
 puzzle 
Alexander Lenz, Siegen
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Outline
• B-mixing - Box diagrams 

• Mass differences  

• Decay rate differences  and semileptonic CP asymmetries  

• BSM contributions to mixing and  in the SM and beyond 
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Report from mini workshop



Colour-allowed Tree-level Decays

• CKM leading decays 

• The are no annihilation, penguins,… 

• QCDf should work at its best!
Beneke, Buchalla, Neubert, Sachrajda 1999…
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Colour-allowed Tree-level Decays
Theory update by Danny, Martin, Marzia, Nico and Tobias 2007.10338

Update Form factors for B to D
Bordone, Gubernari, Jung, van Dyk, 1912.09335 
Lattice, QCD-SR, LCSR with Bs-DA

NNLO
T. Huber, S. Kränkl, X.-Q. Li
1606.02888

Beneke, Buchalla, Neubert, Sachrajda 1999…

• higher-twist corrections to the light-meson LCDA  
     Enters only at order  or higherαsϵ2



Colour-allowed Tree-level Decays
Theory update by Danny, Martin, Marzia, Nico  and Tobias 2007.10338

Huge and significant deviation
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Colour-allowed Tree-level Decays
Confirmation of result by Fang-Min Cai, Wei-Jun Deng, Xin-Qiang Li, Ya-Dong Yang 2103.04138
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Colour-allowed Tree-level Decays
Confirmation of result by Fang-Min Cai, Wei-Jun Deng, Xin-Qiang Li, Ya-Dong Yang 2103.04138



Colour-allowed Tree-level Decays
Confirmed by experiment LHCb [arXiv:2103.06810]

Bs → D+
s π+ = (3.20 ± 0.19) ⋅ 10−3 (PDG 3.00 ± 0.23) 4.6σ → 4.3σ

Bs → D+
s K+ = (2.41 ± 0.16) ⋅ 10−4 (PDG 1.92 ± 0.22) 3.9σ → 2.9σ



BSM in non-leptonic tree-level Decays
How much space is there for BSM effects in non-leptonic tree-level decays? 

⇒ ⇒

AL, Tetlalmatzi-Xolocotzi 1912.07621 ΔΓq, ΔMq, aq
sl

B → ππ, Dπ, . . .
b → sγ, sμμ

B → J/ΨK, sin 2β, . . .

τ(Bs)/τ(Bd), . . .

What consequences could this have? 

• Enhancement of  by several hundred %  
Bobeth, Haisch, AL, Pecjak, Tetlalmatzi-Xolocotzi 1412.1446   

• Deviation of the CKM angle  by several degrees 
Brod, AL,  Tetlalmatzi-Xolocotzi 1404.2531 

ΔΓd

γ

No new Dirac structures, ΔCi ∈ ℂ



BSM in non-leptonic tree-level Decays
BSM effects in  transitions? b → cc̄s

⇒ ⇒

Jäger, Kirk, AL, Leslie 1910.12924, 1701.09183  
ΔΓq, ΔMq, aq

sl

b → sγ, sμμ

B → J/ΨK, sin 2β, . . .

τ(Bs)/τ(Bd), . . .

New Dirac structures, ΔCi ∈ ℂ

• You can create a q^2 dependent BSM effect to  
•P5’ and friends can be explained, R_K clearly not 
•Only part of a bigger picture: BSM in loop and tree-level

b → sμμ
⇒



BSM in non-leptonic tree-level Decays
Improvement of our studies:  is a crucial constraint:τ(Bs)/τ(Bd)

•ms corrections to Bag parameter for B_s and  D_s^+ mesons 
HQET sum rules King, AL, Rauh       Lattice in Siegen! Black, Witzel 

•Darwin term turns out to be sizeable and has to be included! 
AL, Piscopo, Rusov       Mannel, Moreno, Pivovarov 

Work in progress 
update of charm meson lifetimes (test of convergence of HQE) 
update of b meson lifetimes (phenomenology)  

?size of SU(3)_F breaking in Darwin term?



BSM in non-leptonic tree-level Decays

Assume: BSM only in C_1 and C_2 (Colour-Singlett) ⇒

Flavour bounds 
 

Collider dijet…
K → ππ, ΔMd,s, b → sγ, . . .

possible
⇒⇒

2008.01086



BSM in non-leptonic tree-level Decays
1. Update SM prediction 
2. Investigate all possible new Dirac structures at NLO
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BSM in non-leptonic tree-level Decays

Marzia, Admir, 
David?



How to make it to the media?
1) Potential Improvements of estimates of power corrections 

Talks by Guido Bell and Alexander Khodjamirian 
Ideas how to further scrutinise the size of power corrections 

2) Improved constraints from Flavour Physics 
                     Update lifetime bounds 

3) To what extent is the work by Marzia, Admir and David a definite party spoiler? 
                    Are there any loopholes? 
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