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State Technical University, Gomel 246746, BelarusThe new expressions for the form factor components and mean-square radius of the vector current of composite system of two relativistic fermions with arbitrary masses are obtained. The pseudoscalar, vector and pseudovector composite systems were considered. For them is received identity, which installs the dependency between masses and quarks spin, forming composite systems. Values of the mean-square ra­dius of the ground-state s-wave level of pseudoscalar 7^-, K^- and A'o-mesons with the Coulomb interaction are calculated. The analysis is performed and the depen­dency of form factor behavior and mean-square radius concerning the differences of quarks masses are installed. Consideration is conducted within the framework of rel­ativistic quasipotential approach on the basis of covariant Hamiltonian formulation of quantum field theory by transition to the three-dimensional relativistic configu­rational representation in the case of two relativistic spinor particles with arbitrary masses.
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1. IntroductionThe different approaches can be used for description of the form factor behavior of the composite system [1-5]. The using of three-dimensional relativistic covariant two- particle quasipotential (RQP) equation of Logunov-Tavkhelidze [6] for description of the form factors of composite systems were executed in [7, 8]. However, use of the equation Logunov-Tavkhelidze for wave function in the momentum representation has not allowed to research the behavior of the form factor in broad interval of importances of the mo­mentum transfer of the relativistic two-particle bound system. The other model was considered in [9, 10]. This model has used the RQP approach [11, 12] on the basis of covariant Hamiltonian formulation of quantum field theory [13] in which the contribution of small distances in the proton form factor takes into account by means of transition to the three-dimensional relativistic configurational representation (r-representation) in the case of two relativistic spinless particles with equal masses m [14]. In the RQP ap­proach [11] for a bound system of two relativistic spinless particles of arbitrary masses developed in [15, 16], new covariant expressions of the components of elastic form factor for the cases of a scalar and vector currents as functions of the invariant variable q, which there is the square of the momentum-transfer vector in the Lobachevsky space, have been found in [17, 18].
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The aim of present study, considered as continuation in [17-20], is to obtain the new expressions for the form factor and mean-square radius of the vector current of composite system of two relativistic fermions with arbitrary masses. Consideration is conducted within the framework of RQP approach [11, 12] on the basis of covariant Hamiltonian formulation of quantum field theory [13] by transition to the r-representation in the case of two relativistic spin particles with arbitrary masses mi и m2 [15, 16].
2. Equation for the wave functionWithin the framework of RQP approach [11, 12] for spherically symmetric potentials the equation in the r-representation [15, 16] for the radial wave function of the compos­ite system with relative orbital angular momentum f > 0, ^(r, y')> consisting of two relativistic fermions with arbitrary masses mi,m2 and spin 1/2, has the form [21]^- cosh x') pe(r, х') = -V(r; Mq)A /)• (!)

Here Mq = sq = Q2 = (gi + g2)2 = Qo ~ 22, where ді:г = 1,2 are 4-momentas of composite particle, the operator
rad
0,/ = cosh A'W+l) 2r(r + iX')

exp (2)
is the radial part of free Hamiltonian operator (we use the system of units where h = c = 1)

Ho = 2m' cosh ІХ' ■ u-I----- sinh 
r

A/2 (3)
where is its the angular part, А' = 1 /т' is the Compton wavelength associated with an effective relativistic particle playing the role of the two-particle system [15, 16], having the mass m' = ,/mim2, the relative momentum ^q^m'Xa and carrying the total energy of particles Mq, which is proportional to the energy A°, m,XQ of one effective relativistic particle of mass m', and the rapidity x' is used to parametrize the momentum and energy as A9',m'Ac = m' sinh /пДд, , |пдв, m,Ac I = 1, Mq = 2m!д', (4)^'cOSh/,where factor д' gives by expression , _ n£ _ mt +m2 

