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We study the performance of some recent potential models suggested as effective interactions between
constituent quarks. In particular, we address constituent quark models for baryons with Qy®@ridhterac-
tions stemming from one-gluon plus meson exchanges. Upon recalculating two of such models we find them
to fail in describing theN and A spectra. Our calculations are based on accurate solutions of the three-quark
systems in both a variational Sckiinger and a rigorous Faddeev approach. It is argued that hg@
interactions with a sizable one-gluon-exchange component encounter difficulties in describing baryon spectra
due to the specific contributions from one-gluon and meson exchanges together. In contrast, a chiral constituent
quark model with aQ-Q interaction relying solely on Goldstone-boson exchange is capable of providing a
unified description not only of thél and A spectra but also of all strange baryons in good agreement with
phenomenology.S0556-28188)01006-1

PACS numbes): 24.85+p, 12.39-x, 14.20.Dh, 14.20.Gk

I. INTRODUCTION by calculating the thre& systems through
(i) a precise solution of the Faddeev equatitria high-
Traditional constituent quark model§QM) adopted one- rank separable expansiof40], and )
gluon exchangéOGE) [1] as the hyperfine interaction be- (ii)_a stochastic variational solution of the Sclirger
tween constituent quark<)). Over the years it has become equation[11].

evident that CQM relying solely on OGB-Q interactions Both of these methods have been extensively tested be-
face some intriguing problems in light-baryon spectroscopy©re not only for threeQ systems like, e.g., for the CQM
[2,3]. Most severe are models of Refs[12-14 but also for nuclear and atomic

three-body problems. Existing benchmark results in the lit-
erature have been met accurately, in particular for spin-
isospin/flavor dependent forces, and even a wider class of
. = two-body potentials[10,11]; for instance, the stochastic
necessary, €.9., for a simuitaneous description of the Corregh riational method has recently passed successful tests in
level orderings in the\ and A spectra; and threeN (and also fouN) bound-state calculations with re-
(iii) the strong spin-orbit splittings that are produced bygistic N-N potentials containing noncentral components of
the OGE interaction but not found in the empirical spectra. yarious spin-spin and tensor typEkS]. While in all cases
All of these effects can be traced back to inadequate symyyr results for the light-baryon spectra coincide with each
metry properties inherent in the OGE interaction. other for both of the above method® and (ii), they are
Beyond CQM with OGE dynamics only, hybrid models found in striking disagreement with the results given in the
advocating in addition meson-exchan@Q interactions papers of VGFV[6] and DFM[7]. For example, theé\-A
have been suggested, see, e.g., RHEf.With respect to the splitting is found to be more than 600 MeV with the DFM
N and A spectra, especiallyr and o exchanges have been interaction and even bigger than 2000 MeV for the VGFV
introduced to supplement the interaction between constituemhodel.
guarks. Sometimes hybrid CQM have also been employed in In the following section we give a detailed analysis of the
constructing baryon-baryon interaction models, see, e.gVGFV and DFM models and outline their shortcomings. We
Refs.[4,5]. present the corrected spectra and explain in which respects
Recently two groups, viz. Valcarce, Gotea, Fernadez, the physical implications drawn from the original results in
and Vento(VGFV) [6] and Dziembowski, Fabre, and Miller the works of VGFV and DFM cannot be relied on. In Sec. llI
(DFM) [ 7] came up with versions of hybrid constituent quark we discuss a constituent quark model whose hype@rn@
models. They presented and A excitation spectra and interaction is derived from Goldstone-boson exchange
claimed to have achieved a reasonable description thereof. IGBE) alone. In this case the effectiv@-Q interaction in
both works a sizable contribution from the OGE interactionlight baryons is thus mediated by, %, and ' exchanges
is maintained. In either case the hyperspherical-harmonicsl4]. Along a modified parametrization of the corresponding
method (HHM) [8,9] with several simplifying assumptions pseudoscalar meson-exchange potentials in a semirelativistic
was used to solve the nonrelativistic thi@eproblem. We  framework it is demonstrated that no OG& at most a very
have studied the models of VGFV and DFM in a detailedweak ong¢ is needed to reproduce th¢ and A spectra in
manner. In particular, we have checked the pertinent resultslose agreement with phenomenology. Furthermore all the
for the N and A spectra in two very reliable ways, namely, strange baryons can also be described in a unified manner by

