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1. Introduction

Recently there have been several experiments study of radiative decays of vector mesons. So
collaborations NA 60 [1]-[3] and KLOE-2 [4], were measured transition form factors in the reaction
ω → πγ ,φ → ηγ and evaluated the relevant constant decay. In [5] in the radiative decayρ → πγ
are studied deposits pions in section decays of vector mesons and received the necessary width
radiative decay.

The theoretical description of the hadron structure and dynamics of their interaction is used,
as a rule, the so-called quantum chromodynamics (QCD), which gives the quantitative description
processes only at high energies. Therefore, for consideration related hadronic states have to use
different phenomenological models, for example [6]-[9]. One of the the most frequently used is the
composite quark model, however, in a theoretical description of the processes within the the model
arises the problem of constructing the operator of electromagnetic current transition given the con-
ditions of the Lorentz covariance and conservation. Natural for this model, impulse approximation
violates these conditions. For example, in the framework ofquantum field theory are obtained ana-
lytical expressions for the transition form factors of mesons theoretical curves of [10]-[11], analysis
of which conclusion can be made about the difference resultsfor form factors in the different ap-
proaches in describing one and the same process. Perhaps thereason for such a difference is the
difference in the the procedure of constructing the matrix element of the electromagnetic current.
Thus, the exploration of methodologies for the descriptionof bound states is not lose its relevance
in the present.

In this paper, in describing the processesV → Pγ approach is used, the PIKM, implemented
in three main forms: a point, instant form and dynamics on thelight front, [12].

Proposed in this study differs to build procedure the operator of the electromagnetic current
[13]. This procedure allows to select from the matrix element of the operator in any tensor dimen-
sion of the matrix elements (form factors), which are the invariants of the transformation of the
Poincare group. It is worth noting that the construction of an operator current is carried in a mod-
ified relativistic momentum approximation (MIP), which does not lead to a breakdown of Lorentz
- covariance and conservation. The build procedure the matrix element of the current transition for
the case of a diagonal on the full angular moment was successfully used in the study of electro-
magnetic structure of peony and deuteron, including areas large momentum transfer [14]-[16].

The presentation of this method is in the instant form of dynamics for example, the descrip-
tion of radiation transitionρ → πγ . For the first time when building the matrix element of the
electromagnetic current transition for this process in theMIP used non-digional parameterization
[17].

2. Construction of the operator of the electromagnetic current of the transition to a
system of noninteracting particles

In this paper, we consider the electromagnetic current system of two noninteracting particles.

State vector of the one of a free particle in the instant form PIKM can be represented as follows:

|~p,M, j,m〉. (2.1)
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In accordance with the General principles of quantum mechanics vector the status of two free
particles with momenta~p1, ~p2 and projections of spinsm1,m2 on the axis of quantization in their
systems of peace in the instant form of dynamics is constructed as a direct the product of the state
vectors of individual particles:

|~p1,m1; ~p2,m2〉 = |~p1,m1〉⊗ |~p2,m2〉 . (2.2)

For the state vectors of (2.2) adopt the normalization:

〈~p1,m|~p1
′,m′〉 = 2p0δ (~p1− ~p1

′)δmm′ . (2.3)

|~P,
√

s,J,L,S,m〉 , (2.4)

here~P = ~p1 + ~p2,
√

s - invariant mass of the system of two free particles,L- orbital system center
inertia (SCI),S is the total spin in the SCI.

State vector of (2.4) normalized as follows:

〈~P,
√

s,J,L,S,m|~P′,
√

s′,J,L′,S′,m′〉 = Nδ (~P−~P′)δ (
√

s−
√

s′)δmmδLL′δSS′ , (2.5)

whereN is the standardization constant, the explicit form of whichnot used.

