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Form Factor for a System of the Two Fermions
an Equal Masses in the Relativistic
Quasipotential Approach
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The new relativistic form factor of the two relativistic with equal masses fermions
bound state for the scalar and the vector-current cases are obtained. 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
spin particles with equal masses.
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1. Introduction

To describe the behavior of the form factors the different pole vector-dominance
models (VDM) are often used [1, 2]. However the models VDM fail in description exper-
imently of the observed for large importances of the momentum transfer of the system
—t = @ the quick decrease of proton electromagnetic form factor at time-like region
according to the law of dipole ~ ¢~2. The using of three-dimensional relativistic covariant
two-particle quasipotential (RQP) equation of Logunov-Tavkhelidze [3] for description of
the form factors of composite systems was executed in [4, 5]. However, use of the equa-
tion 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
in which the contribution of small distances in the proton form factor take into account
was considered in [6, 7). This model is based on invariant description of the structure
of the particles in relativistic configurational space that was carried in [8] in the case of
interaction between two relativistic spinless particles with equal masses m. In the RQP
approach for a bound system of two relativistic spinless particles of arbitrary masses de-
veloped in [9, 10], new covariant expressions of elastic form factor for the cases of a scalar
and vector currents as functions of the invariant variable A%’Q, which there is the square
of the momentum-transfer vector in the Lobachevsky space, has been obtained in [11, 12].

The aim of present study, considered as continuation in [11, 12] is to obtain the new
expression for the elastic form factor of the two relativistic with equal masses fermions
bound state in the case of scalar and vector currents. Consideration is conducted within
the framework of RQP approach [13, 14] on the basis of covariant Hamiltonian formulation
of quantum field theory [15] by transition to the three-dimensional relativistic configura-
tional representation in the case of two relativistic spin particles with equal masses [8)].

2. Equation for the Wave Function

Within the framework of RQP approach [13, 14] for spherically symmetric potentials
equation for the wave function in the r-representation [8] in the case of two relativistic
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particles with equal masses and spin 1 /2 has the form [16] (we use the system of units
where h=c=1)

L (3o - Hopburals) = V(A (52 )mels) 1)

Here. Mé =s,= o= (q1+q2)2 - Qg — Q?, where q;,i = 1,2 - 4-momentas of composite
particle, the operator

- L0 ix . L0 A2 L0
Hy =2m [cosh (z/\b—F) + - sinh (z)\a) - —272-Ao,v exp (l/\o—,r)] (2)

is the operator of free Hamiltonian while Ag, is its the angular part, and A =1/m is the
Compton wavelength; quasipotential V (r) 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

. 2
i(52) =3 leG) o) ®
1, O =7;s (pseudoscalar); 0 , O = s (pseudoscalar);
a= 1/2 , O =, (vector); b={ 1/4 , O =y, (vector); 4)
—1/2 , O = 757, (pseudovector); 3/4 , O = 757, (pseudovector).

For simplicity, we assume, in just the same way as in (16, 17}, that the quasipotential has
a bispinor structure of the I ® I form and that the vertex function also has a specific
mon}entum—variable-independent spinor structure that is proportional to the mstrix O;
for O, we choose the Dirac matrices ¥s,7v,, and 57, (4 = 0,1, 2,3). This choice of the
matrix O has allowed us find exact solutions of the RQP equation (1) [16].

By using the expansion of the RQP wave function ¥mg(r) on a Legendre function
P,(2) of the first kind,

- el A -r
R ]

=0 lAq,m)\Q |T‘

Eq. (1) transformed to the equation for the partial wave function):
(g - coshx) welr,x) = =V (r) A (A5%) el ) )

Here the operator A is defined in (3), the operator

~ . d N+ 1) d
Hnd = h —_ — IAN—
o =008 (1)\ dr) + 2r(r +iA) P (U\d'r) (6)

is the radial part of free Hamiltonian operator (2), and x is the rapidity related with the
relative 3-momentum and energy by the formulas Ay ma, = msinhxna, .., 04, gl =

1,Mg = 2A2,m,\Q,A2’m,\ o = mcoshy, where A‘q”m,\e and Agmrg ar€, respectively, the

—_—

1) In [17], this equation in the case of two relativistic particles with equal masses and spin 1 /2 it was
obtained for other the determination of wave function and quasipotential.
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time and spatial components of the 4-vector A;C‘Zq = Ay mrg from the Lobachevsky space
with the velocity 4-vector of the composite particle Ag = (A%; Ag) = Q/VOZ:

_ q-A
Ada=Agmg =a(-)mAo=q—Ag (‘10 “ix A%) ; (7

(0529)° = A ng = @Xg —a-Ag = Jm?+ A2 e

and all 4momenta belong to the upper sheet of the mass hyperboloid

A? =A2 - A? amie = =m? (8)

g.mAq T SqmAg

3. Form Factor for a System of the Two Fermions

In Ref. [G, 7| the form factor of two-particle system was defined as the matrix ele-
ment 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 for the
matrix element of the local current operator of the two relativistic with equal masses
fermions bound state in the case of scalar current has the form

< PJIQ >=—

(2 )s / drpdrod® ki d @k dkL5™ (ky, ki Apre) x ©)
_r
(Tp + ic)(Tg — i€)
X6 (—Q+ K, + ko — Agra) 6 (P — ky — k2 + dp7p) + (1 2 2).

x S{P%(ky,m) SEOV (K, m)T (k). ka; Agro) STk, —m) x

Here I"" (k1, k25 Ag7o) and T3 ap (k1, k2; MpTp) are the vertex functions, where @, 3, ..., k(=
0,1,2, 3) are bispinor indices; StV (k,m) = B(kio)(k: + m)§(k} — m?) are the posxtlve—
frequency parts of the spinor Green’s functions, where k= kv, and k; (pi, g;,i = 1,2)
are 4-momenta of the constituents with masses m, = rny = 7, and all 4-momenta of the
particles belong to the upper sheet of the mass hyperboloid (8). The vertex functions for
simplicity, same as in [16] at conclusion of the equation (1), has a specific momentum-
variable-independent spinor structure that is proportional to the matrix 0,

Do (K, ka; AgTa) = O T oK, ka3 AaT), TF (kv ks ApTp) = O%Tp(ks, ks Ap7p),

and for O, we choose the Dirac matrices ¥s,7,, and 157, (1 =0,1,2,3).

The expression in (9) corresponds diagram on figure 1, where because of the transition
to different proper times of the system before (7o) and after (rp) the interaction event,
the 4-velocities of composite particle before [Ag, where Ao = Q/VO?, Q% = (g, + )2 =
s¢ = M3 and after [Ap, where Ap =P/ VPL Pl = (p+pa) =5, = M2) the interaction
event are also different.

Within this approach [11, 12], the vertex functions Ig(k{,42;AgTg) and
T'p (K1, ko; ApTp) for Ao 1T @ and Ap T P depend each on only one the Lorentz-invariant
scalar parameter — Qk; and Pk,, respectively, and we introduce the notation

To(ky, k2 Aore) = Do (Qk2), Tp(ky, ka; Ap7p) = Tasy (Phka).

We execute the integration respecting of k{y, kig,i = 1,2 in (9) in just the same way as
we performed integration in [11, 12]. As a result, expression (9) for the current takes the
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P kzym Q

Figure 1: The diagram of matrix element of the local current operator in the case of two
relativistic spin particles with equal masses.

form
2 dT'pdTQdkldk'ldkz I‘R{ (PkQ)
< PJ|Q >= —+— £
V1 GF ]y JmrR(mptie)
Avrt : Ak Trig(QF2)
STHO by + m)(E, + m)O(k — m)]| —=—=—2————X
[ ( 1 )( 1 ) ( 2 )]\/m(TQ—iE)
x6@ (~Q + K, + k2 = AoTo) FO P~k — ka4 dpmp) + (1 0 2).

(10)

In order to perform integration with respect to k., k;, 7o and Tp in expression (10), we
make, in the integrals with respect to k) and k,, the pure Lorentz transformations (7) L =
A;é and L = A, respectively — A;;Q = (Mp;0) and A;1P = (Mp;0) ~ and consider
that Qk, and Pk, are Lorentz scalars — Qk; = AL (Qky) = (A2 Q) (A5lks) = MgA, e
and Pky = MpA, .5, — and that the integration measures d, = mdk; /Agi’qu;i -
1,2, and the delta functions in (10) on the mass hyperboloid (8) are invariant under
the Lorentz transformations A;“Zm (7). We thus recast expression in (10} into the form

(Mg = Mp = M)
21+ 2 . 3
< 'PlJiQ >= (127|')32 /dszAk,m,\Q‘I’M(Akﬂ"x‘P)B(A(lg,mAp7Ag,mlg)\l’M(Ak,mAQ), (11)
where we have defined the wave function for the system in momentum space as

Taro (Bimag)

