
Light-front Distribution Amplitudes  
of heavy-mesons and quarkonia

Fernando E. Serna 

10th International Workshop on Charm Physics

Cruzeiro do Sul University,

São Paulo 

Collaborators: 
Bruno El-Bennich (Cruzeiro do Sul University)
Javier Cobos Martínez (University of Sonora)
Eduardo Rojas Peña (University of Nariño)
Roberto Correa da Silveira (Cruzeiro do Sul University)



Fernando E. Serna 10th International Workshop on Charm Physics 04/06/2021

Contents 


Non-perturbative continuum tools for QCD

Extracting Distribution Amplitudes

Light - front distribution amplitudes

Conclusions



Fernando E. Serna 10th International Workshop on Charm Physics 04/06/2021

QCD Factorization involves matrix elements which are convolution integrals  
<latexit sha1_base64="gyi53AIl7JR/pS0OvAlJXjYTewQ="></latexit>
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Meson's Light-front distribution Amplitudes (LCDAS)
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Hard - scattering kernels
<latexit sha1_base64="ymCe/a/0GHNEJNUiTr6q/53CFoU=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJUKCUpooKXohePFfoFbSyb7aZdupuE3U21hP4PLx4U8ep/8ea/cdvmoK0PBh7vzTAzz4s4U9q2v62V1bX1jc3MVnZ7Z3dvP3dw2FBhLAmtk5CHsuVhRTkLaF0zzWkrkhQLj9OmN7yd+s0RlYqFQU2PI+oK3A+YzwjWRnqoFTpPrBgXR9ei6511c3m7ZM+AlomTkjykqHZzX51eSGJBA004Vqrt2JF2Eyw1I5xOsp1Y0QiTIe7TtqEBFlS5yezqCTo1Sg/5oTQVaDRTf08kWCg1Fp7pFFgP1KI3Ff/z2rH2r9yEBVGsaUDmi/yYIx2iaQSoxyQlmo8NwUQycysiAywx0SaorAnBWXx5mTTKJeeiVL4/z1du0jgycAwnUAAHLqECd1CFOhCQ8Ayv8GY9Wi/Wu/Uxb12x0pkj+APr8wcYR5Gb</latexit>

T (⇠, u, v;mb)

<latexit sha1_base64="UZS5kg+yzO7BABv++AkKZ5oqD6w=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovQLiyJSHUjFN24rGAf0MQymU7aoTNJmJlIQ+jCjb/ixoUibv0Id/6N0zYLbT1w4XDOvdx7jxcxKpVlfRu5ldW19Y38ZmFre2d3z9w/aMkwFpg0cchC0fGQJIwGpKmoYqQTCYK4x0jbG11P/fYDEZKGwZ1KIuJyNAioTzFSWuqZRehEQ3qfOoJDJJNJeVyBl7Vx2T4ZV3pmyapaM8BlYmekBDI0euaX0w9xzEmgMENSdm0rUm6KhKKYkUnBiSWJEB6hAelqGiBOpJvOnpjAY630oR8KXYGCM/X3RIq4lAn3dCdHaigXvan4n9eNlX/hpjSIYkUCPF/kxwyqEE4TgX0qCFYs0QRhQfWtEA+RQFjp3Ao6BHvx5WXSOq3atap1e1aqX2Vx5EERHIEysME5qIMb0ABNgMEjeAav4M14Ml6Md+Nj3pozsplD8AfG5w8cYJZ0</latexit>

�asy(x) = 6x(1� x)
<latexit sha1_base64="VUvbs0f2nHGjVdZ/gnNQttfKZk8=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBahXkpSRD0WvXgRKtgPaELZbDft0s0m3d0US+jv8OJBEa/+GG/+G7dtDtr6YODx3gwz8/yYM6Vt+9vKra1vbG7ltws7u3v7B8XDo6aKEklog0Q8km0fK8qZoA3NNKftWFIc+py2/OHtzG+NqVQsEo96ElMvxH3BAkawNpLnxgPWvS8/nbuCjrrFkl2x50CrxMlICTLUu8UvtxeRJKRCE46V6jh2rL0US80Ip9OCmygaYzLEfdoxVOCQKi+dHz1FZ0bpoSCSpoRGc/X3RIpDpSahbzpDrAdq2ZuJ/3mdRAfXXspEnGgqyGJRkHCkIzRLAPWYpETziSGYSGZuRWSAJSba5FQwITjLL6+SZrXiXFaqDxel2k0WRx5O4BTK4MAV1OAO6tAAAiN4hld4s8bWi/VufSxac1Y2cwx/YH3+AChbkbU=</latexit>

�M (x) 6=

<latexit sha1_base64="C7Ig80clvcp+8ClMnH1YEz7KKzU="></latexit>

h0|q̄f (y2n)W [y2n, y1n] � · n �5 qg(y1n)|M(P )i

= ifM n · P
Z 1

0
dx e�in·P (y1x+y2x̄)�M (x, µ)

