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Effective quark model with chiral U(3)xU(3) symmetry for baryon octet and decuplet

A. N. lvanov** M. Nagy, and N. I. Troitskaya
Institut fir Kernphysik, Technische Université/ien, Wiedner Hauptstrasse 8-10, A-1040 Vienna, Austria
(Received 19 August 1998

We suggest an effective quark model for low-lying baryon octet and decuplet motivated by QCD with a
linearly rising confinement potential incorporating the extended Nambu-Jona-L&EiNiil) model with
linear realization of chiral(3) X U(3) symmetry. Baryons are considered as external heavy states coupled to
local three-quark currents with fixed spinorial structure and to low-lying mesons through quark-meson inter-
actions defined in the ENJL model. In the constituent quark loop representation we have calculated the
coupling constants of theNN, 7NA, andyNA interactions and the .y term. The obtained results are in
reasonable agreement with experimental data and other effective field theory approaches.
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I. INTRODUCTION respectively. The former agrees with the structure of baryon
quark currents suggested by loffe6], Pascual and Tarrach
It is well known that low-energy properties of low-lying [17], and Reinders, Rubinstein, and Yazgk8].
mesons and baryons can be suitably described by phenom- This paper applies the dynamical constraints on the struc-
enological chiral Lagrangians in the tree approximationture of baryons obtained in Reff14] to the construction of
[1-4]. The step beyond the tree approximation has bee@n effective quark model for the description of low-energy
done by Weinberg5] and then systematized by Gasser andnteractions of the baryon octet and decuplet coupled to low-
Leut- lying mesons. According to these dynamical constraints im-
ler within chiral perturbation theortCHPT) [6]. The ap- Posed by a linearly rising interquark confinement potential
\FIJVI)i/cation of CHPT F:o the descriptiongﬁt)f Io-l\;)v-[ly]ing bary%ns [14] the spinorial structure of the three-quark.currents Sh‘?P'd
coupled to low-lying mesons showéd,g] the necessity of be defined by the products of.aX|aI-vector diquark densities
the consideration of the baryons as very heavy states and tﬁgd a quark field transforming unde8U(3)¢xX SW(3).

development of largg, the baryon mass, expansion. The 9"0up as (6,30) and (3 ,3,) multiplets, respectively. This

numerous applications of this approach have been done lows us to construct the three-quark currents with quantum
Bernardet al. and collected in the reviey] umbers of the baryon octet and decuplet in the following

The success of CHPT had inspired the development Of[orm [14-18:
different approaches to the description of low-energy inter-

actions of low-lying hadrons based on the effective chiral
Lagrangians derived within the extended Nambu-Jona-

n(X) = — e[S (X) ¥#u;(X) ], ¥°di(X),

— ke 5
Lasinio (ENJL) model [10] motivated by QCD with a 7s(X) = e U% (%) y*uj ()] v, 77sk(X),
nonlinear [11] and linear [12] realization of chiral 5
U(3)XU(3) symmetry. The relation of the ENJL model __ \ﬁ ijkgry,c Le. 5
with linear realization of chiralU(3)xXU(3) symmetry to 74(X) 3° {[u500 750017, 7°d(X)

QCD with linearly rising confinement potential has been

shown in[13]. The properties of octet and decuplet of low- —[d%(x) ¥*${(x)] 7, 7°uk(X)},

lying baryons within QCD with linearly rising confinement o

potential have been investigated in Rdf4]. There has been 7]E(X)=s'Jk[Sci(X))/“Sj(X)]yﬂysuk(x), 1.1
shown that these baryons are only three-quark s{di8k

this means that they do not contain the contributions of h(x) = e T[S (%) 7u; () Tug(x),

bound diquark states and so on, the spinorial structure of

quark currents of which is defined as products of axial-vector 1 .

diquark densities and a quar5 field transforming .under the ,,g*(x): \@s'Jk{Z[uci(x)y“sj(x)]uk(x)
SU(3); X SU(3). group as (6,3.) and (3,3;) multiplets,