Vae (Ak’"ﬂe) = 23/2 \/ﬁAg,m,\g (MQ — 2A?¢,m:\g + iC) '

Ak,m:\g = Akq,mz\g = _Ak'l,mAQ: Akz,mAp = —Akl,mz\py
and for the matrixes O =T %u: V5 (0 =0,1,2, 3) under the Lorentz transformations
A;ém (7) we find

~Tr [0+(1:-1 +m)(E, +m)Ok2 - m)] =4m (aklk’l + Bk, oy + bz + amZ) = (12
— B o Almrg) = 2m{ 28200y, )28 mag)
(- ) (2% )+ 2O s )] + 4mi(@— D)},

1 . O = v; (pseudoscalar);
2, O = 7, (vector); (13)
2

4 s O = Yu (VeCtOI');
0= , O = Y57, (pseudovector).

57 {peeudovector);

{ 6= s (pocndoscalar {
. .
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The vector A ma, from the Lobachevsky space can be represented in the form
Ak,mA-p = k(—)m/\p = A;:,k = A;,,I,A»\QAk,mAQ =

- m
= (A5 Mahane) (AaheBimia) = V(g PAtmio(-) 1 Arg.

Here V(Ax,. P) = A ArgAa, , is Wigner's rotation matrix and Ap g = ASLP is the
4-momentum transfer in the Lobachevsky space:

. Q P.Q ,
“APop o 2(p _ _
Bpo=AgP=P(-)Q="P i (Po o M) M sinh xana, (14)
A% = (Aal’P)o 1) ;!'P -Q _ 7;/[9 — M coshxa,

P = Msinh Xphp, Q= MSinhXQAnQ, Po = MCOShX-p, QO = MCOShXQy
Inp| = Ingl = Inaf = 1,A%50 ~ 83 5 = M?,

where xa,xp, and xg are the respective rapidities, and that the square of the 4-
momentum transfer { is related to the 3-momentum transfer Ap g as

Q@ =—-t=—(P-Q)?=-2M>+2M/M2 + A}, =2M%(coshya —1).  (15)
The elastic form factor F(t) in the case of scalar current we define as
Fit)y=<P|J|Q>. (16)

It follows that one can consider the elastic form factor F(t) as a function of the invariant
variable A% ,, which is the square of the 3-momentum transfer in the Lobachevsky space.
Taking into consideration expressions (11)~{16), the form factor F(t) then represents a
convolution of covariant wave RQP-functions in this space. Consequently, by using for
relativistic plane waves?) the completeness condition

1 *
T | 00 B maa, D Bpynse ) = 805 — ),

the equation
(2Agmg - H(,) E(Apmrg:T) =0, (17)

the transformations

1
@qu(r) = W/dﬂAp,mAqe(Apym/\QVr)‘IJAIQ(APJH/\Q)!

Upto(Apmag) = / BE (B mags Py (1),

2) The function

Ap‘m,\q i n) —1—ir/A

BY e -
E(A,,W,r)=( B —

realize unitary irreducible representations of the Lorentz group — the group of motions of the
mass hyperboloid (8) and in the nonrelativistic limit (JApmrel < 1/2, > X) EApmrg,r) =
exp(ifp mag - I).
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the addition theorem for them in the form

/dwnf (Akvm\q( ) A'P Qr ) = /dwng(Ak,mAgxr)g‘ (FAP QT )

and the fact that the free—Hamlltoma.n operator (2) is Hermitian, we can represent the
form factor (11) as the relativistic Fourier transform of the covariant wave RQP-functions
in the coufiguratiou representation:

2
su(r)| - (18)

(t)—-8m (21 + 2 /dr{ A‘pQ, ){2&

_2(a- H)Re [“’M"’ (ffn) sz(r)] (=) ()P }

For s-state of the composite system the integrations in (18) respecting of angles gives
(p=rm)

sin
Fizolt) = 32m2a(zy + 23) o hXA /d (pxa) {2“‘1'10 re0o(: X)|2— (19)

~2(6 - BRelsp0) (i) va(p 0] + @ ~Blvato 0 .

where the radial part Hgid_o of the free-Hamiltonian operator in (2) is defined in Eq. (6).