9 2g 2y/m1m2’and g = тгт2/(mi+m2) is the reduced mass of two particles of arbitrary masses; A°,m/A and Aq\m>xQ are, respectively, the time and spatial components of the 4-vector = △g,m/AQ from the Lobachevsky space associated by the pure Lorentz transformations ЛА$
Similar equation for the case of two spinor particles with the equal masses was received in [22], and 

earlier in [23], but at a different definition of the wave function and quasipotential.
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Form Factor and Mean-Square Radius for the Vector Current of Composite System ofTwo Fermions in the Relativistic Quasipotential Approach with the velocity 4-vector of the composite particle Xq = (X^Xq) = ЬУ theformulas A^q' = A^'Ae = q'(-)^'Ae = q' - Лй (^о - ’ (6)
(Л^')° = Д^Аа = - q' AS = +and all 4-momenta belong to the upper sheet of the mass hyperboloid

д2 _  A 02 _  д 2 — ГЦ^
^q^m'XQ ^q^m'XQQuasipotential V(r; Mq) is local in the sense of Lobachevsky geometry, the group param­eter r plays the role of modulus of relativistic relative coordinate r (r = rn, |n| = 1), and the operator A is defined as

where spin parameters a' and V in (8) are expressed through factor (5) by the formulas
g'2

-9221
--д'2 2y

ford = 75 (pseudoscalar);for 6 = 7M (vector);for О = 757m (pseudovector);
ford = 75;for d = 7^;ford = 757м- (9)

The value of spin parameters a' and b' in (8) for mi = m2 = m coincides with the values of their analogs a and b obtained in [22].
3. Form factor of the relativistic two-particle systemIn Refs. [7-10] the form factor of two-particle system was defined as the matrix ele­ment of the local current operator between bound states with the 4-momentum Q and 

P through the covariant wave RQP-functions satisfying RQP-equation in the momentum representation. Then, the invariant expression in the momentum representation near the poles of the bound states with the 4-momentum Q and P for the matrix element of the local vector-current operator of the two relativistic with arbitrary masses fermions bound state has the form2!
P\JV\Q>=

_______ 24_______ f________drpdTQdk2dk'} dk]_________ ^,,(^2) 
J y/m^ + k^y/m^ + к^у/т^ + kf r-p + is (10)xtr[d+(A:1 + mi)^ + m^Ofe - md]^ + k^J^^ x 

Tq — IS
(-Q + к{ + k2 - Xqtq) 6^ (P - ki -k2 + XpTp) + (1 о 2).Here, either as in Refs. [17-20], the functions rJWfi,(Qfc2) and VMr(Pk2) are the scalar parts of the vertex functions which depends each only on one the Lorentz-invariant scalar

2) Similar approach was used to get the expressions of form factors for scalar and vector currents as 
for the system of two spinless particles with arbitrary masses [17, 18], so and for the system of spinor 
particles with equal masses [19, 20].

107



Yu.D. Chernichenko
parameter Qk2 and Pk2, respectively; for 0, we take the Dirac matrices 7s,7a> and 7577 (p = 0,1,2,3), ki = к^'Уц, mt is the mass of the zth component (г = 1,2) carrying the 4-momentum ki and k'^ and all 4-momenta belong to the upper sheets of the masses hyperboloids

k2 = _ k? = m2, г = 1,2. (H)The expression in (10) corresponds diagram on Fig. 1. On Fig. 1 the solid lines cor­respond to the constituents that carry the 4-momenta k{,ki,i = 1,2, while the dashed lines represent spurion quasiparticles. The composite-particle 4-velocities were chosen to be Ag = (Aq;Aq) = 01^ = OIMq, where Mq = sg = Q2 = (^i + <12?, and Ap = (Ap; Ap) = = PjMv, where M2 = sp = P2 = (pi + ft)2-

Figure 1: The diagram of matrix element of the local current operator in the case of two relativistic spinor particles with arbitrary massesValues of the trace in (10) with matrixs б = 75,7/г,75Тм (Z2 = 0,1,2,3) gives by expression tr[O+(^i + mi)(^i 4- mi)d(^2 — m2)] = (12)= —4(am2^iA;i + bm^k^ + bm^k'^ + am2mj),which for mi = m2 = m coincides with the values of their analogs obtained in [19, 20], where
{1 for О = 75, (pseudoscalar); ' 1 for О = 75;4 for б = 7Д, (vector); b = < 2 for О = 7M;4 for О = 7s7M, (pseudovector); —2 ford = 7s7^- (13)

