


1. Introduction

The three-quark structure of baryons seems to be most available in the
unitary classification of hadrons [1]. However, the three-body problem
is very difficult and can be solved only under some simplifications (for
example, in nonrelativistic quark models with the simplest potential [2]
and bags [3]). But, there is a possibility to reduce the three-body problem
to the two-body one. It is sufficient to suggest that one of the constituent
particles of a baryon can be regarded as a quark and the other as a tightly
bound state of two quarks, a diquark,

In the original work {1] cn the quark model of mesons and baryons
Gell- Mann discussed the possibility of existence of free diquarks. Later,
the quark-diquark mode] of baryons was suggested by Ida and Kobayashi
{4] and independently by Lichtenberg and Tassie [5]. The supersymmet-
ric generalization of the quark-diquark model has been performed by
Catto and Gursey in [6]. It founded on a suggestion that the chromo-
magnetic fields between the quarks and diquarks were the same in the
excited mesons and baryons. In the papers [7,8], the diquark approach
was applied to describe exotic and charm mesons. Chan and Hogassen
[9] treated dibaryon and multibaryon states using diquarks and larger
quark clusters. Cahill and collaborators [10] kave suggested the QCD-
hadronization which sllows appearance of diquark variables. The concept
of diquarks was also useful in treating deep inelastic scattering [11].

Thus, the quark-diguark model iz a quite suitable approximation of
the three- quark structure of baryons. Despite this fact, little has been
done along the line of actual quantitative calculations of baryon char-
acteristics in a dynamical quark-diquark model. Mainly, all calculations

~were directed for getting the static characteristics of baryons: masses,
magnetic moments, etc. [12,13].

More sophisticated characteristics of baryons are form factors and
phase scattering which are defined by their inner structure. One should
know the hadronization mechanism and quark behaviour at large dis-
tances for the description of these values.

We have developed [14)-[17] the quark confinement model (QCM)
based on the definite representations about the hadronization and quark
confinement. First, hadrons are treated as collective colourless excita-
tions of quark-gluon interactions. Second, the quark confinement is re-



alized as averaging over the vacuum gluon backgrounds. Strong, weak
and electromagnetic hadron interactions can be described in the QCM
from a unique point of view. The preliminary calculations [14]-[17] of the
meson and baryon processes have shown that the model reproduces the
quark structure of hadrons quite accurately. The hadron inner structure
in the QCM is defined by the quark behaviour at large distances.

We have considered {15] a nucleon and a A-isobar composed of three
guarks and calculated the electromagnetic and strong meson-baryon form
factors. The results were in agreement with experiment and other ap-
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 [14]-(16] which leads to the growth of physical matrix
elements at high energies. The special assumptions were used to avoid
this problem. It has been 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-+
antiquark). Therefore, the hypothesis arised to describing a baryon as a
quark-diquark system. In this case, we have only three lines of the vertex
of the interaction Lagrangian (ba.ryon+quark+a.ntiqua.rk).

In this paper,we consider the possibility of quark-diquark approxi-
mation of the three-quark structure of baryons in the framework of the
QCM. The idea of such an approximation is based on the following physi-
cal picture. We start with the three-quark structure of octet and decuplet
of baryons. The SU(3)-quark currents with baryon quantum numbers are
symmetric with respect to the permutation of quark fields. Here, only
one quark effectively takes part in an interaction of baryons with other
fields a5 mesons, leptone, photons. Therefore, the other two quarks can
be considered as a hard cluster, a diquark. Thus, a baryon can be rep-
resented as a composition of two particles, quark and diquark. Further,
this representation will be called the quark-diquark approximation of the
three-quark structure of baryons.

In this paper,we will use this approximation for description of the
main low-energy characteristics of baryons as magnetic moments, elec-
tromagnetic radii and form factors, ratios of axial and vector costants in
semileptonic baryon decays, strong form factors and decay widths.



Earlier [17], the NN-scattering phase shifts were calculated using the
stzong meson-nucleon form factors obtained in this approach.

Our results are in agreement with experimental data and other ap-
proaches. Thus, a quark-diquark approximation of the three-quark struc-
ture of baryons is available for taking into account an inner structure of
baryons at low energies.

The paper is organized i the following way. In Sec.2 the main notions
of the QCM are given. In Sec.3 a set of hadron quark currents, nsed in the
calculations of physical matrix elements is deduced. The connection of
the QCM with other approaches is illustrated. In Sec.4 & quark-diquark
approximation of the three-quark structure of baryons is given in detail.
In Sec.5 the numerical results for the main baryon properties are deduced
and the comparison with the experimental data and other approaches
are performed. The further investigations are discussed. In Appendix

the technique of calculating one-loop quark and quark-diquark diagrams
in the QCM ;s given.

2. The Basic Notions of the QCM

The first assumption of the QCM is related with some notion about
hadronization. It is assumed that hadron fields arise after integration
over gluon and quark variables in the QCD generating functional [18,19].

