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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).

• Since this equation is rather general for all kind of mesons, we present 
the analysis for Scalar, Pseudoscalar,  Vector and Axial-Vector mesons.
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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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<latexit sha1_base64="ZlE7ZkuHKmhseLRz8fO6XS42fzk=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgQkqioi6LblwoVLAPaGOYTCbt0MkkzEyEGvolblwo4tZPceffOH0stPXAwOGcc7l3TpByprTjfFsLi0vLK6uFteL6xuZWyd7eaagkk4TWScIT2QqwopwJWtdMc9pKJcVxwGkz6F+N/OYjlYol4l4PUurFuCtYxAjWRvLtUufGhEP8kN8eRb479O2yU3HGQPPEnZIyTFHz7a9OmJAspkITjpVqu06qvRxLzQinw2InUzTFpI+7tG2owDFVXj4+fIgOjBKiKJHmCY3G6u+JHMdKDeLAJGOse2rWG4n/ee1MRxdezkSaaSrIZFGUcaQTNGoBhUxSovnAEEwkM7ci0sMSE226KpoS3Nkvz5PGccU9q5zcnZarl9M6CrAH+3AILpxDFa6hBnUgkMEzvMKb9WS9WO/WxyS6YE1nduEPrM8f/zuSqw==</latexit>

⇤M,f1 <latexit sha1_base64="3arfy3/FVSHy5FTS49EBEFn8hfE=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyqqMegFy9CAuYByRJmJ51kzOzsMjMrhCVf4MWDIl79JG/+jZNkD5pY0FBUddPdFcSCa+O6305uZXVtfSO/Wdja3tndK+4fNHSUKIZ1FolItQKqUXCJdcONwFaskIaBwGYwup36zSdUmkfywYxj9EM6kLzPGTVWqt13iyW37M5AlomXkRJkqHaLX51exJIQpWGCat323Nj4KVWGM4GTQifRGFM2ogNsWyppiNpPZ4dOyIlVeqQfKVvSkJn6eyKlodbjMLCdITVDvehNxf+8dmL6137KZZwYlGy+qJ8IYiIy/Zr0uEJmxNgSyhS3txI2pIoyY7Mp2BC8xZeXSeOs7F2Wz2sXpcpNFkcejuAYTsGDK6jAHVShDgwQnuEV3pxH58V5dz7mrTknmzmEP3A+fwCnqYzZ</latexit>

M

<latexit sha1_base64="LZz/2zovPaA0Mq/uESJLwyX4K3w="></latexit>

GM,f1 = �ı�M (kf )S(`+ ki,Mf1)��(Q)

⇥ S(`+ kf ,Mf1)�M (�ki)S(`,Mf2)

<latexit sha1_base64="fIgZu/mHm88vpUquqY9P9UoYw2s=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Vj04rGi/YA2lM120i7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LRjBP0IzqQPOSMGis9hL1qr1R2K+4MZJl4OSlDjnqv9NXtxyyNUBomqNYdz02Mn1FlOBM4KXZTjQllIzrAjqWSRqj9bHbqhJxapU/CWNmShszU3xMZjbQeR4HtjKgZ6kVvKv7ndVITXvsZl0lqULL5ojAVxMRk+jfpc4XMiLEllClubyVsSBVlxqZTtCF4iy8vk2a14l1Wzu8vyrWbPI4CHMMJnIEHV1CDO6hDAxgM4Ble4c0Rzovz7nzMW1ecfOYI/sD5/AH0VY2X</latexit>

f2



•          can be written as a function of the Elastic Form 
Factors as,

• Where the tensor structure is given by

• And                                 .
10

<latexit sha1_base64="ZlE7ZkuHKmhseLRz8fO6XS42fzk=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgQkqioi6LblwoVLAPaGOYTCbt0MkkzEyEGvolblwo4tZPceffOH0stPXAwOGcc7l3TpByprTjfFsLi0vLK6uFteL6xuZWyd7eaagkk4TWScIT2QqwopwJWtdMc9pKJcVxwGkz6F+N/OYjlYol4l4PUurFuCtYxAjWRvLtUufGhEP8kN8eRb479O2yU3HGQPPEnZIyTFHz7a9OmJAspkITjpVqu06qvRxLzQinw2InUzTFpI+7tG2owDFVXj4+fIgOjBKiKJHmCY3G6u+JHMdKDeLAJGOse2rWG4n/ee1MRxdezkSaaSrIZFGUcaQTNGoBhUxSovnAEEwkM7ci0sMSE226KpoS3Nkvz5PGccU9q5zcnZarl9M6CrAH+3AILpxDFa6hBnUgkMEzvMKb9WS9WO/WxyS6YE1nduEPrM8f/zuSqw==</latexit>

