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Effective quark model with chiral U„3…3U„3… symmetry for baryon octet and decuplet

A. N. Ivanov,* ,‡ M. Nagy,† and N. I. Troitskaya‡

Institut für Kernphysik, Technische Universita¨t Wien, 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-Lasinio~ENJL! model with
linear realization of chiralU(3)3U(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 thepNN, pND, andgND interactions and thespN term. The obtained results are in
reasonable agreement with experimental data and other effective field theory approaches.
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I. INTRODUCTION

It is well known that low-energy properties of low-lyin
mesons and baryons can be suitably described by phen
enological chiral Lagrangians in the tree approximat
@1–4#. The step beyond the tree approximation has b
done by Weinberg@5# and then systematized by Gasser a
Leut-
wyler within chiral perturbation theory~CHPT! @6#. The ap-
plication of CHPT to the description of low-lying baryon
coupled to low-lying mesons showed@7,8# the necessity of
the consideration of the baryons as very heavy states an
development of largeMB , the baryon mass, expansion. Th
numerous applications of this approach have been don
Bernardet al. and collected in the review@9#.

The success of CHPT had inspired the developmen
different approaches to the description of low-energy int
actions of low-lying hadrons based on the effective ch
Lagrangians derived within the extended Nambu–Jo
Lasinio ~ENJL! model @10# motivated by QCD with a
nonlinear @11# and linear @12# realization of chiral
U(3)3U(3) symmetry. The relation of the ENJL mod
with linear realization of chiralU(3)3U(3) symmetry to
QCD with linearly rising confinement potential has be
shown in@13#. The properties of octet and decuplet of low
lying baryons within QCD with linearly rising confinemen
potential have been investigated in Ref.@14#. There has been
shown that these baryons are only three-quark states@15#,
this means that they do not contain the contributions
bound diquark states and so on, the spinorial structure
quark currents of which is defined as products of axial-vec
diquark densities and a quark field transforming under
SU(3) f3SU(3)c group as (6I f ,3Ĩ c) and (3I f ,3I c) multiplets,
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respectively. The former agrees with the structure of bary
quark currents suggested by Ioffe@16#, Pascual and Tarrach
@17#, and Reinders, Rubinstein, and Yazaki@18#.

This paper applies the dynamical constraints on the st
ture of baryons obtained in Ref.@14# to the construction of
an effective quark model for the description of low-ener
interactions of the baryon octet and decuplet coupled to lo
lying mesons. According to these dynamical constraints
posed by a linearly rising interquark confinement poten
@14# the spinorial structure of the three-quark currents sho
be defined by the products of axial-vector diquark densi
and a quark field transforming underSU(3) f3SU(3)c

group as (6I f ,3Ĩ c) and (3I f ,3I c) multiplets, respectively. This
allows us to construct the three-quark currents with quan
numbers of the baryon octet and decuplet in the follow
form @14–18#:

hN~x!52« i jk@ ūc
i~x!gmuj~x!#gmg5dk~x!,

hS~x!5« i jk@ ūc
i~x!gmuj~x!#gmg5sk~x!,

hL~x!52A2

3
« i jk$@ ūc

i~x!gmsj~x!#gmg5dk~x!

2@ d̄c
i~x!gmsj~x!#gmg5uk~x!%,

hJ~x!5« i jk@ s̄c
i~x!gmsj~x!#gmg5uk~x!, ~1.1!

hD
m~x!5« i jk@ ūc

i~x!gmuj~x!#uk~x!,

hS*
m

~x!5A1

3
« i jk$2@ ūc

i~x!gmsj~x!#uk~x!

1@ ūc
i~x!gmuj~x!#sk~x!%,

hJ*
m

~x!5A1

3
« i jk$2@ s̄c

i~x!gmuj~x!#sk~x!

1@ s̄c
i~x!gmsj~x!#uk~x!%,

hV
m~x!5« i jk@ s̄c

i~x!gmsj~x!#sk~x!, ~1.2!
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452 PRC 59A. N. IVANOV, M. NAGY, AND N. I. TROITSKAYA
wherei, j, andk are color indices, thenq̄c(x)5q(x)TC and
C52CT52C† is a matrix of a charge conjugation,T is a
transposition.