=  weak decay constant
<latexit sha1_base64="2Gi2RRwod1U6jMszQ0z5okqgibg=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9SIUvXisYNpCG8tmu2mXbjZhdyKU0t/gxYMiXv1B3vw3btsctPXBwOO9GWbmhakUBl3321lZXVvf2CxsFbd3dvf2SweHDZNkmnGfJTLRrZAaLoXiPgqUvJVqTuNQ8mY4vJ36zSeujUjUA45SHsS0r0QkGEUr+eqxeu12S2W34s5AlomXkzLkqHdLX51ewrKYK2SSGtP23BSDMdUomOSTYiczPKVsSPu8bamiMTfBeHbshJxapUeiRNtSSGbq74kxjY0ZxaHtjCkOzKI3Ff/z2hlGV8FYqDRDrth8UZRJggmZfk56QnOGcmQJZVrYWwkbUE0Z2nyKNgRv8eVl0qhWvIuKe39ert3kcRTgGE7gDDy4hBrcQR18YCDgGV7hzVHOi/PufMxbV5x85gj+wPn8Ae9Yjhw=</latexit>

n2 = 0
<latexit sha1_base64="BA+g55/yKz7FmyXIYxygEparStE=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwY0lE1I1QdONGqGAf0IYwmUzaofMIM5NCCf0TNy4UceufuPNvnLZZaOuBC4dz7uXee6KUUW0879sprayurW+UNytb2zu7e+7+QUvLTGHSxJJJ1YmQJowK0jTUMNJJFUE8YqQdDe+mfntElKZSPJlxSgKO+oImFCNjpdB1RQ/H0qSwAW/gGQ8fQrfq1bwZ4DLxC1IFBRqh+9WLJc44EQYzpHXX91IT5EgZihmZVHqZJinCQ9QnXUsF4kQH+ezyCTyxSgwTqWwJA2fq74kcca3HPLKdHJmBXvSm4n9eNzPJdZBTkWaGCDxflGQMGgmnMcCYKoING1uCsKL2VogHSCFsbFgVG4K/+PIyaZ3X/Mua93hRrd8WcZTBETgGp8AHV6AO7kEDNAEGI/AMXsGbkzsvzrvzMW8tOcXMIfgD5/MHtUKSZw==</latexit>

n·P = �mM

<latexit sha1_base64="4rns+Jj8qpan58DB3a7gpdcYjZA=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRixehgrGFNpTNdtIu3WzC7kYoob/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMC1PBtXHdb6e0srq2vlHerGxt7+zuVfcPHnWSKYY+S0Si2iHVKLhE33AjsJ0qpHEosBWObqZ+6wmV5ol8MOMUg5gOJI84o8ZKftTL7ya9as2tuzOQZeIVpAYFmr3qV7efsCxGaZigWnc8NzVBTpXhTOCk0s00ppSN6AA7lkoaow7y2bETcmKVPokSZUsaMlN/T+Q01noch7YzpmaoF72p+J/XyUx0FeRcpplByeaLokwQk5Dp56TPFTIjxpZQpri9lbAhVZQZm0/FhuAtvrxMHs/q3kXdvT+vNa6LOMpwBMdwCh5cQgNuoQk+MODwDK/w5kjnxXl3PuatJaeYOYQ/cD5/AODojrs=</latexit>

fM

Leading-twist LCDA for pseudoscalar meson 

Light-front Distribution Amplitudes
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Light-front Distribution Amplitudes
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Light-front projection of the Bethe- Salpeter wave function

Meson’s Bethe-Salpeter wave function
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S(k⌘) Quark propagator
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Non-perturbative continuum tools for QCD
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Continuum methods: Reproduce perturbation theory, but non-perturbative 
Systematic truncations: neglect higher n-point functions to obtain closed      
system 

Infinitely many coupled equations 

DSE = Quantum equation of motion: obtained from path integral, relate n-
point functions 

QCD’s Dyson-Schwinger Equations (DSEs)


Capture two emergent phenomena:

 Dynamical chiral symmetry breaking

 Confinement
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QCD’s Dyson-Schwinger Equations (DSEs)


+=
−1 −1

S−1(p) S(k)S−1
0 (p) Γν(k, p)

Dµν(q)

Dressed gluon propagatorDab
μν(q) =

 Dressed quark-gluon vertexΓb
ν(k, p) =

 Quark wave function renormalization constantZ2 =

Quark-gluon vertex renormalization constantZ4 =

Quark propagator
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Renormalization condition:

Quark Dyson-Schwinger Equation
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QCD’s Dyson-Schwinger Equations (DSEs)
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Bethe-Salpeter Equations for QCD bound-states
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⌘ + ⌘̄ = 1

General solution for Poincaré 
 invariant pseudoscalar BSA
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i

BSE = Bound-state equation for meson

Quark-antiquark scattering kernelKfg(q, k; P) =

Dressed quark propagatorSf(qη) =

 Meson’s Bethe-Salpeter Amplitude (BSA)Γfg
M(k, P) =
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DSE/BSE: Kernel can be derived in accordance with chiral symmetry

Truncation schemes and symmetries 
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K

