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1. Introduction

The investigation of the hadron electromagnetic form Fie=
tors at large momentum transfer gives significant informabiong
on the inner dynamlcs of hadrons and the structure of hadronie
wave functions. ‘ ' _

The- concept of hedron as a composite system of a finite
number of. qua.rks leads to quark counting ru.'Les [1 2] which give

for the form factors

F(Qa)~1/oa(u-4) . . 1)

where N is the number of quarks in a hadron. In the pertur-
bative QCD the power law (1) corresponds to one-gluon exchenges
between the quarks composing a hadron (fig. 1). The data evai-
leble on nucleon and meson form factors. Bgree with the power
behavior (1) which was treated as an cxﬁerimenta.l confirmetion
of the one-gluon exchange model. In subsg¢quent papers, within
the frax;lewofk of the perturbative QCD exaet theoretical pre-
dictions were obtained for the asymptoti'cl_:l-‘:behavior of form

factors takihg into account logarithmic '.éérrections to the po-




‘wer law (1). Thése results proved to be in a deep discrepancy

with the experimentel data. For instance, the experimental va-

. - e -
due of the pion form factor at Q~ 6(Ge17/c-)2 exceeds the the-
‘oretical prediction 5-6 times (see e,g. [3]). The neutron mag-

- netic form factor is predicted positive at Q"—-'ce , and

that' of proton should be asymptotically supp’ressed’ as compared

‘with the neutronic [4:5] . It snowld be emphasized that the-

magnitudes of form factors at large cf essentially depend on

,the hadronic wave functions. The sbove discrepancy with the

. . R 2 . ,
experiment takes place for the asymptolic at Q —*°°wave func-

tions which have been obtained in the perturbative QCD by an
'evolution equation solution or operator product expans:.on e~
.'thod (see e.g. [3,5, 6]) In a number of papers [3 7]11: was as- -
'sumed that at available velues of Q the wave function es- '

"sentially differs from the asymptot:.c one, and an attempt was

made to construct a low=-energy pion wave function[ﬂto bring
theoreticel values of the form f_a.dtor to an agreement with the
experiment. Difficultiee associeted. with the one-gluon exchange
model in the description of a.n-_ele/c'troma@etic form factor
stimulated e number of pape'rs , where the form factor behavior
was investigate'd on the basis of e. different physical plcture.
In ref. [B], within the fremework of topologicel expansion zand
the colored tube model a good description of the proton mag-
netic form factor at Q'> 203(GeV/c)2 was obteined. In refs,
[9,10,11] a good description of the pion form factor at
O:5<Qa< S(GeV/c)2 was obtained using the QCD dispersion sum
rules.

In this peper the possibility of a combined description
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of meson low---energr characteristics and pion electromagnetic

form factor in the .rdnge of smell and intermediate ve.lues of
Q in’ the relativ:l.stic quark nodel [-12 14] is 1nvestigated.

'Low—energ we.ve fu.nctions of I and S’ -mesons wh.:.ch g;.ve a

’ good description of j:,r (I"J‘h) decay conatant) ty (_P--

tra.nsition constant) 3@3 ( &)-.JQ{ decay amplitude) and; R’K
(p:.on mean—square radius), are constructed phenomenologice.lly.

It is shown tha.t in such a model the data a.va:l.la.ble on F;r (Qe)

_me.y be descnbed bas:mg on a s:unplest qua.rk diagram w1thout
- gluon exchanges (fig. 2). The contribution of a one-gluon ex-
' change diagrem in such a model cannot exceed 30%. _

2. I;ow‘-Energy .Chare.cteri_s'tics'.‘v'd:':'ﬁe_.soné

I.et -us now turn to. the considers.tion of the static. cha-

.racteristics of mesons. '.I!he quantities J’Jrr }5,, é‘,‘m a.nd < RJ‘>

' were. first ca.loulated in the fremework ‘of a re..atinstic que.z-k

model in the light front. dynamics'in refs. [12 14] .
B - Later we will use the formulation of relativ:l.stic quark

""-model in ‘the infinite momentun fme (IMF) which is based o
the consideration of t:une-ordered diag:ams of the old fashion
4 '_.‘__ed perturbation theory. Such a formulat:.on of the model is

-'---_presented in. deta:.l in ref. [15] where i particu.lar, is gi-

-_:ven e, general method of constructing vertex fu.nctions of a.