Expression (10) for the matrix element of the vector-current operator features addi­tionally its transverse component, which breaks the transverseness condition [18, 20|
(P - Q? < P\J?Q 0.Therefore, the 4-vector in expression (10) can be represented in the formС(хд) < РІЛІС >= ^(+)(i)(P + Q? + - Q?, (14)where the square of the 4-momentum transfer t and rapidity уд under Q2 — Mq = p? — 

Mp = M2 are connected by correlation
t = (p - Q? = -Q2 = 2M2 - 2PQ = 2M2 (1 - cosh уд), (15)(p + Q)2 = 2M2 + 2PQ = 4M2 - t,and the factor С(хд) = (16)smh уд
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Form Factor and Mean-Square Radius for the Vector Current of Composite System of1wo bermions in the Relativistic Quasipotential Approachis the relativistic geometric factor in the RQP approach [11], which first appeared sub­stantiated in [24] for the invariant description of the spatial structure of particles in the three dimensional relativistic r-representation [14]. The factor (16) has a clear physical meaning, because, as was shown in [24], the factor (16) describes the value of the contri­bution to the form factor of nucleon of its central sphere, inside which the quarks move having the radius equal to its Compton wavelength (r0 = 1/M). In the nonrelativistic limit (хд -> 0) С(хд) -4 1, which corresponds to the point particle. Thus, the factor (16) is the measure of the contribution of relativistic effects caused by the dynamics of quarks.Taking into consideration Eqs. (10), (14) and (15), we obtain the following expressions for the components of the elastic form factor in the form (Mq = Mp = M)__ ZiC(xa) Г________ dTpdrQdk2dk[dki________ ГмДРкг)— і)(4%)3 J у/гп^ + k?a/m? + k^y/mf + к? + ге xtr[d+(fci + - m2)](P + Q)(ki + к^)

(-Q + k{ + k2- Xqtq) 6^ (P-kr-k2 + XpTp) + (1O 2),
f dTVdrQdk2dk'1 dk^ _уйЛ/(4тг)3 J x/m? + k^y/m? + к^у/т^ + к? тр + isxtr[O+(fci + - Q)(ki + k[) xx^4) (_q + + k2- Xqtq) 8^ (P-kr-k^ XpTp) + (Ю 2).

(17)

(18)

In order to carry out integration in expressions (17) and (18) with respect to ki and rP, we perform the pure Lorentz transformations and АЛр by formulas (6) in the integrals with respect to k'15k2 and ki, respectively, and we take into account correlations (Afg = Mp = M) (details see in [17-20])
= (Mq; 0), A^P = (Mp; 0), Qk2 = MQA°k2^XQ, Pk2 -(19) те(р) + Mow = = -Ak2,m2xa, &кг,тіХг "

mi ~ m2

,m2>Q _

2к]к2 = «Д^^^ — ^l m2, ^1^2 S^k2,m2XQ
2— mJ — 4n2, ■k2»m2Ap

2M = 2m? - s^m2Xv - ^2,^ + 2 f1 - 2МЧ

t

^2’т2Л2(Р) V k ’ *

△fc2,miAc(p> = РТ7Дь2,т2Лв(Р|-

Formulas in (19) also allows to calculate trace (12) with matrixs О It tr[dyfe + ™.)« + ~ -M = -2H”* - + ++2ama (1 - + (''"*' “ “”2) (’*'-”
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Here parameters a and b are given in (13), and expressions (17) and (18) takes the form

2ziG[x&) f  d^k2,m2XQ .................  у (20)
x----------------------------- Uam2̂  - 2bmi (mj + m2) +

+2am2 fl - 2J/2) am^) (^г^р + s^k2,m2x^ x

x Гл/а(А^,т2Ао)|_ (J <->2), 
MQ ~ ^8^^ + i£

p(-}(t\ _ ^^(Хд) / d^k2,m2xa __гі(4тг)3 J /_2 , д2 + Д? 7\ /т? + Д2 ~V ’ J Gm2 + ^k2,m2XaXJ к2,т2Ха\/ X ‘~а‘к2,т2Хр