⇤M,f1

<latexit sha1_base64="T9VKJtOfuvbTp+t7ErDOo3LpWqY="></latexit>

T (1)
�µ⌫ = 2K� PT

µ↵(pi)PT
↵⌫(pf ) ,

T (2)
�µ⌫ =

 
Qµ � pi,µ

Q2

2m2
hqq̄ 0i

!
PT
�⌫(pf )�

 
Q⌫ � pf,⌫

Q2

2m2
hqq̄ 0i

!
PT
�µ(pi) ,

T (3)
�µ⌫ =

K�

m2
hqq̄ 0i

 
Qµ � pi,µ

Q2

2m2
hqq̄ 0i

! 
Q⌫ � pf,⌫

Q2

2m2
hqq̄ 0i

!
,

<latexit sha1_base64="ZCG4oqdPe2WHMbcMQ4IiE5CdfMs="></latexit>

PT
µ⌫(p) = �µ⌫ � pµp⌫/p

2

<latexit sha1_base64="78ZYv4rt6TwbLqqvqHHO7w+9aDA="></latexit>

Scalar ⇤S,f1 = �2K�FS,f1

Pseudoscalar ⇤PS,f1 = �2K�FPS,f1

Vector ⇤V,f1 =
P3

i=1 T
(i)
�µ⌫F

V,f1
i

Axial-Vector ⇤AV,f1 =
P3

i=1 T
(i)
�µ⌫F

AV,f1
i



• 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.

11

<latexit sha1_base64="iwSBKTvqd/IpvoUDwQM1mfVPhOg=">AAACIXicbZDLSsNAFIYn9VbrLerSzWARBKUkVbQboSgUN4UK9gJtDZPppB06uTAzEUrIq7jxVdy4UKQ78WWcpAG19cDAx/+fw5nz2wGjQhrGp5ZbWl5ZXcuvFzY2t7Z39N29lvBDjkkT+8znHRsJwqhHmpJKRjoBJ8i1GWnb45vEbz8SLqjv3ctJQPouGnrUoRhJJVl6pWbV4RUkVuRYZgxrD1H9NKWTROvZiEdObJUzB/4Ill40SkZacBHMDIogq4alT3sDH4cu8SRmSIiuaQSyHyEuKWYkLvRCQQKEx2hIugo95BLRj9ILY3iklAF0fK6eJ2Gq/p6IkCvExLVVp4vkSMx7ifif1w2lU+lH1AtCSTw8W+SEDEofJnHBAeUESzZRgDCn6q8QjxBHWKpQCyoEc/7kRWiVS+ZF6ezuvFi9zuLIgwNwCI6BCS5BFdyCBmgCDJ7AC3gD79qz9qp9aNNZa07LZvbBn9K+vgEPMKGr</latexit>

FM = ef1F
M,f1 + ef̄2F

M,f̄2

<latexit sha1_base64="VtePEhKPPnvqkICuVSBF4A+jyHw="></latexit>

GE = F1 +
2

3
⌘GQ

GM = �F2

GQ = F1 + F2 + (1 + ⌘)F3

<latexit sha1_base64="KFzUWWaJynmypw2or4cJ4AXLPxA=">AAACFnicbVDLTgIxFO34RHyNunTTSIy6EGeQqBsTohuXkAiYMEDulAINnc7QdkzIhK9w46+4caExbo07/8byWCh6kpucnHNve+/xI86Udpwva25+YXFpObWSXl1b39i0t7YrKowloWUS8lDe+aAoZ4KWNdOc3kWSQuBzWvV71yO/ek+lYqG41YOI1gPoCNZmBLSRmvaxRzXgS1xq5E4O80Ej10w8DqLDKe5jzweZ9IcHnhwrw6OmnXGyzhj4L3GnJIOmKDbtT68VkjigQhMOStVcJ9L1BKRmxDyY9mJFIyA96NCaoQICqurJ+Kwh3jdKC7dDaUpoPFZ/TiQQKDUIfNMZgO6qWW8k/ufVYt2+qCdMRLGmgkw+ascc6xCPMsItJinRfGAIEMnMrph0QQLRJsm0CcGdPfkvqeSy7ln2tJTPFK6mcaTQLtpDh8hF56iAblARlRFBD+gJvaBX69F6tt6s90nrnDWd2UG/YH18A7e0nec=</latexit>

