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/' I. Intr-oduction 

-:
/ 

-The t.hree-quark structur.e of 'baryons seems to be the most 

available in 'the unit ary classification of hadrons /1, 2(. However,/ 
the three-body problem is very difficult and can be solved only under 

<
1/

//
 
some simplifications (for example, in the nonrelativistic quark models
 

with the simplest potential /3,4/ and bags /5,6/ ).

/ / . 

In the original work 1 on the qua.rk model of mesons and 

baryons Gell-Ma.nn dis cussed the possibility of exi st ence of free,

/ diquarks. Later, the Juar.k-diquark model of baryons WA..S 5ugr,ested 
7/181hy Ida and Kobaya shf, and by Lichtenberr; and cowo rk e r s • In 

that model, ~n~ of the ~onstituent particles of a baryon can be 

regarded A..S a quark and the other as a tightly bound s t a.t e of two 

quarks, a diquark. 'fhe quark is t aken to be'long to a si:c-dimensional 

repres eritat t on of SU(6J) while th e diouark to !1 twenty one-dimensional 

r epr-e s ent a tf.o n , The member-s of the baryon octet and decaplet belong 

to the 56-dimen6ional'representation as usual. 

The supersymmetric gener!3.1ization of the quar'k-d t quar-k mod pI 
/9 10/ha s been performed in ., • It found-ed on a snf,cestion that the 

chr-omomazne t t o fields beb.... o en t ho quarks;:md cUlJ.uar.ks were the sarnB 

in t h e excited mesons and baryons • 

The dLquark s were considered to be the bo und consti t ucn t s of 

exotic mesons /11/ and other. more complicated. formations of an h!3.dro
nic mntter /12,lJ/ • 

The US0. of the quark-diqu~rk model should considerably reduce 

the mathematical difficulties by c onv er t t.ng a three-body problem 

into a t\'lo-body one. 

In /12~ the nonrelativistic calculation of P- and'D - state 

baryons has been d one in a dynamical .quark-dt.quark model. The mag

netic moments and axial form factors of baryons have been obtained 

in a nonr8lativistic approximation by taking into account the 

quark colour /14/ • Masses of ground-state spin - J/2 baryons were 
/15 16/calalated in a relativistic quark-diquark model ' with a 

potential motivated ~y the WeD. The parameters of the model were 

determined by fitting vector-mesonmasRes. The results were in a 

rather [:;ood agreement wi th experi.ment. 

Diquarks in the deep inelastic structure functions have been 
used in /17,18/ • 
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Thus, the" quark..;;.diquaf.k model is qUite a sUitableapprorimation 
of the three~quark structure of baryons. Despite this fact, little 
has 'been done in the line of actual quantitative calculations of 
baryon characteristics in" a dynamical quark-diquark model. Ma~nly, 

all calculations were directed for getting the static characteristics 

of baryons: masses, magnetic momentsletc. 
More sophisticated chatacteristics of baryons are the electro

magnetic form factors and phases of NN-scattering which are defined 
by their inner structure. One should know the hadronization mecha
nism and tile quark behaviour ·at large distances for the description. 

of these value s , 
We have developed /19,20/ the quark confinement model (OCM) 

based on a definite representation a~out the hadronization and quark 
confinement. First, hadrons are treated as collective colourless 
~xcitations of quark-gluon interactions. Second, the quark confinement 
is realized as averaging over the vacuum gluon fields for the quark 
diagrams. Strong, weak and electromagnetic hadron interactions can be 
described in the OeM from a unique point of view. The preliminary 
calculations/19-26/ of the meson and baryon processes have shown that 
the model reproduces the quark structure of hadrons qUite correctly. 
The hadron inner structure in the QCM is defined by the quark behav

iour at large distances. 
We haYe ~onsidered /25,26/ a nucleon and Li -isobar to be compo

sed of three quarks and calculated the electromagnetic and strong 
meson-baryon form factors. The results were in agreement with 

experiment and other a~proaches. 

At the same time, the consideration of baryons as three-quark 
systems encounters some difficulties caused by the nature of two-loop 
diagrams defining the baryon form factors. These diagrams are the 
convolution of the entire functions /19,25,26/ which leads' to 
the growth of physical matrix elements at high energies. The special 
assumptions /25,26/ were used to avoid this problem. It was remarked 

that the S-matrix can be constructed without the above-mentioned 
difficulties when there are only three lines at the vertex of the 
interaction Lagrangian (for example, meson + quark + ant~quark). 
Therefore, the hypothesis arised to describe a nucleon as quark
diquark system. In this case we have only three lines of the vertex 
of the interaction Lagrangian ( nucleon + quakr + diquark). 

In this work we will consider two possibilities of the quark
d1quark approximation of the three-quark structure of a nucleon. 
First, a nucleon will be considered as a three-quark system and a 
diquark will approximate the i~teraction of the quark pair at the 

2 

level 'of -quark d·1agrallls d.escribing the nucleon form f'ac t o.ra , Second, 
from the begining we vii11 oonef.d er a.ciuc l eon t~ be composed of a 
quark and diquark described by the stanQard quantum field. In all the 
cases thediqua.rks are supposed to be the hard core which does not 

inte~act with mesonic fields. 