+LUS(X) YU () Is(X)},
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wherei, j, andk are color indices, theg®(x) =q(x)"C and ~ 9ana/9znn=2 in agreement with both experimental data
C=-C"=-cC' is a matrix of a charge conjugatiofi,is a and other approachd8]. In Sec. Ill we calculate the cou-
transposition. pling constang,y, of the A—N+ y decays. In Sec. IV we

In our approach baryons are external heavy stfeg  calculate chiral corrections to the mass of the proton related

coupled to three-quark currents defined by E@sl) and 1o theoy term of thewN scattering and estimate the value

(1.2) as of the o\ term. In the Conclusion we discuss the obtained
results.
1 — —
_ ++
Lin(X) = Eng(X) () +0gA, T (X) A(X) +- - - +H.c., IIl. gnn AND g,na COUPLING CONSTANTS
1.3 The coupling constan .y Of the wNN interaction we

wherep(x) andAZ*(x) are the fields of the proton and the define by a phenomenologica’pp interaction(20]

A resonance, respectively, the ellipses denote the contribu- 0Py — iy )i A5 0
tion of interactions of other components of octet and de- Leir " (X)=gmunl POOTY PO (), @
cuplet, gg is a phenomenological coupling constant, and ayherer°(x) is the 7°-meson field. The pion fields couple to

factor 1A/2 is introduced due to a nonrelativistic quark cyrrent quark fields through the interactidi<]
model with SU(6) symmetry[19]. We should emphasize

that in our consideration th& resonance and other compo- 0 Ormgq,— .. s — o
nents of the decuplet are the Rarita-Schwinger fields obeying £ 9(X)= 2 [u(x)iy>u(x) —d(x)i y>d(x)]7"(x)
the subsidiary conditions

&MAM(X):,YMAM(X):O, etc. (14) +gwqq[U(X)i’ySd(X)]W+(X)+H.C. (22)

Two low-lying mesons baryons couple through quark-mesorf € quark-meson coupling constagiqq= V2miF, [12] is
interactions induced within the ENJL model with linear re- 9iven in terms of the constituent quark mass-330 MeV
alization of chiralU(3)x U(3) symmetry[12,13 and the PCAC constafiy=92 MeV calculated in the chiral
1 . 0
The paper is organized as follows. In Sec. Il we calculatdimit [12]. The effective Lagrangias 7;"P(x) defined by the
the g,y @nd g,na coupling constants. We find the ratio interactions(1.3) and(2.2) reads

2
f d4ng§PP(x)=—(g;%q)<%)fd4x d*x; d*x, 0(X5)

X PO)(OI T{ () U(XR)i ¥2U(X2) = d(X2)i ¥2d(X2) 1 n(X1) }O)P(Xe), 23
whereT is a time-ordering operatomy(x) = £15d; (x) v, 7°[u;(x) y"ug(x) ], andu®(x)=Cu(x)".

By applying formulas of quark conversi¢ti?] (lvanov) we can represent the right-hand si@RHS) of Eq. (2.3 in terms
of constituent quark diagrams. In the momentum representation they read

2 4y, A4 4y, A4
J d4X£gf$pp(X):—g( gwqq) (%) f d4xf d"x,d"p; d"x, d p2e—i(x—Xl)-ple—i(x—x2)~p2ﬂ_0(xz)
ko

V2 em*  (2mn*
d*k; d*k,— 1 1
X D X) M A5 _ _ _ —j 5 _ _ _ Va5 X
J 2 PO Yy Rk pipy Mkt P(X1)
Xt ! ! (2.9
nN———v,—/— = . .
m+k17 m—Kk, Vu

The calculation of the momentum integrals representing conmove the imaginary parts of them and suppress by this the
stituent quark diagrams should be carried out keeping onlgppearance of quarks in the intermediate states of low-energy
the divergent parts and dropping the contributions of thehadron interactions. This naive description of confinement
parts finite in the infinite limit of the cutoff. Such a prescrip- has turned out to be rather useful for the derivation of effec-
tion realizes a naive description of the quark confinementtive chiral Lagrangian§10—12. As has been shown in Ref.
Indeed, dropping the finite parts of quark diagrams we ref13] this prescription can be justified in QCD with a linearly
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rising interquark confinement potential. Thereby, within suchsource(the proton is surrounded by a cloud of liglialmost

a naive approach to the quark confinement mechanism omaasslessparticles[9]. This resembles completely the meth-
can bridge quantitatively the quark and the hadron level obds used in heavy quark effective thed®QET) [21].