In our approach baryons are external heavy states@8,9#
coupled to three-quark currents defined by Eqs.~1.1! and
~1.2! as

Lint~x!5
1

A2
gBp̄~x!hN~x!1gBD̄m

11~x!hD
m~x!1•••1H.c.,

~1.3!

wherep(x) andDm
11(x) are the fields of the proton and th

D resonance, respectively, the ellipses denote the contr
tion of interactions of other components of octet and
cuplet, gB is a phenomenological coupling constant, and
factor 1/A2 is introduced due to a nonrelativistic qua
model with SU(6) symmetry@19#. We should emphasize
that in our consideration theD resonance and other comp
nents of the decuplet are the Rarita-Schwinger fields obe
the subsidiary conditions

]mDm~x!5gmDm~x!50, etc. ~1.4!

Two low-lying mesons baryons couple through quark-me
interactions induced within the ENJL model with linear r
alization of chiralU(3)3U(3) symmetry@12,13#.

The paper is organized as follows. In Sec. II we calcul
the gpNN and gpND coupling constants. We find the rati
o
n
th
p-
n
re
u-
-
a

g

n

e

gpND /gpNN52 in agreement with both experimental da
and other approaches@9#. In Sec. III we calculate the cou
pling constantggND of the D→N1g decays. In Sec. IV we
calculate chiral corrections to the mass of the proton rela
to thespN term of thepN scattering and estimate the valu
of the spN term. In the Conclusion we discuss the obtain
results.

II. gpNN AND gpND COUPLING CONSTANTS

The coupling constantgpNN of the pNN interaction we
define by a phenomenologicalp0pp interaction@20#

L eff
p0pp~x!5gpNN@ p̄~x!ig5p~x!#p0~x!, ~2.1!

wherep0(x) is thep0-meson field. The pion fields couple t
current quark fields through the interactions@12#

L p0qq~x!5
gpqq

A2
@ ū~x!ig5u~x!2d̄~x!ig5d~x!#p0~x!

1gpqq@ ū~x!ig5d~x!#p1~x!1H.c. ~2.2!

The quark-meson coupling constantgpqq5A2m/F0 @12# is
given in terms of the constituent quark massm5330 MeV
and the PCAC constantF0592 MeV calculated in the chira

limit @12#. The effective LagrangianL eff
p0pp(x) defined by the

interactions~1.3! and ~2.2! reads
E d4xL eff
p0pp~x!52S gpqq

A2
D S gB

2

2 D E d4x d4x1 d4x2 p0~x2!

3 p̄~x!^0uT$hN~x!@ ū~x2!ig5u~x2!2d̄~x2!ig5d~x2!#h̄N~x1!%u0&p~x1!, ~2.3!

whereT is a time-ordering operator,h̄N(x)5« i jk d̄i(x)gng5@ ū j (x)gnuk
c(x)#, anduc(x)5Cū(x)T.

By applying formulas of quark conversion@12# ~Ivanov! we can represent the right-hand side~RHS! of Eq. ~2.3! in terms
of constituent quark diagrams. In the momentum representation they read

E d4xL eff
p0pp~x!52

3

2S gpqq

A2
D S gB

8p2D 2E d4xE d4x1 d4p1

~2p!4

d4x2 d4p2

~2p!4
e2 i ~x2x1!•p1e2 i ~x2x2!•p2p0~x2!

3E d4k1

p2i

d4k2

p2i
p̄~x!Fgmg5

1

m2 k̂12 k̂22 p̂12 p̂2

ig5
1

m2 k̂12 k̂22 p̂1

gng5Gp~x1!

3trH 1

m1 k̂1

gn

1

m2 k̂2

gmJ . ~2.4!
the
ergy
ent
ec-
f.
ly
The calculation of the momentum integrals representing c
stituent quark diagrams should be carried out keeping o
the divergent parts and dropping the contributions of
parts finite in the infinite limit of the cutoff. Such a prescri
tion realizes a naive description of the quark confineme
Indeed, dropping the finite parts of quark diagrams we
n-
ly
e

t.
-

move the imaginary parts of them and suppress by this
appearance of quarks in the intermediate states of low-en
hadron interactions. This naive description of confinem
has turned out to be rather useful for the derivation of eff
tive chiral Lagrangians@10–12#. As has been shown in Re
@13# this prescription can be justified in QCD with a linear
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rising interquark confinement potential. Thereby, within su
a naive approach to the quark confinement mechanism
can bridge quantitatively the quark and the hadron leve
the description of strong low-energy interactions of hadro
The cutoffLx5940 MeV, having the meaning of the sca
of spontaneous breaking of chiral symmetry (SBxS), and
the constituent quark massm5330 MeV @12# can be con-
sidered in such an approach as input parameters and fix
one-loop approximation via the experimental values of
rpp coupling constantgr and the leptonic pion constantFp