In the framework of these representations we calCUlate the 
magnetic moments, the electromagnetic radii and the ratio @AIGv 
The behaviour of the electromagnetic nucleon form factors in the 
Low.-enez-gy region ( 0-' a.'l, = -9:'.~ 1 Gev:2, where 9 is transfer 
momontum) 1s given. There is a qualitative agr-eement, of our results 
with expeti.ment for both the variants of quark-diquark approximations. 
The strong meson-nucleon form faetors are calculated and the one-sboeon 
exchange pot en tial is constructed. The behavio ur of the phases of 
NN-scattering is ob tained by solving the Lippman-'Schwinger equation 
with this potential. Our results obtained in the first variant of the 
quark-diquark approximation are in a rather good agreement with the 
experimental da~a and OBE-model with the BQUll potential /27,28/ • 

Thus, the quark-diquark apprOXimation of the three~quark struc~ 

ture of a nucleon, ih which a diquark is considered to be the hard 
core, correctly reproduces the nucleon inner strueture in the low 
energy and al.Lows one to de-sc rd.be the behaviour of the electromagnetic 

form factors and NN-phase-shifts. 
The paper is organized in tbe following way. In Sec.2 the b~sic 

assumptions of the ~CM are given and the interaction Lagrangians of 
the mesons and nucleons with -quark s defining the hadron structure are 

wri tten. 

In Sec.2 we give the quark niquark approximations of the three
quark structure ~f nucleon. In Sec.) the choice of the model parame
ters is discussed. In Sec.4 the results of th~ calculations OI the 
statiG nucleon characteristics and electromagnetic form factors 
are oompared \7ith the experimental dat~ and predictions of another 

approaches. 

In Sec.5 the calculated strong meson-nucleon form factors are
 
used to construct the one-boson exchange potential. The NN-phase

shifts are obtained up to ELQg~ )00 MeV by solving the Lippman 

Schwinger equations with our potential and compared with experiment
 

and phenomenological approaches.
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2'0 The Quark Structure of Hadrons in OeM 

In the OCM the hadron interactions result from the quark 
exchange. T~erefore, the interaction1agrangians are baSic objects 
for the dynamical description of the low":energy processes. ~ey 

should be ultimately obtained from OeD. However, due to the mathemati
cal pzobLem s raised by the nonperturbat1ve character of QCD in the 

low-energy r,egion we .are still far from answering this question. So-. 
we will construct the interaction Lagrangians under the following 
requirements. The Lagrangians should be invariant under the C,PjT and 
SU trans:formations. They wi~l be chosen in the simplest form without

3 
the de:r-ivatives. 

The Lagrangian describing the interactions of hadrons with 
0/

quarks can be written in the form /19,2

(X) = I!(X) f j: JljA (x) ) (2.1)X
H 

where :JH~X) is the qU::Xk current with the quantulil numbers of a 
hadron H. 

Let us adduce the Lagrangians X H for the mesons as two-quark 
119-24/ systems and the nucleons as three-quark ones /25,26/ • For 

simplicity, we restrict ourselves to the SU2 -symmetry. 
1. Mesons: 

v -~ - ~ M 
aZM - \J2 9 M 9 (2.2) 

" -IJo-~ \" ..... r . 5'
,P=CJ\''Z: + (~/c.mdr-tz.~it10p'):1 ; I p = I~ i 

v=7'~-+ w·I; rv = ¥r; ~ 
'S :0;,.~ .. (E.CoS cl,; -fa' ~i,,{YI ~ rs,=I- i ~sJ/I\~ . 

Here d =: B- er , g is the octet-singlet mixing angle. We 
choose Qp -= _11 0 (01"= _46 0 

) • The choice of parameters characterizing 
·the sca'l.ar mesons (~ ,AS and mE ) will be discussed in detail 

in Sec.3. 
2. Nucleons: 

If _ A N _A 
(2.3)d..

N
- ~N' j J j + h.e. 

. A
T,A R qQ, OQ2 9Q.3 Q,Q2 Ll ;
J: - .•... fl' f

j - Jj,J~~:s JI j1 j:5 

4 

H:ere, j =(J. ,.hi); d.. and m are the spinor and isospin indices, 
:respectively. The nucleonic current (2.3) must be symmetric with 
respect to the permuta.tion of the quark fields. There are two inde
pendent matrices t(A ( A = V or T ) satisfying this requirement/25 , 26/ . 

-R"{.n -= GjJJ.1 O.tvlvYll'i:'2W11~~(CX5)~rj:,,+ G(~S")otJ-i6~iWlI ~rn2tl'1.,> CJ.2J.~t-

. . + (6r"X S )')01.1( ~)V't1 WI, ( 'L~T j~,"~3(carli r: j 
R'{ j} =: 2~dJl 0""'1"11 T2,h'li 1'15(c~ Sr'~~- 2.(~S")JJ, O~W\, L't'l)W1?, CcJ.,z-J·\_ do. J. 

-(r~ )~V<, cfh\rYIj '~lWllm3(c.~rN5ri4-(t"K 'YO<'(Fj'fY1,(1;"trlYl;(C~t):" 
In terms of' the isotopic fields (1.4- and vi -quarks) the nucleo


nic three-quark currents (2.3) corresponding to a proton and a neu


tron can be written as


.J; -=; Q A (1/I
J 

of) 

J~ = QA(cL1A)· 
where 

.QT(u,d)= _ Gi 6rJ ~ S" ofo.'~Q2 C6" r f (A u 3) f-Cl,Q 2. 
Q 

:3 

QVtu, J)= - Gi Xl"' t 5" cia, (uUz c~r ·U a~) f a 
,QzL( .3 . 

/ 301 
These currents were used in the QeD sum rule calculations • 
Hadron interactions in the QCM are defined by the S-matrix 

S=Jd6v ac T ~xp( [c1¥ ~ (xl). (2.4) 

The time-ordered product in (2.4) is the Wick standard T-product 
for the hadron and quark fields. The quark propagator has the 

following form 

S(X'j, )(1.\ bv~c ) = <0 /1.(q(Xl ) q(r:2·~ \ 0> = (2.5) 

A A f)-1=- - ( P + BVCl C ?~x'i-X2.) . 