⌘ = Q2/(4m2
hqq̄0i)

<latexit sha1_base64="c7TMugLbDf1IuvExaNYV7Xip82Q=">AAACAnicbVBNS8NAEJ34WetX1JN4WSyip5KoqMeiF48V7Ac0oWy223bpZpPuboQSihf/ihcPinj1V3jz37hNc9DWBwOP92aYmRfEnCntON/WwuLS8spqYa24vrG5tW3v7NZVlEhCayTikWwGWFHOBK1ppjltxpLiMOC0EQxuJn7jgUrFInGvRzH1Q9wTrMsI1kZq2/sex6LHKRoiL8AyHY6PPZkpbbvklJ0MaJ64OSlBjmrb/vI6EUlCKjThWKmW68TaT7HUjHA6LnqJojEmA9yjLUMFDqny0+yFMToySgd1I2lKaJSpvydSHCo1CgPTGWLdV7PeRPzPayW6e+WnTMSJpoJMF3UTjnSEJnmgDpOUaD4yBBPJzK2I9LHERJvUiiYEd/bleVI/LbsX5bO781LlOo+jAAdwCCfgwiVU4BaqUAMCj/AMr/BmPVkv1rv1MW1dsPKZPfgD6/MH6taXIw==</latexit>

hqq̄0i



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

• In the unified scheme for the generation of masses of mesons, it 
depends on the following parameters,

12

<latexit sha1_base64="2y49m+74MwVh1BnLJBFTAlHciJY="></latexit>

mu = 0.007 md = 0.007 ms = 0.17 mc = 1.08 mb = 3.92
Mu = 0.367 Md = 0.367 Ms = 0.53 Mc = 1.52 Mb = 4.68

<latexit sha1_base64="vP4rv+jhY0QT7qkgk6ifh8CxL98="></latexit>

Quarks ZH ⇤UV/GeV
u, d, s 1 0.905
c, d, s 3.034 1.322
c 13.122 2.305
b, u, s 16.473 2.522
b, c 59.056 4.131
b 165.848 6.559

<latexit sha1_base64="IUR3igAJ3dfUWhmWgJnaaVFq3fo=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1VwISGpRd0IRRcquKhiH9CEMJlM26GTBzMToYT8gBt/xY0LRdy6d+ffOG2z0NYDA4dzzuXOPV7MqJCm+a0V5uYXFpeKy6WV1bX1DX1zqymihGPSwBGLeNtDgjAakoakkpF2zAkKPEZa3uBi5LceCBc0Cu/lMCZOgHoh7VKMpJJcfc++UWEfuanNA3h9l8EzaBqVKrQPoVJSeEmamauXTcMcA84SKydlkKPu6l+2H+EkIKHEDAnRscxYOinikmJGspKdCBIjPEA90lE0RAERTjq+JoP7SvFhN+LqhRKO1d8TKQqEGAaeSgZI9sW0NxL/8zqJ7J46KQ3jRJIQTxZ1EwZlBEfVQJ9ygiUbKoIwp+qvEPcRR1iqAkuqBGv65FnSrBjWsXF0Wy3XzvM6imAH7IIDYIETUANXoA4aAINH8AxewZv2pL1o79rHJFrQ8plt8Afa5w+kI5lj</latexit>