@12#. Thus, we should accentuate that in the effective qu
models based on the NJL approach, or equivalently Q
with a linearly rising interquark confinement potential@13#,
quark diagrams lose the meaning of quantum field the
objects and only display how quark flavors can be transfe
form an initial hadron state to a final hadron state in hadr
hadron low-energy transitions. The coupling constants
such transitions, described in terms of divergent parts
quark diagrams and depending on the cutoffLx

5940 MeV and the constituent quark massm5330 MeV,
can be expressed in terms of phenomenological coup
constants of low-energy hadron interactions given by eff
tive chiral Lagrangians@4#.

For the computation of the momentum integrals we
sume following Jenkins and Manohar@8# that the proton is a
very heavy state and its mass is much larger than other
menta in the integrand such asp1

25MN
2 , where MN is an

averaged mass of the baryon octet. For numerical estim
we set belowMN5940 MeV. In this picture a very heav
vy

um
tu
o
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h
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f

s.
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D

y
d
-
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-
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source~the proton! is surrounded by a cloud of light~almost
massless! particles@9#. This resembles completely the met
ods used in heavy quark effective theory~HQET! @21#.

Thus, keeping the leading order in largeMN expansion
we reduce the RHS of Eq.~2.4! to the form

E d4xL eff
p0pp~x!

52
3

2S gpqq

A2
D S gB

8p2D 2E d4xE d4x1 d4p1

~2p!4

d4x2 d4p2

~2p!4

3e2 i ~x2x1!•p1e2 i ~x2x2!•p2p0~x2!

3E d4k1

p2i

d4k2

p2i
p̄~x!Fgmg5

p̂1

MN
2

ig5
p̂1

MN
2

gng5Gp~x1!

3trH 1

m1 k̂1

gn

1

m2 k̂2

gmJ . ~2.5!

The replacement of the constituent quark Green’s functio

1

m2 k̂12 k̂22 p̂1

→2
p̂1

MN
2

~2.6!

agrees with the heavy baryon@8,9# and HQET @21# ap-
proaches. Indeed, in accordance with@8,9# and HQET@21#
we obtain
1

m2 k̂12 k̂22 p̂1

5
m1 k̂11 k̂21 p̂1

m22~k11k21p1!22 i0
52

m1 k̂11 k̂21 p̂1

MN
2 12~k11k2!p12m21~k11k2!21 i0

52
1

MN

~m1 k̂11 k̂2!/MN1 v̂1

112~k11k2!v1 /MN2m2/MN
2 1~k11k2!2/MN

2 1 i0
, ~2.7!
ld
he
Eq.

o-
uld

en-
by
ver
ch
the
al
the
tet
where we have setp1
m5MNv1

m @8,9,21#. In the case ofm
5MN and in the limit MN→` @8,9,21# we arrive at the
well-known expression for the Green’s function of a hea
baryon~or a heavy quark in HQET@21#! @8,9#

1

m2 k̂12 k̂22 p̂1

5
1

MN2 k̂12 k̂22MNv̂1

→2S 11 v̂1

2
D 1

~k11k2!v11 i0
. ~2.8!

In our casem!MN , therefore, in the limitMN→` @8,9# we
arrive at the expression Eq.~2.6!.

Let us discuss the choice of variables in the moment
integrals of Eq.~2.4!. These integrals represent the consti
ent quark diagrams with three virtual quark lines two
which are confined by the trace and the third is joined to
-
f
e

initial and the final proton fields. For convenience we wou
call this third quark a spectator. The main problem of t
computation of the momentum integrals such as those of
~2.4! is in the overlap of the virtual momentak1 andk2 . The
former makes rather complicated the computation of the m
mentum integrals. Therefore, the choice of variables sho
help to disconnect the momentak1 and k2 in the limit MN
→`. This can be reached assuming that the proton mom
tum transfers itself from the initial state to the final one
the spectator. This factorizes the momentum integrals o
k1 andk2 . For the sake of self-consistency of the approa
we should use this choice of the virtual momenta, when
momentum of the initial baryon transfers itself to the fin
one by the spectator, for any application of the model to
description of low-energy interactions of the baryon oc
and decuplet.