Let us demonstrate this transition. The generating functional can be
written in the form

Zaon = [ b [ 5q [ $B80BIALBlerp(is|B) ()

where A[B] is the Faddeev-Popov determinant fixing the Lorentz
gauge,

1 .
SIB) = [deLoc(z),  Lecp = st H 2i8+ By, (2)
Fu = 8,B, —8,B, +(B,,B.], B,=B" tr(t°¢) = 26,
Here, #*(a = 1,..., N} — 1) are the SU(N)-generators, B; and q are the

gluon and quark fields, respectively. The Lagrangian (2) is invariant
under transformations



B, — B, =wB,w™ + Bpww1, 4~ ¢ =wq .

We suggest that nontrivial gluon vacuum backgrounds should provide
the confinement of all colour objects. According to this representation
we divide the gluonic fields into vacuum backgrounds B ae(Z, 0oge) char-

acterized by a set of parameters {0vac} and quantum fluctations b(z).
A similar decomposition was performed in the work [20]. The gluonic
field Bj(z) is represented in the form

Bﬂ(z) = (Buvac(zr Toac) + bﬂ(z))u(z) .
The field b, is chosen to be in the Lorents gauge in the background field

Dy(Buae)b =0,

where D,(B) is the covariant derivative. The unity is inserted into the
generating functional in the standard manner;

1=8[B f ) f Sw f 401e81B — (Buac + )18 Dy(Bone)b,]
Here, the gauge invariant functionaj ®{B] = $[B“] is defined by the given
equality.
Performing simple transformations one can obtain

Zoop = f 5q j 8q f 40 oW []ezp i f 423(id + Buo)gl,  (3)

WU = [ 656(D,(Brac)b,8[Bon. + 8] @
* ezp{g%/dztrF:y[Bm + b + ifd:b:.f:} ,

where J3 = Fy#1°g is colour quark current. Recalling the definition of
the full gluon Green function in the background field :

"W [J)
5751 (21). 82 (2]

GE2 (21, 2| Buag) =




we have

Wi = ezp{Z;l—! [dor. [deoas(e) @) ()
* GLlm(#1.20|Bua)}.

Inserting (5) into (3) one can obtain

Zgcp = fﬁqfﬁqfdamcezp{ifdzq(ié-{— émc)q-l- ;Ln}, (6}

1 a a Q) ...y
L=~ / dz,... / d2nd 51 (21).. T (20) G2 (21, . 20l Boae) .

It is to be remarked that the representation (6) is completely equiv-
alent to the initial one (1). For further advancement, the vacuum back-

grounds B, and the full connected gluon Green functions GE;%(::[B,,,,C)
should be specified.

Let us consider the term L, in (6) from which the mesonic fields can
be extracted. Emergence of mesons is defined by the behaviour of tne
two-point gluon Green function Go%i (x4, Za{Byac). We suggest that

ay o . g,d
Gtk (21 23] Buae) = ig, 1, 8(21 — 25)Go 6 4% (7)

This suggestion underlies both the Namby and Jona-Lasinio model
{18} and similar approaches (19,21]. Using (7) in Z,, we have

L= %”GQ 5 [ a(z@)) | (8)

Perfoming the Firtz transformations in (8) and keeping only ihe lead-
ing 1/N.-term, one can obtain

LF% Y by f deJ?,(z). (9)

$J=PV.5 4
Here,

JJJ’ = quI‘J‘L FJ = I,,y,u,i,yﬁ,,yu,}ﬁ J= S,‘/,P,fl.
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1
cp = cg = Go, Cv=CAm§Go. dp=8sg=—by=-b4=1,

X; are the Gell-Mann matrices of the flavour SU(3)-group. Further,
let us use the represention

ezp{:i:% jd:cJ’} = /JMezp{:F%jdzM’ +ijdzJM}.

Tnserting this one into (6) and taking into account only the term L, we
have

Z4kp = f 8q j 53 f Ao j TI6M.; (10)
*e:p{—% EG_;/J:M}! +1 f dzg(i® + Bog. + M)q},
Jf
where
M(z) =3, VM (z)TsN.
I

After integrating over the quark fields one can obtain

z®) = §M da,mezp{—~i dzé;M2,(z) - (11)
Ro - [t ool asit

_ Z% [ de... [ deatr{M(20)S (21, 21 Buse)...
- M(2,)5(2n, 21| Buac)]}-

Here

S(1, 23| Boge) = i(i8 + Boyo) *8(z1 — z3).

Our next assumption consists in that expression (11) can be written
in the form



Zg()-;n jHJM_;fe:cp{—- fdeJM_,f(a:) - (12)

-3 f j dz;.. f dz., f 40 uactr | M(21)S(21, 23| Boac)...
M(zn)S(@n, 21| Buac )}

*

It is denoted that all the quark loops at low energies can be connected
by the hadron fields but not the gluon vacuum ones.