hadron—quark transition oorresponding to SU(G)X 0(3) class:.f:.-

3 cation - of hadronic states. ‘The verfex functions for T andPw)
-mesons which are of interest for us, have the following formEI 5]




X ¥
:\;f;,jﬂ (‘M";;%l) (R )(P+M PR (- ) @

sy el )
' 5t5¢:5 FEM{(M 2m )u (P')(

el Pty (—&)-@i(e)
| e " | )
:-_'.'_".vwhere P e.nd P a.re the moments of U end d quarks; P-Pog ™
is the mass of u. and d quexks; H:, P: is the invariant.
., 'mass of the system of quarks oomposmg & meson; _’,( ) is the
f ~meson. polaxization vector- LJ az'e color ingices. Radial
. i)arts of the vertex funct:.ons ll-’ ( Pa) ‘and illj,(P“ R) des- :
" eribe the- momentum d:.stribut:.on of quarks in mesons.
Vertex functlons (2)-(3), written in the rest fra;ne

.. B=0 via. Pe'nl:i.- s"pinor's; have & st'a.ndard SU(G) structure.
A Le'l;'s introduce Feynman parametrizat:.on in the :Lnflm.te '

'momentum frmne P -~ o3 ;.

3 ' (4
-ﬂxP'fK ZKu O, Zx-1
‘The para.mater :x:,_ ma.y be. related to quark momenta in the
rest frame P, =0 Ki=(wy, K. )

PRALO (5

Xi»
t 2w,

_Ql' K:'i-ﬂ'ba

~Vertex functions (2-3) in the frame . P, —= ©o have a stan-

dord SU(6) structure if expressed via two-component spinors:

(6)
Ws Z W uss(K)

where the matr:.x

u(Kl) = m+u +(K )i+t€mﬂ. Gm K:;;

\{K Lt (mewir(ky)g)®
coincides with the Melosh matrix [1 6]

Congidering correspond:.ng quark d:.a.gra.ms of old fasl'n.oned"'-'.'
perturbatiop theory in INF (fig. 2) -an_d, meking use o:: the ver-';

tex functions (2,3), one may easily ob_t_a.iﬁ ‘the followiﬁg_ exp-

.ressions' for the quantities jr» j'f 3«'@3 ?nd for the contri-~
bution of the fig. 2 dia.gram to the pion electromagnetlc foxrm
factor denoted by F(°) ( )

b= FJ‘P (x)d:r. S @
?p‘\EJ p(ayde (@)

1 o
) h‘ 4
30:“%‘; 2'"“’+ K . }&)dk,_d::

Kl+ me (ﬁ)ﬂn)(l(’wm’) m‘ n('&.x)q’w(l(‘ x)(10!

x, = 1
Fo (a,-):sq zgu_x), _[dk (e x? - Uox) Cu U= 5 ).

T
(11)

Bl - 2= Lo Wodhye 2]

NWote that when calculating the diagrams of f}.gs. 2g and 2b

one should use IMF where n’n-% ~ ‘h/“P . In (10—11)0=JK em’
vertex functions (b(ﬂ_., ,::) '*P(P,’ Fa’y ’;i.:.ffer from corresponding

functions of ref. [14] by a factor ‘lhx The normalizatisn
condition of vertex functions PK,x) may be obtained fromﬁﬂ)(g)‘(
7




'.-5',Punctions "P,-n (::) -and 1?_9 (x) m coxmected with_ the vertex .

,"'seen :rrom the detailed analysis or the nncleou low-energy cha.-._
. .ractariatics EW], eonatituent qua.rks do poaaes a..m.m. L , »‘
' o - (15)

7 = 0.071 ¥ 0.04 (16)
P =-0.035 £ 0.015 ' . (17)

' Introducing a..m.m. not proportionel to the quark charge
a4
R ~-0 035, one may describe the ratio of decay widths
["(u-—:rx) /r(.P"JTa)[ ], therefore, in a later numerical a.ualys:itg
‘we will not consider the quantity Ip— XYE as well as th.
o 3

anomelou.a magnetic moments (a.m.m.) of qua:rks. In faet,

constant éa) . connected w:Lth on “by the SU(Bb)--'syzmnéj';ry
relatlon }P = 3 '(}o.) "+ Taking into account the quark s.m.n.

.' -' 3?.- = 0 071 lea.ds to -ah, approx:.mately 10% increase. of the values

'<R > and jw_n- .  