The result of the integration over momentak1 andk2 can
be represented in terms of the quark condensate@12#
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E d4k1

p2i

d4k2

p2i
trH 1

m1 k̂1

gn

1

m2 k̂2

gmJ 5S 8p2

3 D 2

^q̄q&2gmn .

~2.9!

After some algebra of Dirac matrices we obtain the effect
Lagrangian in the form

L eff
p0pp~x!56S gpqq

A2
D S gB

8p2D 2S 8p2

3 D 2

3
^q̄q&2

MN
2

p̄~x!ig5p~x!p0~x!

5FgB
2 2

3

m

F0

^q̄q&2

MN
2 G p̄~x!ig5p~x!p0~x!.

~2.10!

This yields the coupling constantgpNN :

gpNN5gB
2 2

3

m

F0

^q̄q&2

MN
2

. ~2.11!

For the definition ofgpNN we have to include the values o
the coupling constantgB and the mass of the nucleonMN
5940 MeV, since the leptonic coupling constantF0
592 MeV, the constituent quark massm5330 MeV, and
the quark condensatêq̄q&52(253 MeV)3 have been cal-
culated in (CHPT)q from the low-energy dynamics of low
lying mesons@12#. The quark condensate^q̄q& has been ex-
pressed in terms of the constituent quark massm and the
SBxS scaleLx5940 MeV @12#:

^q̄q&52
N

16p2E d4k

p2i
trH 1

m2 k̂
J

52
Nm

4p2FLx
22m2lnS 11

Lx
2

m2D G , ~2.12!

whereN53 is the number of quark color degrees of fre
dom. As has been shown in Ref.@12# the quark condensat
value^q̄q&52(253 MeV)3 describes with an accuracy be
ter than 5% the mass spectrum of low-lying pseudosc
mesons for the current quark massesm0u54 MeV, m0d
57 MeV, andm0s5135 MeV quoted by QCD@22#.

Using the experimental value of the coupling const
gpNN513.4 @9# we can estimate the value of the couplin
constant gB :gB51.3431024 MeV22. With an accuracy
about 4.5% the coupling constantgB can be fitted as follows

gB5
gpNN

2

gA
2

1

Lx
2

51.2831024 MeV22, ~2.13!

where gA51.26060.012 is the axial-vector coupling con
stant describing the renormalization of the weak axial-vec
hadron current by strong interactions@23#.
e

-

ar

t

r

Now let us proceed to the computation of the coupli
constantgpND of the pND interaction. The most genera
form of the pND interaction compatible with requiremen
of chiral symmetry reads@24#

L eff
pND~x!5

gpND

2MN
D̄m

a ~x!QmnN~x!]mpa~x!1H.c.,

~2.14!

whereDm
a (x) is theD-resonance field, the isotopical indexa

runs overa51,2,3,

D15
1

A2
S D112D0/A3

D1/A32D2 D , D25
i

A2
S D111D0/A3

D1/A31D2 D ,

D352A2

3S D1

D0 D . ~2.15!

The nucleon fieldN(x) is the isotopical doublet with com
ponentsN(x)5@p(x),n(x)#. The tensorQmn is given by
@24# Qmn5gmn2(Z11/2)gmgn, where the parameterZ is
fully arbitrary. It describes thepND interaction off-mass
shell of theD resonance. The propagator of theD field is
defined@23#

^0uT@Dm~x1!D̄n~x2!#u0&52 iSmn~x12x2!. ~2.16!

In the momentum representationSmn(x) reads@23,25#

Smn~p!5
1

MD2 p̂
S 2gmn1

1

3
gmgn1

1

3

3
gmpn2gnpm

MD
1

2

3

pmpn

MD
2 D , ~2.17!

whereMD is an averaged mass of the baryon decuplet. It
be kept of orderMN . The Green’s function of the free
D-field Eq. ~2.16! is related to the free Lagrangian given b
@26#

L kin
D ~x!5D̄m~x!F2~ iga]a2MD!gmn

1
1

4
gmgb~ iga]a2MD!gbgnGDn~x!.

~2.18!

In the component form thepND-interaction Eq.~2.14! reads



-
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L eff
pND~x!5

gpND

2MN
D̄m

11~x!Qmnp~x!]np1~x!1•••.

~2.19!

The effective LagrangianL eff
p1 p D11

(x) defined by Eqs.
~1.3! and ~2.2! reads

E d4xL eff
p1pD11

~x!52S gpqq

A2
D gB

2E d4x d4x1 d4x2 ,
n

ap

e

D̄m
11~x!^0uT$hD

m~x!@ ū~x2!ig5d~x2!#h̄N~x1!%u0&

3p~x1!p1~x2!. ~2.20!