Further, let use give off the terms diagonalized over meson variables

M; from the expression in the sum in (12) (here the flavour indices are
omitted):

- % / j dz1dzs zj;a,MJ(ml){a(zl —23) +

N, eCr
+ (2 ) o M2 — 22) | Ms(z,) =

- 536 [aien+ SR, )

where

() — 22) = i(2x) j d0actr[L15(21, 23| Buac). .. L1 S(2 0, 21| Buae )]

15(p) = [ dee™,(z). (14)
Further, we represent the operator Il s(p?) in the form
Iy(p) = B7"(%) + Ls(m3) + [y (m3)(p? — md)
and require the performance of the condition

N.c
1+ o= )’ ;{(m3) = 0. (15)




In fact, equation (15) gives the connection of the meson mass spectra
with the parameters characterizing the behaviour of the full gluon Green
function at large distances (7) and confinement properties,

Taking into account (15} we pass to the following normalization in

(14)

N.ey - _
M; — M- (21)‘; Iy (m3)] 13,

We have

i
Z8p = f [16Myezp{; / dz Y 55 My(0 —m3)My —  (16)
J Js

-5 [ e [ da, [ 40wcNetr|M(21)S (21, 22| Bu)..
- M(@n)5(2ny 21| Boae )|},

where

M(e) = 2 M) =i )1

The prime in the sum (16) implies the use of II"™" in the quadratic term
over M;. The representation (16} does not contain the value Gy which
defines the behaviour of the gluon Green function near the point p* =
0. The generating functional (16) defining the meson-meson interaction
by means of the quark loops underlies our model. However, it is more
convenient for calculations to use another functional which is completely

equivalent to (16). Let us show that the functional (16) can be written
in the form

280 = [Tl 6Msesnl; s [ dabty(a)(0 - md)Ms(a) (17)

*fda’mc f&q[b‘ﬁczp{zfdmﬁ(z)(tﬂ + Boo.)e(z) +
+ L g0r [ daMy(=)a(=)se(2)}



if the wave function renormalization constant of meson M is equal to
zero.

Indeed, let us integrate over the quark fields in (17) using the same
assumptions about the measure do,,,:

o= [ I;IEMJezp{% 56 [ MO - miMste)-  (19)

iﬂ
-2 _/' de... j dz., f d0yae Notr[M(21)S (21, 23 Bon) .

- M(2)S(2n, 21| Buac)]}

Here

M(z) =3} gosMs(2)T; .
7
One can give off the quadratic term over M, in an analogous way
i - . .
EdeM.;(P)[Pz —mg; — ko1l (") Ma(p) =
i ¥ - Fyren
= 3 [ BIREHE - m3)25 ~ hosfih)} |

where

N.g? 3 ;
has = (zf?;’ y my=my;+holla(m3), 277 =1 — hosTTh(m3).

Performing in (18) the replacement M; — Z}/ *M; and introducing the
renormalized constant by = Zjhos, we get the functional (16) if

hos 1

hy = Z;h J = = = .
Y= hali(md) T (ST (m3)]
This equality can be true if hgy — oo, that is

Zy =1+ hI5(m3) = 0. (19)
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It is the so-called compositeness condition in quantum field theory [22].

Thus, the representation (17) with the condition (19) is completely
equivalent to (16) and will underlie our model.

The hadrons can be constructed in the same manner. These states
should arise from the terms L, for n > 2 in (6). As in the case L;, the
gluon Green function G%Z%(::\Bmc) is supposed to be analytical at point
p = 0. The product of colourless n-quark states, which can be identified
with the corresponding hadrons, is given off the L, by using the Firtz
transformations. But, this way is very difficult. Therefore, we will use
equivalence of the representations (16) and (17) with auxiliary condition
(19). We will start from the hadron spectrum with the given masses
and quantum numbers. Then, the hadron-quark interaction I;a.gtanqia.n
Lg(z) will be constructed by using the quark composition of hadrons:

Lu(z) = guH(z)Iulz), (20)

where Jy(z) is the quark current with the quantum numbers of H.

It is more convenient in practice to use the S-matrix instead of the
generating functional {(17):

§= f d0 o Tezpli j dzLg{z)). (21)

The time-order product in (21) is the Wick standard T-product for the
hadron and quark fields. The quark propagator has the following form:

S(z1, 23| Buac) =< 0|T(g(21)d(22))|0 >= i(p + Boae) *8(21 — 22). (22)

All hadron interactions will be described by the quark diagrams in-
duced by S-matrix (21) averaged over vacuum backgrounds. The coupling
constant gp is determined from the compositeness condition (19).

The following basic assumptions of the QCM are about quark con-
finement. It is proposed that the averaging over vacuum background
fields B, of the quark diagrams generated by the S-matrix (21) should
provide the quark confinement and make the ultraviolet finite theory.

The confinement ansatz in the case of one-loop diagrams describing
the meson-meson interactions consists in the following:

10



f damctr[M(zl)S(zlzsz‘,ac)...M(zn)S(znzlIB,,M)] -

— f dovtr(M(21)S,(2: — 22)... M(2,)5,(z,  2,). (23)
Here

d'p . 1
Su ., — = / - —ip{z, —z3) :
(21 = 2) (2m)4 © vA,—p
The parameter A, characterizes the confinement range. The measure do,
is defined as

j doy _ G(2) = a(—22) + zb(~2?) | (24)

v—z
The function G(z) called the confinement function is an entire analyti-
cal function which decreases faster than any degree of z in an Euclidean
direction 22 - — g0, G(z)} is a universal function, ie,, is dependent on
colour and flavour. In other words, the function G(z) is unique for all
quark diagrams defining the hadron interaction at low energies. The
choice of G(z} is one of the model assumptions. However, as calcula-
tions have showed, only integral characteristics of the function G(z2) are
important for the description of low-energy physics [14,16].
The simplest shapes of a(u) and b(u) were used:

a{u) = agezp(—u® — 2a,u) b(u) = boea:p(muz + 2bu) (25)

The parameters {a;, b} and the dimensional one Ag were defined by fit-
ting over well-established experimental data [23]. Tt was found that the
best description of the experimental data was achieved for oy = bo = 2,
a; =05, b, =02 and A, =460 Meo.

