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2008.01086

The “fun” explanation?

2411.00940

BSM effects in non-leptonic B decays 
cannot be arbitrarily large!
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BSM effects modify 
- Wilson coefficients  
- Potential new Dirac 

structures in operators

Γi, Γ̃i
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Why BSM effects  
in tree-level decays?

Is there a connection between mixing and rare decays (anomalies)?


Consider NP in tree-level  transitions with general Dirac structures 

This affects both rare decays and lifetimes: 

-dependent BSM contributions  to rare decays possible! 

b → cc̄s

q2

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

These ideas were  
disfavoured for quite  

some time, since  
they predicted RK ≈ 1



Why BSM effects  
in tree-level decays?

On new physics in  
Bobeth, Haisch, AL, Pecjak, Tetlalmatzi-Xolocotzi  
JHEP 1406 (2014) 040

• Decay rate difference of  Mesons  , can be enhanced by more than 
100% due to BSM effects in tree-level decays                                                                


•  inspired by D0 Dimuon asymmetry   


• inspired the ATLAS measurement of     
•

Bd ΔΓd

ΔΓd

Aμμ = Cdad
sl + Csas

sl + CΓΔΓd
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impact

does this 
have?
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Huge
potential 

modification 
of !!!!γCKM
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Reminder:  
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Notation for the case of BSM effects

This implies:

Inserting the  
effective  

Hamiltonian:

BSM: additional weak &  
strong phases possible  

=> ΔrB, ΔδB, Δγ
BSM:  

weak phase => γ
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Conclusion
• We must still understand QCD better - also for the fun deck                          

=> 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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Reminder:  
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Amazing cleanliness of the extraction 
of  within the SM:  

1 part per million
γCKM

Note:  
• A  can both decay into a and a  meson 
• The first possibility is colour-allowed, the second 

colour-suppressed  
• there are no penguins possible 
• The only significant weak phase in these 

diagrams is  in the suppressed decay - 
stemming from 

B− D0 D̄0

γCKM
Vub
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Within the SM  and  decays 
 (as well as  and )  
 are described with the effective Hamiltonian:

B− → D0K− B− → D̄0K−

B+ → D̄0K+ B+ → D0K+

Reminder:  
extraction of  in the SMγCKM

Consider: final states  into which both the  and the  can decay, e.g.  and fD D0 D̄0 π+π− K+K−

With the colour re-arranged 
and the colour-allowed tree-level operators

We can write generally - 
without knowing the 
values of A1, δ1, A2, δ2
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 Therefore we get for the amplitude  two contributions  
(one from intermediate  and one from  ) 

B− → fDK−

D0 D̄0

Reminder:  
extraction of  in the SMγCKM

 Similarly we get for the amplitude B+ → fDK+

These two expressions allow the precise extraction of  from experimental dataγCKM


