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The pseudoscalar and vector mesons decays studying serves as a source
of information on constituent quarks interaction. Unlike leptonic de-
cays hadronic transitions provide information about the effects of non-
perturbative dynamics and also allow one to indirectly estimate the uni-
versal strong coupling constant.

We present a method for calculating of hadronic decays effective con-
stants in a model based on the point form of Poincaré-invariant quantum
mechanics using the hypothesis of partial conservation of axial current
(PCAC). It is shown that this approach allows reducing the calculation
of amplitude involving three hadrons to simpler amplitudes V — P and
V — V with the emission of a 7-meson.




studying the pionic decays V — Pm and V — Vm in approach based
on composite quark model and on the point form of Poincaré-invariant
quantum mechanics (further PiQM) using PCAC

@ Calculate the model parameters (constituent quark masses and wave function 3-parameters)
using leptonic decay constants P (gQ) — ¢+ v+, V(qq) — € LT together with Ward
identity and pseudoscalar density constant.

@ Develop a methodology for integral representations calculating pionic decay constants
gvpr and gyy, using PCAC.

© Conduct a numerical assessment of decay form-factors 8prms 8k*Kn and guwpr in com-
parison with modern experimental data and other models.




Meson state vector with M mass, spin J in point form of PiQM with
4-momentum Q" = {wy(Q), Q}, Q* = M? determined by the integral
over the momentum of the relative motion of quarks k with masses
Mg, Mgy and momentums pj > respectively as \

In (1) for brevity the notations are used




where Yy, (0, ¢r) is spherical functions defined by the angles of the k
— vector , D;\/ 3 (ny) are Wigner rotation functions and My = w,y, (k) +
Wing (k) — invariant mass of constituent quar_ks. The wave function in
(1) is normalized by the condition

Using the parametrization of pseudoscalar meson leptonic decay

and vector meson leptonic decay




one can obtain integral representation of a pseudoscalar decay con-
stants P£(gQ) — (*vy+ and V(gg) — ¢*¢T in point form of PiQM

In relation (6) notations are used

It should be noted that the expressmn (6) coincides with instant form

dynamics calculations . | ;
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For further determination the model parameters we will use the pseu-
doscalar density constant >

Using Expressions (6), (8), as well as experlmental 3 values f(exP) nd

M ©XP) Jeads to a system of equations
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System (9) solution with an oscillatory wave function leads to the fol-
lowing values:

For s-quark using similar system (9)

and K* — (1, decay constant and K*-meson mass values * leads

to f &2 ;
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For vector meson sector parameters calculation we use 75 — V> _+
and V — (*(¥F decay constant

Using relation (6) one can obtain following values
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Hadronic transition matrix element of vector V to pseudoscalar P me-
son in the case of 7’-meson emission can be written as

where gyp,o is pionic decay constant determined from the expression
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Matrix element (16) can be related to axial vector current by




where A# = eqz,l_ry“%@b. According to the developed method expres-
sion (18) is presented in terms of 4-velocity mesons with 4-vectors

Partial conservation of axial Vectc_)r”cui‘reh_t l_eads to the following rela-
tion between V(¢Q) — P(qQ)n° and decay constant f,=

—
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Note, that for p* — 779 decay in (20) factor 4 must be replaced
with 2 7.

The following calculations will be carried out for generalized Breit
system V + V’ = 0. Below we introduce @ = (V - V’); for soft pion
case Q72T0 = ¢%> — 0 in our approach follows that «o — 1. Taking into
account relation (1) and (18), (19) one can obtain
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In (21), (22) auxiliary functions are iﬁtroducéd




Hadronic transition matrix element of vector V to vector meson V' in
the case of 79-meson emission can be written as

Matrix element (25) can be related to axial vector current by

where 7(0) = gyyrfr and P = Q+ Q’ andg=Q— Q.
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According to the developed method expression (25,26) with
4-velocities of initial and final mesons can be written as

with 4-vector

Similar calculations with axial quaik current A* = eq&fy”fyyﬁ in
generalized Breit system V + V’ = 0 leads to
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with auxiliary function

Below we will perform numerical dalculatj0n§ using the obtained
expressions for decay constant gyp, and gyy, and model parameters

(constituent quark masses My, Mg, ms and 5 parameters of wave
function).




For p* — 7t 70 decay relation

with model parameters (10),(15) leads to

For K** — K*70 decay one can get

Note, that value (33) where calculated using gK* Kr = =3 38k kn0 (see
application B in ?).
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For w — mmm decay relation we use decay mechanism via
w — p*m — mrw. In such approximation relation (29) leads to

Table: Comparison of decay constant gyp, and gyy values with other approaches and
experimental data

Approach ” 8prm | SK*TK*7 | 8wpm
Light-front calculation 0 6.10 5.43 =
Bethe-Salpeter based approach !! 5.13£0.25 | 5.104+0.25 —
VMD-model '2 5.9540.08 = 11.31+0.38
Experimental data 5.9840.02 | 5.49+0.05 o
o [ 5.72:£0.03 | 5.89+0.40 | 10.58+0.10 |
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The work presents a method for calculating decay constants gyp, and
gyvr in amodel based on the compound quark model and the point form
of the PiIQM. The authors presented an original method for determining
the parameters of the model and obtained integral representations of the
V — Pmand V — Vr decays constants using the PCAC hypothesis.
Numerical calculations have shown that the proposed model leads to
comparable results in comparison with other approaches and models
as well as experimental data.

As a result a self-consistent model that describes the leptonic and had-
ronic transitions of light pseudoscalar 71—, K*— and vector p—w—, K*—
mesons is proposed.
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