3. The Quark Structure of Hadrons in the QCM

Let us adduce the interaction Lagrangians for the mesons as two-
quark systems and the baryons as three-quark ones.
1. Mesons:

8
M .
Iy = S MaTacdig 26
M \/ii::l I mAg ( )
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Here M; is the Fuclidean fields connected with the physical ones in
a standard manner {23]; X; (i=1,...,8) are the Gell-Mann matrices () =
\/— I); T'm are the Dirac matrices:

4 for pseudoscalar mesons P(ar, K,nn");

4* for vector mesons V(p, K*,w, ¢);

445 for axial mesons A{a;, K1, fi);

I—iHg8/A, for scalar mesons S (@0, Ko, fo, ). The necessity of intro-

ducing the a.ux:lhary term with a derivative to the scalar qua.rk current
was established in detail in [16].

Mixing octet-singlet angles are defined as

uu-i— dd

(n',w,€) — cos ép( ) — (3s) sin 6p

dd
(7,7, fo) — —sin Jr(mf'vf } — (38) cos ¢
6y = 0r — fpr; 6ir = 35° is the ideal mixing angle. The mixing angles of
pseudoscalar and vector mesons are chosen to be equal to §p = 46° and

by = 0°, respectively. The scalar meson parameters §s, Hg and m, are
supposed to be free.

2. Baryons:

The three-quark currents with baryon quantum numbers must be
symmetrical with respect to permutation of all quarks There exist two
independent three-quark currents for a baryon octet 1 . Therefore, the
interaction Lagrangians can be written in the form:

_ Lp = Lpr + Lpv, (27)
Lpr = gprBJsr + hoc. = igg;B;-‘R’f";j‘J’ J‘q_n 9% G e ™™ + h.c.

Here, I =T,V j = (a,m); a;, a;, m; are the colour, spin, flavour indices,
respectively.

k —};ED ! %Ao §+ 0 P
_E— :U __2_A0

is the octet baryon matrix.

g=1 4 is a set of quark fields.

12



The matrices B3 on be written in the following forms:
I g

R’I'-j’j‘ dada E’ﬂ'ﬂzﬂ{sgaat 6’7""11(075)“203611"‘3 + (28)
+ 6(15)0‘&1 6mm1 Caga; b‘n-mg —

_ %(Uuu,YS)aa; 6mm1 (CO"’W )a;a-s gnms +
+ (A (Com ) ),

Rydih = ghminfagengmm(Gafymesgms _ (39)
—  2(y°)rgmm goana goms _
= ()T Oy
— G Oy s
(AT (O ) X Y
There is the only interaction Lagrangian for the baryon decuplet:

— Tkikak m ay a a3 a:
LD - 39’DD,;, ! 3ramumﬂ:qalhlqazgkgqn;kgsal a3 + h.C., (30)

" where

Pimaras = 7 (OP)% — S(3) (Comymer,

Dlll — A++, D112 — %A+’ D122 — %AO, D222 — A_,

1 1 1
D113 ):w+1 D123 E*U, D223 2*—;
\/_3 \/—6 \/_3

D133 — i::o D233 _ 1 —*— D333 — Q-.

Vi D=

The field D,(z) satisfies the Rarita-Schwinger equation with the auxiliary
conditions:
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¥*D,(2) =0, D, (z)=0.

One has to note that these baryon quark currents coincide with those

that have been used in the QCD sum rule calculations [25] if they are
written in the isotopic components.

The electroweak interactions are introduced in a standard manner:

G
Lem = eAu‘iaQ‘Y#Qat Lyear = T;IMQaJ'T“(l - 75)‘1a s (31)

where A, is an electromagnetic field and [, is a lepton current.
Q = diag{2/3,—1/3,—1/3} is the charge quark matrix;

0 0 0
J=4 cosb, 6.0 is the Cabbibo matrix.
sinf, 0 0

The coupling constants gg(H = M, B, D) are determined from the
compositeness condition Zg = 1 + 3g%/(4x)[I}(mg) = 0, where 1T},
is the derivative of the hadron mass operator defined by the diagrams,
Fig.1a, for mesons ard, Fig.1b, for baryons.

Kep

1. Mass operators:
a) two-quark diagram,
b) three-quark diagram,
c) quark-diquark diagram.
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The interaction Lagrangians (26), (27), (30} and (31) allow one to
describe hadron interactions from the unique point of view. One has to
emphasize that both the static hadron characteristics as decay widths,
magnetic moments etc., and the momentum dependences of physical ma-
trix elements as form factors, phase shifts etc., can be obtained in the
QCM.

