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QCD factorization in B decays involves matrix elements which are convolution integrals: 

The integrals are over a (hard) scattering kernel T (ξ,u,v,m) and light-cone distribution 
amplitudes (LCDA) expanded in Gegenbauer polynomials:

LCDA were poorly known for light mesons, in recent years improved determinations of the first 
two Gegenbauer moments of the pion and kaon, RQCD Collaboration, Bali et al. (2019).


Next to nothing was known about heavy-light mesons, mostly models and asymptotic LCDA used.

Light-Cone Distribution Amplitudes

https://inspirehep.net/literature?q=collaboration:RQCD


Spatial imaging of glue in a nucleon/nucleus

• Exclusive charmonium production: narrow quarkonium exchanges gluons with  the nucleon’s light quarks.


• Cross section is proportional to the square of the gluon density in the hadron.


• At large virtualities Q2 ≫ mQ2, electroproduction of heavy mesons is expressed in terms of meson distribution 
amplitudes in the factorization theorem (Collins, Frankfurt & Strikman 1997). 
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See also talks by Andreas Schäfer and Bowen Xiao 
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Charged current production of light and charmed mesons

B. Pire, L. Szymanowski, and J. Wagner, arXiv:2104.04944  (2021)

• Initial work by Marat Siddikov and Iván Schmidt for pion and rho production, Phys. Rev. D 99 (2019). 


• Claim that their numerical estimates show that production could be studied in neutrino- or electron-
induced processes at EIC.


• Recently extended do Ds and Ds* mesons in collinear QCD where generalized gluon distributions 
factorize from perturbatively calculable coefficient functions. 


• Required input: pseudoscalar and vector meson distribution amplitudes.



Bethe-Salpeter Equation for QCD Bound States 

• Quark propagators are obtained by solving the gap equation (DSE) for space-like momenta.


• In solving the BSE in Euclidean space, the propagators are functions of  (k+P )2, P = (0,0,0,iM).

• Extension to complex plane via Cauchy’s integral theorem. 



Bethe-Salpeter Equation for QCD Bound States 

Treated with effective couplings

Poincaré invariant BSA solution for pseudoscalar mesons:



Pseudoscalar Meson Spectrum

F. Serna, R. Correa da Silveira, J.J. Cobos Martínez, B.E., E. Rojas,  Eur. Phys. J. C 80 (2020)



 Vector Meson Spectrum

F. Serna, R. Correa da Silveira, B.E., in preparation



Light-Cone Distribution Amplitudes

• We do not obtain the LCDA directly from the light-front wave functions:  
 
 

• Instead, we compute the Mellin moments:  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

• We reconstruct the distributions amplitudes by means of a Gegenbauer-like expansion or 
other functional forms:
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Light-Cone Distribution Amplitudes
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Light-Cone Distribution Amplitudes
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Light-Cone Distribution Amplitudes
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Only valid for full QCD ! 


Application to HQET requires the use of heavy-quark expansion of charm  
and bottom propagator in the Bethe-Salpeter equation.
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Conclusions & Progress

• Much progress was made from QCD based modeling toward nonperturbative 
numerical solutions of quark propagators and quark-antiquark bound states for 
flavored mesons satisfying chiral symmetry and Poincaré covariance. 


• Good reproduction of charmonium and bottonium as well as D and B meson 
mass spectrum and their weak decay constants. 


• Improvements in Bethe-Salpeter kernels beyond ladder truncation underway … 
⟹  needed for scalar and axialvector channels and their higher radially excited 
states, as well as better control of quark correlation functions on complex plane.


• LCDA of vector quarkonia and D and Ds mesons underway. 


• Calculation of scalar D and Ds mesons & excitations (PANDA-FAIR, Jlab, EIC ?)