The computation of thegp N D coupling constant we perform
on-mass shell of theD resonance. The application of formu
las of quark conversion represents the RHS of Eq.~2.20! in
the form of constituent quark diagrams determined by
momentum integrals as follows:
E d4xL eff
p1pD11

~x!53S gpqq

A2
D S gB

8p2D 2E d4xE d4x1 d4p1

~2p!4

d4x2 d4p2

~2p!4
e2 i ~x2x1!•p1e2 i ~x2x2!•p2

3E d4k1

p2i

d4k2

p2i
D̄m

11~x!F 1

m2 k̂12 k̂22 p̂12 p̂2

ig5
1

m2 k̂12 k̂22 p̂1

gng5Gp~x1!

3trH 1

m1 k̂1

gn
1

m2 k̂2

gmJ p1~x2!. ~2.21!

In the largeMN expansion due to the constraints Eq.~1.4! the nontrivial contribution to the effectivepND interaction appears
at first order in the pion momentum expansion. This contribution reads

L eff
p1pD11

~x!56S gpqq

A2
D S gB

8p2D 2S 8p2

3 D 2 ^q̄q&2

MN
3

D̄m
11~x!p~x!]mp1~x!5

1

2MN
FgB

2 4

3

m

F0

^q̄q&2

MN
2 G D̄m

11~x!p~x!]mp1~x!

~2.22!
ve

ns
de-
in-

es.
the

n

ce

-
but

in-
al
f
d
pli-
-

iate
and gives thegpND coupling constant

gpND5gB
2 4

3

m

F0

^q̄q&2

MN
2

. ~2.23!

Thus, in our approach the ratio of the coupling consta
gpND andgpNN is definedgpND /gpNN52. This agrees with
the experimental data and other effective field theory
proaches@9#. The parameterZ is left undefined, since we
have computedgpND on-mass shell of theD resonance,
while Z describes thepND-interaction off-mass shell.

III. ggND COUPLING CONSTANT

Assuming that the transitionD→N1g is primarily a
magnetic one@27,28# the effective Lagrangian describing th
D→N1g decays can be defined on-mass shell of theD
resonance as@27,28#

L eff
gND~x!52 ie

ggND

2MN
D̄m

3 ~x!gng5N~x!Fmn~x!1H.c.

5 ieA2

3

ggND

2MN
D̄m

1~x!gng5p~x!Fmn~x!1•••

1H.c., ~3.1!

whereFmn(x)5]mAn(x)2]nAm(x) andAm(x) is the photon
field, e is the electric charge of the proton andggND is the
ts

-

coupling constant, which we calculate below in our effecti
quark model by example the modeD1→p1g.

The computation of effective photon-hadron interactio
in effective quark models is a rather sensitive procedure
manding careful summation of all possible diagrams conta
ing both pointlike photon-quark and photon-hadron vertic
In order to simplify calculations we suggest to replace
derivation of thegND interaction by ther0ND interaction,
as photons in the decaysD→N1g are isovectors, and the
to make a changerm

0 (x)→(e/gr)Am(x), where gr is the
rpp-coupling constant, according to the vector dominan
hypothesis.

It is well known @4,29,30# that the vector dominance hy
pothesis is applicable not only to high-energy processes
mainly at low energies to the description of low-energy
teractions of low-lying mesons within the effective chir
Lagrangian approach@4,29#. For example, the amplitude o
the famous decayp0→g1g can be completely describe
within the vector dominance hypothesis. Indeed, the am
tude of the p0→g1g decay defined by the Adler-Bell
Jackiw anomaly reads@31#

A~p0→gg!52
e2

8p2F0

.

The same expression can be obtained via the intermed
(r01v0) state, i.e.,p0→r01v0→g1g, by virtue of the
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direct transitionsr0→g andv0→g with the coupling con-
stantsrm

0 (x)→(e/gr)Am(x) andvm
0 (x)→(e/3gr)Am(x), re-

spectively@29–31#:

A~p0→gg!52gprv

e

gr

e

3gr
52

3gr
2

8p2F0

e

gr

e

3gr

52
e2

8p2F0

.

Referring to this experience@4,29–31# the vector dominance
y-
hypothesis can be readily applied to the description of
D1→p1g transition.