(21)
Uam2^ - 2Ьтг (mf + m2) + 

Mv ~ x/8^^^ ~ г£+2йт-г ^І 2M2) х/8^^™^?^ (^W1 dm2^ + s^.k2tm2xQ^

і__1_
2М2

mf — т%
Г'л/д (,^k2,m2XQ ) + (1^2),

x/8Ak2,m2XQ

where we introduced the notationsГмр^^) = Гмг(Ак2,т2Х7>)> Гмй(2^2) ~ ^Ма^к2,т2хв)-Farther, in expressions (20) and (21) we shall perform the change of variables [17, 18]
№ + 4,m>xQ

^k2,m2XQ 9 &k',m'XQ G ^/2 _j_ Д2; (22)
and shall take into account correlations

= 9'fZ'(iXk,,m.xam), (23) 
тг = m' (^д' + x/д'2 — 1) > ~ m (g1 ~ y/g'2 — 1);

\JmX + ^k2,m2XQ^ ~ 9 f- (△v,m'Afi(pj)j ~ 9 f+ {^к'^m'XQ^-p^

= m'[д' - д'2 - 1) < m2 = т'(9' + У9'2 - 1);
~ 2д'^>т'Ха, Мр = 2УД°,>гп,Лр, ^S^2,m2xQm = 2^ ^к^т'Х^-р^ 

-----
\/т" + ^к2>т2Ха ^ + ^2XQ к'^

110



Form Factor and Mean-Square Radius for the Vector Current of Composite System ofTwo Fermions in the Relativistic Quasipotential Approachwhere
-m„+

™/2j_A2

(24)

Then, considering correlations (22)-(24), the expressions in (20) and (21) takes the form
(2m')4(zi + z2)G(xa.) (oT2^)^^Л° Л0 26^2 k'jn'X-p 
m'2

1
t

1 “ 2M2

f+(^k',m'Xp) + 1 -
4~ 2a#

A0 A0 ^2 ^k' ^'Xp^k! ,m!Xo, 
to m2

( Ak',m'AP)A(t.m'Ap
л / x A02Ц- a + b - 2^ + У2 (b + a)
2M2

2M2 )
+ ^Н,т'Хд_

m'2m'2(</2 ~ ^(f+^k^m’Xp} + f-(^k',m’Xp))

-2g'2 f (Ак''Тп'Хр^^к',m'Xp^k',m'XQ — 2Л/2 /
\/Ху,т'Ар1 J- 
2g' f ^^к’ ,m' Xp}_ (2m')4(zi + Z2)G(x&1 (

U ^(2пў к
A? A02OQ/2 - k'lW'Ap^k'.m'Ag; 

m'2

^+{^к',m'X-p) + f-{^-к',m'Xp) 

^f(^k',m'Xp)

l).agn^.k’^'X-p^kl,m'XQ ______ 1
ТП^ 1 2M2

Д0 4. до
^к^т'Хр ^к',т'Ха T , л \
------------—------------Ум№,т>)^

ilb

~ _L A OK '2 /2 /i -A ^k^m'Xp +
a + 6 - 2bg'2 + g'2 lb~ a)-----=—---- IV / m'2 / J

- }Д^к',т-Хр})

2d'f ^к^т'Хр)^',m'Xr^k’,m'XQ ~ 2M2 J

( ~ ~ „ /- \ т'кт, d"a + b - 2bg'2 + g2(b + a] -k-^-\ \ / m'2m,2(g'2 - l)(/+(Ay,m'Ap) + f-^k',m’Xp)} !

^g^f^k^m'Xp^k'^Xp^k^m'Xa ~ 2M2')
2g' f (Afc',m'Ap)

ДО — A0
^k',m'Xp ^k'.m'XQ 1T, / A 'j
-------- ----- ----{.^k',m'XQ ) 

lib

x
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where we have defined the wave function of system in momentum space as

= W(2^-2^and d£lbk,m — m1d^k>,m>xa/m>\a is the relativistic three-dimensional volume ele­ment in Lobachevsky space. All 4-momenta now belong to the upper sheet of the mass hyperboloid (7). This sheet is embedded in 4-dimensional momentum space and serves as a model of the Lobachevsky space momentum, and the Lorentz group is its motion group. The Lorentz transformations proper mean translations in Lobachevsky space. The role of plane waves corresponding to these translations is played by relativistic plane waves [25]
(ло л \

^k’,m'Xe ' n » , .---- :----s----- -  . (27) 
m'- /The functions in (27) correspond to the main series of unitary irreducible representations of the Lorentz group and satisfy the conditions of completeness and orthogonality^2^3 У r)^ (^k1,m'Xe, r ) = d(r — r), (28)