⇤IR = 0.24GeV

<latexit sha1_base64="ySX2tXLOflQnPIw11jffpbSfRwE=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVzVRUTdC0Y0LFxXsA5pQJpNpO3QyCTMToYZ+iRsXirj1U9z5N07bLLT1wMDhnHu4d06QcKa043xbhaXlldW14nppY3Nru2zv7DZVnEpCGyTmsWwHWFHOBG1opjltJ5LiKOC0FQxvJn7rkUrFYvGgRwn1I9wXrMcI1kbq2mVP4/QKucfenQmFuGtXnKozBVokbk4qkKPetb+8MCZpRIUmHCvVcZ1E+xmWmhFOxyUvVTTBZIj7tGOowBFVfjY9fIwOjRKiXizNExpN1d+JDEdKjaLATEZYD9S8NxH/8zqp7l36GRNJqqkgs0W9lCMdo0kLKGSSEs1HhmAimbkVkQGWmGjTVcmU4M5/eZE0T6ruefX0/qxSu87rKMI+HMARuHABNbiFOjSAQArP8Apv1pP1Yr1bH7PRgpVn9uAPrM8fZteSSQ==</latexit>

⌧ = 1/⇤

Shown earlier in this 
conference by G. Paredes



• With these parameters, masses of mesons and BSA are, 

• By suitable projector operators, we find the charge 
radius defined as,

•
13

<latexit sha1_base64="LrtkBNURllMbxwGLoPq/sbH77MY="></latexit>

r2hqq̄0i =
���
✓
6

d

dQ2
FM

���
Q2!0

◆���

<latexit sha1_base64="CoxRyJrat94LP0xf7oF0xXePjr0="></latexit>

hqq̄0i Charge Mass ES Mass EPS FPS Mass EV Mass EAV

ud̄ 1 1.22 0.66 0.14 3.60 0.47 0.93 1.53 1.37 0.32
us̄ 1 1.33 0.65 0.49 3.81 0.59 1.03 1.62 1.48 0.32
ss̄ 0 1.45 0.64 0.69 4.04 0.74 1.12 1.73 1.58 0.32
cū 0 2.32 0.39 1.87 3.03 0.37 2.06 1.23 2.41 0.20
cs̄ 1 2.43 0.37 1.96 3.24 0.51 2.14 1.32 2.51 0.19
ub̄ 1 5.50 0.21 5.28 1.50 0.09 5.33 0.65 5.55 0.11
sb̄ 0 5.59 0.20 5.37 1.59 0.13 5.41 0.67 5.64 0.10
cb̄ 1 6.45 0.08 6.29 0.73 0.11 6.32 0.27 6.48 0.04
cc̄ 0 3.35 0.16 2.98 2.16 0.41 3.15 0.61 3.40 0.08
bb̄ 0 9.50 0.04 9.40 0.48 0.10 9.42 0.15 9.52 0.02

<latexit sha1_base64="NZfx82SXXNKmQnuQBOF3nKZZA38=">AAACBHicbVDLTgJBEJzFF64v1KOXicTEE9nFRD0SvXjEKI8ENqR3mIWR2ZnNzKyGEK6eveo3eDNe/Q8/wb9wgD0IWEknlarudHeFCWfaeN63k1tZXVvfyG+6W9s7u3uF/YO6lqkitEYkl6oZgqacCVozzHDaTBSFOOS0EQ6uJ37jkSrNpLg3w4QGMfQEixgBY6X6HQEOqlMoeiVvCrxM/IwUUYZqp/DT7kqSxlQYwkHrlu8lJhiBMoxwOnbbqaYJkAH0aMtSATHVwWh67RifWKWLI6lsCYOn6t+JEcRaD+PQdsZg+nrRm4j/ea3URJfBiIkkNVSQ2aIo5dhIPHkdd5mixPChJUAUs7di0gcFxNiA5rbEKTdMyaex69ps/MUklkm9XPLPS2e35WLlKkspj47QMTpFPrpAFXSDqqiGCHpAL+gVvTnPzrvz4XzOWnNONnOI5uB8/QLbh5ig</latexit>

Scalar
<latexit sha1_base64="3G7OaDqFE/opY/BSRhDYl6m4NF0=">AAACCnicbVDJSgNBFOyJWxy3qEcvjUHwFGYiqMegF48RzALJEHp6epImvQy9KCHkDzx71W/wJl79CT/Bv7CTzMEkFjwoqt6jHhVnjGoTBN9eYW19Y3OruO3v7O7tH5QOj5paWoVJA0smVTtGmjAqSMNQw0g7UwTxmJFWPLyd+q1HojSV4sGMMhJx1Bc0pRgZJ3XrmthEaowYUr1SOagEM8BVEuakDHLUe6WfbiKx5UQYzJDWnTDITDRGylDMyMTvWk0yhIeoTzqOCsSJjsaznyfwzCkJTKVyIwycqX8vxohrPeKx2+TIDPSyNxX/8zrWpNfRmIrMGiLwPCi1DBoJpwXAhCqCDRs5grCi7leIB0ghbFxNCyncMkOVfJr4vusmXG5ilTSrlfCycnFfLddu8paK4AScgnMQgitQA3egDhoAgwy8gFfw5j17796H9zlfLXj5zTFYgPf1C+xXm2w=</latexit>