As has been mentioned above, the confinement function G(z) and di-
mensional parameter A (see, (25)) are free model parameters which have
been defined by fitting the well-established experimental data (see, Table
1). One can see there is good agreement with experimental data. It is
interesting fo consider the limits of zero masses the limits for the values
shown in Table 1. One can see that in this case the well-known low-energy
relations as the Goldberger-Treiman relation, the p-universality hypothe-

sis, the relations between g,.., and f,, Gryy a0d gy are reproduced with
an accuracy of 4-5 %

Table 1

The main low-energy values
Process Observable QCM

value Fit |  Zero masses Expt. [23]
T — v fr 3.53A,/(47) =

Mev 132 129 132
Py Gy 1.07/(2x) =

0.18 0.17 0.20

70—y Jxvm 0'96\/5/(4”2.}(1) =

Gev™! 0.260 0.266 0.278
W — Ty Forxys 2827 Gy =

Gev™! 2.10 2.36 2.54
g Gorn 6.0 /gy = 5.9 6.1

The auxiliary free parameters Hg, 65 and e-meson mass m, charac-
terizing scalar mesons in our approach were defined by fitting the experi-

mental data on the w7 and 7y-scatteting and scalar meson decay widths
[1€]. Tt was found that Hg = (.55, 65 = 17° and m, = 600 Mev.
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In this paper, we will use the same parameters for describing baryon
physics.

4. Quark-Diquark Approximation of the Three-Quark
Structure of the Octet and Decuplet of Baryons

The idea of the quark-diquark approximation of the three-quark struc-
ture of baryons is based on the symmetry of the SU(3)-baryon quark
currents with respect to the permutation of all quark fields. Effectively,
only one quark interacts with other fields due to this symmetry and the
other two quarks can be considered as a hard core, a diquark.

This picture is realized in the following way by using the Feynman

diagram langauge. The subdiagram corresponding to the independent
quark loop

d*k "
3 .

is given off the diagrams Fig.1b and Fig.2a describing mass operators and
baryon vertices, respectively, due to such symmetry. Our main assump-
tion consists in that the diagrams in Fig.1b and Fig.2a can be changed to

LA

2. Baryon vertex:
a) three-quark diagram,
b} quark-diquark diagram.
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the one-loop quark-diquark diagrams in Fig.1c and Fig.2b, respectively,
according to the rule

d*k
[ 55 [snsemmte-n— @

&'k -
— f e f do,T; Sy(k)T, DI 2 (p — k),

d*k
fm/daurlsu(k -— q)I‘Sv(k)I‘ZHtI,HI‘z(p _ k) —
= [ [doliSu(k— L. (MraDit(p - k),

whete DI'T2(p) is considered to -be a propagator of a diguark in the
vacuum background fields:

drj_l‘g
vZAL — k2 (34)

Here the additional parameter Ap characterizes the diguark confinement

region. The parameters d'1'2 are chosen in the forms convenient' for
calculations:

DT (h) =

dF = Cpp, d%%=Cgs, &V =Cyyg™, d*" =0, 0™,

dTT = C’TTgW-‘gVﬁ, dAP = —d.PA = CAp(ik#),

dVT — _dTV — CVT(ikag“'G - zkﬁgm) )

where Cr,r, are numerical coefficients. One has to remark, this gquark-
diguark approximation can be used for the description of both octet
and decuplet of baryons. The general requirement to this approximation
consists in that it should not break the Ward identity between the baryon
electromagnetic vertex A,pp and mass operator & a(p):

8

@EB(P) = Alss(p.P) .
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This requirement with taking into account the compositeness condition
- Zp = 0 gives us the following identity in the case of baryon octet:

g5 Fro(p) + gsvger Fvr(p) + ghv Fyv(p) =0 (35)

for any momentum p. This means that the following conditions should
be performed simultaneously:

Frp =
Fyr =
+
+
Fyy =
+
+

d*k
[ 55 [ 40.365.(K)DI(p — k) + 36°5,(k)y* DES(p — k) —
3gllu758w(k)aaﬁ75DTT (P _ k)] =9,

vipv,af

d{
[ 5 [ 018,00 D7 (0 ~ k) — 24975,k DE(p - )
65, (k" DI (p — k) — 64"S, (k) DAP(p — k) +
30“’3758‘,(.3:)7“‘751)&2&“(;1 --k)—

3v44% S, (kYo Py* DYT (p— k) =0,

vipaf

d*k
[ 5 [ 404D (p k) 4+ 495, (k2" DS (5 — k) +
25u (kv DA (p — k) - 298, (k) DR (p — k) —
TSy Dyl (p — k) +

3y S (kW4 DYV (p — k)] = 0.

2

It turns out that there are no solutions for arbitrary gpr and gpv
because the identity Fyr = 0 cannot be satisfied by any choice of Cr,r,.
In particular cases, when either ggr # 0 and gy = 0 or ggr = 0 and
gsv # 0, the parameters Cr,r, are defined uniquely

1, Ty=T,=S5,P,A,
1/3, I) =T, =V,

2, P] = rz = T,

0, T,=AT,=PF.

Crr, =
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In other words, the quark-diquark approximation of the three-quark
structure of baryon octet can be performed for tensor and vector three-
quark currents, independently. The preliminary consideration of a nu-
cleon physics in the framework of this approach [17] has shown that the
tensor current is more preferable from the point of view of the best de-
scription of experimental data. Therefore, we will use only the tensor
current in this work.