Truncation must preserve AV-WTI, which ensures that we will have massless 
pions in the chiral limit. 
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Leading truncation

Rainbow-Ladder truncation
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An interaction ansatz for  that has proven its merits in meson and baryon 
phenomenology can be decomposed as 

𝒢(q2)
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�m = 12/(33� 2Nf ), Nf = 4, ⇤QCD = 0.234GeV
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Quark Propagator: Dynamical chiral symmetry breaking generates ‘constituent- 
quark masses’. 
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Quark Propagator: In order to obtain bound-states masses, we need to know the 
quark propagator in a parabolic region in the complex plane.
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Light meson: For instant, the pion with .η = 1/2

Numerical solutions: Quark DSE
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Heavy meson: For instant, the  meson with D η = 0.6

u-quark

Numerical solutions: Quark DSE


Quark Propagator: In order to obtain bound-states masses, we need to know the 
quark propagator in a parabolic region in the complex plane.
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Numerical solutions: Quark DSE


u-quark

Quark Propagator: In order to obtain bound-states masses, we need to know the 
quark propagator in a parabolic region in the complex plane.

<latexit sha1_base64="RNPKcDRHt1HRocpIBgqDvvUBrUY="></latexit>

S(q⌘) = �i� · q⌘ �v(q
2
⌘) + �s(q

2
⌘)

q2⌘ = q2 � ⌘2m2
M + 2i⌘mM |q|zq

<latexit sha1_base64="2JYTnsPPMrqbQl2TP1Y+JxcaYR8="></latexit>

�f
v (q

2
⌘) =

Af (q2⌘)

q2⌘A
2
f (q

2
⌘) +B2

f (q
2
⌘)

<latexit sha1_base64="ZSQR7mwNPhKBDwGqyhSz2yc7VJg="></latexit>

�f
s (q

2
⌘) =

Bf (q2⌘)

q2⌘A
2
f (q

2
⌘) +B2

f (q
2
⌘)

COMPLEX PLANE SOLUTION

mM = mD > 1 GeV
Heavy meson: For instant, the  meson with D η = 0.6



Fernando E. Serna 10th International Workshop on Charm Physics 04/06/2021

For the bound state masses we solve an artificial eigenvalue problem: 
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Basically to obtain the meson mass we 
have find the root of .λ(P2) − 1 = 0

Numerical solutions: BSE
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Pseudoscalar channel

Vector channel

Light mesons & quarkonia


F. E. S, R. C. da Silveira, J. Cobos-Martínez, B. El-Bennich and E. Rojas, Eur. Phys. J. C 80, 955 (2020).
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Heavy-light mesons

Pseudoscalar channel

Vector channel

We have introduced a different flavor dependence of the dressing functions in the 
heavy-quark sector.

F. E. S, R. C. da Silveira, J. Cobos-Martínez, B. El-Bennich and E. Rojas, Eur. Phys. J. C 80, 955 (2020)
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Extracting LCDAs
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Extracting LCDAs
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Extracting LCDAs


<latexit sha1_base64="E8RJTiQ2X4ezafFE+cL29CgbLR8=">AAACBHicbVDLSgMxFM34rPVVddlNsAgupMwUUTdC0YUuK9gHdErJpHfa0CQzJBmhDF248VfcuFDErR/hzr8xbWehrQcuHM65N7n3BDFn2rjut7O0vLK6tp7byG9ube/sFvb2GzpKFIU6jXikWgHRwJmEumGGQytWQETAoRkMryd+8wGUZpG8N6MYOoL0JQsZJcZK3ULRn76RKuiNfZHgS1zxT3wl8A00uoWSW3anwIvEy0gJZah1C19+L6KJAGkoJ1q3PTc2nZQowyiHcd5PNMSEDkkf2pZKIkB30ukCY3xklR4OI2VLGjxVf0+kRGg9EoHtFMQM9Lw3Ef/z2okJLzopk3FiQNLZR2HCsYnwJBHcYwqo4SNLCFXM7orpgChCjc0tb0Pw5k9eJI1K2TsrV+5OS9WrLI4cKqJDdIw8dI6q6BbVUB1R9Iie0St6c56cF+fd+Zi1LjnZzAH6A+fzB1onl0A=</latexit>
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F. E. S, R. C. da Silveira, J. Cobos-Martínez, B. El-Bennich and E. Rojas, Eur. Phys. J. C 80, 955 (2020)
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Conclusions


We have employed the combined approach of the DSE for the quark and 
BSE with a flavor-dependent, slightly modified interaction to first compute 
the mass spectrum and weak decay constants of the pseudoscalar 

 and  mesons and  and   quarkonia. π, K, D, Ds, B, Bs Bc ηc ηb

We also have obtained the corresponding LCDA at a physical mass with 
appropriate projections of the Bethe-Salpeter amplitudes on the light 
front. 

We Mesons make up of two quarks of the same flavor, each carrying the 
same amount of momentum fraction of the bound state on the light front.  

Mesons make up of two different flavor, the heaviest valence quark inside 
the meson carries a greater amount of the meson momentum. 
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Thank you