Pseudoscalar
<latexit sha1_base64="xeeb9IJdM7BR2sKhQSTRNmgC43c=">AAACBHicbVA9TwJBEJ3zE/ELtbTZSEysyB0makm0scREDhK4kL1lD1Z2by+7expyobW21d9gZ2z9H/4E/4ULXCHgSyZ5eW8mM/PChDNtXPfbWVldW9/YLGwVt3d29/ZLB4e+lqkitEEkl6oVYk05i2nDMMNpK1EUi5DTZji8mfjNR6o0k/G9GSU0ELgfs4gRbKzk+5QYqbqlsltxp0DLxMtJGXLUu6WfTk+SVNDYEI61bntuYoIMK8MIp+NiJ9U0wWSI+7RtaYwF1UE2vXaMTq3SQ5FUtmKDpurfiQwLrUcitJ0Cm4Fe9Cbif147NdFVkLE4SQ2NyWxRlHJkJJq8jnpM2Xf5yBJMFLO3IjLAChNjA5rbIlJumJJP42LRZuMtJrFM/GrFu6ic31XLtes8pQIcwwmcgQeXUINbqEMDCDzAC7zCm/PsvDsfzuesdcXJZ45gDs7XLwpgmL0=</latexit>

Vector
<latexit sha1_base64="zSl1EkeeIvXE7wY6KDCaR+eCltM=">AAACCnicbVDLSgNBEOz1GddX1KOXxSB4MexGUI9RLx4jmAckS5idzCZD5rHMzKoh5A88e9Vv8CZe/Qk/wb9wkuzBJBY0FFXddHdFCaPa+P63s7S8srq2nttwN7e2d3bze/s1LVOFSRVLJlUjQpowKkjVUMNII1EE8YiRetS/Gfv1B6I0leLeDBISctQVNKYYGSu1rp4oYqc1go1U7XzBL/oTeIskyEgBMlTa+Z9WR+KUE2EwQ1o3Az8x4RApQzEjI7eVapIg3Edd0rRUIE50OJzcPPKOrdLxYqlsCeNN1L8TQ8S1HvDIdnJkenreG4v/ec3UxJfhkIokNUTg6aI4ZZ6R3jgAr0OVfZcNLEFYUXurh3tIIWxsTDNbeMoMVfJx5Lo2m2A+iUVSKxWD8+LZXalQvs5SysEhHMEJBHABZbiFClQBQwIv8ApvzrPz7nw4n9PWJSebOYAZOF+/XgKbFQ==</latexit>

Axial-Vector

L. X. Gutierrez-Guerrero, A. Bashir, M. A. Bedolla and E. Santopinto, Phys.Rev.D 100 (2019) 11, 114032



• For scalar and pseudoscalar mesons, we find the following 
charge radii,
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<latexit sha1_base64="2MOcQUdHIjPBR1e5fBaZG05Orek="></latexit>

hqq̄i rShqq̄i/fm rPS
hqq̄i/fm

ud̄ 0.546 0.450
us̄ 0.539 0.424
ss̄ 0.501 0.359
cū 0.463 0.361
cs̄ 0.420 0.257
ub̄ 0.210 0.528
sb̄ 0.408 0.341
cb̄ 0.531 0.422
cc̄ 0.434 0.202
bb̄ 0.426 0.329