the description of strong low-energy interactions of hadrons. Thus, keeping the leading order in larlyey expansion
The cutoffA, =940 MeV, having the meaning of the scale we reduce the RHS of Eq2.4) to the form

of spontaneous breaking of chiral symmetry (&8, and
the constituent quark mass=330 MeV [12] can be con-
sidered in such an approach as input parameters and fixed
one-loop approximation via the experimental values of the
pm coupling constang, and the leptonic pion constaht, 97qu d*x, d*p; d*x, d*p,
[12]. Thus, we should accentuate that in the effective quark =~ 5 J J (2m)° (2m)°
models based on the NJL approach, or equivalently QCD

d4x LT pp(x)

with a linearly rising interquark confinement potentiaB], ><e—l(x—xl>-ple—l(x—X2>-pz7-, (X5)

qguark diagrams lose the meaning of quantum field theory

objects and only display how quark flavors can be transferred d*k, d*k,— E)l s p1 5

form an initial hadron state to a final hadron state in hadron- f 5 —IO(X) Wl Y =5 7"y |P(X1)
hadron low-energy transitions. The coupling constants of m’ N N

such transitions, described in terms of divergent parts of 1 1

quark diagrams and depending on the cutoff, xtr[ — Y, yM] (2.5
=940 MeV and the constituent quark mass-330 MeV, m+ky  m—k;

can be expressed in terms of phenomenological coupllng?_
constants of low-energy hadron interactions given by effec he replacement of the constituent quark Green'’s function
tive chiral Lagrangian§4]. -

For the computation of the momentum integrals we as- 1 _}_& (2.6)
sume following Jenkins and Manohi@] that the proton is a m—k,—k,—p; M 2 ’
very heavy state and its mass is much larger than other mo-
menta in the integrand such @§=M3%, whereMy is an  agrees with the heavy barydi8,9] and HQET [21] ap-
averaged mass of the baryon octet. For numerical estimatgsoaches. Indeed, in accordance wig9] and HQET[21]
we set belowM =940 MeV. In this picture a very heavy we obtain

1 ~ mtkgtketp, m+Kk,+k,+p;
m—k;—k,—p; m?—(k;+k,+p;)2—i0 M2 +2(kq+kp)py— P+ (kq+kp)2+i0

1 (m+ky+ko)/My+04

= —_ — R ] (2'7)
MN 14 2(ky+ko)v 1 /IMy—m2IMZ+ (kg +kp)2/MZ+i0

where we have sepy=Myv4{ [8,9,21. In the case ofm initial and the final proton fields. For convenience we would
=My and in the limitMy—« [8,9,21] we arrive at the call this third quark a spectator. The main problem of the
well-known expression for the Green’s function of a heavycomputation of the momentum integrals such as those of Eq.

baryon(or a heavy quark in HQET21]) [8,9] (2.4) is in the overlap of the virtual momenka andk,. The
former makes rather complicated the computation of the mo-
1 1 mentum integrals. Therefore, the choice of variables should

e ——— S - help to disconnect the momenka andk, in the limit M
m—k;—ky—p1  My—ki—ky—Myv; —o. This can be reached assuming that the proton momen-

tum transfers itself from the initial state to the final one by
(28 the spectator. This factorizes the momentum integrals over
(ki +ks)vq,+i0 k, andk,. For the sake of self-consistency of the approach
we should use this choice of the virtual momenta, when the
In our casem< M\, therefore, in the limiMy—« [8,9)we = momentum of the initial baryon transfers itself to the final
arrive at the expression ER.6). one by the spectator, for any application of the model to the
Let us discuss the choice of variables in the momentundescription of low-energy interactions of the baryon octet
integrals of Eq{(2.4). These integrals represent the constitu-and decuplet.
ent quark diagrams with three virtual quark lines two of The result of the integration over momerktaandk, can
which are confined by the trace and the third is joined to théde represented in terms of the quark condengk2e