1 Г A0, /1— / dre(Ap^a,r)f (Д^,г) = -^^6^m/XQ -

and the finite-difference equation [15, 16]
(«о - 2Л2',,«а) r) = °- (2S>)

The vector ^kimiXv from the Lobachevsky space can be represented in the form
тп!= k'(-)m'Ap = A^k' = V(AAc,P)AwJ-)^Ap,e. (30)Here V(AXq,P) = A^AAqAaP2 is Wigner’s rotation matrix, and Ap,g = A^P is the 4-momentum transfer in the Lobachevsky space:

0 / P • О \АЛ2 = A^P - VHQ = Msmhx^, (31)
JVt \ ^0 ’ d™ Jло /*-1^° PoQo-P-2 PQ ,, K

^p,Q = (ле == cosh^>
P = M sinh урПр, Q = M sinhXq^q, Po = M cosh x?, Qo = Af cosh xq, |np| = |nQ| = |пд| = 1, Ap2Q — Ap:2 — Af2,where уд, yp, and Xq are the respective rapidities, and that the square of the 4- momentum transfer t is connected to the 3-momentum transfer A^g and rapidity уд by correlation

Q2 = -t = -2M2 + 2MyjM2 + A2 = 2M2 (cosh уд - 1). (32)
From Eqs. (30)-(32) we have

A° ^к' ,m' X-p
m,2^Q 
^^k,^XQ

(33)
112



Form Factor and Mean-Square Radius for the Vector Current of Composite System ofTwo Fermions in the Relativistic Quasipotential Approachand the factors ± f-(^k\m'x-p)y2f (Акі.т'хУ can be simplified to the form
fy^,m'X^ + f-^k',m'X^ ~ j A^^2/(Д^а„) ~ д'2 (2M2 -t)2 m'2 ’ 1 }
f+(Ak^m'Xp) — /-(Ак^т/хУ ~ ІбМ^Уд'2 — 1 A%,,m'Xp &k’,m'Xa 2/(AfeWp) ~ 5'(2M2-t)2 m'2

т' Ут'2 — 4/r2 m'2 — 4/r2
™'2 + ^k',m'xr < ’ 4p2 + ^l',m'xr < LTherefore, taking into consideration expressions (30)-(34), the components of the elastic form factor in (25) and (26) we can consider as functions of the invariant variable Ap q, which is the square of the 3-momentum transfer in the Lobachevsky space, and conse­quently, are convolutions of the covariant wave RQP-functions in this space. Then, by using the Shapiro transformations [25]

'ФмУ) = ^2тг)3 J
Фм(А^,т'Ае) = У drf (△v.m'Ae^)^^),

the completeness condition in (28), the equation (29), the addition theorem for relativistic plane waves (27) in the form [16],У C?Wn€ (Ap',m'AQ( —)△*:',т'А2,Г) = У ^nCCApPm'Ae^r)^ m'Ae) r) ,
and the fact that the free-Hamiltonian operator (3) is Hermitian, we can represent the components of the elastic form factor in (25) and (26) into the form of relativistic Fourier transforms of covariant RQP wave functions in the configuration representation (details see in [17-20]):

? W- 4M2 — t к 2M2 J JхНе|1?і \r,x) ,,2Ro(^x)+ z / \2

хіш/т^ \r,x) u2Ro(r,x)+ / t \2 1
AM ig К ъ \ L9 V 2M2 /where we introduced the notations: ” / " \ 2 1 *йо(г,х') = 2йУ2 1 — 1 M)

ИУ\г, X.'} = (a + b — 2bg'2^ ;

x (35) * ^)(г’й“Ш5Лз<г'х')] p
(drf ^Apie,r^ x (36)
^2 ЧГ’Х) 2М2^3^Г’^^] ’

(37) 
2m \ *—^м(г) J +

Іт' J
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For s-state (^ = 0) of the composite system the integrations in (35) and (36) respecting114



Form Factor and Mean-Square Radius for the Vector Current of Composite System of Two Fermions in the Relativistic Quasipotential Approachof angles gives 167r(2m')3(zi + 22^'(Xa)4M2-i OO1-—) [
2M2) J