T Formula.e (10-11) are equ:.va.lent to the correspondlng re-

' sults of Tef. [14] and. formulae (8-9) dlffer from them by a

fac'tor of \]—_‘ . This is due to the fact that in [14] uncolored
quarks were considered.

R . When carrying out the numericel analys:.s we u. . e that
at least in the chavacteristic range of variables variation
the vertex functions CP(KE, x) may be considered us func-
tions of one varieble [111] M:/ - invariant mass of a system
of quarks composing meson, and for the quantities ¢'(K_La) x) =

= (P(Mf) we have assumed an exponential form

b(M2) - 2x N EZ_ME/L, A2 (18)
A2

where N is the normelizution parameter.We assumed thz.ltd)w:(,i)\P
We analyse the experimental data in the following way.

Fixing the quark masg m we find the corresponding values

of /\Jr and AP by the linear least squares fi%. We have

obtained a good description of the experimental data in a wide

range of parameter values. Theoretical pred_ictions are pre-

sented in the Table taking into account a..m..m. of quarks.

Pirst and third columns correspond to the boundary values of

m beginning from which the experimental data description

becomes unsatisfaclory. Az is seen from the Table, quarks in

mesons should be relativistic (Ka/ma = 243) end the values ol

quark mass is consistent with the value m =0.275%0.020 wev

S




obtaoined from the nucleon data analysis. It is interesting
that the experimental data allow & good deseription at
ch(ME) =¢n (Mi) =¢M(Mf) , i.e., the SU(&)-syumetry relations
cre fulfilled for the vertex functions.

ote that in ref. [141 the consistent description of the
neson low-energy parameters was not obtained due to the omit-

ted in (8-9) coler fuctor [3}.

3, Pion slectrouw;netic Form Factor

The pion electromagnelic fomm factor in the range of not
vary lurge moue.sw trunsfer Qz snould be determined by the
S of Diee 1o mnd Jige 2 alugrans contribution. The contri-
steion of the simplest disgras without gluon exchunges (fige2
ic presented ir the previous secticn (2). Leu's now turn L~
one-gluon exchange diagrams. Considering energy denominetors
of ihe old itashioned perturbasiion theory im any Trame where
initial wnd finwl mesons move with lurge momenta, one muy
show thet diagrems of the type shown in figs. 1b,c, violating
the space-time picture corresponding to the nonrelativistic
quentun mechanics, are guppressed at leus 3t as "/Q , compored
with bauic dingramgc of the type of fig. 1a. The calculations
can be mozl euuily curried oul in the Breit frume. Turning
in the diugrums of the type of Iig. Tu, where the vertex func-
tiong (2) are nged, to two-component spinors and maliding wde

ol the ilelocn matrices (7), we obtain

32 g (Q2) (‘%(x)dx (1 Py () dy
aQ* J 8:::(1—3:) ')o e%(l"‘*;

o

“)(& ) (19)

where functlons Y (95) are dei’lned accordlng to (13),45-#,% |

is the quark-gluon coupl:l.ng constant. Eq. (19) is equivalent

%o correspondlng ones. of refs. [3 51 6] The follow:.ng, c:.rcu.m-

" stance should be mentloned. When calculatlong the pJ.on form -

factor (19) the two- qua.rk system form factor (the result of
calculating the fig. 1a type d;e.grams with free 1n1t1al a.nd

final quark lines) is convoluted W1th the effective ws.ve tunc-"..:l"-

~tion.

Qﬁ {5m u @u @¢K

B 16 \[_—_'Jr x(1- x) Aa’ be ¢ “x)L&P dK_l LP(ac)(‘ﬁquo)
where %,ﬁr (‘LG )al[b is the SU‘(6). pion wave function. Thus.,
wave functlons having a sta.nderd SU{6)~ spln gtructure are - ef-

fectlve in one~gluon. excha.nge dua.gra.ms. ThlS is. due to the

.fe.ct that the two—-quark system fom :('s.ctor :Ln the main - 4/Qa

e.symptotlcs is :Lndependent of tra.nsverse momenta of 1n11::|.a.1

and flnal quarks, and mtegrals over K and KJ_ are fe.cto-_' S

r:.zed. As e result in the Melosh mutrices (7) the linear in
KJ_ terms,' which could violate the .,tanda.fd spin S'tructure of
the pion wave function, glve no contrlbutlons. o . '
It is natural to identify the .Lu.nctlon lP,,(o:) w:Lth th.e .
plon low—energ;y wave - funct:.on in the evolu‘tlon equati on£5]

and thus estimate the pJ.on eifectlve wave funct:.on '*P(X QF )

at arbitrary Q . However, in-our case there is no need in

1%, since at our values of the'pe.rameters m  and /\ the

function LP:“.(I) (13) slightly differs from the asymptotic
wave function LP(DC) =32 j,m_:x: (1jx) [3]1.