1+0,
2
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Now let us proceed to the computation of the coupling
constantg,na Of the w#NA interaction. The most general
form of the wNA interaction compatible with requirements
of chiral symmetry readf24]

After some algebra of Dirac matrices we obtain the effective

Lagrangian in the form

2
9 (£ (
\/E 812
—2

9 i y5p(0)7(x)

87T22
<

ﬁgf?"p<x>=6(

X 2
N
2m <5q>21— .
— 2 5 0
=982 P(X)iy>p(X) 7 (X).
3 FO MI%I
(2.10
This yields the coupling constagt .y :
2 m (qq)?
AN=U33 — : 2.1
g NN gB3 FO M2 ( :D

N

For the definition ofg.\y We have to include the values of
the coupling constangz and the mass of the nucledv
=940 MeV, since the leptonic coupling constaft,
=92 MeV, the constituent quark mass=330 MeV, and

the quark condensat@q)=— (253 MeV)? have been cal-
culated in (CHPT) from the low-energy dynamics of low-
lying mesong12]. The quark condensatgq) has been ex-
pressed in terms of the constituent quark masand the
SBxS scaleA , =940 MeV[12]:

d*k

o

2_ A2
AX m<In

1
m—k
2

A
X
”E)

(qa)=—

g

1672

a 472

: (2.12

whereN=3 is the number of quark color degrees of free-

dom. As has been shown in R¢fL2] the quark condensate
value(qqg)=—(253 MeV)® describes with an accuracy bet-

ter than 5% the mass spectrum of low-lying pseudoscalab

mesons for the current quark masseg,=4 MeV, Mgy
=7 MeV, andmy=135 MeV quoted by QCDH22].

Using the experimental value of the coupling constan
g.nn=13.4[9] we can estimate the value of the coupling
constantgg :gg=1.34x10 4 MeV 2. With an accuracy
about 4.5% the coupling constagy can be fitted as follows:

g _ngNN 1
5= il
gr A2

1.28<10°* MeV ™2,

(2.13

where g,=1.260+0.012 is the axial-vector coupling con-

_ gﬂ'NA_a uv a
= _ZMNA"(X)@ N(x)d,m(x)+H.c.,

(2.19

L)
WhereAZ(x) is the A-resonance field, the isotopical indax

runs overa=1,2,3,

A*T+AY 3
A*I\B+A

1

“:ﬁ( '

A++—A°/\/§) i (
1] AZ__

ATIB—A" N

V2

-

The nucleon field\(x) is the isotopical doublet with com-
ponentsN(x) =[p(x),n(x)]. The tensor®*” is given by
[24] @#Y=g"*"—(Z+ 1/12)y*y", where the parameteZ is
fully arbitrary. It describes therNA interaction off-mass
shell of theA resonance. The propagator of thefield is
defined[23]

A+

A0 (2.19

(O|T[A (X)) A (Xx)1]0) = —iS,,(X3—X,).  (2.16

In the momentum representati&),(x) reads[23,25

1

|~ gt
MA‘D( g

1 1

S;w(p): §7,u7v+§

Xy'“py_ ’)/Vp,LL +E p/.LpV
My 3 M3

: (2.17)

WhereMA is an averaged mass of the baryon decuplet. It can
e kept of orderMy. The Green’s function of the free
A-field Eq.(2.16 is related to the free Lagrangian given by

l[26]

Lign(¥)=A,(X)| = (I y*d,—M,)g""

1 i
72 VY17 9= M) vy |AL(X).

(2.18

stant describing the renormalization of the weak axial-vector

hadron current by strong interactiof3].

In the component form theNA-interaction Eq(2.14) reads
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£V =TT (0@ p(x0 8,7 (0 + - . A (O T{mECO[U(X2)i ¥°d(X2) I n(x)}0)

2M
§ (2.19 XPp(x) 7 (%) (220
The effective Lagrangiarﬁgf:pAH(x) defined by Egs.