Here, &va.c (X) 6 VCK ) is the VaCUUIJl background field which
 

is characterized by the .se~_ {bV~c.} ·
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It is suggested that the averaeing over vacuum background fields 

d 6;yet( of the qua.rk diagrams generated by the S-matrix (2.4) 

have to provide the quark confinement and to lead to ultraviolet 

finite the.ory.
 
The confinement ansatz in the case of one-loop quark diagrams
 

describing the meson-meson interaction consists in the following
 
Il?,201 : 

jd 6 vo c be [/'-\ 6i~),$ (~,X:21 B...). .._M~,,)$(X~,X, IBvc<~ 
(2.6) 

--?'fei6v &[M(X~}S1/(X1-X~J" .. M(f~)S'll(Xj,.-Xj)J. 

Here	 kd~ '-'f(~-)(~) j..' 
.:« f_€ ASv Gx'i X~) -. (2:r.y'i 1J"A~ - P 

The p.trnme t er 1\4 characterizes the confinement range. The measuru 

dG. is defined as v 

(2.7)fcl6N - V~ .;! ~ G(i)~ o(-Z')+ z gf z·') 

The function G(2:) called t he confinement function is an entire 

cmalytical function which decreases faster than any degree of ~ 

in an Euclidean direction 2~~-oo • In the pape r s 119-241 , the 

following shapes of Cl(U) and f (ru) have been used to describe 

the effe ctsof the low-energy meson physics: 

a (~{) = Zex'p t u Z-'1/) 
(2.8)g(u)	 = 2. exp (-Z/-T 0.4,1-1). 

The numerical value of the basic parameter 

i\ '1	 = 460 rse V (;~.9) 
is obtaine~ by fitting the main meson decAys 119-241 •
 

The structure :lnt'egral corresponding to the tWO-lOOp quark
 
o 1 i itt 125,261diagrarn i n F~g.' _ s wr en .as 

A(34) (p r/)=yol4K~6 f 5{K-q)fl S(K )[ sf'P-K),(2.IO)J \.. }. o/~ . V 1 1: {fY\·v 2, 
MNN i 1 

6 

whe~e . 

.11~ ~~ (f>-K J=Jd\ '.' jq If"G(t'+$-R) r~' G(K ,~l. 
4W1., L1	 J 

Expression (2.10) is to be a C<lnVoll1tion of the entire functions 

that lead to the growth'of the matrix e~ement in the physieal r.egion 

of momenta. In fh e papers 125,26/ th€ special aasumpt Lon s about the 
('5<;): ' 

calculation .J..:.Ml;,; (f; pi)' have been do n e to ob t af.a the reasonable re

sults for the nucleon propeities. ' 
The hadronization condition Us eo ~11 th-e QeM 119,201 denotes that 

the renormalization constant of the wave hadron function is equttl 

to z era 

'~A A/(~ AA' \1 
ZJ1=l+ ~jl1:jfl TIfj (YVI tJ) ",,0 (?l~) 

Here, (n. -1}I is ti1e derivative of th-€ hadcon ff19,SS opo r ato'r d e f Lned by
I 

the diar,rams, Fig. 28" for mesons and , Fir:.2b, for nucleons. 
The co mposa t erie.as condition (2..11) al'lows ORe t-o define uni.que.ly 

1:'he coupling constants of the p s eudo s ca'l a.r ('li, 1..) 1.."' ) and .veGtor 

(f ;W) me sons with quarlc s in ,( 2.1) as functions o'f t.h e had r-on 

masses and model parameters in (?, •.B) andC:~.9). There .are a J'-ew pe-s .... 

sibilities of describing an intora~tion of the sDal'3T mesons ana 
nuo Leo ns with quarks (see, (2.'2) and (2.3)), 5'0 that the comp osf.t ene ss 

.cond±tion (2.11) allows 'One to establish the -relation only -between 
A 

the ooup'Lf.ng -cons t an t s £l H • 

, The caLcu.Le t Lona oT the phystc al, m'1.t,~i,: o'Lemen t s in the Q:cm 

li9,201 arc based on the use of the liNe -e~-::pans11" The first 

8TJprGximation oomp'l e t eLy co r r e sp ond s to the tree dia17,ram'C'\of the 

-0hiral theory.. However, the differenc-e is thA.t the haclron-hadrcm 

vertices are t he s truc t ur-e'l es s po Lrrts in th.e chiral theory, wh.j.ch 

c or r-os po nd a to the local hadron interact.ions, while in the OeM 

they are described 'by the qua'rk Lo op n defining the .hadron st nuc t-az'e 

(form	 £'actors, s10!)8 IJaTameters, pha s e shLf t s , Bt.c'.). 

J.	 QUA.rk-Diqua.rk App-CO;Ql;LJ.tion of the 'l'hreB-Qua,rk 

Structure of a Nucleon 

As has been mentioned-~bove, in this paper we will considAr the 

two possibiliti-es of the ~uark-diquark ap~roximation of the three

~uark structure of a nucleon. In the first case, from the beginning
 

we cDnsider a nucleon to be composed OI a quark and a diquark and
 

use the quark-d t qua'rk 'currents wi th a nucleon quantum numb er s in the
 

Lae;raneian (2.1~ instead of the three-qu"l,rk ones. Df.quark s are 
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supposed to be th~ local quantum fields with the standard propaga
tors. In the second case, a nuoleon is oonsidered to be the three
quark systems and a diquark is introduoed at the level of the qUa.!'k 

diagrams as an app.roxt ma t10n of the quark pair. The shape of a di
quark propagator is chosen by using the Ward identities for the 
eleotromagnetio nuoleon vertex. 

