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Introduction 

Electroweak and semileptonic decays of pseudoscalar and vector mesons have always 
been convenient tools for approbation of various theoretical models and approaches for 
studying the structure of hadrons. The description of such processes in the framework of 
QCD, as a quantum theory, is impossible by properties of the SU(3) group operators; also, the 
behavior of the running QCD constant 2α ( )s q  at low energies makes the perturbation theory 
inapplicable to calculations. These and other difficulties (see [1, 2]) motivated the 
development of alternative approaches for investigating bounded quark systems. 

In this paper, based on the point form of Poincare-invariant quantum mechanics 
(PIQM), a procedure for obtaining model parameters from electroweak decays of 
pseudoscalar and vector mesons is proposed. A distinctive feature of this procedure authors 
note is obtaining constituent quark masses  using  the pseudoscalar density constant.  

As a result, we demonstrate following procedure for calculation of the radiative decay 
constant and applying obtained model parameters for fixing quark magnetic moments in 
PIQM. 

 
1. Leptonic decays of pseudoscalar and vector mesons in PIQM 

Basic futures of the model is described in [3], so we use only results:  the vector of a 
meson with momentum Q , mass M , spin J  and it's projection   is defined as the direct 
product of the state vectors of quarks with momentums 1p , 2p : 
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where (θ ,φ )Lm k kY  – the spherical functions determined by the angles of the vector k  and 
1/2

λ,ν ( )WD n  – Wigner function. In (1) we use abbreviation 
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and wave functions (k,β)J

LS  taking into account the number of colors of quarks cN  is 
normalized by the condition 
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Constants of the leptonic decays of the pseudoscalar ( )P Qq    and vector ( )V Qq    
mesons, after removing the elements of the Kabayashi-Maskawa matrix, are determined by the 
expressions: 
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where the transition current μˆ (0)J  and the state vector of mesons with masses are chosen in 
the Heisenberg representation. 

The matrix element of the current in the quark basis in the case of leptonic decays of 
pseudoscalar and vector mesons is determined as  
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Substituting the meson state vectors (1) into expressions (4) and (5), taking 

expressions (6), (7) and using relations   
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leading us to integral representations of the leptonic decays constants of pseudoscalar and 

vector mesons 
Pf  and 

Vf : 
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where  

2( ) ( ) k,  km mW    k k k .                                              (11) 

For further fixation of the model parameters, based on point form of PIQM, we use the 
constant of pseudoscalar density, which determined by relation  
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where axial current 5
ˆ ( ) ( ) ( )PJ x Q x q x    and pseudoscalar density 5

5( ) i ( ) ( )j x Q x q x  are 
related by  

           5ˆ ˆ ˆ( ) ( ) ( ),P Q qJ x m m j x

                                                  (13) 
with current masses of quarks ˆ

Q
m  and ˆ

qm . The equation (13) leads to the fact, that the 

constants Pf  and Pg  are related by  
2ˆ ˆ( )Q q P P Pm m g M f                                                     (14) 

for u  and d  quarks (sometimes and for s  quark). 
      Carrying out a similar procedure for substituting the meson state vector (1), after the 
calculations we obtain the integral representation decay constants  

Pg  of pseudoscalar meson: 
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2. Numerical calculation of  the model parameters 

The values of the constituent masses of light quarks ( u , d and s ) and the parameters 
of the wave function Iβ

Qq
 can be fixed by the experimental values of the decay constants and 

the values of the current quark masses [4]. Using wave function  

2

2 1/4 3/2

k 2
(k,β) exp ,   ;

2β β

os

os osN N


 
    

 
                                 (16) 

and relations (10) , (15,  one can find the values of the model parameters: 
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(more details of these calculations see in [5]). 

3. Radiative decays of vector mesons in point form of PIQM 

Let us consider the application of the technique, presented in the work, to radiative 
decays V P , which are widely used to study the structure of hadrons. 