0

(39)
. 2(q'2 — 1)xRe< R^\p, Xn) - +----- /-------- 7“q'2 I 1 - —- 9 к 2M2 t ~ 12M2^3^’X^ I’

(_) _ 16тг(2т')37і + oo^Ш2) / (40)

= X

{t ~ 2(q'2 — 1)
R^Xp, Xn) ~ ^T72^P, Xn^ + 7 77У к 2M2 J

о
&\р, Xn) - Ra(p, Xn)

where p = rm', the radial part of free Hamiltonian operator (3) is defined in (2), the rapidity уд is connected to the square of the 4-momentum transfer t and the 3-momentum transfer A-p^ by correlation (32), and the rapidity Xn corresponds the level n for s-state of the composite system with the energy M = Mn — 2m'q'coshyn, and were introduced the notations Яо(р,Хп) = 2ад'2 (н^2 <Po(AXn) Xn), (41)
R^4p, Xn)=(a + b- 2bg^ yn) {н$=йу^р, Xn))*

2

+У2 3

R^\p. Xn) = (a + b - 21^) V^p, xn} (н^Ра{р. Xn))*
Rq^q^P, Xn)-

2

+g'2
3

3

—g>2 (3a + b 1 (
\ / ['

R^p.xn} = -W2
d V Г ->=o) <Po(p,Xn) H^=o^o(p,Xn),

2/ ' rad V -
\Ho.e=o) ^o(p,Xn) R(^=;o^o{p,Xn)++6aq'2
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Ri \p>Xn) (a + b~2bg j Po(p, уп\ (/ Л*,

1 x p ' уи'*п} \ло^аРо(р,Хп)1 +/ л X 2 n * 733 -ь) [(ч^) ^(p, xj A^oV,o(a x„)+ (42)

-9
2

+9* 3 -I*Ыахп) +
+g'2 (da + b

-9^
4

We note that, the transverse component F^(t) of the elastic form factor for a real- valued potential V(r) vanishes.
4. Form factor and root-mean-square radius for the Coulomb 

interactionThe expression for the invariant root-mean-square radius (r.m.s.) of the vector current of composite system of two relativistic fermions with arbitrary masses in terms of the wave function s-state according to (39) and (41) has the form [24, 26]
.2 I 69Fj=Q(t)/8t|t=o 1 1^(0) wўdp CbWp. х») - ЗЙо(р, x„) + ^^-2- Ip2 + 6)/Й+,(р? x„) - 3R3(p, x„)

0_______________ _______ ______ ___ _________________________________________ _______________
oo/ dp(p, X») + 2<g”2~ ^’(P. X„\

0

(43)

As example, we consider the form factor (39) and the r.m.s. (43) of meson in the case of the Coulomb (chromodynamic) interactionTz a* nVboul —------- > as > 0-
Г

(44)The radial wave function of exact solution of the integral analogue of the finite-difference RQP-equation (1) with interaction (44) for the s-state and ground level (n = 1) with the energy Mi, not containing of the г-periodic constants, has the form [21]
= c£\Ki)(p - p'Je-^)K\ (45)
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Form Factor and Mean-Square Radius for the Vector Current of Composite System ofTwo Fermions in the Relativistic Quasipotential Approachwhere
p'^ — —cosK^A/j = 2m'g'cos «4,0 < Ki < тг/2,а( = m'as,and Ki defines by the following quantization condition of the energy levels for the s-state and ground level of a composite system formed by two relativistic spinor quarks having arbitrary masses and interacting via the Coulomb chromodynamic potential (44) [21]:

as(b' + a' cos2 Kj) = 4 sin Ki. (46)The normalization factor IC^(aci)|2 gives by expressionIC^CkQI2 = т'^е~2^- ^P'^ + (47)and it can be found from the normalization condition
oo

0Then, in accordance with expressions (41) and (45)447) the longitudinal component °f form factor (39) and the r.m.s. (43) with interact™ 44) for the ground level of bound s-state with the energy can be represented in the torm
^o,n=i W - (4M2 _ - 2^p'^ + 1) smhXA (48)

t s 2 (д'2 -1)
9 (1 2M2 /

.2
0,

Coul
12«i

- 1) 
g12

д'2

E21 (49)
£=0,n=l 1 21 1 P2J

where were introduced the notationsJkiAxa, ++ «arctan—,.=0" ■R(ki,Xa)=(^^5 + 3i/_o<eos*«« = cos3 K1, Ba = “S2 M
0 b' - a' cos2 K1