(see.fig. 3). This means that logarithmic corrections are

11




small and the use of the effective wave function instead of

the asymptotic one increases the value of Fuy (Qa) but
slightly.

The contribution of the one-gluon exchange diagram for
the case M =0.24 GeV A, =0.442 GeV is presented in fig. 4
(the lower curve). At such values of parameters the wave func-
tion behaves in the characteristic range of the varisbles ép—
proximately as \J:Jc(1- x) . As is seen from the figure, by
means of one-gluon exchange diagram one may describe at best
30v% of the experimentel values of ‘form factor. It should be
also noted that the situation isn't improved by the use of
exotic wuve functions having zeros or dips at I ~ 0. 5[7]
For example, one cau obtain a satisfactory description of me-
son static characteristics (finding corresponding values of
m and A ) with the wave function

e A
DK =)= 410% i’; [x(t-=)(2x-1)]°€ <[4

the integral of which, according to (13), gives a wave func-
tion proposed in ref.[7] Y(x)=15V2 :r.(1-3c)(2x—1)aam.
but for such a function tl}e contribution of fig. 2a diagram
to the pion form factor essentially exceeds its sxperimentel
value at Qa > 1(f}eV/c)? (the upper curve in fig. 4).

Consider now the contr:{.but’iompf the simplest rjuark dia-
srum in the pion electromagnetic foxm factor (fig. 2u). Re-
sults for the values of the purameters m = 0.24 GeV,
/\x =0.4420eV and m =0.28GeV,\ =0.39GeV are presented in Iig.4.

45 is seen Yrom fig. 4, the formula (117 describes well all

\us:&

experimental points at O < Qa < 6(Gev/c)?. It is interest-

:Lng that the reaults in this range weakly depend on the type

of the pion wave function (18), and the Fy (Q ) behives ap-

e/Q +m?2
2

M, = 0.74 GeV at Q = 0 to m, =0.61

= 0.24 GeV,

proximately as , where the parameter m,
slowly varies from
GeV at Qz = 5(GeV/c)2. (Por the case m
AJr

2
values of @ , where the power behavior independent of the

= 0.442 GeV). The existence of the range of intermediate

type of the vertex function is a.pproximateiy reproduced, have
‘been first indicated in ref.[12] . Let's explain this fact in
more detmil. The formula (11) may be predented in the form

‘h 4 I—)
(0)(01 sAzN j P[ m]exp[ 8_]\2:2(_1:?) (21)

. %(4 x) ]
[1 “U =) =(-=)

[-3
In the reange 0.1<2C € 0.9 the funciion exp[ ________]
a/\a:x:“ ::.)
behaves approximately as X (1-X), therefore, at tzr 48/\
the main contribution in the integral comes fror ihe range

8A%, R
Y -x) £ /ar , and in this range we have an apLroximaic
power behavior of F, ~ qia.‘ . At the further increuse o-
2 . . R
i.L the mein contribution comes from the range (f-:.\:)«J/ql
and the power behavior transforms gradually tc the expo. entit'
- A :

behavior of the type € 4 and atq. ~ D (Gev? th -
contributions of the diagrams of fig. la .nd fig. 2a become
equal. However one snould keep in mind thai in tae range of
q," o) f3+’;‘(GeV)2 the contiio tion o the d agraa 4. fig. 2a

.xes to de, end on the foerm of ia: v.orted fun.tion whose bi-

13




havior neg.rI_. —~ 1 1s-not determined by the meson static cha-,

' l_r'a.cteristi.cv.. Bel_o'w we present some remarks on & possiblle modi-
fication of the _yertéx fﬁnctioﬁs at < —* 1, | |

Ta St’é.f;c .cha_r‘a‘.cterist_ics ‘and ‘behavior of the foﬁn facfér
at q/a < 3 475 (Gev/é)? are not very sensitive to.the fo%n of’ 3

. t}f‘é meson wave function, therefore, in this ranéel fhe use of
“the -eipg_nenti_&l formula (18) (for s:‘uﬁplicity‘) .app'eared ‘possi~
ble. In the range® —=~ 1 there is no basis to expe'c;t en ex-,-'.
_ponential fall off the wave function, since tﬁe- effective. po-
-tential should be Coulombian at small dista.nces.