(i) the wrong level orderings of positive- and negative-
parity excitations in théN, A, A, and>, spectra;
(i) the missing flavor dependence of tQeQ interaction
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the same model without any furthéree) parametef16]. In TABLE I. Numerical values of fitting parameters of the VGFV
the final section we give a detailed discussion of the effect®-Q interaction. Three of the parameters, namely, g2 /4, and
(of the specific componentsf variousQ-Q hyperfine inter- A were taken from the hybrifii-N interaction model in Ref.18].
actions on light-baryon spectra. In particular we argue why ; - -
in any CQM a strong color-magneti©GE) interaction is s grof4m  C (fm™%) Vo (MeV) 1o (fm) A (fm™7)

unfavo_r:_;lble to reproduc_;ing simultaneously the right orderingy 45 (545 0.989 +488° 00367 4.2
of positive- and negative-parity states and a corfdeA
splitting. &There is a misprint in the value of the confinement strength in Ref.
[6]. The correct value given here was communicated to us by the
Il. CONSTITUENT QUARK MODELS WITH HYBRID Salamanca-Valencia groyfd]. _ _
Q-Q INTERACTIONS The constany/, in the confinement potential, whose value is not

quoted in Ref.[6], must be taken of this magnitude in order to
Hybrid CQM advocate sizable contributions from OGE reproduce the nucleon ground state at the correct energy in a con-
(typically with a strong-coupling constaat;=0.3) and em-  verged calculation.
ploy in addition meson exchanges for the effective interac-
tion between constituent quarks. with the o massu,=3.42 fmi 1. Finally the confinement
potential is assumed in linear form

A. The model by Valcarce, Gonzéez, Fernandez, and Vento

In the model of VGFV 6] the following Q-Q potential is

used: with the strengthC=0.980 fm 2 and a constan¥, neces-
sary to adjust the nucleon ground-state level to its phenom-
VGFV _
v =Vocet Vopet Voset Veont: @) enological value. The whol®-Q potential(1) involves six
fitting parametersds, 9.q, o, A, C, Vo) if one considers
the constituent-quark and meson masses as predetermined;
the actual values of the fitting parameters are summarized in

VeondTij) =Vo+Crj; (5)

The OGE potential is employed without tensor and spin-orbi
parts in the actual calculatioh47], i.e., in the form

Table I.
— / ..
Voed i) = Ea NC.xC 1 1 1+ z(;_(;,)e fii o VGFYV solved the thre& system along the Schiinger
OGB4 WM Ry 4m3 37 2 | equation with the HHM[8,9]. However, only a very re-

2) stricted basis set was used for the expansion of the Qree-
wave functions(two termsK=0,2 for positive-parity states
wherea; and\C are the quark spin and color matrices,is ~ and one termK=1 for negative-parity statgsVGFV pub-
the interquark distance, anuh, is the constituent quark lished the results shown in Fig(a. _
mass; VGFV useng =313 MeV. as is the effective quark- We have recalculated thi¢ andA spectra with the VGFV
gluon coupling constant ang is a parameter involved in the Potential in Eq.(1) along both of our methods, i.eli) the

smearing of thed function. The one-pion-exchand®PB) precise solution of the Faddeev equatiowi high-rank
potentialVope is used in the form separable expansionand (ii) the stochastic variational so-

lution of the Schrdinger equatior{as explained in the pre-
vious section; for details see also RdfB0,11]). The results
=T - from both calculations agree perfectly with each other and

4 12md’ A2 2 they are shown in Fig. (b).