(1.3 and (2.2 reads The computation of thg, y o coupling constant we perform

on-mass shell of thA resonance. The application of formu-
las of quark conversion represents the RHS of R0 in
f d4xﬁgﬁ*pA**(X):_ Yraq ngf d*x d*%, d*x,, the form of constituent quark diagrams determined by the
J2 momentum integrals as follows:

J
2 4y 44 4y A4
d4X£7T+pA++ X :3 m & d4X d X]_d pl d X2d p2e_i<x_xl)'ple_i(x_xz)‘P2

d*k, d*k,— _ 1
— A0 1Y’ ——————7,7°|P(X2)
(o | m_kl_kz_pl_pz m_kl_kz_pl
1 1
Xtr — —y* Tt (Xp). (2.2)
m+k;  m—Kk,

In the largeM y expansion due to the constraints Ef}4) the nontrivial contribution to the effectiveNA interaction appears
at first order in the pion momentum expansion. This contribution reads

2 2\ 2 /52 T\ 2
oAt Urqq|[ 98 | [87°)%(qa)*— 1| ,4m(ag)’|—
7T pA — qq9 9B - ++ Y — 2 ++ Mot
L5 (0 6( ﬁ)(%z) ( 3] Tz S 0PI 0 =g Gag e AT (0PGS0
(2.22
|
and gives thay, s coupling constant coupling constant, which we calculate below in our effective
. quark model by example the mode" —p+ y.
,4m {qq)? The computation of effective photon-hadron interactions
gﬂ'NA:gB§ F_o _Mz : (2.23 in effective quark models is a rather sensitive procedure de-
N

manding careful summation of all possible diagrams contain-
dng both pointlike photon-quark and photon-hadron vertices.

9.na @ndg. .y is definedg.na /g.nn=2. This agrees with " order to simplify calculations we sugogest to replace the
the experimental data and other effective field theory apderivation of theyNA interaction by thep"NA interaction,
proaches[9]. The parameteZ is left undefined, since we @S Photons in the d(gcayts—>N+ y are isovectors, and then
have computedy,ys on-mass shell of the\ resonance, [0 make a change,(x)—(e/g,)A.(x), whereg, is the

while Z describes therNA-interaction off-mass shell. pma-coupling constant, according to the vector dominance
hypothesis.

It is well known[4,29,3Q that the vector dominance hy-
pothesis is applicable not only to high-energy processes but
Assuming that the transitiolh—N+ vy is primarily a  mainly at low energies to the description of low-energy in-
magnetic ong27,28 the effective Lagrangian describing the teractions of low-lying mesons within the effective chiral

A—N+y decays can be defined on-mass shell of the Lagrangian approach4,29. For example, the amplitude of
resonance af7,2§ the famous decayr®— y+ y can be completely described
within the vector dominance hypothesis. Indeed, the ampli-

Thus, in our approach the ratio of the coupling constant

IIl. g,na COUPLING CONSTANT

. 9yna tude of the 7°%— y+vy decay defined by the Adler-Bell-
NA _ YNATT3 5 v
Le ()= |e2MNA#(x) 7Y NOOF#(x)+H.c. Jackiw anomaly read1]
2 _
=ie \@?TNAAZ(X)%YSP(X)FM(X)"‘ . o e?
N Alm—yy)=———.
87T FO
+H.c., (3.0

whereF#”(x) = g*A”(x) — d"A*(x) andA#(x) is the photon The same expression can be obtained via the intermediate
field, e is the electric charge of the proton aggy, is the  (p°+°) state, i.e.,m°— p°+w®— y+ 1y, by virtue of the
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direct transitionsp’— y and w®— y with the coupling con-  hypothesis can be readily applied to the description of the

stantsp?,(x)— (e/g,)A,(x) andw’(x)—(e/3g,)A,(x), re-  A*—p+y transition.

spectively[29-31: Since thep® meson couples to the quark current through
the interaction

A0 ) e e 3gp e e
T —=YY)= " Onpo = P
9,39, 87°F, 9,3, £7°95(x) = 2L [U() 7"~ 80X ¥ 600 %),
o2 (3.2
o 8’772F0.