Bases of (2.2) and (2.4) linked decomposition Clebsch-Gordan coefficients for the Poincare
group:

|~P,
√

s,J,L,S,m〉 = ∑
m1,m2

∫

d3~p1

2p10

∫

d3~p2

2p20
|~p1,m1; ~p2,m2〉 ·

·〈~p1,m1; ~p2,m2|~P,
√

s,J,L,S,m〉 , (2.6)

where

〈~p1,m1; ~p2,m2|~P,
√

s,J,L,S,m〉 = 2
√

s[λ (s,M2
1,M2

2)]−1/2 ·

·2P0δ (P− p1− p2) · ∑
m̃1,m̃2

D1/2
m1m̃1

(p1,P)D1/2
m2m̃2

(p2,P) · 〈1/2m̃11/2m̃2|SmS〉 ·

·YLmL(ϑ ,ϕ)〈SLmSmL|Jm〉 , (2.7)

λ (a,b,c) = (a2 +b2+c2−2(ab+ac+bc).

In the expression (2.7) expansion in spherical harmonics and the summation over the angular
moments is in the SCI and the result then "shifts" in an arbitrary system throughD- functions [17].

To build the matrix element of the electromagnetic current there is a procedure of canonical
parametrization [17]. The matrix element of the current represents the sum of items, each of which
is a product of the covariant and invariant States. Covariant part of such representations the matrix
element describes his transformation (geometric) properties, and all dynamic information about
transition described by the data of the current operator, iscontained in invariant section - the matrix
elements or the form. As an illustration of this technique, consider the first, the parametrization of
the matrix element of the current of a diagonal on the full angular moment of [15].
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Lorentz-covariant properties of the matrix element will bedescribed three 4-vectors and one
pseudo vector:

K′
µ = (P+P′)µ , Kµ = (P−P′)µ , Rµ = εµνλρPνPλ Γρ(P′), Γµ(P′) , (2.8)

εµνλρ - antisymmetric tensor of the fourth rank,Γµ(P′) - operator relativistic spin [15]:

Γ0(P′) = (~P′~J′), ~Γ(P′) =
√

s~J′ +
~P′(~P′~J′)

P′
0+

√
s′

, Γ2 = −
√

s′J2(J+1).

Linearly independent matrices is projected full moment thenumber of movements in initial
and final States are built from vectorsPµ andΓ(P′)µ :

DJ(P,P′)(PµΓµ(P′))n, n = 0,1,2...,2J . (2.9)

When additional conditions conservation parity, save current as well as the mutual orthogonality
vectors, parametrization of the matrix element takes the following form:

〈~P,
√

s,J,L,S,m| j0µ (0)|~P′,
√

s′,J,L′,S′,m′〉 =

= ∑
m

DJ
m,m〈m” |

3

∑
k=1

{FLL′SS′
k Aµ

k (s,Q2,s′)}+|m′〉 , (2.10)

A1
µ =

1
Q2

[

(s−s′ +Q2)Pµ +(s′−s+Q2)P′
µ
]

A2
µ = 1√

s′

{

Γµ(P′)− 1
2
√

s

[

(
√

s+
√

s′)Kµ
Q2 +

√
s′Pµ+

√
sP′µ

PP′+
√

ss′
+

√
s−

√
s′

λ(s,Q2,s′) [(
√

s+
√

s′)2 +Q2]A1
µ

]

(Pλ Γλ (P′))

}

,

A3
µ =

i
s′

Rµ .

Note that in the expression (2.10) the matrix elements of theinvariant form factors depend on
additional invariant values ofL,L′,S,S′ - invariant parameters of the degeneration of the problem
(2.4):

FL,L′,S,S′

k =
2J

∑
n=0

f L,L′,S,S′

kn (s,Q2,s′)(iPµΓµ(P′))n . (2.11)

Consider now the parametrization of the matrix element of the current, non-digional full angular
moment:

〈~P,
√

s,J,L,S,m| j0µ (0)|~P′,
√

s′,J′L′,S′,m′〉 , (2.12)

In the matrix element (2.12) own moments ofJ andJ′ different that excludes the possibility of
constructing operator spin relativisticΓµ (diagonal on the back) and, thus, using the technique
discussed above.