Hence atx — 1 ‘the wave function should be broa.der. A
simple a.nalys:l.s shows that one always mey 80 modify the wave
function as to improve the description of the electrt;magxxetic
form factor at Cf 2 5 (I.‘reV/c)2 without violating ._t.he dés'crip—

tion of the gtatic chara.cteris’cics‘. For exa.mpie, 'zjeplacingl

.ex'p[ Lil\z:c e ha Jx(1-x) in the formila (18) with an ap- .

. propriate coeffic:.ent we obt\é\ln the power behavior ~ 1/0, \of
the form factor (21) at o' — G5 (‘Lhe dashed-dat curve in
fig. 4).

One should however remémber that thé contribution of the
diagrems without gluon exchanges (fig. 2) mm l‘ be suppressed

- at lerge ge by a Sudakov form factor 5] .!A'In this case of

modified vertex function the contribution of the diagram of
fig. 2 vanishes asymptotically only due to Sudakov suppression
und becomes equui to the contribution of the one-gluon ex-
change diagrams -at asymptotic values of q,a ~ 103(GeV)2.

2. The muss of constituent quark rn-_ is an effective

buramoter which should depend on characteristic distances bet-

14

ween quarks. At small distances this quantity should decrease

(see e.g.[18] ), i.e., the effective value of m chould dec-
. . 2

rease with the increase of ch . hg is seen from the formula

(21), this effect leads also to the broadening of the distri-
2

PYPRTErE
2A%x(1~x) .
therefore, the runge vhere E(Q) behaves upproximately us

bution exp[— near X —» 1 at large Qe, and
in this case is also broadened. So keeping in mind the uhove
facts, one can conclude that the value of Q Q 20 (GeV)
when the contributions of diagrams of fig. la und fig. 2a be-
came equal, should be congidered as u minimum estimate. At
Q2> Qi the one-gluon exchange mechanism should dominate. How-
ever at less values of Qz another physical mechanigm conneci-~
ed with the overlapping of constituent quark wuve functions
possibly becane involved. Let us aasume for estimution the fol-
lowing values of consbtituent quorks meur-sguure radius:

<2 Sg w01 e 0.08) < Rdf‘,,w (1 s ooy ney I T
interesting that the smell value off quurks a.m.n. € = 0.07
indicates a much smaller vulue 01‘<82>q~ 0.1(Ger_2- Thus at

(5 + ‘10)(GeV)2 the quurk clouds forming a constituent quark
should overlap and this value of Qa should determine the
range of validity of our model. At a further increase of

one should apparently expect a gradual trensition to the
quark-parton picture based on the color tube model [ ] if it
is reully the case the range of vulidity of perturbative QCD
asymptoiic formulae will be achieved at very large values of
Q% ~ 10*(cev)? L8l

@ [p]
Thus the existing experimental dabu on Q at £ Cdev®

are in lhe range ol walidisy ot the Licory. In Jlois renge Lhe




[

Sudakov suppression, apparently, doesn't exce'e'd- 30% a._nd ::I'_.s" SRR

approximately compensated -b‘y the 'contributi'on- of one-gluon .

exchange diagra.ms. So the contrlbutlon of - the die,gram of i‘lg. .'
28 approximately corresponds to. the i‘om fa.ctor true behav:.or."-.' .

_ It should be also noted that the phys:.ca.l picture u.nde:r- .

lying our discussz.on, -apparently, corresponds to the’ mecha.m.sm

considered in refs.[9,10, 1] .

4. Electromagnetic form factor of £~ mesons

The electromagnetic' current of S’- mesons has -the follow=

ing form
<PIAIT| P A>=-CulP)E(P)(P+ P)nF+ Lo (F)q][elp)q]
(P+P)w Fy +[8n(P)R(P)-9-Lu(P)€LP) 0] Re

Congider the contribution of one-gluon exchange disgrams of

(22)

the type of fig. 1a. Sinc‘e the two-quark system form factor
in the leading in ‘VQE asymptotics is suppressed in the case
of parallel helicities of quarks composing a meson, it is
reasonable to consider only the combinations of the form fac-
tors corresponding to the zero helicities of initial and fi-

nal P mesons.