Since ther0 meson couples to the quark current throu
the interaction

L r0qq~x!5
gr

2
@ ū~x!gnu~x!2d̄~x!gnd~x!#rn

0~x!,

~3.2!

the effective LagrangianL eff
r0pD1

(x) of theD1→p1r0 tran-
sition is defined by
grals as

shift of

he
ift and
E d4xL eff
r0pD1

~x!52S gr

2 D S gB
2

A2
D E d4x d4x1 d4x2 rn

0~x2!

3D̄m
1~x!^0uT$hD1

m
~x!@ ū~x2!gnu~x2!2d̄~x2!gnd~x2!#h̄N~x1!%u0&p~x1!, ~3.3!

wherehD1
m (x)5« i jk@ ūc

i(x)gmuj (x)#dk(x). By using the formulas of quark conversion@12# ~Ivanov! 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 inte
follows:

E d4xL eff
r0pD1

~x!52S gr

2A2
D S gB

8p2D 2E d4xE d4x1 d4p1

~2p!4

d4x2 d4p2

~2p!4
e2 i ~x2x1!•p1e2 i ~x2x2!•p2rn

0~x2!

3E d4k1

p2i

d4k2

p2i
D̄m

1~x!F 1

m2 k̂12 k̂22 p̂12 p̂2

gn
1

m2 k̂12 k̂22 p̂1

glg5Gp~x1!

3trH 1

m1 k̂1

gm
1

m2 k̂2

glJ . ~3.4!

Since we use a cutoff regularization@12#, the derivation of the gauge invariantr0ND interaction from the RHS of Eq.~3.4! is
not a straightforward procedure. In order to extract a gauge invariant contribution we suggest to make an arbitrary
virtual momenta proportional to the four-momentump2 of the r0 meson. When applying then the largeMN expansion and
keeping only linear terms in ther0-meson momentum expansion@12# one can fix the parameter of the shift removing t
gauge noninvariant contributions@32#. The gauge invariant term turns out to be independent of the parameter of the sh
reads

E d4xL eff
r0pD1

~x!52
3

2S gr

A2
D S gB

3 D 2 ^q̄q&2

MN
2

3E d4xE d4x1 d4p1

~2p!4

d4x2 d4p2

~2p!4
e2 i ~x2x1!•p1e2 i ~x2x2!•p2D̄m

1~x!

3S 2
2

MN
D ~p2

mgn2 p̂2gmn!g5p~x1!rn
0~x2!. ~3.5!
-
-

This yields the effective LagrangianL eff
r0pD1

(x)

L eff
r0pD1

~x!5 i
gr

2MN
FA2

3
gB

2 ^q̄q&2

MN
2 G D̄m

1~x!gng5p~x!F mn~x!

1H.c., ~3.6!

where Fmn(x)5]mrn
0(x)2]nrm

0 (x). Making then a shift
rm

0 (x)→(e/gr)Am(x) caused by the vector dominance h
pothesis we derive the effective Lagrangian of thegND in-
teraction
L eff
gpD1

~x!5 i
e

2MN
FA2

3
gB

2 ^q̄q&2

MN
2 G D̄m

1~x!gng5p~x!Fmn~x!

1H.c. ~3.7!

Thus, the coupling constantggND is given by ggND /gpND

5(A3/4)(F0 /m)50.12. This ratio agrees with theSU(6)
predictionggND /gpND50.14 @33#. The agreement of our re
sult gg N D /gp N D50.12 with other phenomenological ap
proaches@27,28# is only qualitative.
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IV. sp N TERM

In this section we calculate current quark mass correcti
to the mass of the protonMp and thespN term, defined as

sp N5m0^pu@ ū~0!u~0!1d̄~0!d~0!#up& ~4.1!

and related to these chiral corrections through the Feynm
is

g
ti
s

n-

Hellmann theorem

spN5m0

]M p~m0!

]m0
, ~4.2!

wherem05(m0u1m0d)/255.5 MeV is an averaged curren
quark mass atm0u54 MeV and m0d57 MeV @22#. The
calculation of thesp N term has a long history@34#. The
current magnitudes ofspN obtained on lattice are 40–6
@35# and 50 MeV@36#.