For the invariant parametrization of the matrix element of (2.12) make the Lorentz transfor-
mation from the initial (laboratory) system coordinates inbreit system (BS):

P̃ = (P̃0,~q), P̃′ = (P̃′
0,−~q), ~q = (0,0,q), K′

µ = (
√

K′2,0,0,0) , (2.13)
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~q- dimensional vector, module which has the following form:

q =
√

λ (M2
1,M2

2,Q2)/[8(M2
1 +M2

2)+4Q2].

In case of equality of vectorsPµ andP′
µ (BS) enters (SCI):

〈~P,
√

s,J,L,S,m| j0µ(0)|~P′,
√

s′,J′L′,S′,m′〉 = ∑
m̃,m̃′

DJ
m,m̃(P,w)D∗J′

m,m̃′(P′,w) ·

·〈~̃P,
√

s,J,L,S,m̃| j0µ(0)|~̃P′,
√

s′,J′L′,S′,m̃′〉 , (2.14)

wherewµ = Kµ/
√

K2 is a 4-speed corresponding to the specified transform Lorentz.

Feasible standard transition to the canonical basis [17]:

jδ (0) = aδσ j̃1σ (0), δ = 1,2,3; σ = 1,2,3 . (2.15)

aδσ =

√

2π
3







-1 0 1
i 0 i
0

√
2 0






(2.16)

Full parametrization of the matrix element of (2.12) looks the following follows:

〈~P,
√

s,J,L,S,m| j̃0(0)|~P′,
√

s′,J′L′,S′,m′〉 = ∑
m̃′,m̃,ν ′,λ ′

DJ
mm̃(P,w)DJ′

m′m̃′(P,w) ·

·〈J′m̃′ν ′λ ′|Jm̃〉 ·Yν ′λ ′(ϑ ,ϕ) ·G0,ν ′

JJ′ (s,s′,Q2) , (2.17)

〈~P,
√

s,J,L,S,m| j̃1σ (0)|~P′,
√

s′,J′L′,S′,m′〉 = ∑
µ ,m̃′,m̃,σ ,λ ,ρ

DJ
mm̃(P,w)DJ′

m′m̃′(P,w) ·

·〈J′m̃′σρ |Jm̃〉 · 〈1σνλ |µρ〉 ·Yν ,λ (ϑ ,ϕ) ·G1,ν ,µ
JJ′ (s,s′,Q2) . (2.18)

Note that the zero component of the transformed vectorjµ(0) is the four-dimensional scalar and
three-dimensional the components of the vector form, sitting on the momentumK′.

Now let’s apply this procedure non-digional parameterization [17] for a description of radia-
tion transitionρ → πγ . In the composite quark model ofπ andρ meson seems related condition
u and d̄ with quantum numbers of quarksJ = L = S= 0 for peony andJ = S= 1,L = 0 for ρ -
meson respectively. We assume that the masses of the quarks are the sameMu = Md̄ = M, then
the matrix element of the operator the electromagnetic current of the free two-partial system data
quantum numbers will be written as:

〈~P,
√

s| j0µ(0)|~P′,
√

s′,1,0,1,m′〉 =

∫

d3~p1

2p10

∫

d3~p2

2p20

∫

d3~p1
′

2p′10

∫

d3~p2
′

2p′20
·

·〈~P,
√

s|~p1,m1; ~p2,m2〉 · 〈~p1,m1; ~p2,m2| j0µ(0)|~p1
′,m′

1; ~p2
′,m′

2〉 ·

·〈~p1
′,m′

1; ~p2
′,m′

2|~P′,
√

s′,1,0,1,m′〉 , (2.19)
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where

〈~p1,m1; ~p2,m2| j0µ(0)|~p1
′,m′

1; ~p2
′,m′

2〉 = 〈~p1,m1| j0µ−1(0)|~p1
′,m′

1〉 ·

·δ (~p2− ~p2
′) ·δm2m2′ + 〈~p2,m2| j0µ2(0)|~p2

′,m′
2〉 ·δ (~p1− ~p1

′) ·δm1m1′ . (2.20)