From the comparison of the spectra in Fig&) land 1b),

,e ki e M) L which have both been normalized to reproduce the nucleon
™ A ground state at 939 MeVin case of our calculations the
constantV, in the confinement potentig) gets thereby

, € kil modified toVy= +488 MeV), several differences are evi-
Mo dent. Most striking is the unrealistid-A splitting, which
turns out to be larger than 2000 MeV; notice that the
3 3 ) eArijl ] ground state has a mass sf3200 MeV. Also some of the

) .

Sij 5

3 3

+
Balij  ulrf

1+

3 N* levels, especially in the negative-parity ,3",3
bands, show excitations above tNeground state by far too

5 ) ) ) . large. Furthermore, additional levelsot given in Ref.[6])

whereg? /4 is the effective pion-quark coupling constant, appear. For instance, in the band we reproduce the lowest

ur=0.7 fm~'is the pion mass, and is a parameter re- state, which is predominantl=3, L=1, at a mass of

lated to the extendedQ vertex.S; is the tensor operator ~1550 MeV. The next excitations, whose spin contents are

‘5”:3((}i.Fij)(,}j.Fij)_(;i.(;j. The one-sigma-exchange Still S= 3, L=1 (with probabilities~99%), are found be-

+
Arij - A%F rij

(OSB potential Vg takes simply the form tween 2000 and 2500 MeV. Only much further above, at
~3500 MeV, theS= 2, L=1 excitation[marked by a dagger
R ng A2 /ewurij e ATij in Fig. 1(b)] appears. This is the state to be compared with
Vosdrij)=— = - (4)  the second;~ excitation (also marked by a daggein the

Am A2—p2\ Ty Fij spectrum given by VGFV in Fig. (8. Exactly the same
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MeV ings of positive- and negative-parity states persists, contrary
1700 - to the claim made by VGFV.
We conclude that the HHM as used by VGFV is inad-
1600 — equate to reproduce the correct spectra in the case of the
Q-Q potential (1)—(5) with the parameters chosen in Ref.
1500 - [6]. The most important reason is that for certain spin-isospin
1400 — channels, specifically fo;=T;;=0, the potential$2) and
(3) become very deep at rather short distanggs This is
1300 — especially due to the OGE potential wha&dunction term
. in the central and spin-spin parts involves an extremely small
1200 - parameter, (see Table )l If also the OGE tensor part as
given in formula(2) of Ref. [6] was employed, the thre®-
1100 - a spectrum would even not be bounded from below. In dealing
1000 - with the OGE potential as in Eq2) above (with such a
— smallr, as employed by VGFYgreat care must be exerted
900 — T — in the expansion of test functions. While the actual calcula-
1+ 1- 3t 3— 5+ s5- 1— 3+ 3- tion is not so dangerous in thé case(here, S;=T;;=1,
22 2 2 2 2 222 thus the OGE is repulsive and the OPE is attractive at short
N A range$, the N case is rather tricky to computéere, S;;
=T;;=0, and both the OGE and OPE are extremely attrac-
MeV tive}. In thig situ_atio_n the HHM result with only a.f(.avm/o) .
3500 — 1 4 —t . basis functions is simply not converged. If a sufficiently rich
_ basis is employed, thid ground statéas well as some of its
3000 - _ excitations falls down by more than 2000 MeV and addi-
tional levels of spin conter=3 are found below th&=
2500 - — — — 3 states in theJ’=%1", JP=3", andJ°=3" bands. The
92000~ — — — . convergence of the energies to the values given in Rig. 1
- can be followed in a transparent manner especially in the
- case of our variational solution of the Sctioger equation,
1700 — when gradually increasing the test-function space. From the
fully converged results of the stochastic variational method,
1600 - which then perfectly agree with the Faddeev solutions, one
1500 - must finally conclude that the VGFV model, with the param-
eter set in Table |, fails in describing tiNeand A spectra.
1400 —
1300 B. The model by Dziembowski, Fabre, and Miller
_____________ In the DFM model the effectiv€-Q interaction(called
1200 “complete Hamiltonian” in Ref[7]) consists of
1100 - b VOPM=V 6V, + Vinr. ©6)
1000 - The OGE potential1] was taken in the usual form but again
900 —I" - — without spin-orbit and tensor parts—just as in the case of the

VGFV model in Eqg.(2). Also a linear confinement as in Eq.