In our effective quark model current quark mass corr
tions to the mass of the proton can be defined by the ef
tive Lagrangian
e

E d4x dL eff
pp~x!5m0S gB

2

2 D E d4x d4x1 d4x2p̄~x!^0uT$hN~x!@ ū~x2!u~x2!1d̄~x2!d~x2!#h̄N~x1!%u0&p~x1!. ~4.3!

By using the formulas of quark conversion@12# ~Ivanov! the matrix element in the RHS of Eq.~4.3! can be represented by th
constituent quark diagrams and is given in terms of the momentum integrals as follows:

E d4x dL eff
pp~x!5m0

3

2S gB

8p2D 2E d4xE d4x1 d4p1

~2p!4
e2 i ~x2x1!•p1E d4k1

p2i

d4k2

p2i
p̄~x!

3S v̄
4m

D Fgmg5
1

m2 k̂12 k̂22 p̂1

1

m2 k̂12 k̂22 p̂1

gng5Gp~x1!trH 1

m1 k̂1

gn
1

m2 k̂2

gmJ
1m0

3

4S gB

8p2D 2E d4xE d4x1d4p1

~2p!4
e2 i ~x2x1!•p1E d4k1

p2i

d4k2

p2i
p̄~x!Fgmg5

1

m2 k̂12 k̂22 p̂1

gng5Gp~x1!

3S v̄
4m

D trH 1

m1 k̂1

1

m1 k̂1

gn
1

m2 k̂2

gm1
1

m1 k̂1

gn
1

m2 k̂2

1

m2 k̂2

gmJ , ~4.4!
and
of
on

ents
h

where v̄52^q̄q&/F0
251.92 GeV@12# and the factorv̄/4m

appears due to the contribution of the exchange of the
scalar scalars meson with the quark structure (ūu

1d̄d)/A2 and the massMs52m @12,37#. The calculation of
the integrals entering Eq.~4.4! is analogous to that havin
been performed in preceding sections. The resultant effec
LagrangiandL eff

pp(x) is given by

dL eff
pp~x!52Fm0

2

3
gB

2^q̄q&2

MN
2 S v̄

4m
D

1m0

3

4

MN

m
gB

2 ^q̄q&2

MN
2 S v̄

4m
21D G p̄~x!p~x!

52Fm0gpNN

F0

m
S v̄

4m
D

1m0gpNN

9

8

F0

m

MN

m
S v̄

4m
21D G p̄~x!p~x!.

~4.5!

This yields the proton mass as a function ofm0 :

n-
ons
o-

ve

M p~m0!5MN1m0gpNN

F0

m
S v̄

4m
D F11

9

8

MN

m S 12
4m

v̄
D G .

~4.6!

Due to Eq.~4.2! we arrive at thespN term

spN5m0gpNN

F0

m
S v̄

4m
D F11

9

8

MN

m S 12
4m

v̄
D G560 MeV.

~4.7!

The numerical value of thespN term is obtained atMN
5940 MeV andgpNN513.4. Our estimatespN560 MeV
agrees with the numerical data obtained on lattice@35,36#.

V. CONCLUSION

We have suggested an effective quark model for octet
decuplet of low-lying baryons. This model is some kind
baryon extension of the ENJL model with linear realizati
of chiral U(3)3U(3) symmetry@12#. Baryons are included
as external heavy states coupled to the three-quark curr
the spinorial structure of which is fixed within QCD wit
linearly rising interquark potential@14# incorporating the
ENJL model@13#. As has been shown in Ref.@13# the mass
spectra of low-lying mesons in QCD with linearly rising co
finement potential coincide with the mass spectra of mes
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in the ENJL model. Then, the constituent quark massm can
be expressed in terms of the string tensions as m

52As/p. At s;440 MeV we getm;300 MeV. For the
description of low-energy dynamics of baryons we ha
added two new low-energy input parameters with respec
the ENJL model. These are the phenomenological coup
constant gB and the averaged mass of the octetMN .
The averaged mass of the decupletMD can be kept of order
MN . In terms of these parameters and the parameters o
ENJL model, fixed by the low-energy phenomenology
low-lying mesons@12#, we have described thepNN, pND,
and gND interactions and thespN term related to the
amplitude of the elastic low-energypN scattering. The ob-
tained resultsgpND /gpNN52,ggND /gpND50.12, andspN
560 MeV agree reasonably well with the data
low-energy phenomenology of baryons obtained b
experimentally and within other effective field theory a
proaches.

