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MOTIVATION
• Hadron physics experiments probe the asymptotic predictions of 

Quantum Chromodynamics and its non-perturbative emergent 
phenomena of dynamical chiral symmetry breaking and confinement.

• The theoretical study of the dynamics of Hadrons represents a 
challenge since the extrapolation from fundamental particles to 
bound state systems is a hard task.

• The use of the SDE and BSE to study static and dynamic properties 
of Hadrons with the minimum number of input parameters is a long 
term goal.
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• At leading-order in a symmetry preserving truncation of 
the SDEs, internal properties of pseudoscalar, vector, 
scalar and axial-vector mesons such as pion, rho, sigma 
and     can be studied in a consistent manner.

• In this work we are interested on the determination of 
Elastic Meson Form Factors (EMFF).

• The calculation of all elastic meson form factors requires 
the computation of the quark propagator, the BSA of 
mesons, their masses as well as the knowledge of the 
quark-photon interaction at different probing momenta.
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GAP EQUATION
• Dressed masses of quarks are obtained by use of the GAP 

equation,   

• Where

• And       is the current quark mass and      is the quark-vector 
boson vertex
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• By means of the Contact Interaction (CI),

• it is possible to find dressed masses of mesons             
by,

• Where,
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L. X. Gutierrez-Guerrero, A. Bashir, I. C. Cloet, and C. D. Roberts, Phys. Rev. C81, 065202 (2010), 1002.1968.



BETHE-SALPETER EQUATION
• The bound-state problem for Hadrons characterized by two valence-

fermions may be studied using the homogeneous BS equation,

• Where     the is the Bethe-Salpeter Amplitude (BSA); and explicitly is,

• This equation has a solution when  with  being the meson 
mass. 

P2 = − M2
M MM
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• A general decomposition of the BSA in the CI for Scalar 
(S), Pseudoscalar (PS),  Vector (V) and Axial-Vector (AV) 
mesons is given by,

• Such as                 and, the reduced mass with dressed 
quark masses is
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QUARK-PHOTON VERTEX
• Since the Elastic Form Factors of mesons shall be extracted from the       

process                   , the dressed quark-photon vertex is needed. 

• Within the framework described in the CI, the quark-photon vertex is given 
by,

• Where,                    and                                         , with

• And                                                 ,                                         .
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ELASTIC FORM FACTORS
• The kinematics of the 

process is given by the 
Feynman diagram

• And the standard 
momentum 
parametrization, 
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• Using Feynman rules, we find that for a general 
meson, this process can be written as,

• where we have omitted the Dirac indices, and,

• The function           labels all      kind of mesons. 
Besides, the photon interacts with the quark with 
flavor    , and the fermion      is a spectator.
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•          can be written as a function of the Elastic Form 
Factors as,

• Where the tensor structure is given by

• And                                 .
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• In order to consider the total elastic form factor of mesons, we 
use,

• Furthermore, in the case of vector and axial-vector mesons, we 
present the results of the electric, magnetic and quadrupole 
form factors, defined as,

• Where                             and we label           to the meson 
state.
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• Analytical expressions for the Forms factors can be casted in 
the most general equation as,

• where the  and  is only present 
for in the case of vector and axial-vector mesons. Furthermore, 
this equation makes evident the dressing of the quark-photon 
vertex, and the triangular topology dependence in .

• Coefficients depends on: dressed masses of quarks, the meson 
mass, IR and UV cuts.

j = {S, PS, V, AV} i = 1,2,3

ω2
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ANALYSIS OF EFF
• The generation of dressed quark masses are,

• For the generation of masses of pseudoscalar and scalar mesons, it 
depends on the following parameters,
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• With these parameters, masses of pseudoscalar mesons 
and BSA are, 

• PS meson masses are well determined by the 
parameters of the CI model.

14H-P,  Gutierrez-Guerrero, Bashir, Bedolla, Higuera-Angulo, Phys.Rev.D 107 (2023) 5, 054002



• For the scalar meson, we find the following 
parameters for masses and the BSA,

• In this case, we have not all experimental values to 
compare with, however, we find a good agreement 
with the available data.