Using the parametrization [13], we obtain the expression for the single-particle matrix element
of the current:

〈~p1,m1| j0µ1(0)|~p1
′,m′

1〉 = ∑
m′′

1

D1/2
m1m′′

1
(R(~p1))〈m1

′′|[ f10(Q
2)Kµ + i f30(Q

2)Rµ ]|m′
1〉 , (2.21)

here f10(Q2) and f30(Q2) have a sense of electrical and magnetic particle formfactors, respectively,
Kµ = pµ + p′µ , Rµ = εµνλρ pν

1 p′1,
λ Γρ(p′1). Clebsch-Gordan coefficients are defined as follows:

〈~P,
√

s|~p1,m1; ~p2,m2〉 = 2
√

s
1√
4π

[λ (s,M2,M2)]−1/2 ·

·2P0δ (P− p1− p2) · ∑̃
m1m̃2

D1/2
m1m̃1

(R(~p1))D
1/2
m2m̃2

(R(~p2)) · 〈1/2m̃11/2m̃2|00〉 . (2.22)

〈~P′,
√

s,1,0,1,m′|~p1
′,m′

1; ~p2
′,m′

2〉 = 2
√

s
1√
4π

[λ (s′,M2,M2)]−1/2 ·

·2P′
0δ (P′− p′1− p′2) · ∑̃

m′
1m̃′

2

D1/2
m′

1m̃′
1
(R(~p1

′))D1/2
m′

2m̃′
2
(R(~p2

′)) · 〈1/2m̃1
′1/2m̃2

′|1m′
S〉 ·

·〈1m′
S00|1m′〉 . (2.23)

Using non-digional parameterization [17] matrix item current in the basis of (2.4) can be repre-
sented as:

〈~P,
√

s| j̃0(0)|~P′,
√

s′,1,0,1,m′〉 = ∑
m̃′,m̃,ν ′,λ ′

D0
0m̃(P,w)D1

m′m̃′(P′,w) ·

·〈1m̃′ν ′λ ′|0m̃〉 ·Yν ′λ ′(ϑ ,ϕ) ·G0,ν ′

01 (s,s′,Q2) , (2.24)

〈~P,
√

s| j̃1σ (0)|~P′,
√

s′,1,0,1,m′〉 = ∑
µ ,m̃′,m̃,σ ,λ ,ρ

D0
0m̃(P,w)D1

m′m̃′(P′,w) ·

·〈1m̃′σρ |0m̃〉 · 〈1σνλ |µρ〉 ·Yνλ (ϑ ,ϕ) ·G1,ν ,µ
01 (s,s′,Q2) . (2.25)

Equating expressions (2.19) and (2.24) - (2.25) with the account of (2.15)-(2.16) and (2.20)-
(2.21)by integration in the system~P′ = 0,~P = (0,0,P), we obtain analytical expressions for the
free two-particle formfactors.

G111
01 (s,Q2,s′) =

√
2·Θ(s,Q2,s′)(s+s′ +Q2)2

2
√

s−4M2
√

s′−4M2
√

4M2 +Q2[λ (s,−Q2,s′)]1/2
·

6
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·cos[(ω1 + ω2)/2]

[

s′(s′−s+3Q2)

[λ (s,−Q2,s′)]1/2
(Gu

M(Q2)+Gd̄
M)(Q2)

]

+

+sin[(ω1 + ω2)/2]

[

(s′−s−Q2)

(s+s′ +Q2)

ξ (s,s′,Q2)√
s′

(Gu
M(Q2)+Gd̄

M(Q2))

]

−

−sin[(ω1 + ω2)/2]

[

ξ (s,s′,Q2)
4M

(s+s′ +Q2)
(Gu

E(Q2)+Gd̄
E(Q2))

]

, (2.26)

G01
01(s,Q

2,s′) =

√
2· √πΘ(s,Q2,s′)(s+s′ +Q2)