Let us oonsider the first possibility. The Lagrangian desorib
ing an interaotion of a nurileon with quark-diquark currents oan be 
written as'S 

. V (qb)_ ~ QA N.]; A +hC (3.J.) 
d..NA - L.- d NJ)· J fJ> ..

A=:i 
There are eight quark-diquark currents with quantum numbers corres.. 
ponding to a nueteon shown in Table I. 

Table I 

N Diquar~s IS(J PC 
) Quark-diquark ourrents (J~ ) 

1 So 0+ (0++) qOi SC\ 

2. Po 0+ (0-+) ~Sqap" 

J,. Vo 0- (1-) ~r qa v;.
4. A 

0 
0+ (1++) ~fX5 q~ Ar;. 

,. Si 1- (0++) ~ qt\ ~a 

6. Pi 1- (0-+) ?'"~ 5'Cfa ltQ 

1. VI 1+ (1-) 't a'f4 qa V~ 

8. A! , 
1- (1++) ~Kf!5qo.Aa - r 

The eleotromagnetio and weak ~nteraotions of the diquarkB are 

introduoed as usual in the minimal manner•. 
The assumption about a quark-diqUark approXimation of a nuoleon 

formulated in (2.1) leads to the following expression for the meson
~uoleon vertex (aee Fig.lb): 

A~~(rJP')=f~~Jdo,JiS.,(K-~)~SJ~ )r~lf'(p-K).(J.2)
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Here, D~li(p-"'J is considered to be a propagat or of a (Uqn8.!'k 

in the vacuum backgz-cund 1'i eld s , AyeraginG oyer the background 

The divisors £/1 2 chosen in accordance wi th the quant t.aat t on 

fields is taken into account by iiltegrati on over the measure cI 0'\/ 
so that 

. . ~ r ,D. 1~ (K) = 
'V 

d ~ r1, 
'4j\ fJ.. • i\ '4' .' 

'/).,. - K1 d 
(J. '3) 

-J~r. 
1 are 

of the local diquark fields (see, Table I) and the condition of 
positiVity for the proton magnetic moment and the weak axial form 
faotor. It turned out that 

~r=-{ ±I [ J~ -diquarks (J~4) 

- ~ jrJ (X J-diquarks 

i. eo the P- and V-diq,uark fields are q,uant:ized by mCH!lS of the in
definite metrics. The additional diagrams, inclUding the electro
magnetic and weak interactions,are presented on Fig. 3. 

The additional parameter Ad characterizes the diquark confi
nement r~gion. 

Let us d~llcuss this scheme of' the quark-diquark approximation. 
As follows from (3.1), there aTe eight independent CJ.uark-diq,uark 
currents with the quantum numbers of a nucleon. The compositeness 
oondition (2.11) allows one to cut down the number of parameters up 
to seven. Therefore, at the first staGe we shall consider each 
quark-diCJ.uark currents separately. The final choice of the quark
diquark current will be discussed in detail in ~ec.4. 

The minimal principle taken for the alectroweak interaction of 
the diquarks leads to, in particular, brewring of the interacti~n 

universality of the vector mesons because they can interact only 
with quarks composing a nucleon. The quark composition of a diquark 
should be taken into account to restore the vector meson universality. 
At this stage We shall consider a diCJ.uark to be a hard core that does 
not interact with the mcsonic field's. 

Another possibility of the CJ.uurk-diquark approximation of a 
nucleon three-q,uark structure comes from the symmetry of the three
quark currents in (2.3) with respect to the permutation of the quark 
fields. The sUbdiagrms corresponding to the independent quark loops 

j1r.r'(r-0=f~;~;~. ~ [~/r; (K~P-I<)l~ G CK\J (3.5) 
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!M,t,e	 tH.t,e 
:q=p-p'	 :q=p-p' 

I	 I 

2-1 f \ ~~-qrkr	 r, pl<~P-k p p~ r2 

N	 N N P-k N 

k: 
(b)(8) 

Fig.1 

k+ P 

~ 
~ 

k 

(8) 

k k 

~2P	 ~ 
~ ~ k' p-kI 2 

(b)	 (0) 

],ig..2 

k 

' rl r2P
 

N r N
~P'-k p-k 

:q.p-p' 

t X. e	 P-k 

Fig..) ],1g.4 

are given off the diagrams, Fig.la and Fig.2b. The Ward identity for 
the nuoleon eleotromagnetio vertex and the oompositenees oondition 
(2.11) give us the following identity for the nuoleon mass operator: 

(J.6)$':;' 1;./PJ+ .j~"'Tr:'VT(P)+.3N:WP)-O 

for any momentum P This means that the following oonditions'G 

should be per'formed simultaneously: 

~TT(p)=f~· {3I;G(K)nF~¥)b~5G(K)lrr~-~ 

- '56(" ~5 6(v.)6J-y-{ n~I'1(r-K) J=o , 
It 

I 

!. F (1") = r~. I24 (;(~)ILPP(D-K)-24/G(1< )X~S(f-J9+ (J.1) 

VT J J~i l 1 0 

/'Ii. f'J1PAy \ r /' Ar . +b G(K)r r,r-Kr 6~ G(I<) fir (p-K)l

+ 36J~~S6(K)t/'t Jfv(P-l<)-'3{XS H~6"'r{fr(r~Q,~,I" ;"/1' (~ 

~(r)= L,iK .{4G(~'.rL(f-K)+4K'if-(K) f JlsYrK)
J~21 

-f/ G(K) '6" n;(p:-K)t2G(K)¥I'JtCP-K>
A~	 "s Wf. :')1

- 2tG(~) llj<(f_i()-t3{~ 'i Get<) ~ xJttJ\jKT~-o . 