(5) was used. The potenti#l, relating to broken chiral sym-

metry was assumed after the suggestion of GBE in Rdf.

N A In the actual calculation, DFM took the central part of the

FIG. 1. N and A spectra in case of the model VGFYa) as ~ PSeudoscalar-octet meson-exchange potefital for  and

given in Ref[6], (b) recalculated. In both cases the nucleon mass is7) whose radial dependence was parametrized as

“normalized” to its phenomenological value of 939 MeV. In the )

recalculated spectra thd-A mass difference is 2270 MeV. The - Ozq 1 . .. EcF

negative-parity states marked by a dagger correspond to the spin Vx(rij)_ A o 20 TN
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structure is recovered in tHe” and$~ bands, with even an v A g ) YT @)

additionalS= 1, L =3 state appearing in the latter. In RE5]

also the prediction for the Roper resona{@440) is given  Here, \;" are the Gell-Mann flavor matrices)y =336 MeV
with a wrong energy. In fact, it lies above 1600 MeV andis the constituent quark mass,, are the meson masses, and
thus also above the first negative-parity excitafieae Fig. A =1/ry is a parameter, again from the smearing of the
1(b)]. Consequently the problem with the wrong level order-function. Contrary to VGFV, in the DFM model ne ex-
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TABLE Il. Numerical values of fitting parameters of the DFM  MeV
Q-Q interaction. The cutoff parametey in the meson-exchange

potentials(7) was chosen to be the same as in the OGE part, i.e., 1700 7
A=1lrg. 1600
as 92oldm C (fm?) Vo (MeV) ro (fm) 1500
0.35 1.15 1.014 —-86°2 0.238 1400 -

&The constan/, in the confinement potential, whose value is not 1300 -
quoted in Ref.[7], must be taken of this magnitude in order to
reproduce the nucleon ground state at the correct energy in a con- 1200

verged calculation.
1100 aQ

change was employed. Indeed, the effect of this spin- and
flavor-independent scalar interaction can always be incorpo- 1000
rated effectively in the confinement potenti&). The fitting 900
parameters of the DFND-Q interaction are given in Table
[I. The DFM group solved the thre@-system also along the
Schralinger equation with the HHM8,9]. However, they
used an even more restricted basis than VGFV, employing
only a single state for both positive- as well as negative-
parity states and leaving out mixed-symmetry spin-flavor MeV
configurations. In case of their “complete Hamiltonian” 2000
(i.e., the hybrid model with OGE and one-meson exchange
and the parameter set of Tablg they obtained the results 1900
shown in Fig. Za). 1800 4

We have recalculated the DFM model again by both the
stochastic variational and Faddeev meth@sdescribed in 1790 -
the previous sectionsand found theN and A spectra as
shown in Fig. 2b). For adjusting theN ground state to its 1600
empirical value of 939 MeV in a converged calculation one _
has to take a constanty=—86 MeV in the confinement 1500 - — —
potential (5). Considerable differences are evident when 1400 4
comparing Figs. @) and 2Zb). Again, most striking is the
huge N-A splitting, which turns out to be more than two 1300 -
times larger than in reality. In Fig.(B) the wholeA spec- (.
trum is shifted up by almost 400 MeV as compared to Fig. 1200
2(a); in fact, the nucleon has fallen down by this amount of 1100 4 b
energy in the converged calculation. In the nucleon spectrum
the discrepancy for thg ™ excitation is about 300 MeV, and 1000 4
the differences in thé * and 2™ resonances are about 100 —

MeV. In the first excited states of thgP=1%+ 1~ 3~ 900 I

nucleon bands the discrepancies are still between 20 and 50

MeV. The higher excitations in both the positive- and

negative-parity bands show unrealistic splittings from lthe N A

ground state £900 MeV). Similarly to the VGFV model, . .

