil ( ):B → K q2 ≠ q2
max

[  uncertainty]≈ 3 %

• : more challenging for several reasons… 

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

B → K*

⇒

[  uncertainty; accurate?] ≈ 15 %

[Becirevic, Piazza, OS. 2301.06990]

<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

See talks by Mahmoudi and  Reboud
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[Intermezzo]: Cross-check of fB→K
+ (q2)

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

NB. w/o νR

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

rlow/high =
B(B ! K⌫⌫̄)low�q2

B(B ! K⌫⌫̄)high�q2

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

rlow/high = 1.91± 0.06 <latexit sha1_base64="T3GlPE8HB20ixvoG0n1icxZOY+E=">AAACFXicdVDLSgMxFM3UV62vqks3wSK4kHGmaHUjFN24rGAf0A5DJs10QpOZIckoZZifcOOvuHGhiFvBnX9jpg/weSDk5Jx7yb3HixmVyrI+jMLc/MLiUnG5tLK6tr5R3txqySgRmDRxxCLR8ZAkjIakqahipBMLgrjHSNsbXuR++4YISaPwWo1i4nA0CKlPMVJacssHwk17HKlA8JRFt9nh7BHQQZBlZ7Bq2se9mEPLrNbccsUya1YO+JvY5vi2KmCKhlt+7/UjnHASKsyQlF3bipWTIqEoZiQr9RJJYoSHaEC6moaIE+mk460yuKeVPvQjoU+o4Fj92pEiLuWIe7oyn1n+9HLxL6+bKP/USWkYJ4qEePKRnzCoIphHBPtUEKzYSBOEBdWzQhwggbDSQZZ0CLNN4f+kpXOrmfbVUaV+Po2jCHbALtgHNjgBdXAJGqAJMLgDD+AJPBv3xqPxYrxOSgvGtGcbfIPx9gmXHZ5h</latexit>

rlow/high = 2.15± 0.26

e.g, using (old) FLAG average:

[Becirevic, Piazza, OS. 2301.06990]

• SM predictions depend on the extrapolation of the LQCD form-factors to low  
values — parameterisation dependent?  

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

• We propose to measure: 

• Using the bins  vs.  :

q2

⇒

(0, q2
max/2) (q2

max/2, q2
max)

18
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[Intermezzo]: 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]

19

Se talk by K. Vos
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[Becirevic, Piazza, OS. 2301.06990]

Take-home:  

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

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

*Using  from  for illustrationVcb B → Dℓν̄

10°6

10°5

10°4

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

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

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

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

B(B+ ! K⇤0⌫⌫̄)

SM

Exp (90% CL)

[Belle 1303.3719, 1702.03224]

[BaBar 1009.1529, 1303.7465]
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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="dyH2QosuYtpsQ0A49mecnWErnxo="></latexit>

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

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

Lb!s⌫⌫
e↵ =

4GF�tp
2

↵em

2⇡

X

ij

h
C

⌫i⌫j
L (s̄L�µbL)(⌫̄Li�

µ⌫Lj) + C
⌫i⌫j
R (s̄R�µbR)(⌫̄Li�

µ⌫Lj)
i
+ h.c. ,

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

�C
⌫i⌫j
L(R) = �ij �CL(R)Example:

EFT for b → sνν̄
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• EFT invariant under  [ ]:SU(2) × U(1)Y ψ4

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

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

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

Z 0 ⇠ (1,1, 0)

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

U1 ⇠ (3,1, 2/3)

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

S3 ⇠ (3̄,3, 1/3)