15H-P,  Gutierrez-Guerrero, Bashir, Bedolla, Higuera-Angulo, Phys.Rev.D 107 (2023) 5, 054002



• Analytical expressions for pseudoscalar mesons can be evaluated 
numerically in order to know the behaviors of the EMFF.

• For the ten pseudoscalar mesons, we find the following EMFF.

•
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H-P,  Gutierrez-Guerrero, Bashir, Bedolla, Higuera-Angulo, Phys.Rev.D 107 (2023) 5, 054002



• For the ten scalar mesons, we find the following EMFF.

• The behavior at low  brings information about the charge radii 
of mesons. The definition is given by,

Q2
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• For pseudoscalar mesons, we find the following charge radii,
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• We find a hierarchy on the meson mass and the charge radii.

H-P,  Gutierrez-Guerrero, Bashir, Bedolla, Higuera-Angulo, Phys.Rev.D 107 (2023) 5, 054002



• A similar situation is found for the scalar mesons.
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The general trend of decreasing charge radii with increasing 
constituent quark mass seems reassuring

H-P,  Gutierrez-Guerrero, Bashir, Bedolla, Higuera-Angulo, Phys.Rev.D 107 (2023) 5, 054002



• The error bars presented in the previous plots has computed by 
allowing a variation of 5% over the charge radii of S and PS mesons. 

• Variations of the charge radii in S mesons are in general small.
20



• For the lightest psedoscalar mesons and the  meson, error bars can be 
compared with available experimental and lattice results.

• Comparison with experimental data shows that the simplicity of the CI 
model underestimate the behavior of the EMFF for pion.

ηc
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• For the lightest psedoscalar mesons and the  meson, error bars can 
be compared with available experimental and lattice results.

•

ηc
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• For the practical utility and intuitive understanding 
of their large  behavior, we perform an 
interpolation for S and PS mesons EFF in the range 

. 

• We adopt the following  functional form:

• Where  and  is the electric charge 
of the corresponding meson.

Q2

Q2 ∈ [0,8M2
M]

i ∈ {S, PS} eM
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• The results of our fit for S and PS mesons are

• In general, the “c” coefficient is dominant for almost all the 
20 mesons. It means that we reproduce the well-known 
tendency, i.e., ∼ 1/Q2

23



• Finally, we compare our results with available data and 
models.

• There are not studies for all pseudoscalar mesons.

• Unfortunately, this is the same scenario for the scalar 
mesons

• Vector and Axial-Vector… to be continued.
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CONCLUSIONS
• The determination of the internal structure of mesons can be understood 

from Form Factors.

• In this work, we present the study of Electromagnetic Form Factors of the 
elastic process               , for scalar and pseudoscalar.

• By means of the Contact Interaction, we find meson masses, BSA, charge radii 
for all kinds of mesons.

• We find a good agreement for the determination of meson masses. 

• Due to the simplicity of the CI, we performed an exhaustive analysis of the 
EMFF of scalar and pseudoscalar mesons.
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CONCLUSIONS
• The small  dependency shows that the charge radii of scalar and 

pseudoscalar mesons present a hierarchy such that,

                                         

                                         

                                         

                                         

• On the other hand, we find that for large  the EMFF drops as  as 
predicted by QCD.

Q2

rud̄ > rus̄ > rcū > rub̄

rus̄ > rss̄ > rcs̄ > rsb̄

rcū > rcs̄ > rcc̄ > rcb̄

ruū > rss̄ > rcc̄ > rbb̄

Q2 1/Q2
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PERSPECTIVES
• We are now finishing the analysis for Electromagnetic 

Forma Factors of vector and axial vector mesons.

• A similar analysis can be done for Transition Form 
Factors for scalar, pseudoscalar, vector and axial vector 
mesons.

• A more involved but necessary analysis shall be 
implemented for baryons.
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