agditonal statee ot given i e work by DFM appeat n (0%, e (7] () recleuate, - o cases the nuleon mass s
=3 2 : =2 L=

b =1 L=1 itation. E h lculated “normalized” to its phenomenological value of 939 MeV. In the
above a secon8= 3, L=1 excitation. From the recalculate recalculated spectra thd-A mass difference is 670 MeV. The

spectra it i?’ also evidgr!t that in the D'_:M mode' thel Wr_ongnegative-parity states marked by a dagger correspond to the spin
level orderings of positive- and negative-parity excitationsgonents= 3.

persist. For example, the Roper resonamtgl440) lies

above the first negative-parity excitatioN$1535)N(1520)  similar manner as DFM, we can roughly reproduce their re-

in the corrected spectrum of Fig(i. sults given in Ref{7]. However, as it becomes evident from
Though the DFM potential6), being less deep than the the fully converged results in Fig(3, the DFM model, with

VGFV potential at short distancédue to the larger value of the parameter set in Table Il, is not capable of describing the

ro), is much easier to compute than tQeQ interaction of N andA spectra.

VGFV, the HHM still was not applied on a large enough

basis in Ref[7]. As a result theN level (and some of its

excitationg were not converged. If in our stochastic varia- In this section we discuss a constituent quark model

tional calculation we restrict the test-function space in awhose hyperfiné€-Q interaction relies solely on GBE. We
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Ill. THE GBE CONSTITUENT QUARK MODEL
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like to demonstrate that in this case a correct description of . g 1 I , € #ni
the N and A spectra, and in addition of all strange spectra ~ V,/(rj;)= . 12m-m-['u’/’ -
[16], can be achieved without the need of advocating OGE at 'J g
all. We construct our CQM in a semirelativistic framework

[20], i.e., taking the kinetic-energy operator in relativistic \yith 11, being the meson masseg 7,K, 7,7'). While the
form octet of pseudoscalar mesons may be considered as the mani-
3 festation of the Goldstone bosons, the singjétis a priori
= no Goldstone boson due to the axial anomaly. However, in
H0=§1 Vpi2+m?, ®  the largeN, limit, the axial anomaly would vanisf21] and
the ' become the ninth Goldstone boson of the spontane-
ously brokenU(3)gXxU(3)_ chiral symmetry[22]. Under
real conditions withNc=3, we may thus consider the con-
ftibution from 7' exchange but with a coupling different

—4w6<r1,->],
(12b)

with m; the masses ar;ﬁt the three-momenta of the constitu-
ent quarks. It is obvious that this intermediate step towards

fully covariant treatment of the thrd@-;ystem(which is ;till_ from the octet meson&ee the discussion later orThe po-
beyond scope at presgrliready constitutes an essential im- yotiais (12) are strictly applicable only for pointlike par-

provement over nonrelativistic approaches. Thereby one Cafipjes since one deals with structured partiolesnstituent

at least avoid several disturbing shortcomings of nonrelatwhuarkS and pseudoscalar meson$ finite extension, one

istic CQM. Fo_r e>_<ample, |f_one calcu!a_te§ the expectation, st smear out thé function. The corresponding term turns
value of the kinetic energy in nonrelativistic CQM, such as

. ) : ut to be of crucial importance for the effecti@Q inter-
the hybrid models of the previous section or the model of0 L L ; ;
, , : action in baryons: it has a sign appropriate to reproduce the
Ref.[14], one finds that the ratio of the mean veloaitpf a y gn approp P

: . o | level splittings and it dominates over the Yukawa part to-
constituent quark to the velocity of light is v/c>1. This

- . wards shorter distances.
clearly indicates that thre®@- systems must not be treated in There are several choices of smearing ghéunction in
a nonrelativistic manner. By the use of the relativistic

L ; . Egs.(12). A reasonable constraint is that the volume integral
kinetic-energy operator in E@8) one avoids such problems ¢ 'he potential should vanish—as it is required for pseudo-
a priori andv/c<1 is always ensured.