the effective Lagrangiag 2 oAt (x) of theA*—p+p° tran-
Referring to this experiendd,29—-3] the vector dominance sition is defined by

2
f d'xLePt (x ):‘(%)(%) f d*x d*; d'; p}/(xo)

T OO T 7+ () [U(X2) Y"U(X2) — d(Xp) y*d(X2) ] 7n(X2) }O)p(Xy), 3.3

where 7/} (x) = K[ uS(x) y*u;(x)]dy(x). By using the formulas of quark conversipt?] (lvanoy) the matrix element in the
RHS of Eq.(3.3) can be represented by the constituent quark diagrams and is given in terms of the momentum integrals as

follows: o A
f d4X,Cp pA+(X)_ _( ) f f d*x; d*p; d*x,d* 4P2 '(Xfxl)'plefi(xfxz)'png(xz)
(2m)* (27)

d4k1d4k2— l 1
— —AS et 5 lnix
72 72 P meky—Kp—P1—Pa . M—ky—kp—py N P(x1)
1 1
U (3.4
m+k; © m—k,

Since we use a cutoff regularizatiph2], the derivation of the gauge invarigsNA interaction from the RHS of Ed3.4) is

not a straightforward procedure. In order to extract a gauge invariant contribution we suggest to make an arbitrary shift of
virtual momenta proportional to the four-momentymp of the p° meson. When applying then the larly, expansion and
keeping only linear terms in the®-meson momentum expansi¢h2] one can fix the parameter of the shift removing the
gauge noninvariant contributiof82]. The gauge invariant term turns out to be independent of the parameter of the shift and

reads ) — s
fd4xﬁppA+ o= 9% (%> (qa)
2\ \2/13) M3
xf d4xf By dxe e e~ (XX PrgTi(X=x2) P2A ¥ ()
2m*  (2m)* .
2 MV v\ A5 0
X My (P5 Y’ —P29*") v’ p(X1) p,(Xz). (3.9

OnA+
This yields the effective Lagrangiaﬁ”ﬁpA (x) N o J— (qq)
g, [\2 ,(qu)® e LH (0= ZMN{ 3 957 2| 84007 POOF ()
L8P 0 =i | 503 B (X)7,9%p(0 P (0 M3
\‘ MN +H.c. (37)

+H.c., (3.6
Thus, the coupling constaf,n, is given by g,na/dana

Where Fu(X)=0,p, O(x)— anM(x) Making then a shift —(J_/4)(F /m)=0.12. This ratio agrees with thBU(6)

p (x)—>(e/gp)A (x) caused by the vector dominance hy- predictiong.ns /g,na=0.14[33]. The agreement of our re-
potheS|s we derive the effective Lagrangian of t¢A in-  sult g, N /9, N a=0.12 with other phenomenological ap-
teraction proacheg27,28 is only qualitative.
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IV. o,y TERM Hellmann theorem
In this section we calculate current quark mass corrections IM p(mg)
to the mass of the protol , and theo , term, defined as Tan=Mo omy (4.2

wheremg= (mg,+mMyy)/2=5.5 MeV is an averaged current
quark mass amg,=4 MeV andmy=7 MeV [22]. The
calculation of theo .\ term has a long history34]. The
current magnitudes ofr, obtained on lattice are 40—-60
[35] and 50 MeV[36].

In our effective quark model current quark mass correc-
tions to the mass of the proton can be defined by the effec-
and related to these chiral corrections through the Feynmartive Lagrangian

o n=Me(p|[u(0)u(0)+d(0)d(0)]|p) (4.1

2
fd4X5ﬁgf?(X):mo(%)fd4Xd4X1d4X2p ){O|T{ () [U(Xx)U(X2) + d(x2)d(X2) 1 7n(X1) }HOYP(X). (4.3

By using the formulas of quark conversifit?] (Ivanoy) the matrix element in the RHS of E@t.3) can be represented by the
constituent quark diagrams and is given in terms of the momentum integrals as follows:

4 4 *
gB)J deldpl —|xx)P1jm&25(X)

fd4x5/; R(X)= m02 (2m)

o ) - : 5 plxo)tr] —
— R — X)tr _ -
am|| 7Y = ky—ko,—py m—k;— kz—ply 7| Pta m+k17 m—kzy
2
3 os f fd x.d%, d*k; d*k— 1
M| —| | d*% | ———e X0 P | = —Zp(x ——7.7°|P(x
°4(8w2> (2m)* i e Y P
y v_)t 1 1 LN 11 "
— | tr — —~ v — ~ v - — , )
am/ | m+k, m+k17 m—kzy m+k1y m—k, m—kzy

wherev = —(qq)/F2=1.92 GeV[12] and the factow/4m Fol v 9 M/ 4m
appears due to the contribution of the exchange of the iso-Mp(Mo) =Mn+MeGrn—| 7011 15 1 =
scalar scalarc meson with the quark structureuy (4.6)
+dd)/+2 and the mas®! ,=2m [12,37]. The calculation of
the integrals entering Eq4 4) is analogous to that having Due to Eq.(4.2) we arrive at ther , term
been performed in preceding sections. The resultant effective T oM 4
i PP(x) is Qi v m
LagrangiandL .i(X) is given by o= Mog N 0(4m) 1JF§FN l—:) —60 MeV.
v
(4.7
SLER(X)=—| mg 3gé<qq2> ( 4m) _ R
My The numerical value of ther,y term is obtained aM,
— 5 — =940 MeV andg,yn=13.4. Our estimater =60 MeV
m 3 My , (@) Y D(¥)p(X) agrees with the numerical data obtained on latf&%36.
04 m B M2 | 4m
_ V. CONCLUSION
F
{mongN 0( 4U ) We have suggested an effective quark model for octet and
m decuplet of low-lying baryons. This model is some kind of
9F.M«[ B baryon extension of the ENJL model with linear realization
+ Mg g 2 _N( yre 1) p(X)p(x). of chiral U(3)x U(3) symmetry[12]. Baryons are included
m m\4m

as external heavy states coupled to the three-quark currents
(4.5  the spinorial structure of which is fixed within QCD with

linearly rising interquark potential14] incorporating the
This yields the proton mass as a functionnaf: ENJL model[13]. As has been shown in RdfL3] the mass
spectra of low-lying mesons in QCD with linearly rising con-
finement potential coincide with the mass spectra of mesons
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in the ENJL model. Then, the constituent quark massan  version of which contains quark-meson interactions such as
be expressed in terms of the string tension as m Egs. (2.2 and (3.2, and quark-baryon interactions such as

—2\olm. At c~440 MeV we getm~300 MeV. For the Eqg. (1.3). The former corresponds to the phenomenological
description of low-energy dynamics of baryons we havedescription of the appearance of the tree-quark bound states
added two new low-energy input parameters with respect t@nd baryons. We emphasize that the spinorial structure of the
the ENJL model. These are the phenomenological couplinfirée-quark currentgg (x) and 7g, (x) of the baryon octet
constantgg and the averaged mass of the octdt . and decuplet, respectively, is not unambiguously defined if
The averaged mass of the decuplet can be kept of order we would follow only the SU(3) or SU(3)X SU(2)spin

My . In terms of these parameters and the parameters of the SU(6) flavor symmetry. Indeed, the three-quark currents
ENJL model, fixed by the low-energy phenomenology ofwith quantum numbers of the baryon octet and decuplet can
low-lying mesong12], we have described theNN, 7NA, be constructed from the scalar, pseudoscalar, vector, and

and yNA interactions and ther,y term related to the axjal-vector diquark densities transforming as (&) and

ampli(;ude Or the el?stic Igv;—energ/pyN sc_aétiréng. Tdhe ob- (6;,3.), respectively. The general form of the three-quark
tained resultsg na /9ann=29;na/97na =0-12, @nd oy o rents should contain the contributions of these diquark

=60 MeV agree reasonably well with the data on jonities with four arbitrary coupling constants. However, as