Our main assumption oonsists in that the diagrams, Fig.la and 
2b, should be changed by the one-loop quark-diquark diagrams, 
Fig.lb and 20, respeotively, aooording to the rule 

fd 4K!d6. r: s (2)r: nr;~Cp-K) \ 'toVq/2./JU 11 j ev 2 
(J.a)

" ~I::~fdb"; ~ SJK)\g, ))~'(r-I<) 
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· ..._ d4KfJ.6 r:~. :~~~).r. 5'(~)r .rt\p-K) I '>~ crz." 'V ~ '11\./ (,M tV .2,
 
. ....u I.. .... ': r
 

. / 

(J.9)>=e=>(c1"14(j6., GSJK-~)~ S.,,(R)~ ltYp-K).
j~21' j'VI 

where .

DI1P d 11 r~f. 

~ (f)- 'U2.A,'I.+A,l'-r 
_I '1~ 

The divisors a - are defined by the identities (J.7)-(J.9). It 
turned out that there are DO solutions for the arbitrary' ~AlT 

and ..$NV because the identity ~T (p)=O cannot be satisfied by. -lr..n 
any choice of the values U J. 2. • In the particular cases, when 

eith~r !jN,#O and J]NV = 0 or .!}/vT=O and ~NV=yio the 
divisors olQr7, are determined Uniquely 

i., Pi: r2, =S,P 
(J.IO) 

~rV3, Pi =r;: =V
d~r;. =
 

j rJ , rJ. = r2, ::::- A
 

2.~rJ.j vr , G-= rz'=or 
o , r.t -I r?, 

In other words, this quark-diquark approximation of the three-quark 
struoture of anuoleon can be performed independently for each 
three-quark ourrent. Further, we shall oall these two possibilities 
the T_ and V-variant, respeotively. Diquarks are supposed to be a hard 
oore not interaoting with the external souroes (meson, photon and 
lepton). 

It should be remarked that the' strong, eleotromagnetio and weak 
form faotors of a nuoleon are described by-the only diagram, Fig.lb, 
in th13 quark-diquark approximation. Thus, the vector me~on universa
lity is valid. 
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4. C~oice of the Madel Parameters 

In this Section we Shall discuss the choioe of the model para
meters. All model parameters can be divided into two groups. 'First, 
the'oonfinement functions in (2.7) and the parameters /\'\ and /\l 
characterizing tIle confinement region of a quark and a df.quark , 
r eape ctively.Second, the pa.ramet ers characterizing the ambiguity 
of ch~osing the hadron quark current. 

The confinement functions a(-u) and t(1,l) and the parameter/\~ 
ar-e chosen to be the same as in the meson physics (see (2.8) and 
(2.9)). The parameter J\d characterizing the confinement region of a 
di~uark i& defined by fitting the experimental data for the static 
nucleon properties: the magnetic moments, the ratio ~ /G'v and 
the strong coupling G<fi.NN (0) • 

Ambiguity of choosi:Qg the {lsdron-quark current takes place :for 

scalar mesons and nucleons. 
Scalar mesons have been disoussed in detail in 121-2}/. It tur

ned out that the simplest choice of the scalar vertex fs = I did not 
allow one to describe the decay {o '-"''JjlJ'i • This problem wa~ avoided 
by introduoing a more complex scalar vertex rs '= I - j H djll\~ . s 
where HI) and the € -meson mass h'\ E were supposed to be free 
pararnet ez s , The E -meson mass was determined from the condition of 
the best agreement of the 1f1i -scattering S -wave lengths with 
the experiment. it was found that 

HS O. 55, d"S = 17 0 
, m E. = 600 Me V.::0 

This set of parameters provided a qUite good description of numerous 
low-energy effects of the meson physics. 

The scalar mesons play an essential role for the description 
of NN-scattering in the one-boson exchange (OBE) model/ 28/ • The light 
E. -meson (mE = 500_700 MeV) has a special place UIlder this oonsi

deration. The resonant diagram with the intermediate e. -meson is 
considered to be the only effective approximation of the 0++_ contri 
bution. From this point of view the nature of the 'scalar mesons can 
be different for the <JilJi- and NN- scattering. Therefore, we take 
the E -meson mass from the meson physics /2JI but suppose .the 
pa'rame ten Hs and Ss to be free. Their values were determined from 
the condition of the best desoription of the NN_phase-shifts. It tur...·. 
ned out that the NN-phase-shifts could be desoribed quite correotly 
only in the T-variant of the quark-d.iquark apprOXimation. The 
parameters were found to be equa.l to HsO. 27 and d; =56."3°. These numeri
cal values for H and 0 oonsiderably d7ffer from the correspondent

5 
ones obtained in>the meson physios /2) • 

13 
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There is a great ambiguity under the choice of the quark- di

quark currents (see Tabie I)~ Therefore, we shall act in the £ollow
ing manner. At the first stage, we consider eaoh current separately
It turns out that the current 9Q.SQ allows one to de scr-Lbe the 
experimental data with a satisfactory .aoouracy, But,.the parameter 
Ad!::! 2	 GeV has an unphysical large vaf.ue , Then, 'we consider the ").

mixture of this current with others (see, Table I). It appears that 
ad 5'oa 

~ • ~the combination q S +r ~ P gives a qualitative. description of the 
experiment. We shall call this choice the $+ l' - variant. 