* 2 • 5
C^Aab'g^cos^i^ K^b' + a'cos2^

x , (~a + b-2bg,2~2bg cos м
A1 = cos.i(a + b-2bg'2sin2*^V c =2(d-^ COS/<1

(50)
(51)
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A2 = cos Ki sin2 кг (a + b - 2 sin K1) ’

B2 = si„ « [sin2 A + ‘ " 2(a + C°s2Q = -2 cos M sin2 Ki [a + » - 2»S'2 s1"2 *1 - + Ч»" (3 M ~

3) Analogous identity was installed and for the component system of tw •
masses {д' = 1) in [20]. У °* two sPmor Particles with equal

„ . „ 2 в =2^1££iil^[a'cos2S1(3cos
A3 — 2ag2 cos3 Ki (3 cos Ki 1), з b' + a' cos2 Ki

АіаЬ'д'2 cos /Q sin2 Ki 2b'(3 cos2 Ki 1) $ cos2 4-1 ,+3b'(5 cos2 Ki — 1)], C3 — b' + a' cos2 Kib' + a' cos2 «1
Ei = 5A. + 2кгBi, i = 1,2, Di = A + КгВі + 2k2G,г = 0,1,2,3- (52)We emphasize that, in expressions (51), we excluded the coupling co^f^“ of not only the quantization condition of the energy levels m (46), but also of th у that we installed in the process of the calculations for the spin parameters a , b, a and (are given in (9) and (13)) and which has the form (53)a'(a + 6) — 2bg'2(a' + b') = 0.Table 1: Values of the r.m.s. and parameters for тг^, and Лр-mesonsMesons Ml, GeV mu, GeV mj, GeV ms, GeV GeV д' Kl__ <5S0.13957 0.12802 0.15632 0.14147 1.00499 1.05773 14.935150.49368 0.12802 0.46733 0.24460 1.21700 0.59308 4.16075_

Ko 0.49760 0.15632 0.46733 0.27028 1.15370 0.64702 4.66997Mesons < ro,v >theor, fm2 < ^0,v -^exp? fmTT* 0.43642 0.439 ± 0.0070.33946 0.34 ± 0.05-0.10969 -0.090 ± 0.021By using obtained in (49), (51) and (52) the results, we calculate the r.m.s. for the ground level of bound s-state of pseudoscalar тг^, K±- and A'0-mesons (n = 1,1 = 0, a! == 1 - a',a = b = 1) with masses: = 0.13957 GeV, MK± = 0.49368 GeV and
^Ko — 0.49760 GeV [27]. For this the r.m.s. (49) for the ground level of bound s-state with the energy Mi (in units of GeV) we represent in the form

Coul _  
£=0,n=l —

0.03894M2 (1 + tan2«j) Д +1 +--------------- ------_ (1 + tan2«j) Д 4.
W2~lbF2 22(^/2-1)л (54)

(1 + tan2 K1) Do 4- (f) _ 2E \
 д'* \ z j(1 + tan2 «J Д + D2n!2 *
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Ёі = 5Аі + 2ki tanfqBj, i = 1,2, Di = A + кі кіД + 2k2tan2 «іД, i = 0,1,2,3, (55) . _ A сг(зЛ-4) a 2d(Ax - 1)(A - 2)Ao — S’, Bq = д > ^2 ,Ai = o-^l + tan2 Ki) + 1> A — Ai — 2, (?! — d — 1,A2 = AL tan2 «1, B2 = Ai (tan2 м - 2) - 2 tan2 C2 = -2Ai - (a + l)(tan2 «i - 2),Аз = —d(tan2 Ki — 2), Вз = d 2 4(Ai ~ iXtan2^ - 2) tan «7 + 4------------------------- i----- 2Ai - 2d(Ai - 1) Г 2 2(Ai — l)(tan2 Ki — 2)C'$ “------ 7------- td-Il лД ~Г 7—Ai Aiwhere the spin parameters o' — Ь'/a' and a = a/b satisfies the identity d + 1 - 2/V + 1) = 0with the values

a* 1 -^--1 2Д -L_!
Zg'2

ford = 75 (pseudoscalar); . A1 tor О = 75;for 6 = 7M (vector); d = 2 for О = 7^;ford = 757M (pseudovector); 2 ford — 757^-