<latexit sha1_base64="NZfx82SXXNKmQnuQBOF3nKZZA38=">AAACBHicbVDLTgJBEJzFF64v1KOXicTEE9nFRD0SvXjEKI8ENqR3mIWR2ZnNzKyGEK6eveo3eDNe/Q8/wb9wgD0IWEknlarudHeFCWfaeN63k1tZXVvfyG+6W9s7u3uF/YO6lqkitEYkl6oZgqacCVozzHDaTBSFOOS0EQ6uJ37jkSrNpLg3w4QGMfQEixgBY6X6HQEOqlMoeiVvCrxM/IwUUYZqp/DT7kqSxlQYwkHrlu8lJhiBMoxwOnbbqaYJkAH0aMtSATHVwWh67RifWKWLI6lsCYOn6t+JEcRaD+PQdsZg+nrRm4j/ea3URJfBiIkkNVSQ2aIo5dhIPHkdd5mixPChJUAUs7di0gcFxNiA5rbEKTdMyaex69ps/MUklkm9XPLPS2e35WLlKkspj47QMTpFPrpAFXSDqqiGCHpAL+gVvTnPzrvz4XzOWnNONnOI5uB8/QLbh5ig</latexit>

Scalar
<latexit sha1_base64="3G7OaDqFE/opY/BSRhDYl6m4NF0=">AAACCnicbVDJSgNBFOyJWxy3qEcvjUHwFGYiqMegF48RzALJEHp6epImvQy9KCHkDzx71W/wJl79CT/Bv7CTzMEkFjwoqt6jHhVnjGoTBN9eYW19Y3OruO3v7O7tH5QOj5paWoVJA0smVTtGmjAqSMNQw0g7UwTxmJFWPLyd+q1HojSV4sGMMhJx1Bc0pRgZJ3XrmthEaowYUr1SOagEM8BVEuakDHLUe6WfbiKx5UQYzJDWnTDITDRGylDMyMTvWk0yhIeoTzqOCsSJjsaznyfwzCkJTKVyIwycqX8vxohrPeKx2+TIDPSyNxX/8zrWpNfRmIrMGiLwPCi1DBoJpwXAhCqCDRs5grCi7leIB0ghbFxNCyncMkOVfJr4vusmXG5ilTSrlfCycnFfLddu8paK4AScgnMQgitQA3egDhoAgwy8gFfw5j17796H9zlfLXj5zTFYgPf1C+xXm2w=</latexit>

Pseudoscalar

[In preparation, A. Bashir, M. A. Bedolla, R. J. H-P, L.X. Gutierrez-Guerrero]



• For vector mesons, we find the following charge radii,

• And 

•
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<latexit sha1_base64="l2GlInk34cfhhh6CNNvmiKmgr+Y="></latexit>

hqq̄i rEhqq̄i/fm rMhqq̄i/fm rQhqq̄i/fm µhqq̄i Qhqq̄i
ud̄ 0.560 0.745 0.472 2.11 -0.85
us̄ 0.535 0.733 0.471 2.18 -0.90
ss̄ 0.473 0.632 0.397 2.09 -0.83
cū 0.425 0.820 0.572 -1.51 1.05
cs̄ 0.338 0.543 0.355 2.10 -0.77
ub̄ 0.537 1.507 1.031 5.99 -3.02
sb̄ 0.354 0.955 0.672 -2.06 1.32
cb̄ 0.451 0.874 0.580 3.07 -1.38
cc̄ 0.339 0.477 0.268 2.03 -0.70
bb̄ 0.361 0.510 0.280 2.00 -0.67

<latexit sha1_base64="qH5Wg5AhngV/rUqjTGzxGZE8HG0="></latexit>

Ghqq̄0i
M (Q2 = 0) = µhqq̄0i

<latexit sha1_base64="773XcIgBgX3kQTXumSPCb3b5VjQ="></latexit>

Ghqq̄0i
Q (Q2 = 0) = Qhqq̄0i

[In preparation, A. Bashir, M. A. Bedolla, R. J. H-P, L.X. Gutierrez-Guerrero]



• A similar analysis can be done for axial-vector mesons. Then, we find 
the following charge radii predictions,
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<latexit sha1_base64="SCmnzk5S/NNHNiNSV2J/7ozLkxY="></latexit>

hqq̄i rEhqq̄i/fm rMhqq̄i/fm rQhqq̄i/fm µhqq̄i Qhqq̄i
ud̄ 0.564 0.789 0.365 2.15 -0.52
us̄ 0.556 0.785 0.323 2.19 -0.45
ss̄ 0.518 0.715 0.221 2.11 -0.30
cū 0.460 0.862 0.117 -1.36 0.14
cs̄ 0.429 0.657 0.274 2.12 0.12
ub̄ 0.597 1.588 0.752 5.93 0.30
sb̄ 0.406 1.056 0.782 -2.15 -0.81
cb̄ 0.530 1.029 1.710 3.47 7.23
cc̄ 0.437 0.606 0.544 2.10 1.38
bb̄ 0.425 0.597 1.606 2.11 13.55

[In preparation, A. Bashir, M. A. Bedolla, R. J. H-P, L.X. Gutierrez-Guerrero]



• The behavior of the Electromagnetic Form Factors is presented in 
the next plots for charged mesons formed of different flavor quarks.