h : K L th ical scalar exchange interactions with finite-mass bos@ne-
In the GBE constituent quark model, the dynamical party,ng: for pure Goldstone bosons of vanishing mass this con-
of the Hamiltonian consists of th@-Q interaction straint would not apply, however. In Ref14] we have

employed the Gaussian-type smearing of éhfeinction
V=V, +Veont, 9

- 4
whereV ¢ is taken in the usual linear form of E¢6) and 4775(rij)—>—01367“2“”40)2, (13
V, is derived from GBE. The latter leads to a spin- and Vm
flavor-dependent interaction between constituent quarks
andj, whose spin-spin component is manifested by the surfév
of the pseudoscalar meson-exchange potertialsd] r

hich involves two parameters corresponding to the position
o) and the breadthd) of a bell-shaped curve. In this case
the volume integral of the chiral potentigl, does not van-

7 ish.

3
-~ - - We have found 23] that a Yukawa-type smearing like
VR = 2 VaFAIN+ 2 VidFihing d23] yp 9
. Ze_AV’ii
R R . 477'5(r”)—>/\y ) 7:7T,K177777, (14)
+V7](r”))\|8)\]8 O 0] (10) rij

involving the “cutoff” parametersA ,,, works equally well
and for the effectiveQ-Q interaction in baryon spectra. With the
o-function representatiofi4) the volume integral oY/, van-
A R 2. . ) ishes, thus meeting the requirement mentioned above.
Vf('”g'etrij)= 31" oV, (rij), (11 The §-function representatio(l4) relates to the finite ex-
tension of the meson-quark vertices. If we employ the phe-
. . nomenological values for the different meson masges
with o; and \; the quark spin and flavor matrices, respec-we should also allow for a different cutoff parametgr,
tively. In the simplest derivation, when pseudoscalar orcorresponding to each meson exchange: with a larger meson
pseudovector couplings are employed in the meson-quankhass alsoA should increase. Otherwise, the meson-
vertices and the boson fields satisfy the linear Klein-Gordorexchange interactiond2) could receive unwarranted contri-
equation, one obtains, in static approximation, the well-butions from certain meson exchandesy., it could become
known meson-exchange potentials effectively attractive instead of repulsive or vice versa at
short distances In our attempt to keep the number of free
R parameters as small as possible, we have avoided fitting each
—4mo(rij) (, individual cutoff parameten ,,, however. Instead, we have
succeeded in describing their dependence on the meson mass
y=m,K,7, (129  via the linear scaling prescription

9 1 I ,e i

:Elzrnimjlﬂy rij

Vy(Fij)
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A, =Ag+Ku., (15) TABLE Ill. Numerical values of fitting parameters of the semi-
’ Y relativistic GBEQ-Q interaction. The octet meson-quark coupling

which involves only the two parameters, and «. Their ~ constant was fixed tgg/4m=0.67.
numerical val hav n rmined from a fi h
b:rygncspec?rgés ave been dete ed from a fit to t F(go/gs)z Cm?  VoMeV) A, (fm ) P
In Eg. (123 we have foreseen a single octet meson-quarl 34 233 —416 2.87 0.81
coupling constang§/47-r. Indeed, in the chiral limit there is
only one coupling constarg§/47-r for all Goldstone bosons. ) )
Due to explicit chiral symmetry breaking the coupling con-"€€d not vary the size of the octet meson-quark coupling
stants formr, K, and 7 may become different. Nevertheless, constant and simply fix it to the “canonical” value of
due to the present lack of firm insight and in order to prevenﬁ0'67' i i
a proliferation of free parameters, we rely at this stage on a DU€ t0 the special character of the singigtmeson(see
universal coupling constarufg/m-r, which we assume to be the discussion aboygits coupling was allowed to deviate