<latexit sha1_base64="qOmhC3I620l+fNaRprFTyuDWxR0=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69BIvgqSQi6rHoxWMF+wFNKJvtpF262YTdTaGE/hMvHhTx6j/x5r9x0+ag1Qe7PN6bYWZemHKmtOt+WZW19Y3Nrep2bWd3b//APjzqqCSTFNs04YnshUQhZwLbmmmOvVQiiUOO3XByV/jdKUrFEvGoZykGMRkJFjFKtJEGth36OnGUj5znxTcf2HW34S7g/CVeSepQojWwP/1hQrMYhaacKNX33FQHOZGaUY7zmp8pTAmdkBH2DRUkRhXki83nzplRhk6USPOEdhbqz46cxErN4tBUxkSP1apXiP95/UxHN0HORJppFHQ5KMq4Y44tYnCGTCLVfGYIoZKZXR06JpJQbcKqmRC81ZP/ks5Fw7tqeA+X9eZtGUcVTuAUzsGDa2jCPbSgDRSm8AQv8Grl1rP1Zr0vSytW2XMMv2B9fAOpZZOv</latexit>

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

b ! s⌫⌫̄

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

V ⇠ (1, 3, 0)

• Correlations for concrete mediators: 

-                    : 

-                    : 

-                    : 

-                    : 

   …

SMEFT for  (and )b → sνν b → sℓℓ
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SMEFT for  (and )b → sνν b → sℓℓ
• EFT invariant under  [ ]:SU(2) × U(1)Y ψ4 <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⌫⌫̄

• Unique access to operators with :  τL

Flavor dominates

Complementarity



[Grunwald. 2304.12837]

Beyond semileptonic operators
• First steps towards (flavorful) SMEFT analyses — within MFV:

Synergy between electroweak, flavor and LHC observables

24

NB. In agreement with our 
Drell-Yan reinterpretations

See also [Greljo et al. ’23]



Summary & Outlook
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Summary & Outlook

http://highpt.github.io/

• Semileptonic operators can modify the  tails currently studied at the LHC.  

• These high-  observables can be more constraining than their low-energy 
counterparts for specific transitions and sets of operators. 

• Complete flavor likelihood for high-  Drell-Yan production at LHC has been derived, 
for the first time, and implemented in the Mathematica package HighPT: 

• Several improvements are planned: 

- Implementation of more LHC searches and observables (e.g., ); 

- Inclusion of NLO corrections and PDF uncertainties in the signal simulation. 

• Combining low- and high-energy observables is fundamental: work in progress to 
derive the complete SMEFT likelihood!

pp → ℓiℓj

pT

pT

Afb

Thank you!

http://highpt.github.io/


Back-up



Partonic cross-section

with

[L. Allwicher, D. Faroughy, F. Jaffredo, OS, Wilsch. ’22]



[HPQCD. ’2304.03137]



[JLQCD. 2306.05657]



Comparison from A. Lytle talk



HighPT HighPT

[L. Allwicher, D. Faroughy, F. Jaffredo, OS, F. Wilsch. ’22]



<latexit sha1_base64="D8gXf7t22HYqiELF129MF5jnTK0="></latexit>⇥
O

(1)
lq

⇤
klij

=
�
l̄k�

µll
��
q̄i�µqj

�

Quark-flavor indices: i,j

For a left-handed operator:

Lepton Flavor Violation (LFV)

[L. Allwicher, D. Faroughy, F. Jaffredo, OS, F. Wilsch. ’22]



Our results: , , eμ eτ μτ
<latexit sha1_base64="LR21UlXMCIt77rLiFjFQnps+j20=">AAACQXicdVDLTsJAFJ3iC+sLdOmmSkhcEUqIuiS6cYmJPCJtyHR6gQnTaTMzJZKGv3CrP+NX+AnujFs3TqELBD3JJCfn3Du553gRo1JVq+9GbmNza3snv2vu7R8cHhWKx20ZxoJAi4QsFF0PS2CUQ0tRxaAbCcCBx6DjjW9TvzMBIWnIH9Q0AjfAQ04HlGClpUcniB0VWgDQL5Sqleoc1jqxM1JCGZr9onHm+CGJA+CKMCxlz65Fyk2wUJQwmJlOLCHCZIyH0NOU4wCkm8xPnlllrfjWIBT6cWXN1eWNBAcydaQeDbAayVVTTgPvPy8V//ZWz1KDazehPIoVcLK4ahAzS1eSlmX5VABRbKoJJoLqYBYZYYGJ0pWa5eWv/AmNZJbxaRHSNHWp9mqF66Rdq9iXlfp9vdS4yerNo1N0ji6Qja5QA92hJmohgjh6Ri/o1XgzPoxP42sxmjOynRP0C8b3D/MIsEY=</latexit>µ ! eee