Finaily, we obtain the following values for the model parameters: 

1. T...variant: I\(). = 680 MeV 
2. V-variant: 1\~=41'9MeV 1. J~ 
3. S+P-variant: Ad = 877 MeV, Z=.9N])/j~= 1. 

5.	 The Static Charaoteristics and Electromagnetic 
Form Factors of a Nucleon 

The electromagnetio nuoleon form factoraare defined by' the 
vertex diagrams of Fig.lb, 3,4. The vertex funotion can be written 
in the standard form on the mass shell 

(5.1)

A:Jr,r')=e [¥r~t~l)-~N 6 r\ ~rql)J' 
" . [ v]where 9= p- pi t.s the photon momentum] 6 r = -t. t.t,! ' 

The compos~teness condition (2.11) ~ () and the Ward iden
tity give the following relations P/'(o)= do and ~~~(o)= 0 . 

The magnetio moments are equal to .f'p=.1. + ';;2.(0» f'h ... '::;'2(0) I 

The eleotromagnetic form factors 

~:(Q~)=~l(Q~)_ OXm;' PIJ2.(Q7.), 
(5.2) 

GM(Q'1,) = ~f/(QZ.) + ~2 (01
) , Q 2,=_ 92. 

N

oharaoterize the matter distribution inside a nucleon. The electro
magnetio	 radii are defined in a standard manner i(1
(~: f = - r;~:(o) '/&;(0); <Z~ >'"=- r;;'li(oy~ ';:Z/.}>"= - 6"(&N'to»/t"(0) 

The calculatiops of a vertex diagram are performed in Appendix. i\ ) 
At present, (;N ,GN~ are ~easured in a broad range of momenta
 
Q1.= _ 92, ; 0 £. Q2.~ 30 Gev2 • The experi.mental data are
 r 

desoribed quite aoourately by the empirioal dipole formula 

·.
 '
 

r;:CQJ~ G;Ct!) ~ G;(d) ~ 4rn/t:(G.2)=))(QJ, 
P fP /'n Q r h 

where r; 2.' s/r, Q2 . . 2, . 
, })\Q )=.1; [1+ %.7i bi!\l J·. (5.3) 

rrh-e weak neutron [3 -deoa;;r h~ p~J is defined by the diagrams 
in Fig.lb and 3. 'The matrix element is written as 

M(h~V;J)=~ ~ r[~r'v(fhr( rA(~') - ~r'T(1~1 n. (5.~) 
where it' t.s the Lep tonf.o current. 

The obtained results are shown in Table 2. One can see, there 
is a qualitative agreement with the experimental data- and other 
appr-oa.ohe 8. 

Table 2. Static nucleon.oharaoteristics 

Observable .QCM Other 
approaches

~alue 
Experiment 

T-v",'t. KrVO'l. S+P-w~ 

.-Jp 2.793/29/ 3.72 3..50 3.46 
3/35/, 2.73/36/ 

2.8/37/, 2/ 1-4 / 

f'n _1.91J/29/ ...?48 -1.81 1-1.73 
_2/J5/,_1.975/361 

/ 1 /141-2.06 37 ,-1 

<Z;»tm~ 
. 0. 846!0. 05~32/ 0.52 0.49 0.45 0.656/38/, 

0.674/14~O.624/361 

<'t;>',-tM 
'l, 

0.711/33/ 0.36 °.35 0.43 0.656/ 381 

<z~?,» fm2 -0.11 7!0. 00l34/1-0.17 -0.10 -0.24 
- 0/38/, _0.13/36/ 

_°.121/ 14/ 

~ ttnf1. >~ ,{.......~ 0.762/33/ 0.36 0.30 0.35 0.656/381 

GA/GV 
1. 254,!0. 006/ 29/ 5/3 1.91 1 

5/3/35~1.182/361 

1.199114(1.5401391 

1.170139{1.00151 
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Our results for the ele-ctromagneticradii are lower than ,'the 6.. The Meson-NuoleonForm Factors and NN-Phase-Shifts 
experimental ones. This d1sag~eement 78 caused by Using the full 
renormalized,f -me,son propagator /19 in the resonant diagram, , In this ,section we calculate the meson-nuoleon form factors 

Fig.4, instead of the free one. One has to re~arkthat the use of the which play a fundamental rol e in the NN-int eraction. All exp erdmeri-. 

free f -meson propagator provides a quite good agreement with tal, NN..-scattering data below JoO MeV are described quf.t e accurately 

experf.rnent , , by the cne-. and" two~eson exchange mOdel/ 27, 281 • This model treat s 

Let us discuss our results for the values JAR/fVt and GAIGv ' ( exchanged mesons as point particles with the standard local propaga- • 

We have tors. The nucleon internal structure is described by the vertex, 

T- vCl't;ia ht. form factors param~trized as

{ ~ / iJ?! 
(5.5)
f P= 2/3 •9?o/4?- S+p-vos: i~,wt r;;N(Yr1':)
i GM~tl~~ rA~-m~r (6.1) .

4<rr 41i _1/3. if20 I~ T- vCt'Z.iCi\V\t • (' [A~- q~J 
(5.6) 

jo{ Here m and q are, the mass and momentum of the meson; AM is
M 

the cut-off mass (I\~ = 1.2-1.5 GeV). The vertex form factors are 
introduced phenomenologically and are chosen from the best 

fn = -i/3' ~I'l!: s-r-VO:'Z,lGl\-l-t 

Sf:> . 'v T - v orc! ahi description of the' experimental data. 
(5.7) The meson-nucleon form factors in the QCM are defined by theG= { r S-+ f - va.'tiOtv\4. .A l:rv nucleon inner structure which is believed to be described by the quark 

-diquark approXimation of the three-quark struoture. 