Let us define the helicity amplitude in the Breit frame

(u=0)

f_ ' -~ E) q,_ q.l.t
G—<PIOI$;]°-IRO)_F1(O')“ aM’y) R )an‘ F(qL) 9, (1 W}) (23)
G (0)=1
Cucrying out culeulations similar to the JI -meson case we

obluin

$ o B2adg (@) (x)dx 72
S{0h-ve [fm] (24)

1t

o tion) s, sts.ndard SU(G)-spin stmcture, vle obtain diffe ent.'.
' f'signs for FH) _and G(,) ‘

v‘diagrsm (i‘ig. 2a) contribution, which

Note .tha’t (24) differs :rron the resluts cf [3] in its sign.

Ehe dir:terence in eigns of I - and S’ -mesons fom factors
and.' G(‘) is of s. simple nature. It is due to the fac

Fu) -

' that in the one-gluom exchs.nse disgrams the pro;}ections of in
tial and i‘inal quark spins e.re opposite. and co:woluting the
two—quark system form tactor with e.trective wave _f‘unc’ ons of

."":71’- and P -mesons which have (a.a shmm 111 the PI‘GV-"'WW “c“

It is also interesting to conside he - simplest qus.rk
pposa_ __y_dominates at
notverylergevalueson ,tothe form

-and compare ‘the results with the analogous results_ of ref. 10

. obta:l.ned in ths framework o:I.' qcn dispersion sum rules. !l'hese
- calcule.tions are now coming to ‘end. snd will be published 4in a
B subSequcnt psper.-. L ' T I

In conclusion let us onoe more. note tha.t the meson sta—

: ."'-tic chsraoteristics end available dsts.[zol on ‘the x -meson

form fsctor may be consistently described in the frameWork of

l a relativistic ‘quark model om - the basis or a simple qu.ark

dia.gram of ﬁ.g. 25.. The' contribution ot the one-gluon mecha—-
n:l.sm in ‘the- pion form factor doesn't exceed 30% and isn't de=-
tennining in the experimentally observable power law (1),

" We would 1ike to thank I. G.Azna.uryan A.B. Ksidalov,
S. G.llatim;an and S.Petkov for discussions. ’
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Table 1. Results of the description of meson lowienergy
parameters in relativistic quark model. The presented experi-

2 - , .
mental value of <R> is a result of averaging the available

i

data.
M = 0.20 GeV|m =0.26GeV |m =0.36Ge¥ -
experiment AJ,. =0.540GeV /\_.,r =0.415GeV AJ«..—.O .357GeV
e =0.420CeV |Ap=0.415eev|/\p=0.41566V N
| — ®
dr (@N]9.31072 | 8.93 1072 9.27 1078 9.29 1072
Mpfp (cev)? 1,19 107 1.19 1071 | 1218 1071 .43 107!
duox (6o 1) 0.785%0.025 0.690 0.757 - 0.672 &5
<R> (Gev2) 14.4%5.4 11.0 12.4 1.4
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Pigure Captions

1 Diagrams of old fashioned perturbation theory determin-
ing the asymptotics of the meson electromagnetic form

factors.

2 a) Diagram determining the behavior of electromagneti

form factor at moderate Q2.
b) Diagram corresponding tOO(P)-»JTK decay.
¢) Diagram corresponding to constants Jvn and 3 P

The cross denotes the axial (vector) current.

3 Meson wave functions (13) for the two values of parsme-

ters:m = 0.28 GeV, A .= 0.39 GeV and m = 0.24 GeV,
A = 0.442 GeV. Por comparison the asymptotical wavc

function (dashed-dot curve) and the wave fumction of the

type LP(:zc) = l'?&’-r\lex“_x) (dashed curve) are presented.

4 Pion electromagnetic form factor in a relutivistic

quark modol. Tho lower straight line éorresponds to the
one-gluon exchango contribution. The upper curve corres-
ponds to the wuve funotion of ref.[7] . Curves m =0.24
GeV aid M «0,20 UeV correvpond to the contribution of
‘the fig. @n dlagrem Por the vuluos ‘A =0.442 GeV und

A =0.3Y UeV, reppeotively.The dwshog-dot curve cor-
reaponds 4o the modifled wave funcilon. Results of ref.

[9] (dushed ourve) are presented for compurison.
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