2
√

s−4M2
√

s′−4M2
√

4M2 +Q2[λ (s,−Q2,s′)]1/2
·

·cos[(ω1 + ω2)/2]
[

M · [λ (s,−Q2,s′)]1/2(Gu
E(Q2)+Gd̄

E)(Q2)
]

+

+sin[(ω1 + ω2)/2]

[

ξ (s,s′,Q2)λ (s,−Q2,s′)
s′(s+s′ +Q2)

(Gu
M(Q2)+Gd̄

M(Q2)

]

, (2.27)

G121
01 (s,Q2,s′) =

√
2·Θ(s,Q2,s′)(s+s′ +Q2)

2
√

s−4M2
√

s′−4M2
√

4M2+Q2[λ (s,−Q2,s′)]1/2
·

·sin[(ω1 + ω2)/2]

[

√

−2s′(8M2−s+Q2+(s+Q2)2 +s′2)3[λ (s,−Q2,s′)]1/2

8s′

]

·(Gu
M(Q2)+Gd̄

M)(Q2)+

+sin[(ω1 + ω2)/2]

[

M
ξ (s,s′,Q2)

s+s′ +Q2 (Gu
M(Q2)+Gd̄

M(Q2))

]

+

+cos[(ω1 + ω2)/2]

[

[(s+Q2)2−s′2] · (s+s′ +Q2)+ [λ (s,−Q2,s′)]1/2

(s+s′ +Q2)

]

·(Gu
M(Q2)+Gd̄

M(Q2))+

+cos[(ω1 + ω2)/2]

[

M · [(s+Q2)2−s′2]√
s′[λ (s,−Q2,s′)]1/2

· (Gu
E(Q2)+Gd̄

E(Q2))

]

, (2.28)

G101
01 (s,Q2,s′) =

Θ(s,Q2,s′)(s+s′ +Q2)

2
√

s−4M2
√

s′−4M2
√

4M2 +Q2[λ (s,−Q2,s′)]1/2
·

·sin[(ω1 + ω2)/2]

[

M
ξ (s,s′,Q2)

s+s′ +Q2 (Gu
E(Q2)+Gd̄

E(Q2))

]

−

−cos[(ω1 + ω2)/2]

[

[(s+Q2)2−s′2] · (s+s′+Q2)+ [λ (s,−Q2,s′)]1/2

(s+s′ +Q2)

]

·(Gu
M(Q2)+Gd̄

M(Q2))−

−cos[(ω1 + ω2)/2]

[

M · [(s+Q2)2−s′2]√
s′[λ (s,−Q2,s′)]1/2

· (Gu
E(Q2)+Gd̄

E(Q2))

]

, (2.29)
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where:
Θ(s,Q2,s′) = ϑ(s′−s1)−ϑ(s′−s2),

s1,2 = 2M2 +
1

2M2(2M2 +Q2)(s−2M2)∓ 1
2M2

√

Q2(Q2 +4M2)s(s−4M2),

ϑ is a step function.
ξ (s,s′,Q2) =

√

ss′Q2−M2λ (s,Q2,s′),

ω1 = arctan
ξ (s,s′,Q2)

M[(
√

s+
√

s′)2 +Q2]+
√

ss′(
√

s+
√

s′)
,

ω2 = arctan
ξ (s,s′,Q2)(2M +

√
s+

√
s′)

M(s+s′ +Q2)(2M +
√

s+
√

s′)+
√

ss′(4M2 +Q2)
,

GM(Q2) and(GE(Q2) - magnetic and electric form factors, which are expressed assingle-particle
following [15]:

f10(Q
2) =

2M
√

4M2 +Q2
GE(Q2), f30(Q

2) = − 4

M
√

4M2+Q2
GM(Q2) , (2.30)

GE(Q2) = eq fq(Q
2), GM(Q2) = (eq +kq) fq(Q

2) , (2.31)

whereeq is the charge of the quark mass,kq - anomalous magnetic moment quark in natural units.
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