The Ward identity does not impose any restrictions on Cr,r, in the
case of the baryon octet. Thus, we have only two free parameters Ap

and Cyr. Their numerical values were defined by fitting experimental
data and turned out to be equal to

3
AD = 827.7M€‘U, . CVT = 4—

5. Basic Properties of Baryons in the QCM

Let us discuss the numerical results obtained in our approach for the
basic baryon characteristics. We have calculated magnetic moments of
the baryon octet and of D — B +y-transition, electromagnetic radii and
form factors of a nucleon, the ratio of the axial and vector constante in
the nonleptonic decays of a baryon octet, strong meson-nucleon constants
and decay widths of a baryon decuplet.

Electromagnetic baryon characteristics as magnetic moments, radii
and form factors are defined by the triangle diagram, Fig.2b, and reso-
nance one, Fig.3, taking into account intermediate vector mesons V =
P, w. '

The matrix element corresponding to the process B —+ B + v on the
baryon mass shell is written in the form

M(B — B +7)

e Au{Fo(ma, & )tr{ B1,(Q, B} -
" F\(mp, ¢*)tr{Ba**q,Q, B]} —

2mpg
1

- Fy(mg, ¢*)tr{Be*q,{Q, B}]} ,

13



3. Electromagnetic vertex with p and w resonances.

¢ 05

Q?, GeV?
4. Nucleon electomagnetic form factors.
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paere 0 = 300" = ¥9", 1Q,B]=QB-BQ, (0.5} — 0B+
BQ. Here, Fo(mp, %) is electic form factor of the baryon octet normalized
to unity Fo(mg,0) = 1. Fi(mp,q¢?) and Fy(mp, ¢*) are magnetic form
factors. In the QCM the form factors Fimp, %), i=1,2 at the point
4" = 0 are represented as

F1(mB,0) = gi(i"::;;, Fz(mB,O) = ’;::_((Z% N

where

_ 1 al — Q)“(“"B)
Po(ms) = | T alho/Ag 1)

[ 40 (1= @)(2/3 — aa(ws)
F(ma) = f TR vy e DX

1 (1 — @)a(wp)
o) = | T al(Bo/A) T

___ mpa(l —q)
T+ a((Ap/A,p =)

The magnetic moments of baryon octet
Fy in a standard manner:

Wy =

are expressed through F, and

1+ Fi(m;,0) + {1 Fy(my,0),  j=p u+

—23Fy(m;,0), J=n,2°
H; = *1--1 - F1(m_,',0) + %Fz(m,-, 0), ] = E;, =

st(mj,O), .7 =X

Z1R(ms,0), =

The magnetic moment of the transition £° — A% 4 is written as

@3(‘"120,111‘\0) Mo

i ( myo + )
BOAD = ] A j—=
A 21/3§n(mgﬂ)§0(m1\u) Mo Mmge

where

1

f (1 - a)a{wso u)‘
@3(mgo,mAn) = Ofdafdﬁmy

0
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al — a)(fmgo + (1 — B)mio)
1+of(Ap/Ag)? — 1)

One has to remark that the magnetic moments of a baryon octet satisfy

the SU(6)-relations when the baryon masses are equal to one another:

Wgope = —

"2
Hp = Ho+, Hn = fize = _Enup)
1
Hu- = HE- = g = _glu'p:
1 1
ige = — = —p,.
jigo sﬂ'pr HEop0 \/ﬁ“p

The nucleon electromagnetic form factors are parameterized as

2
GR(@) = FM@) ~ = FA(@),

GN(QY) = FNQ% + FR(QY), @*=—-¢*, N=pn

3

where

QY = Fo(mx. Q%) FH(Q?) = Film, Q%) + ; Fy(mw, Q7).

The experimental data are described quite accurately by the empirical
dipole formula

~ 2
BN Q*  pa ~ D@,

where )
Do) = 1+ (Q*/0.71Gev?)2

The electromagnetic radii are defined as

2B _ L (GF(0)Y 2 E_ _pr B o
< "p > = 6 GE(O) ) <Tn >o= G(Gﬂ(o))
G (o))
<l M ——6( N ‘
i G¥(0)
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The magnetic moment p* of the D-B-transition is defined by non-
diagonal matrix element of the operator of the electromagnetic current

between the baryon octet B and decuplet D states. The matrix element
of this transition is writen in the form

3 _
M(D—B+7y) = f%Bf(P’)'rs(v”Vi(ma,mD) +p,Va(mg, mp))

P

(@)X D™ (p) Fu (g)e™™,

where F.(q) = ¢.A.(q) — 9.A,(g), Vi and V; are the vertex functions
defined by a very cumbersome formula so that they are not shown here.

The magnetic moment of the D-B transition is defined by the following
formulae:

1 /mp Mmp
* = w2 v 34 B
Hpp mp { 1(mp,mp)(3 + D) +

3
)}
It is convenient to represent the quantity u},g in the form

. 2v2
tips = Cpp 3
where p,, is the proton magnetic moment.

The obtained results are shown in Table 2. One can see, there is only
a qualitative agreement of our results with experimental data. It has to
be remarked that the numerical values of magnetic moments are closed
to the SU(6)-model predictions.

The dependence of the electromagnetic nucleon form factors on the
square of space-like momentum Q? = —¢? in the interval 0 < Q? < 1Gev?
is shown in Fig.4. One can see, there is only a qualitative agreement with
the dipole formula.