For the vector-current case, covariant expressions for the components of the elastic
form factor for the composite system formed by two equal-mass relativistic fermions will
bave the form

16m* M2 — 1) H,
P = WG D) [ e (Mg .r) Re{ 3 = Dy oo

(20)

@[] () eute) - - Do) (1) w1},

16mi(2; + 2)(2M? - t)
FO) = == AC! _‘?h( / drg AP_Q,r) x (1)

xlm{w - Bym(r) [Eﬂwh,(r)] +(3a-b) [-"wmr)] [(f—,;)%(r)] =

- @[ (2) wwee] )

where the transverse component of the elastic form factorin (21) for real-valued potentials
does not vanish even at equal masses (m; = mg = m).

For s-state of the composite system the integrations in (20) and (21) respecting of
angles gives

o0
3 2 .
4y 84mmi(a + 2)(2M2 = () xa /’ sin(pxa) 99
Folt) = M{EM2 —t) amhxa ) s (22)

><Re{(a— Bwale. x) A goo(p. x) + (@ +b) [Ho e_o‘Po(PvX)] ( o"é’«)) wolp, X)—

(@ Beie ) (T5) wole0)},
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oo

- 64rm(z1 + ) 2M2 — 1) x sin(pxa)

FOU) = A Xa

£=0 (t) —Mt sinh XA dp oxXa X (23)
[

xIm{ @ D)volp, ) [Hgzslowo (0, x)]” + (36 ~ B)[ (ko) oo, X)] ARowole, x) -
=(@=Bvole, 0 [(Fo) *eole, 0]},

where the transverse component (23) of the form factor for real-valued potentials vanishes.

4. Root-Mean-Square Radius and Form Factor for

the Coulomb Interaction
The expression for the invariant root-mean-square radius (r.m.s.) of a composite
system in terms of wave function s-state according to (19) has form

oo oc
60Fup(t)/Otlic 1 | 1
<rgs>= TR0 tip /dPPZRs(P) /'iPR.s'(P)= (24)

Ry(p) = 28| Hgiowo(p, x)|" ~ 2@ ~ B)Re[@3(0. x) (Aol 00(p, x)] + (@ - §) |¢o(p,xgl“5.)
2

Thus, if function Hg(p) has a constant sign then the wave function of s-state describes
not all structure of the composite particle, but only the region which be upon distances
that larger its of the Compton wavelength 1/M. The central sphere with < r24 >=
1/M? will correspond function of spatial distribution in the form Rgs(p) = 8(p)/4x. This
distribution brings about the value of contribution to form factor from this sphere that
equal

Xa
sinh xa~

Feeo(QP)|ro.s=1/8 = 8m% (21 + 27)

But if function Rg(p) in (25) has not a constant sign then negative importances

1 oo o0
<rt>= 1 [ dorRs(r) / [dorsio)
0 0

answer on this. So contribution negative < r% > brings, as this is seen from (24), to
decrease of the value < r2; > meson in contrast with its of the Compton wavelength
1/M. This result conform with experimental importance for r-meson.

The result for the vector-current case obtained in terms of the longitudinal form factor
component in {22) can be represented in the form

<oy >= ﬁli [1 + 7 dp (02 - g) Ry (p) / 7 dpRv(p)] . (26)
[} 0

Ry(p) = Re{ (@ ~ D)wi(p. 1) Flooop. )+ @0
P PN LIPS 2 A o~ 3
+(@+8) [Héf;iowo(ﬂ,x)] (”6?2’:0) wolp, x) = (@ — By (p, x) (Ho,’z‘io) soD(n,x)}-
Thus, if the function Ry (p) is sign-constant and if [ dp(p* —3/2) Ry(p) > 0, then it
0
describes only the region lying at distances longer than the Compton wavelength 1/Af of
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the composite particle. In accordance with Eq. (22} the contribution of central sphere
with < 3, >= 1/M? to the form factor has the form

16m3(21 -+ 22)(21”2 - t) Xa

(+) =
Fissleor=irst = —=Na3r -5y Smhxa

o0
If the function Ry (o) is sign-constant, but [ dp(p* — 3/2) Ry(p) < 0, then negative values
0

will correspond to it,

i 3 T
<ry>=35 /dp (p’ - 5) RV(P)//dPRV(P)-
(1] 0

The quantity < 7% > also takes negative values if the function Ry (p) in Eq. (27) is not
sign-constant. In either case, the contribution of negative values of < % > leads, as can
be seen from Eq. (26), to a decrease in the r.ms. < 3y > of the meson in relation to its
Compton wavelength 1/3/. This result agrees with the experimental value for the pion.
As example, we consider the form factor of meson in the case of the Coulomb field

V(r) = —9‘;‘1,0‘, >0. (28)

The radial wave function of exact solution of the RQP-equation (5) with interaction (28)
for the s-state and ground level n = 1 with the energy Afy has the form [16]