Here 1>., = JoIJ.. J. ~. (1-J.) ·Q(JAd'iA; -.( (j-,,~ )l'>1N,/" q"-J The meson-nucleon vertex is described by the diagram,Fig.1b,and 

tJ • is written on the nucleon mass shell as .follows: 

1. Pseudoscalar .~esons f (<rr) z J 1/)
 
Taking into account (4.5)-(4.7), one can obtain
 (6.2)Ap(9~) =~. GpNN(9~} .i~5

T - VGl't i ~ n -t. 
(5.8)J*~=I-% l:=? T=T,:.Iq; , , t tS+f-va "Z.i ~V\-L 

2. Scalar mesonsl- 2 S(aD > ~) 

T- vo.'~;o.V\{ A Cq1.) -~, b 5N,v ( q2.) (6.J) 
s(5.9)G;Jc;v= r:3 

$+ f - vo.~iCll~·d: . T'=~ T=I 
~o ~ E 

,. Vectors mesons V ( f ~ w)
The results for JP/r"" and GA/G'v obtained in the T-va

riant and S+P-var1ant coincide with the predictions of the nonrela A y (q1.)_-r.,. (~f'. b-
VM V 

(qf)-2~}"f,lr"t;NJ1~ 
tivistio models IJ5/- and quark-diquark mOdel/ 14/, respectively. 

The electromagnetio form factors obtained in our approach are T - ~ T,\ % I . (6.4)
shown in Fig.5 up to Q2 ~ 1 GeV2• One can see, there is only a f J "'" 
qualitative 'agreement with the dipole formula (5.J). 

(" 17 
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The. funotionsT- Vll,'tiant Table 3. Numerical values for G~N(O)/4<jiGMNN'C9\l.) are c8.1
'ou'l.at ed by anaiogy 
with those 
calculated in 
Appendix. 

The munerioal •values of ~M'J;.'N(O)/4'fi 
and ~VNN(o)/&VNN(OJ

0,5 
are given in Table 3.v-va'tiQl"\t 
For comllarison, it " 
al, so shows the re
sults obtained in the 
Bonn Ilot~ntial/27,28/ 
model and other pheno~ 

menol0 5ical a~Ilroache/4 -41/ • 
Only the Ilion l' 

0,5
 
s.p- va'l.iont nucleon constant has \
 

I
been usen to fit the 
model Ilarameter, in 

particular /\.rJ • 
The numerical values 

of the ~) Z' and ao.)E It tlie QeM, the vector-nuoleon oonstant~ are equal to 
0,5 

" meson - nucleon cons
tants somewhat G{NN(O)= s-s« 'T-;V~~ $+P-VQZiOKi (6.6)differ from the 
p'henomenological ones 

{' 
PrNN (0) = jv/vr· (/P- ~n-i)Fig.5 727,28,42/ • 

Let us consider the calculation of the veotor-nucleon constants 5 q Iff 7-,V- va'll' o.~-t 
.dv/' (6.7)

which are very imllortant for the desoription of the NN_scattering G""I11";.-CO')= [ jv!f2: s- f -v,nio.h-tin the Bonn potential model/28/ • It has been estaolishen in /281 
that the following empirical relations between these constants have 
to take place for rellroduoing the eXIlerimental data :~~V/~.(~ P + k -j\ T-,V- Vo.'z:,i().\-1t 

~ (0)= :J }" / (6.8) 

WNW 
{ jv/i2 S+ P- va:z.i£xni 

F''pN~ (0) / bprVN(O) >5 , 
Here, ~v 1S the ooupling of the vBctor mesons 1tith quarka/19-24/. 

(6.5) the numerical values of the magnetio moments j4p and)-411 obtained
PWNN(O)/ GWNJO) ~O' in the QeM are shown in Table 2. ~ing use of (6.6)-(6.8), we ·have 

' G/;.,.;{I/ (0) /4'fi
Iv'ertex 

OeM Other 
approachesS+P-var. 

14.08/28/;14.25/40/ 

T-var. V-var. 

12.44 16.68 P.J.15lINN 
~4.28 ! 0.018/41/ 

3.67142/; 4.27/42/8.6J 0.94 :1.1.74iN!! 
~/NN .j' J.77/42/; 4.2J/42(0.88 IO.958.05 

1.621 28/; 0.82/28/C4 0 NN 0.85 0.24 6.91 

4.56/28/; 6.00/27/3.-60 1.02 4.36€NN 
0.41 (F/G=6.l) /28/0.42 0.420.42fNN 

0.55!0.06 (F/Ga6.l~O.6S4J/(F/G=5.20) ()/G=4. Jl) (F/G-4.l7) 

10.6 (F/G_O)/2s1J.78 0.42J.78wNN 
5.7!2.8 (F/G.O )/44/(F/G-0.24) (F/G-0.69J (F/G=4.l7) 

a\-I~~~_. 

19 
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T - VO 1." 0.. VI t f5.2.0 
® 

"~~ V - VC.,"t..;().V\t -....... _- ...... _- Fig.6.
~ (0) Ir; (o):=. (6.9)
!iNN 'I {pNIV Nucleon strong £orm~ £""t' V-- v(n.;cu..-t • factors obtained in the~"" . 

..................- T-variant.
 