Concluding the discussion we would like to make the
lation of our approach to QCD much more obvious. It
well-known that QCD at low energies should realize t
main nonperturbative phenomena such as hadroniza
spontaneous breaking of chiral symmetry (SBxS), and con-
finement. At present there is a consensus that the quark
finement realizes itself through a linearly rising interqua
potential. As has been shown in Ref.@13# a linearly rising
interquark potential is also responsible for SBxS. The for-
mation of a linearly rising interquark potential is caused
the color electric flux induced by the low-energy gluon fie
configurations. Integrating out gluon degrees of freed
around the low-energy gluon field configurations providi
the formation of a linearly rising interquark potential on
should arrive at an effective theory, an effective low-ene
QCD, containing only quark degrees of freedom. The qu
system described by this effective theory possesses chi
invariant and chirally broken phases. The transition to
chirally broken phase, i.e., the phenomenon of SBxS,
ccompanies itself the hadronization, i.e., bosonization
baryonization, describing the appearance of quark bo
states with quantum numbers of low-lying mesonsqq̄,
baryons qqq, and so on. Due to the quark confineme
all observed quark bound states should be colourless.
in such an effective low-energy QCD the gluon degrees
freedom have been integrated out, all low-energy inter
tions of hadrons should be defined in terms of quark-lo
diagrams.

Since nowadays in continuum space-time formulation
QCD the integration over gluon degrees of freedom can
hardly carried out explicitly, the approximate schemes of t
integration admitting an analytical investigation are rath
actual and play an important role for the understanding of
behavior of the effective QCD at low energies. In our effe
tive quark model with chiralU(3)3U(3) symmetry the re-
sult of the integration over gluon degrees of freedom c
cerning bosonization and baryonization is represented by
effective Lagrangian incorporating the effective local fou
quark interactions responsible for SBxS, the linearalized
e
to
g

he
f

h

-

n,

n-

y
k
lly
e

d
d

t
s
f

c-
p

f
e
s
r
e
-

-
he

version of which contains quark-meson interactions such
Eqs. ~2.2! and ~3.2!, and quark-baryon interactions such
Eq. ~1.3!. The former corresponds to the phenomenologi
description of the appearance of the tree-quark bound st
and baryons. We emphasize that the spinorial structure o
three-quark currentshB8

(x) andhB10
(x) of the baryon octet

and decuplet, respectively, is not unambiguously define
we would follow only the SU(3) or SU(3)3SU(2)spin
→SU(6) flavor symmetry. Indeed, the three-quark curre
with quantum numbers of the baryon octet and decuplet
be constructed from the scalar, pseudoscalar, vector,
axial-vector diquark densities transforming as (3Ĩ f ,3Ĩ c) and
(6I f ,3Ĩ c), respectively. The general form of the three-qua
currents should contain the contributions of these diqu
densities with four arbitrary coupling constants. However,
has been shown in Ref.@13#, due to a linearly rising inter-
quark potential, i.e., a dynamics induced by low-ener
gluon field configurations, the spinorial structure of t
three-quark currents with quantum numbers of the bar
octet and decuplet is fixed unambiguously and defined
Eqs. ~1.1! and ~1.2!. Thus, the structure of the three-qua
currents, which we have used in the approach, is comple
caused by the low-energy properties of QCD leading to
quark confinement.

The phenomenological character of the result of the in
gration over low-energy gluon configurations, responsi
for the formation of a linearly rising interquark potential an
leading to the baryonization of the effective low-ener
QCD, is accentuated by the inclusion of the phenomenolo
cal coupling constantgB which is an analogy of the quark
meson coupling constantsgpqq and gr describing phenom-
enologically the bosonization of QCD. The couplin
constantsgB , gpqq , and gr define the vertices of low-
energy meson-baryon interactions in terms of the constitu
quark-loop diagrams, the virtual momenta of which are
stricted by the SBxS scaleLx5940 MeV. As has turned
out the effective coupling constants of thepNN, pND, and
gND interactions depend ongB and the quark condensat
being a quantitative measure of SBxS in the effective low-
energy QCD.

Therefore, the spinorial structure of the three-quark c
rents with quantum numbers of the baryon octet and decu
and the proportionality of the effective coupling constan
of the meson~photon!-baryon-baryon interactions to th
quark condensate testify the direct relation of all low-ene
interactions of the baryon octet and decuplet to nonpertu
tive phenomena of low-energy QCD. Thus, in our effecti
quark model with chiralU(3)3U(3) symmetry the exis-
tence and the low-energy interactions of the observed bar
octet and decuplet are completely caused by low-ene
nonperturbative properties of QCD leading to the qua
confinement.
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