<latexit sha1_base64="4GNxn4fxLr0LBRcuxnbLlq8qLR4=">AAACQ3icdVDLSsNAFJ3UV42vVpduRkvBVUlKUZdFN65KBfsAE8pkMmmHTpJhZlIsob/hVn/Gj/Ab3IlbwUmbRW31wMDhnHuHe47HGZXKst6Nwsbm1vZOcdfc2z84PCqVj7syTgQmHRyzWPQ9JAmjEekoqhjpc0FQ6DHS88a3md+bECFpHD2oKSduiIYRDShGSkuOEyaw5agYEtgalCpWzZoDrhM7JxWQoz0oG2eOH+MkJJHCDEn5aNe5clMkFMWMzEwnkYQjPEZD8qhphEIi3XR+9AxWteLDIBb6RQrO1eWNFIUyc6QeDZEayVVTTkPvPy8T//ZWz1LBtZvSiCeKRHhxVZAwqCvJ6oI+FQQrNtUEYUF1MIhHSCCsdKlmdfkrf0K5zDM+LUKapi7VXq1wnXTrNfuy1rhvVJo3eb1FcArOwQWwwRVogjvQBh2AAQfP4AW8Gm/Gh/FpfC1GC0a+cwJ+wfj+AWPmsGw=</latexit>

µN ! eN

<latexit sha1_base64="xGpneh3n2hnrSm0rrvZooDd02+Y=">AAACUXicdVBNS8NAEJ3E7/hV9SJ4WS2Cp9KIqEexIJ5EwapgS9lsprq42YTdiVhC/TVe9c948qd4c9vmoFUHFh7vzczOe1GmpKV6/cPzJyanpmdm54L5hcWl5crK6pVNcyOwKVKVmpuIW1RSY5MkKbzJDPIkUngdPTQG+vUjGitTfUm9DNsJv9OyKwUnR3Uq6y3CJypOGmcNlqBNNYtR8J7tdyrVeq0+LPYbhCWoQlnnnRVvsxWnIk9Qk1Dc2ttwN6N2wQ1JobAftHKLGRcP/A5vHdTc/dcuhhb6bNsxMeumxj1NbMh+nyh4YgeKda0Jp3s7LtpeEv2nDci/tfGzqHvYLqTOckItRld1c8UoZYPwWCwNClI9B7gw0hlj4p4bLshFHGx/XxU/ysyWHp9GJoPAhRqOR/gbXO3Wwv3a3sVe9ei4jHcWNmALdiCEAziCUziHJgh4hhd4hTfv3fv0wfdHrb5XzqzBj/LnvwAtmbNI</latexit>

FCNC meson decays

<latexit sha1_base64="Ttk9gz9iIQyNRau04Z2NCh01A0c=">AAACS3icdVDLTgJBEJxFUVxfgEcvq4TEE2EJUY9ELx4xkUcChMzONjBh9pGZXgLZ4Kd41Z/xA/wOb8aDA+wBQSuZpFLVPekqJxRcYbn8YaR2dtN7+5kD8/Do+OQ0m8s3VRBJBg0WiEC2HapAcB8ayFFAO5RAPUdAyxnfL/zWBKTigf+EsxB6Hh36fMAZRS31s/ku0ui5izDF2AVGZ2rezxbKpfIS1jaxE1IgCer9nHHRdQMWeeAjE1Spjl0JsRdTiZwJmJvdSEFI2ZgOoaOpTz1QvXh5/NwqasW1BoHUz0drqa5vxNRTC0fpUY/iSG2aauY5/3kL8W9v8ywc3PZi7ocRgs9WVw0iYWFgLWqzXC6BoZhpQpnkOpjFRlRShrpcs7j+lTvhoUoyTlchTVOXam9WuE2alZJ9Xao+Vgu1u6TeDDknl+SK2OSG1MgDqZMGYWRKXsgreTPejU/jy/hejaaMZOeM/EIq/QP1pLOy</latexit>