-IIT- vcr~;o..\1\ t 

0 , 0, 
~ 1 (0) /G (D)~l 0 r9 V- V(:-l.'Z-IUV\'t (6.10) 

WNN II vJNN .Ie f ® 
~,t 

11, .{:t $+ P_VO-""l.;o.V\-t 

One can see, only the T-variant of the quark-diquark approximation 
satisfies the relations (6.5). FQythcr, we shall fix our attention 

o~ly to this variant. 
The behavi'our of the strong meson-nucleon form factors normali

zed to unity is shown Ln Fig.6 up to 1 GeV2 • For comparison, it @®al so shows the phenomenological results obtained in /28/ • 

TheNNphase-shift s are calculated by making use of the algo
rithm suggested in /28/._ The one-boson exchange potential is 

constructed in the following way: 

I IV(o:,r')= > 'G~N[(!:TI:~1T (6.11) o _ 
AA.-: 'ii C) Ct s P WI h1 M -+ (q - q ) Q',IGeV2 
/q '£..) c~ 7J ~ ,

r: Q. (-+2)with the meson-nucleon form facto~s ,crA1VN q calculated above. The -- - ---
I

QCM 
NN-phase-shifts are determined by solving the Lippmann-Schwinger 

I 

---!Bonn Potential (f - variant) 
equation vl'1th the pot enti.at (6.11). Our results are shown in Fig.? 
On~ oan see, there is agreement With the experiment 140,45/ and Donn 

Acknowledgementpotential model /28/. 
The authors would like to thank Chelidze A.D., Maohavarian1'rhUS, the quark-diqttark approximation of the three-Q,uark struc

A.I. and Rusetsk1 A.G. for many interesting disoussions.ture of a nucleon, in which a diquark is oonsidered to be a hard 
core, correctly reproduces the nucleon inner structure in the low App,ndix
 
energy and allows one to describe th~ most nucleon properties.
 

The struoture integral corresponding to the meBon~nuoleon
Further, this picture of a nucleon structure can be effectively 
vertex (see, Fig.2) in the quark-diquark approximation i8 writtenused for a unified description of the fundamental IJrocesses of the 
asnuclear p-hysics: <7ICJt~qjtJl ,~N'~ Cji/tl and NN~ IVlV' 

Furthermore, it seems to be interesting to calculate the nonleptonic J\. (pJ p/)~ dar~ G~ C~ ,() P
baryon decays in t his approach. lMoNA! M '\ '\ , 

20 21 



'50 120l -s, . 60 

...., .... e-, 

O '--
~:~

90 

::~
-20 

100 200 300o ~OO 200 300 

Of 3p,
-10°t -.... 'P, 

·'D ........ "
'1tl'." . -~"\1-30 ',,  :::~ 
-1'..0If! ! if-40 J I I J.. 

r: o 100 200 300 o 100 200 3PO 
GO 

35~ )0.2 

'I 'Di _t 1~ 
b »:" -  :~LcJ'/o 10 200 300 o 100 200 300 

)P	 lr2D 1 u: 1 

rJ
. 

1.8l 15 - 
'H) -:. - - 12,.....__/' 0,6 

5 .	 I ~ ~ ot z. 

r
,~O 100 100o	 100 ZOO 300 -0
 

Q B ,MeV
 
..--- lab 

------ QClii 
Bonn Potential 

•• Exp€riment {T - va.riant) 

Fir;.? {a). I:lI-Ilh8.s8-~hifts 

'0 b t rtined in th e 

T_varL'.nt. 

.1'I ; Jd~Kj'J . J 0)1._J.It = -- d6 A A I" I A,.	 (A.l)rM{P,P) '11', 'lI V '- K >4 "''l;-k 1J '7,+ zs., (p--k)'2. 

?> Adll j 

°bs	
I,Inking use of the 

l Fl If) 
Feynman c/.. -para.lleterj 7.n

tion, one Can obtain-l,1t~ 
- 2,2 

-4,5 ~ ·3,3:;:: ""'.  ............
 , / ( co-6,0 --4,4. • _, I • 

OHIO 200 30'0 o lUU 200 300 T (p,p)-= Jdl-',J. .0 1-j ,u. 
17V\ J<JCL 

JlG6,3 r 3D) 1 

4,7 jko)'(o< 'lA, p, f) :1..2)3.1 

. 15 J~.",' [V 2+,v +.6(j)J~ ~ 
~j 0.1'......! I ,t -6. ' 1I 

~ 0 100 ZOO 300 o 100 200 300
GO 

'G, 161 lG,3,2 Jt~ = 2 d~l· 6'(1 -,~-~-.l~
1212,4 

4 ' --' where'f~-
o I' I I 

o 100 ZOO 300 

1f -JtiJ.O~t P(.J,u p lJ /)- r .t/-
j I ,I - M- 0,6rL0,4 .... _-- 

O,Z -tt)~ ¥JU+ll(~ ~+~tQ)t 
o -----'-.l..-J 

.1\ r A100 200 300 o ton zoo 300 +.'t rz·1 M 2 ) 
---- Blab' ll.i.eV
 

- - - ---QCM
 ~i -=p'(1-JJ .; pJ3 ~ 
-'- Bonn Potential 

A _/\. '\/\,,1/- - - -Experiment (T - variant) 
'Z2,'-:; r(i-,J_~)- P<:>(2'; 

Fig.? (b) 
j ~ I) /2 .J 2.
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(A.3)~u,u p~~ 
;'-' 

co J '1/ t .. , .Jc1u u d6v .' . 3=-'O[M4],
'~,	 r1/,?-+·'Ltf+~(J-[l A. 

l. 

The	 final result is written as 
00 . ACJ) J

1;M(n')~ - felu lCu)- [cJJ'd- [ du f(1AJIII;!~{ 

(A.4)+I jcJ/,,;. ,t[Moif] {-A(j)t;+ ~ r;, ~ J+ 
{ 

I+-i:ptJ' a[A(JH[~r:.r +0. £J, 
i: 

The other integrals corresponding to any Qllark-diQuark diagrams 

oan be oaloulated in all analogous way. 
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