Parameterization of the matrix element for the vector meson transition V  with the 
polarization vector ( )   into a pseudoscalar meson P  by emitting a virtual      is given by 
[6]: 
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Multiplying the expression (18) by *( ) ( )K i V V 

         and rewriting in terms of 4-
violicities one can obtain:  
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Decay process V P   is due to the electromagnetic interaction of quarks Q  and q  
with charges ,q Qe e : in this approach, the current ˆ (0)J  will be written in the form 

ˆ (0) q q q

q u d …

J e  
  

                                          (20) 

For this decay in the Breit system, we have [3] 
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and 
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Note, that in (22) form-factors are defined as 
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where 
,q Q quark magnetic moment and 
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For fixing quark magnetic moments, we use experimental data for *,  K  and *0K -
meson (this choice is because of fact, that the quark structure of these mesons doesn't depend 
on the mixing angles). Simple, but great calculations, lead us to following values: 

 
Quark magnetic 

moment 
PIQM, N  [8], N  [9], N  

u  2.558 0.08 2.066 2.08 0.07 

d  -1.36 0.015 -1.11 -1.31 0.06 

s    -0.714  0.011 -0.633 -0.77 0.06 

 
Table 1. Quark magnetic moments 

 
Authors note, that in the case q Qm m m   one can get the integral representation of 

the radiative decay constant as follows:     
 

           2

1 2 1 2dk k k k k k k k
2 2

q Q

VP V P q Q

q Q

g e f m f m e f m f m
m m



  
            

 
     (25)           

where  
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Conclusion and remarks 

The paper presents a technique for calculating the form factors and the radiative decay 
constants taking into account quark structure in the framework of the point-form of the PIQM. 
In this approach, the integral expressions for the observables do not depend on the meson 
masses: similar property observed in methods developed in on the light-front dynamics and in 
the instant form of PIQM [9]. 

The authors note, that this model can be used for a self-consistent description of the 
leptonic decays of hadrons and radiative decays of vector mesons: it is became possible only 
taking into account the quarks magnetic moments, which in the developed model correlate 
with other works. 

References 

1. Ioffe B. Quantum chromodynamics: perturbative and nonperturbative aspects / B. Ioffe, 
V. Fandin. – Cambridge Univ. Press, 2010. – 597 p.  

2. Walter G. Quantum chromodynamics / G. Walter, Stefan S. – 2nd ed. – Springer, 2004. – 
572 p.  

3. Andreev V.V. Method of calculation of electroweak characteristics of mesons in the 
Poincaré invariant quantum mechanics / V.V. Andreev, V. Yu. Haurysh // Problems of 
physics, mathematics and technics. – 2018. – № 1 (34). – P. 7-20. 

4. Review of Particle Physics / C. Patrignani [et al.] // Chinese Physics C. – 2016. – Vol. 40, 
№ 10. – P. 100001. 

5. Andreev V.V. Constituent quark masses in Poincaré-invariant quantum mechanics / 
V.V. Andreev, V.Yu. Haurysh // Journal of Physics: Conference Series. – 2017. – 
Vol. 938. – P. 012030. 

6. Andreev V.V. Radiative decays of light vector mesons in Poincare invariant quantum 
mechanics / V.V. Andreev, V.Yu. Haurysh // Journal of Physics: Conference Series. – 
2016. – Vol. 678. – P. 012041. 

7. Bijker R. Unquenched quark model for baryons: Magnetic moments,spins and orbital 
angular momenta/ R. Bijker, E. Santopinto // Phys. Rev. C. – 2009. – Vol. 80. – 
P. 065210. 

8. Dothan Y. Quark magnetic moments/ Y. Dothan // Physica. – 1982. – Vol. 114A. – P.216-
220. 

9. Krutov A.F. The K-meson form factor and charge radius: linking low-energy data to 
future Jefferson Laboratory measurements / A.F. Krutov, S.V. Troitsky, V.E. Troitsky // 
European Physical Journal C. – 2017. – Vol.77. – P. 464. 

 

 

24