2820, 11) = C§ (k)0 = ), (29)
where

ad ~
Py = —2—’cos;c1, M, = 2mecos k1,0 < K1 < /2,8y = T,

and &, defines by the following quantization condition

dis(acos? kg + b) = 4sin k1. (30)

The normalization factor |C{)(xy)[? = maje 20 /7(2K30%, — 2K1Pm + 1) and it can be
found from the normalization condition

4”/d’|s0§”(r, m)ff =1
0

Then the form factor (19) and the r.m.s. (24) with interaction (28) for the ground level
of bound s-state with the energy M, are given as

64(21 + Z’z)m,a'(:{ Xa { 22'11 Ag2 - (31)
(2K3p2, — 261 + 1} sinh xa (4 + 4xt)
3B e,
x4 +4st  xa 2K,
2 Coul 1 1 5,45—8;<.1352 ]}
<Tos > e W{l + o |+ A — 4 Bs + 4niCs
7 . - 2
Ag=a —b+2bcos’ ky, Bs = beos kg sin kg, Cs = asm” s

Ly IC=CE;:1|=1(Q2) =

(32)
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For large (2 the rapidity behaves as xya = In(Q?/M3?) and, consequently, the leading
behavior of form factor (31) gives by expression [18]

Co 64n(z1 + n)m3k3Cs 1 _
Fn=(Q) = ! YQ/AnY| ;-
= (@) 2302, ~ 2Kape, + 1 (Q/My)? {1 +0 [ ln™(Q/3h) ] }

Such behavior of the form factor for large t = ~Q? complies with the prediction of the
dimensional quark counting rule [19, 20|, which gives F, ~ |¢|~!. In the case of relativistic
spianss] particles the decrease of the form factor occurs under the law Fy ~ ([¢| In® (¢}
(see [11]). .

The results obtained by calculating the longitudinal form factor component in (22)
and the r.m.s. in (26) for the two-fermion composite system in the presence of the chro-
modynamic interaction (28) for the ground-state s-wave level at an energy M, can be

represented in the form [21]

FEC 64(z + n)utsicos ki (2ME - 1) xa dmAs (33)
=0n=13 7 (26202 — 2k2p, + 1)Mi(4MF — t)sinh xa O& +4s)?
By 2Cy Xa }
bV 4 =V arctan 221
X3 +452  xa 2K1
1 1 1 5Ag + 2k B
2 (#)Cowl _ = )} _ > . - S 10v

<Toy Ztmon=1= Mf{ ST [1 Y AsTmBr+ 4n§cv] } (34)

By = tan5;(8 — b— 2bcos® k1), Cy = (@ — b) sin® ky.

We emphasize that, at reception of the expressions (33) and (34), we excluded the
coupling constant &, by means of not only the quantization condition in (30) but also

the identity that we obtained for the spin parameters a.b,&, and b in the process of the
calculations and which has the form [21]

a(@ +b) — 2b(a+ b) =0. (35)

Recall that the values of these parameters are given in (4) and (13).
For large 2, the behavior of the form factor in (33) gives by the expression

o 128(z; + 22)m*k3 cos Ky 1 _
FCou )y o 1 1 Cy + By In~Y(Q/A0)?].
Conmi() ™ Yot~ Bmpy 1 1) (@GR OV BYIT(QAT 30

From the asymptotic expression in (36), one can see that the behavior of the form factor
for large t = —Q? also obeys the F(t) ~ |t|~! law (see [21]) predicted by the dimensional-
quark-counting rule [19, 20].

Thus, exactly registration of the spin brings about such behaviour of the form factor
the for large ¢ which is predicted by the dimensional-quark-counting rule [19, 20].

By using the results that were obtained here, we calculate the r.ms. in (32) for
the ground level of bound s-state of pions m* (pseudoscalar) with n = 1,£ = 0,a =
1,b =0, = b = 1,&cosx; = 4tans (see Egs. (4), (13) and (30)) and the energy
M; = My: = 0.140GeV [22], but as theirs of wave function we take the Coulomb wave
function in (29). Expression (32) can then be represented to the form

2 court 00389f 1 [ 6-4Qmtanm -1\, ,
<Tos Ze=on=1= M? 1+ 2k? + (2r1 tank; ~ 1) +1 . (37)

Calculation of the expression (37) with energy pions M, = M+ = 0.140GeV and
importance of the rapidity x1 = 1.1414 gives importance of the value scalar r.ms.:
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< r3g >$™ — 2.30fm? that much more than < 7§ >I= 045+ 0.01fm’® [22]. For
this importance of the rapidity x, = 1.1414 the parameters to model (the coupling
constant and mass quark) have importances: &, = 20.98,m = 0.168GeV. For kaons
with energy M; = Mg+ = 0.494GeV and importance of the rapidity x; = 0.8902 we
have: < r2g UK 031 fm? that complies with < rj >X;= 031 £ 0.03fm” [22].
For importénce of the rapidity x; = 0.8902 the parameters to mode] have importances:
A, = 7.85,m = 0.393 GeV.