The semileptonic weak decays of the baryon octet B' - B4 e+ &

are described by the triangle diagram in Fig.2b. The matrix element is
written as

m
+ 2Vy(mp,mp)(1 — B
mp
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Table 2

Electomagnetic characteristics of baryons

Process Observable Expt. SUg | QCM | Other

value (23,27 approaches
[27)-[29]

Hye 2.793 3 | 3660 [2.79

P—py g, fm 0.86240.012 0.682 | 0.810
r¥ fm 0.8584-0.056 0.560 | 0.810
fhn -1.913 -2 |-2.440 | -1.86

n — ny <rl>F  |-0.11740.002 -0.162 | -0.130
fm?
M fm 0.876+0.070 0.560 | 0.810

Bt — Bty [ e 2.42:+0.05 3 |3.727 [ 2.68

20— 2% | g 1 | 1.242

"% |pg- -1.15740.025 | -1 |-1.243 [ -1.05

A° 5 A% | e -0.6131+0.004 | -1 |-1.230 | -0.58

B0 o A% | pgogo 1.61£0.08 | /3 | 2.217

2o Ey | ps- -0.69+0.04 | -1 [-1.271 [ -0.47

2o E0 | peo -1.2540.014 | -2 [.2539 | -1.40

AT — py Ca+p 1.25+0.2 1 1.17

A - ny Cas, 1.254-0.2 1 1.17

T 5 Ty [ Cgergs -(1.25£0.2} | -1 | -0.94

0% - X% [ Cgugeo 0.6340.1 0.5 | 0.47

T o A% | Cgeopo -(1.08+0.17) | -3 | .0.87

=0 5 E% | Cgeze -(1.25£02) | -1 | -0.89
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M(B'>B+e+i)= %IP(Q)B'@')A’;":.(F, P)B(p) =

G
= %lmeak(mB!mB'!qz){F: + ﬁ[(l - a)F: + QD:]} =

G _
= TQFmak(mB,mBr,q’)wy [v*Gv — v*+*Glys |

where
FI = tr(B"Yn[Jv B])1 F: = tr(B"Yp“ﬁ[Jv B])!

Rl =tr(Bun{lBY), B = —tr(Ma).

Here, Fyear(mp, mg, 0) is equal to

Fweak(mB,mBr,U)z §4(mB’mB') ( /mB + }mB:)’
2\/@0(17!.3)@0(7113,) mpyg: mp

oy [ faa ol = a)a(wsg )
®,(mp,mp) = fdafdﬁl n
1] 0

where

o((Ap/Ag)* ~ 1)’

ol — a)(Bm}, + (1 — B)m})
1+ af(Ap/Ag)? ~ 1)

The obtained results are shown in Table 3. It has to be remarked that
the numerical values of the ratios G, /Gv and parameters a and B coin-
cide with the SU(6)-model predictions. Thus, there is only a qualitative
agreement of our results with experimental data.

The strong meson-baryon interactions are described by the diagram

in Fig.1b. The vertex functions can be written in the following way on
the baryon mass shell.

1. The Meson-nucleon form factors.
a) Pseudoscalar mesons P(x, 7,7'):

Wpp = —

Apnn(®) = Trin®Gpyn(d?) Ty =T T,=T,=1.
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Table 3

Weak coupling constant ratious

Process Observable Expt. SUs | QCM
value [23}]
n s peb G4/Gy [[-1.259+0.004 | 5/3 | 5/3
A’ o pep Ga/Gy -0.696+0.025 | -1 |-1
E" —vnev | 1G,/Gy] | 0.36£0.05 | 1/3 |1/3
ST A%es | Gy/Gi | 0.25%0.05 |-1/3[-1/3
37 — new Ga4/Gy 0.01+0.10 0 |0
Z7 - B%p G4/Gy -5/3 | -5/3
Z0 - I+ep G4/Gy -5/3 | -5/3
I} -1.2591+0.004 | -5/3 -5/3
B a 0.6640.07 | 3/5 | 3/5
Table 4
Strong meson-nucleon constants
- i Glnn(0)/(47)
Vertex QCM | Other approaches(30]
NN 12.32 14.08; 1428 4 0.018
nNN i1.21 3.67; 50
7NN 7.99 i 3.77;  4.23 N
agNN 0.98 1.62; 1.16
NN 13.93 4.56; 8385
NN 042 0.41; 055+ 0.06
(F/G=5.1) (F/G=6.1) (F/G=6.1 +0.6)
wlNN 3.78 10.6; 57+20
(F/G=0.22) (F/G=0) (F/G=0)
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b) Scalar mesons S{ag, €):

Aswn(q®) = TsGenn(g?) T, =T, T, =1

¢) Vector mesons Vip,w):
i
Avan(g') = Ty {v*CGvan(e) - amn . aFvwn(e)}

T,=r7, T.=1.
2. DecayD—+B+7r

Nnole?) = ¢ F22(0)

The numerical values of the Gunn(0)/4r and Fvan(0)/Gynn(0) are
shown in Table 4. It also shows the results of phenomenologica.l ap-
proches [27,30]. One can see, the results for the TNN-, pNN-, wNN- and
aN N-form factors obtained in the QCM coincide with the phenomenolog-
ical ones. The vector meson-nucleon constants are connected by SU(3)-
relations and are immediately defined by the coupling constant of vector
mesons with quarks gy and nucleon magnetic moments;