(56)
(57)

The results of calculations for the r.m.s. (54) and the values of all parameters for the ground level of bound s-state of pseudoscalar тг±-, K±- and Ao-mesons are provided in Tabi. 1. The values of r.m.s. for the ground level of bound s-state of pseudoscalar 
K±- and R%-mesons belong to the confidence intervals of their experimental values [28-30].In Fig. 2 we built the graphs of function < v >^1n=1=< >, represented byexpression (54), as the function of variable Ki — к for the ground level of bound s-state of pseudoscalar тг*-, K±- and A0-mesons with the values of parameters from Tabi. 1. From Fig. 2 we see that graphs to functions < 7q > for the r.m.s. (54) of the ground level of bound s-state of pseudoscalar Д-, /Д- and Kq-mesons with the values of parameters from Tabi. 1 has singularities at “critical” values of the rapidity к. The “critical” values of the rapidity ^°±nf « 1.47110, « 0.96437, kĉ  « 1.04870 are defined the boundaryof the quarks confinement region, forming mesons: at к > (i = тг^, К±, Kq) the Coulomb constant 5' < 0. The “critical” values of the rapidity k"± rs 0.83910, «0.60387, кД ~ 0.63973, probably, are defined or the boundary of the phase transition of quarks-gluon matter, or the boundary of the change to spatial configuration of the quarks, or at transition through these “critical” values of the rapidity к-г — K±, Kq)takes place change as the phase of state for the quarks-gluon matter, so and its spatial configuration: at к = (г = тг^К^ KQ) their the Coulomb constant a's > 0, and for small values of the rapidity their the Coulomb constant are small.In conclusion, we shall note, that for large -t = Q2 » the rapidity behaves as уд « MQ/M)2 and, consequently, the leading behavior of form factor Fv(t) = ^=o,n=i W/^=o,n=i (°) glves ЬУ expression~ 8?r/tf tan2Kj(l-l-tan2^)^ 1п(СДА)2Гі n/,
FvW-t»M? «----------------------------------77ДГ-ДТ------1 + 0 (ln (QM • (58(1 + tan2 K1) D1 +
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Figure 2: Behavior of function < > as a function of the variable к for the ground level ofbound s-state of pseudoscalar тг^-, K±- and /Со-mesons with the values of parameters from Tabi. 1.
Such behavior of the form factor Fv(t) for large — t complies with the prediction of the dimensional quark counting rules [31, 32], which gives F(t) ~ |t|_h In the case of relativistic spinless particles the decrease of the form factor occurs under the law F(t) (|t| In3 It])-1 [17].

5. ConclusionsIn the present study, we have obtained a new covariant expressions for the elastic form factor components and mean-square radius of a bound system formed by two relativistic spin 1/2 particles with arbitrary masses for the case of vector current. The pseudoscalar, vector and pseudovector composite systems were considered. For them is received iden­tity, which installs the dependency between masses and quarks spin, forming composite systems.As example, the expressions for the longitudinal component of form factor and mean­square radius of a bound system that formed by two relativistic spin 1/2 particles with arbitrary masses in the case of Coulomb potential were obtained. It is installed that the covariant wave RQP-function of Coulomb potential at Q2 — — t 3> 1 give the decrease for this form factor under the law Fv ~ |t|_\ which predicts the dimensional quark counting rules. Values of the mean-square radius for the ground level of bound s-state of pseudoscalar тг*-, K±- and Ao-mesons with the Coulomb interaction are calculated and its belong to the confidence intervals of their experimental values. The influence of quarks masses on the behavior of mean-square radius for the ground level of bound s-state of pseudoscalar тг^-, K±- and Ao-mesons are learned.The consideration is conducted within the framework of relativistic quasipotential ap­proach on the basis of covariant Hamiltonian formulation of quantum field theory, by transition to the three-dimensional relativistic configurational representation in the case of bound system of two relativistic spin particles with arbitrary masses.
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