To complete our analysis, we calculate the r.m.s. for vector-current case in (34) corre-
sponding of the ground-state s-wave level of 7% mesons as pseudoscalar with n =1,£ =
0,a=1b=0a= b = 1,a,cosk; = 4tanky, the energy M, = Mg: = 0.140GeV and
theirs of the Coulomb wave function in (20). Expression in (34) then reduces to the form

2 (Hcouns 00389 1 3 ___L_-] fm? 38
<Toy 2e=0n=1 = M? { 2+2pc"l’[l kitanky —1 } - (38)

Calculation of the expression in (38) with energy pions M; = M.z = 0.140 GeV and

importance of the rapidity x; = 1.3687 gives following importance of the value r.m.s. for

+ s
vector-current case: < rgy >§:2,C::ll" = 0.32fm?. For importance of the rapidity x; =

1.3687 the parameters to model have importances: &, = 97.26 and m = 0.349 GeV. The
value found for the r.m.s. of charged pions for vector-current case lies near the confidence
interval of its experimental value, < rZ >::P= 0.45+0.01 fm? [22]. This distinction means
that the quark-quark potential for pseudoscalar mesons should include, in addition to
Coulomb interaction, the confining and spin-spin components and take into account the
difference in the quark masses. For kaous with energy My = Mg: = 0.494 GeV and

importance of the rapidity k1 = 1.3687 we have: < ry >l°:(',"l;lK:1= 0.03 fm? that much

smaller than < r3 > = 0.31+0.03 fm?® [22]. For importance of the rapidity £, = 1.3687
the parameters to model have importances: &, = 97.26,m = 1.231 GeV.

Thus, the value r.m.s. of charged pions that has been obtained here corresponds the
case of vector-current, but the value r.m.s. of charged kaons corresponds the case of
scalar-current.

It should be emphasized that expression (38) for the r.m.s. has a singularity at
K1 ta.I[1 ni = 1 that is, at k; = 0.86034. The same singularity arose in the scalar-current
case [18].

5. Conclusions
For the scalar and the vector-current cases, new covariant expressions of the elastic
form factor for the composite system formed by two relativistic spin 1/2 particles with
equal masses has been found as functions of the invariant variable A% o, which is the

square of the 3-momentum transfer in LobachevskyYs space. The expressions for the
invariant root-mean-square radius of a composite system in terms of the wave function
s-state were obtained. The pseudoscalar, vector, and pseudovector cases has been con-
sidered. The consideration is conducted within the framework of RQP 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 equal masses.

The identity in the form (35) valid for the values of the spin parameters a,b,, and b
in the pseudoscalar, vector, and pseudovector cases has been established.

The application of the three-dimensional relativistic configuration representation for a
system of two relativistic spin particles with equal masses has allowed to install that if
the function of spatial distribution has a constant sign then the wave function of s-state
describes not all structure of the composite particle, but only the region which be upon
distances that larger its of the Compton wavelength 1/M. But if the function of spatial
distribution has not a constant sign then this brings to decrease of the value < 2 >
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meson in contrast with its of the Compton wavelength 1/M. This result conform with
experimental importance for mesons.

The present analysis has shown that a dominant contribution to the structure of a
composite system from the central sphere of radius 1/M is proportional to xa/sinh xa.
In the nonrelativistic limit, this relativistic geometric factor tends to unity.

As examples, for the scalar and the vector-current cases the expressions for the form
factor of a bound system formed by two relativistic spin 1/2 particles with equal masses
in the case of Coulomb potential were obtained. It is installed that the covariant wave
RQP-function of Coulomb potential at Q> = —t > 1 give the decrease for these form
factors under the law Fy ~ |¢|~!, which predicts the dimensional quark counting rule.

For the scalar and vector-current cases, we calculated the r.m.s. of the ground level
of bound s-state of charged pions and kaons, and it have conducted comparison with its
experimental values.
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