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In this talk, we will focus on the description of B mesons decays into pairs of 
light pseudoscalar mesons

 Non-leptonic B meson decays

q i⊗q j→3⊗3=81

i , j∈[u ,d , s ]



  

 Non-leptonic B meson decays
The decay amplitudes can be decomposed in two sectors depending on the 

CKM structure 



  

Topological description

There is a 
diagrammatic 

correspondence for 
each amplitude



  

Topological description

The flavour structure allows a systematic decomposition of the physical 
decay amplitudes.

The subamplitudes 

can then be obtained from fits to data

He and  Wang 1803.04227 
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Dynamical approach
Unfortunately, most  decay channels involve (power suppressed)

contributions which lead to large uncertainties. 

A very well known example of this are  annihilation topologies which are affected by 
LCDA end point singularities

the annihilation sub-amplitudes are ubiquitous to most of the QCDF 
amplitudes, consider for instance 

b, b

Uncertainties can be large, of order 100% 



  

Dynamical/Topological approach

a

¿

Decay amplitudes in QCDF can be obtained with the magic formula 



  

Dynamical/Topological approach

a

¿

The      subamplitudes correspond to factorizable contributions, some of them have 
been estimated up to NNLO in QCD at leading order in           .         

The     subamplitudes correspond to annihilation contributions which are non-factorizable.

They are normally addressed using educated ansätze.

α i

β i

Decay amplitudes in QCDF can be obtained with the magic formula 

ΛQCD /mb



  

Dynamical/Topological approach

Due to the current limitations of our first-principles techniques we aim to get 
bounds on the different QCDF subamplitudes using data  

In principle each one of the subamplitudes       and      is channel dependent, 
however there is not enough 

experimental information to fit all of them in a channel dependent fashion. 

α i β i

The idea is to decompose the  magic formula considering 
the different flavour structures.  

This naturally leads to a natural equivalence between 
the topological decomposition (a parametrization of the physical amplitudes) 

and the dynamical formalism of QCDF

Even though there is a systematic decomposition using flavour structures this does not 
imply that the flavour symmetry SU(3) has to be exact.



  

Dynamical/Topological approach

We notice that the magic formula can be written as   

where   where   

and   



  

Dynamical/Topological approach

The CKM unitarity allows two possibilities

Now   

1)              and           decompositionΛu Λ t

Λu Λc

all the terms can be written in terms of 
             

and 

Direct connection with the topological parametrization

1)              and           decomposition

2)              and           decomposition



  

Λu Λ t

 and        parameterization

Huber,  Tetlalmatzi-Xolocotzi   2111.06418

 and        parameterization



  

Λu Λ t

These relationships are exact 

To disentangle individual QCDF subamplitudes further assumptions are required. 

Huber,  Tetlalmatzi-Xolocotzi   2111.06418

 and        parameterization



  

Λu Λ t
Assumptions based on QCDF at NLO and NNLO

The following 
differences are small NLO

NNLO

 and        parameterization

Huber,  Tetlalmatzi-Xolocotzi   2111.06418



  

Λu Λ t and        parameterization
Assumptions based on QCDF at NLO and NNLO

The following 
differences are small NLO

NNLO

Huber,  Tetlalmatzi-Xolocotzi   2111.06418



  

Λu Λc and        parameterization

Huber,  Tetlalmatzi-Xolocotzi   2111.06418



  

Introducing SU(3) flavour breaking
Two sources of SU(3) flavour breaking  

Gegenbauer moments
(breaking is small)  Largest source of breaking 

Introduce bare 
quantities which 
will be assumed 
to be SU(3) exact



  

-fit

To find the minimum of the        function we use
 

random sampling together with the minimization algorithm 

Sequential-Least-Squares (Python SciPy optimize library)   

χ 2

Sequential Least Squares allows us to account for bounds on the observables

χ 2

Our analysis includes:

Branching fractions, direct CP asymmetries and mixing induced CP asymmetries



  

-fitχ 2

Best fit point

NNLO QCDF calculation
Beneke, Hubert,  Xin-Qiang Li,  0911.3655 

Underlying amplitudes (annihilation) have to be multiplied by 

χ 2
/dof =1.67 pvalue=0.072



  

-fitχ 2



  

-fitχ 2



  

-fitχ 2



  

-fitχ 2



  

The conclusions are similar concerning the fact that SU(3) breaking fits 
the data.   

In addition we also find that the electroweak penguins deviate in 
comparison with the QCDF calculation, a similar conclusion can be 
derived from the results presented in the reference above based on 

values for the fitted amplitudes

In      

a similar analysis is done in the 

 
                      and             basis

considering channels without singlets

Λu Λc

M. B. Marcos, M. Reboud and K.K. Vos, 2504.05209

-fitχ 2



  

Conclusions
● We have performed a data-driven analysis to extract bounds on QCDF 

amplitudes for B mesons decaying into pairs of pseudoscalar light 
mesons.

● We find that it is possible to explain data (including final states with 
singlets) incorporating SU(3) flavour breaking effects.   

● Our analysis finds that data is compatible with the QCDF values of the 
amplitudes        and the real part of      .

● We also find the annihilation amplitudes are bounded to values of at most 
10%.

● Nevertheless we find that data requires large strong phases and sizeable 
electroweak penguin values in comparison with QCDF.      

α 1 α 2
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