⌧ decays

<latexit sha1_base64="D8gXf7t22HYqiELF129MF5jnTK0="></latexit>⇥
O

(1)
lq

⇤
klij

=
�
l̄k�

µll
��
q̄i�µqj

�



From EFTs to physical observables

Problem to solve:

<latexit sha1_base64="RmmmnkZFpmaWwmNwbzi2/Xxy290=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSK4KomIuiy6cWcF+4AmlMl02g6dTOLMpFhCfsWNC0Xc+iPu/BsnbRbaemDgcM693DMniDlT2nG+rZXVtfWNzdJWeXtnd2/fPqi0VJRIQpsk4pHsBFhRzgRtaqY57cSS4jDgtB2Mb3K/PaFSsUg86GlM/RAPBRswgrWRenbFC7EeEczTuwx59DFhk55ddWrODGiZuAWpQoFGz/7y+hFJQio04VipruvE2k+x1IxwmpW9RNEYkzEe0q6hAodU+ekse4ZOjNJHg0iaJzSaqb83UhwqNQ0DM5knVYteLv7ndRM9uPJTJuJEU0HmhwYJRzpCeRGozyQlmk8NwUQykxWREZaYaFNX2ZTgLn55mbTOau5Fzb0/r9avizpKcATHcAouXEIdbqEBTSDwBM/wCm9WZr1Y79bHfHTFKnYO4Q+szx8ss5SI</latexit>

O ⌘

Vector of Wilson coefficients

Branching fraction of a low-energy LFV 
<latexit sha1_base64="PHzfv+s5+RNn706JbQEA2ESetng=">AAACUXicdVDLTgJBEOxdX7j4QL2YeBklJp4IS4x6JHLxiImgCUvI7NDAxNmHM7NEssGv8ao/48lP8eYs7AFRO5mkUtU9qSo/FlzpavXTsldW19Y3CptOcWt7Z7e0t99WUSIZtlgkIvngU4WCh9jSXAt8iCXSwBd47z82Mv1+jFLxKLzTkxi7AR2GfMAZ1YbqlQ69MbLUC6geMSrSxnRKPHxK+LhXKlcr1dmQ38DNQRnyafb2rGOvH7EkwFAzQZXquLVYd1MqNWcCp46XKIwpe6RD7BgY0gBVN51FmJJTw/TJIJLmhZrM2MWLlAYqU5RZzcyqZVFNAv8/LSP/1pZt6cFVN+VhnGgM2dzVIBFERyQrj/S5RKbFxADKJDfBCBtRSZk2FTuni1/1xzxWecbneUjHMaW6yxX+Bu1axb2onN+el+vXeb0FOIITOAMXLqEON9CEFjB4gVd4g3frw/qywbbnq7aV3xzAj7GL31Hms+M=</latexit>

~C ⌘

<latexit sha1_base64="jtyt1pwqKbaDvNhMaXFF1FAUU90="></latexit>

max
~C

n
O(~C ) , with �2

LHC
(~C )  �2

min
+��2

o

[Descotes-Genon, Faroughy, Plakias, OS. ’23]



[Fuentes-Martin et al. ’20]Charm physics

c → d(s)ℓνc → uℓℓ



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

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

[Becirevic, Piazza, OS. 2301.06990]

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="nq1zOLN/Glwqvw+cT+Ta57yKfSo="></latexit>

hK(k)|s̄L�µbL|B(p)i=

(p+ k)µ � m2

B �m2
K

q2
qµ

�
f+(q

2) + qµ
m2

B �m2
K

q2
f0(q

2)

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

    with                    . 

q2 ≠ q2
max

[Intermezzo]: Form-factors -   B → Kνν̄

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

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

�2
min/d.o.f. ' 9.2/10



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

•  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 %

[Intermezzo]: Form-factors -   B → K*νν̄