Glyn(0) g2
NN 9y
=g GwNN(O)/GpNN(O) =3,

zero. We have
LEff = GpNNN'T“FNﬁy + Gm(j"y“‘}'qﬁu + Gﬂ,p‘rja“xkgijh s
where

G,NN = G'p“ = Gpuy = I/Qm =7,

(Here, we accept a standard notation for the effective coupling constants
instead of ones used in our model: G, = 9,/v/2 and Gopr = Goxn/2.)
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Table 5
Decay D — B + 7 widths

Processes Expt.[23], | QCM,
T['(Mev) I'(Mev)
At p+xt [ 111.540.87 111.6
At p+4 a° 76.110.46 74.4
At o n j ot 36.840.22 37.2
A%, p+x 38.340.23 37.2
A 5 p 4 g 76.7-4+0.46 74.4
AT —sn4 - 116+0.69 111.6
0, =0 + %0 3.26+0.2 4.66
=0 L= gt 5.54140.25 8.05
7 - E +x% | 3.00402 4.32
— B0 4 g 6.56+0.4 9.94
nt Al +xt 30.840.61 35.67
Tt Bt 4 40 2.34+0.046 2.69
Tt 5 300 4 xF 1.940.04 2.43
I 1.8640.037 2.14
50 _, o+ + 2.31+0.0458 2,77
N0, A0 + 70 30.84+0.51 36.15
Y > A% x 13524071 | 3761 |
BT Xl - 2.44-0.048 2.75

—
(=]
—
=l ]
(=1

This result is in complete coincidence with the p— universality hypothesis
and the prediction of an effective gauge field theory [31].

The decay D — B + x width is calculated according to the formula:

GiBD(mfr) mg, p* 3 Egp
( ) T 12x (mp)(m,)(l mg)’
where

b = y(md — (mp + M2} mp — (mp — m, J?)

sz ’

7 _mh+m} —m?

2mD
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are the baryon moementum energy in the c.m. system. The results are
shown in Table 5. One can see, our results are in a quite good agreement
with experimental data [23].

Thus, the quark-diquark approximation of the three-quark structure
of a baryon, in which a diquark is considered to be a hard core, correctly
reproduces the baryon inner structure at low energies and allows one to
describe most of the baryon properties from a unique point of view.

In future, we plan to use this picture for the description of more

interesting processes of baryon physics as the baryon nonleptonic decays,
photoproduction of # and 7 mesons on nucleons,

NN-scattering phase
shifts, etc.
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Appendix

To demonstrate the calculational technique in the QCM, we calculate
the meson mass operator and the baryon vertex.

The meson mass operator is written as

d'k 1 1
nhts p) = j—;jda'.,trl‘ - T =
® =] i Ty gy
By using the Feynman o -parametrization one can obtain

M) = [da [ o,

Here

1
R(v,a,p) = tr[y?A'T1T; — a1 — a)[34T55 ~ %A:I‘n“I‘z-ya] +
'{""UAQ(I — a)FIﬁI‘; —_ arll‘;ﬁ] .
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Recalling the definitions of the confinement function G(z), we have

o

fduu. f do, T A(a f u(u + A(a))b(u + Ala)),

o

fduufda,,m—im = ]Ddub(u + A(a)),
fduuzfdaum = Z]Bdub(u + A(a)),
where
Aa - =)

A

Using these formulas one can obtajn

A
Hrlr’(?) tT[B1 (s)(T:Ty + F17 F:‘Ya)+

+- Bo(s)(Pzrrz

q

A + 231‘17“112‘1&) + Ag(.’)(rlrz Pgrl)‘?—I,
A‘l’

2

Here
By(s) = 7duub(u) - a’j‘duub{——us)\/l_—:;,
By(s) = ]odub(u] + sjdub(-us)\/lw\u(l + %),

Ap(s) = ]odua,(u) + sjdua(mus)m.
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The baryon vertex is written as

Ar(p, p") = d"" T, T (p, p')T5,

dik 1 1 1
T ,’= I d,, = P ~ .
W)= [ f oA —k+q vAy— kAL (po k)

Making use of the Feynman a-parametrization, one can obtain

Tr(p,p) = jd"“ Iduujd% [vfiu;?gfg)]s'

dp, = 2d%a6(1 — @, — ay — ag).

where
1
F(a, u, p'p') = —I7ar7uu +
1 #1I'+ TFy  #T'%,
I'v? )
+1+a((ﬁg)=—1)( vt ta)

fy = 13'(1 - ﬂz) - f’am fa = f’(l - C!s) - ﬁ'az,

1 12 2 2
A(a) = _1 + a(((AD/A,))’ _ 1)(? a0 + P 0y + q a:“!)-

Recalling the definition of the confinement function we have

7 v? _ A(a)
Djduujdcr., TR T AP = s KA,

]?d.’uu’ jda,, " tu :_ A /ufdub(u + Aa)),

7 1 1,
6[ duu [ do, e A = 2HAE@)
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G] du f dovis +ui e %a(A(a})

So, the final results is written as

Y Afa)
Tr(p,?) = —%[ f dub(u) — f dpta f dub(u)}y*Tv, +
1 dfia # I+ Try
t 2l T/ m AN TR

+ HA@)(-A)r + )
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