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 Non-leptonic decays
3  to 7  deviation of experiment from QCDf predictions with standard error estimatesσ σ

N. Skidmore
e.g. Huber, Kränkl, Li 1606.02888; Bordone, 
Gubernari, Huber, Jung, van Dyk 2007.10338; Cai, 
Deng, Li, Yang 2103.04138; … 
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What could go wrong?

• Huber, Kränkl 1606.02888
• Bordone, Gubernari, Huber, Jung, vanDyk 

2007.10338
• Iguro, Kitahara 2008.01086
• Cai, Deng, Li, Yang 2103.04138
• Bordone, Greljo,Maryocca 2103.10332
• Beneke, Böer, Finauro, Vos 2107.03819

Similar for 
• Fleischer, Malami 2110.04240, 2109.04950

Bs → D∓
s K±

In the SM the determination of  
is super precise

γ

update 
AL, Tetlalmatzi-Xolocotzi 

1912.07621

If there are BSM effects in non-
leptonic decays, the determination 

of  can be modified by  γ 𝒪(5∘)
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 Non-leptonic decays

BELLE, 2207.00134v2

Br(B̄ → D*+π−) = (2.62 ± 0.02 ± 0.09) ⋅ 10−3

Br(B̄ → D*+K−) = (2.22 ± 0.06 ± 0.08) ⋅ 10−4

|a1(π) | = 0.884 ± 0.004 ± 0.003 ± 0.016

|a1(K) | = 0.913 ± 0.019 ± 0.008 ± 0.013 Br(Bs → D−
s π+) = (3.20 ± 0.10 ± 0.16) ⋅ 10−3

Br(Bs → D−
s K+) = (2.41 ± 0.05 ± 0.06 ± 0.14) ⋅ 10−4

2103.06810

2111.04978

Br(B̄ → D+π−) = (2.48 ± 0.01 ± 0.09 ± 0.04) ⋅ 10−3

Br(B̄ → D+K−) = (2.48 ± 0.01 ± 0.09 ± 0.04) ⋅ 10−3
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Decay constant

Form Factors

Factorisation

Outline

I) Imaginary part of CKM-elements = CP Violation 
II) Instead of a W-Boson a charged Higgs particle could be exchanged 
III)  

IV) Determination of SM-Parameter

III) QCD effects are crucial! Perturbative QCD corrections 
Non-perturbative: decay constants, form factors, factorisation 



 Non-leptonic decays

NNLO

LO in

NLO in : ϵ ϵ1 • Higher twist to light meson DA 
• Emission of hard-collinear gluon from spectator quark 
• Emission of hard-collinear gluon from heavy quark 
• Exchange of soft-gluon between B,D-system and light meson

Bordone, et al: 
first estimates of power  
corrections yield very  
small effect, overall  

uncertainties are also 
very small



 Non-leptonic decays
New estimates within QCD sum rules (Piscopo, Rusov in progress)

Indication: non-factorizable contribution larger - uncertainties larger - stay tuned
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 Non-leptonic decays
New estimates within QCD sum rules (Piscopo, Rusov in progress)

Exp.:

Bordone et al.:

Piscopo, Rusov - LCSR only
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1) Overview 
2) Revisiting Exp 
3) Revisiting the SM 
4) Revisiting BSM 
5) Some more BSM tests 
6) A decisive test



 Non-leptonic decays

2008.01086

BSM in  and C1 C2

• Redo analysis of Bordone at al. + ratio with sl  
• Extend to 20 BSM operators 

2103.04138



 Non-leptonic decays
2008.01086

• Confirmation of results from Cai et al.  
• What happens if SM central values and 

SM uncertainties change? 
• Include top-observables 

• “BSM in non-leptonic tree-level decay is 
excluded by collider constraints” is a very 
strong conclusion!                              
Uncertainties due to e.g. recasting? 

Ongoing re-analysis 
Atkinson, Englert, Kirk, Tetlalmatzi-Xolocotzi
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1) Overview 
2) Revisiting Exp 
3) Revisiting the SM 
4) Revisiting BSM 
5) Some more BSM tests 
6) A decisive test



 Non-leptonic decays
2111.04478, see also Fleischer, Vos 1606.06042



Conclusion
• We must still understand QCD better                          

=> put more efforts into the machine deck or the ship 
will get stuck or drift away!

• Still room for BSM effects 
in non-leptonic tree-level 
decays with interesting 
opportunities                   
=> Enjoy the f(s)un deck

• Since  is gone, a  BSM explanation of e.g.  
might be more interesting again

RK b → cc̄s Bs → ϕll

Charming new physics in rare B-decays and mixing  
Jaeger, Kirk, Lenz, Leslie  
arXiv: 1701.09183; 1902.10.12924 
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The end