•
0 2 4 6 8 10

0.0

0.2

0.4

0.6

0.8

1.0

Q2�GeV2�

F Se
m
�Q
2
�

(x 100)

(x 10)

(x 0.1)

(x 0.01)

�u, b�

�u, d�

�u, s�

�c, s�

�c, b�

0.1 0.5 1 5 10

0.001

0.010

0.100

1

10

100

Q2�GeV2�

F Se
m
�Q
2
�

0 2 4 6 8 10
0.0

0.2

0.4

0.6

0.8

1.0

1.2

Q2�GeV2�

F P
S
em

�Q
2
�

�u, b�

�u, d�

�u, s�

�c, s�

�c, b�

( × 100)

( × 10)

( × 0.1)

( × 0.01)

0.1 0.5 1 5 10

0.001

0.010

0.100

1

10

100

Q2�GeV2�

F P
Sem
�Q
2 �

Scalar mesons Pseudoscalar mesons 17

Pre
lim

ina
ry

Pre
lim

ina
ry



• Theoretical predictions for the Electric Form Factors are presented for 
charged vector and axial-vector mesons.

• Electric Form Factors diminish asymptotically with      . 
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• Theoretical predictions for the Magnetic Form Factors are presented for 
charged vector and axial-vector mesons.

• Small fluctuations are found in these cases.
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• Theoretical predictions for the Quadrupolar Form Factors are presented 
for charged vector and axial-vector mesons.

• The impact of the      matrix is in the quadrupole component.
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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 Form Factors of the elastic process                   ,           
for scalar, pseudo scalar, vector and axial-vector mesons.

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

• In the case of scalar and pseudoscalar mesons, we find a similar behavior of the Form 
Factors.

• However, for vector and axial-vector mesons, the quadrupole component receives 
important contributions which shall be interesting to study at experiments.
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• Theoretical predictions for the electromagnetic Form Factors for neutral scalar 
mesons. In the l.h.s., we present mesons formed with same flavored quarks, while 
in the r.h.s, the meson is formed with different flavored quarks.

Same flavor Different flavor
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• Theoretical predictions for the electromagnetic Form Factors for neutral 
pseudoscalar mesons. In the l.h.s., we present mesons formed with same flavored 
quarks, while in the r.h.s, the meson is formed with different flavored quarks.
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• Theoretical predictions for the Electric Form Factors for neutral vector mesons. 
In the l.h.s., we present mesons formed with same flavored quarks, while in the 
r.h.s, the meson is formed with different flavored quarks.
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• Theoretical predictions for the Magnetic Form Factors for neutral vector 
mesons. In the l.h.s., we present mesons formed with same flavored quarks, while 
in the r.h.s, the meson is formed with different flavored quarks.
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• Theoretical predictions for the Quadrupolar Form Factors for neutral vector 
mesons. In the l.h.s., we present mesons formed with same flavored quarks, while 
in the r.h.s, the meson is formed with different flavored quarks.

Same flavor Different flavor
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• Theoretical predictions for the Electric Form Factors for neutral axial-vector 
mesons. In the l.h.s., we present mesons formed with same flavored quarks, while 
in the r.h.s, the meson is formed with different flavored quarks.
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• Theoretical predictions for the Magnetic Form Factors for neutral axial-vector 
mesons. In the l.h.s., we present mesons formed with same flavored quarks, while 
in the r.h.s, the meson is formed with different flavored quarks.

Same flavor Different flavor
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• Theoretical predictions for the Quadrupolar Form Factors for neutral axial-
vector mesons. In the l.h.s., we present mesons formed with same flavored 
quarks, while in the r.h.s, the meson is formed with different flavored quarks.
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