Iow—energy phenome.nollogy of barypns .obtained bo”has been shown in Ref13], due to a linearly rising inter-
experimentally and within other effective field theory ap- quark potential, i.e., a dynamics induced by low-energy

progchels.d_ he di . Id lik ke th gluon field configurations, the spinorial structure of the
ati oncfu ing the 'S%USS'On we wouh Ike to rga_ € the I+ ee-quark currents with quantum numbers of the baryon
ation of our approach to QCD much more oobvious. It IS octet and decuplet is fixed unambiguously and defined by
well-known that QCD at low energies should realize theEqs. (1.1 and (1.2). Thus, the structure of the three-quark

main nonperturbative phenomena such as hadron'zat'o%urrents, which we have used in the approach, is completely

spontaneous breaking of chiral symmetry (&5, and con-  .5,5eqd by the low-energy properties of QCD leading to the
finement. At present there is a consensus that the quark CoaUark confinement.

finement realizes itself through a linearly rising interquark = e yhenomenological character of the result of the inte-
potential. As has been shown in RL3] a linearly rising g ation over low-energy gluon configurations, responsible
'“tefq“a”‘ po_tent|al IS ,alsq responsible for,ﬁB_ The for- f5r the formation of a linearly rising interquark potential and
mation of a linearly rising interquark potential is caused byleading to the baryonization of the effective low-energy

the color electric flux induced by the low-energy gluon field QCD, is accentuated by the inclusion of the phenomenologi-

configurations. Integrating OUt. gluon ‘?'egre.es of fregdon}zal coupling constangg which is an analogy of the quark-
around the low-energy gluon field configurations providing ,oson coupling constants,q andg, describing phenom-

the formation of a linearly rising interquark potential one enologically the bosonization of QCD. The coupling

should arrive at an effective theory, an effective low'energyconstantsgB g and g, define the vertices of low-
1 Jmqqs p

QCD, containing only quark degrees of freedom. The quarl%nergy meson-baryon interactions in terms of the constituent

system described by this effective theory possesses Chiral%{uark-loop diagrams, the virtual momenta of which are re-

invariant and chirally broken phases. The transition to thestricted by the SBS scaleA, =940 MeV. As has turned
. . X )
chirally broken phase, i.e., the phenomenon of xSB gut the effective coupling constants of théIN, 7NA, and

ccompanies itself the hadronization, i.e., bosonization an NA interactions depend ogg and the quark condensate
. . . . B
baryonization, describing the appearance of quark_bounfl;, 5 quantitative measure of $8 in the effective low-

states with quantum numbers of low-lying mesoqg, energy QCD.

baryonsqqg, and so on. Due to the quark confinement Therefore, the spinorial structure of the three-quark cur-
all observed quark bound states should be colourless. Agnts with quantum numbers of the baryon octet and decuplet
in such an effective low-energy QCD the gluon degrees ofng the proportionality of the effective coupling constants
freedom have been integrated out, all low-energy interacpf the mesofphoton-baryon-baryon interactions to the
tions of hadrons should be defined in terms of quark-loogyuark condensate testify the direct relation of all low-energy
diagrams. interactions of the baryon octet and decuplet to nonperturba-
Since nowadays in continuum space-time formulation ofjye phenomena of low-energy QCD. Thus, in our effective
QCD the integration over gluon degrees of freedom can b%uark model with chiralu(3)x U(3) symmetry the exis-
hardly carried out explicitly, the approximate schemes of thigence and the low-energy interactions of the observed baryon
integration admitting an analytical investigation are rathergetet and decuplet are completely caused by low-energy

actual and play an important role for the understanding of theyonperturbative properties of QCD leading to the quark
behavior of the effective QCD at low energies. In our effec-cgnfinement.

tive quark model with chiral (3) X U(3) symmetry the re-
sult of the integration over gluon degrees of freedom con-
cerning bosonization and baryonization is represented by the
effective Lagrangian incorporating the effective local four- This work was supported in part by the Slovak Grant
guark interactions responsible for $8, the linearalized Agency for Science, Grant No. 2/4111/8VW.N.).
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