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• Intro: framework, Drell-Yan, implementation in flavio 

• Results in EFT: (semi)leptonic  and   
                           meet high-mass DY 

• Model examples: heavy s and LQs

b → d b → s

Z′ 

Outline
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SMEFT

• Model-independent description of heavy NP


• 59 operators for a single generation at dim. 6


• Flavour opens a huge parameter space: 1350 real + 1149 complex


• Correlates different classes of observables, non-trivial interplay


• Complicated data analyses done for  
-> bounds on  can be reinterpreted in many NP models
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Low-energy processes meeting DY
1210.4553, 1605.07114, 1609.07138, 1704.09015, 1806.02370, 1809.01161,  
1811.07920, 2002.05684, 2003.12421, 2008.07541, 2207.10714, 2303.07521, …

https://arxiv.org/abs/1704.09015
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Low-energy processes meeting DY
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We implement predictions and latest measurements of neutral and charged current 
high-mass Drell-Yan with  in flavioℓ = e, μ

1210.4553, 1605.07114, 1609.07138, 1704.09015, 1806.02370, 1809.01161,  
1811.07920, 2002.05684, 2003.12421, 2008.07541, 2207.10714, 2303.07521, …

[See also talk by Jaffredo]

https://arxiv.org/abs/1704.09015
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Implementation of Drell-Yan
Experimental measurements:

CMS 2103.02708 2202.06075
ATLAS 2006.12946 1906.05609

pp → ℓℓ pp → ℓν

Predictions: 
We reweigh the reported expected number of DY events with NNP+SM

DY =
σSM+NP

σSM
NSM

DY
A. Greljo and D. Marzocca: 1704.09015

Likelihood: Poisson convolved with Gaussian (systematics)
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Greljo, Salko, AS, Stangl; 2212.10497 
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(~140fb-1)

https://arxiv.org/abs/1704.09015
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Sensitivity of DY to CI

EFT CI enhanced at high energies
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Also e.g. 1811.07920, 2207.10714

Greljo, Salko, AS, Stangl; 2212.10497 

Bound saturates at bins of ~TeV

Λ = 1TeV
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Results in EFT:  and * meet high-mass DY 
                         

b → d b → s

8
*assuming non-local effects under control (2110.10126, 2206.03797, …)
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 in WETb → d, s
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flavioB0 ! µµ 1æ

Bs ! K§0µµ 1æ

B ! ºµµ 1æ

global 1æ, 2æ

°2.0 °1.5 °1.0 °0.5 0.0 0.5 1.0

Cbsµµ
9

°1.0

°0.5

0.0

0.5

1.0

1.5

2.0

C
bs

µ
µ

10

flavio
Bs ! µµ 1æ

RK & RK§ 1æ, 2æ

b ! sµµ 1æ, 2æ

Greljo, Salko, AS, Stangl; 2212.10497 
Obqℓℓ

9 = (q̄γμPLb)(ℓ̄γμℓ)

Obqℓℓ
10 = (q̄γμPLb)(ℓ̄γμγ5ℓ)

Also e.g. R. Bause et al (2209.04457), M. Ciuchini et al (2212.10516) 

b → dμμ b → sμμ

 FFs from 2102.07233 B → π
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SMEFT: minimalistic flavor
Closing flat directions with complementary constraints:

Example assuming NP only in bdee

Greljo, Salko, AS, Stangl; 2212.10497 

Qed = (ēγμe)(d̄γμd), Qqe = (q̄γμq)(ēγμe)



A. Smolkovic: Rare b decays meet high-mass Drell-Yan 11

SMEFT: interplay in MFV

∼ y2
t
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Greljo, Salko, AS, Stangl; 2212.10497 
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SMEFT: interplay in MFV
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SMEFT: interplay in MFV
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SMEFT: interplay in MFV
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SMEFT: interplay in MFV
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Model examples: heavy s and LQsZ′ 

17
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LFU vs LFUV
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Greljo, Salko, AS, Stangl; 2212.10497 
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LFU tree level models
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Greljo, Salko, AS, Stangl; 2212.10497 
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LFU Z′ 
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LFU leptoquark
Triplet of scalar  LQs:  , LQs form a  under  *S3 Sα ∼ (3̄, 3,1/3) 3̄ U(3)l

ℒ ⊃ (DμSα)†(DμSα) − m2Sα†Sα − (λi q̄c
i lαSα + h . c.)

* could be more minimal, i.e.  or U(2)l U(1)e × U(1)μ × Ze↔μ
2

λi = λ (κVtd, κVts,1)

 at tree level

 and  loop suppressed

2q2ℓ
4q 4ℓ
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Summary

22

• Implement neutral and charged current high-mass Drell-Yan tails with 
light leptons into the flavio+smelli framework* 

• Analyse the interplay between low-energy -meson decays into light 
leptons and high-mass Drell-Yan constraints in the SMEFT and 
beyond 

• Demonstrate high complementarity between Drell-Yan and meson 
decays in realistic flavour scenarios, and concrete models 

B

available on flav-io.github.io

Thank you*shoutout to HighPT (see talk by Jaffredo)

http://flav-io.github.io
https://github.com/HighPT/HighPT
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Additional slides

23
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Implementation of Drell-Yan
Experimental measurements:
We implement data (~140fb-1) from latest CMS and 
ATLAS searches: 

CMS 2103.02708 2202.06075
ATLAS 2006.12946 1906.05609

pp → ℓℓ pp → ℓν

Expected # of events  
including  @ NNLO QCD, NLO EWNSM

DY

Systematic uncertainties provided

For predictions: 
We reweigh the reported expected number 
of DY events with ratio

NNP+SM
DY =

σSM+NP

σSM
NSM

DY

implement analytical predictions        

    of 
⇒

dσ(pp → ℓℓ, ℓν)/dm
A. Greljo and D. Marzocca: 1704.09015

[  in CC]mT

Likelihood: Poisson convolved with Gaussian

https://arxiv.org/abs/1704.09015


A. Smolkovic: Rare b decays meet high-mass Drell-Yan 25
Greljo, Salko, AS, Stangl; 2212.10497 
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Greljo, Salko, AS, Stangl; 2212.10497 