. . from the universal octet coupling. In the actual fit, the ratio
equal to the pion-quark coupling ConSt@iIQMW' The latter igolgg)2 turns out larger than 1. It is comfortable to see that

may be deduced from the pion-nucieon coupling using th his is in line with results deduced in Ref27,28 from the
Goldberger-Treiman relations for both the pion-quark an ) o - '
pion-nucleon vertices: Gottfried sum-rule violation, thes/d ratio, as well as the

spin content of the nucleon.
In the semirelativistic GBE model we have a confinement

g2 gz gA 2 m zgz
=8 _ LQ:(_Q) _Q) 2N (16)  strength[of the linear confining potential, Eq5)] of the
dm 4w\ gy \Mn) 4w order ofC~2.3 fm 2. We note that this value appears to be

quite realistic, as it is consistent both with Regge slopes and
Here,gg and g/,j are the quark and nucleon axial coupling also the string tension extracted in lattice Q{Z9]. The size
constantsmg and my the light-quark, respectively, nucleon of the confinement strength required in our semirelativistic
masses, angiN/47T:14,2, the phenomenologicalN cou- GBE model represents another satisfying improvement over
pling constant24]. The nucleon and quark axial coupling nonrelativistic CQM where a much smaller value@fmust

constants can be related by the ratio be choserisee the examples of the previous section or Refs.
[14,23).
@ 3 For the wholeQ-Q potential in Eq.(9) our model now
_2 = _=0.6. (17 involves a total of five free parameters whose numerical val-
IN 5 ues are given in Table Ill. We remark, however, that this is

only one fit out of a possible set of others that lead to a

If one takes a constituent-quark massf=340 MeV(asit  similar quality in the description of the baryon spectra. For
is suggested from nucleon magnetic-moment stydese  instance, we have found that one could increase the octet
can deduce therQ coupling constant of the sizgiQ/4w coupling constang§/4w and compensate the change by re-
=0.67. Thus we fix the octet meson-quark coupling to thisadjusting the other parameters, particularly the cutdffs
value, as it was done already in Rgt4]. Similarly, the ratio ¢,/gg)? could be lowered, and even the

We remark, however, that therQ coupling constant constituent-quark masses may be chosen differently. Retun-
could also assume a value slightly different from 0.67. Foring the other parameters, including the confinement strength
instance, if one takes for th@ axial coupling constangg C, one can within certain limits always obtain a fit of com-
=1 (as it should be in the larg limit [25]) and employs parable quality.
for the N axial coupling constant its phenomenological value From the results shown below and the subsequent discus-

[24] gﬁ: 1.25, then one obtains the ratio sion it will become clear that the decisive advantage of the
GBE model lies in the symmetry structure that comes with
gA the spin-flavor operators in the chiral potentidlf) and
2Q_ps. (18 (11). When these operators are evaluated between spin-flavor
A . .
In wave functions of the baryonic states, they produce factors

with signs and magnitudd®,3] that appear just adequate to
Thus one would end up with a pion-quark coupling constanproduce the fine-structure splittings as observed in experi-
gf,Q/47r= 1.19. If one took into account thatN{ correc- ment. The gross features of the spectra are already provided
tions would reduce the&Q axial coupling constant tcgg even if one does not adhere to a particular parametrization of

=0.87[26], then the spatial dependence of the chiral potential, as it was done
in Ref.[2].
ga The GBE model with the semirelativistic thr€g-Hamil-
—/?:O_?, (190  tonian relying on Eqs(8) and(9) was solved along the sto-
I chastical variational methodL1] in momentum space. The

convergence was carefully tested, especially with respect to
and consequently,o/47m=0.91. Therefore we may ulti- the N ground state and the “dangerous” levels in the exci-
mately expect therQ coupling constant within the interval tation spectra.
0.67= ngQ/47-rs 1.19 and this is even dependent on the value In Fig. 3 we present the ground-state and excitation levels
of the constituent-quark mass adopted. Still, at this stage, wef the N and A spectra as produced by the semirelativistic
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FIG. 3. Energy levels of the 14 lowest light-baryon states withA§1405)A(1520) splitting, which remains unexplained at
total angular momentum and paril§f in case of the semirelativistic this stage.
GBE constituent quark model with parameters as given in Table Ill.  From the results of the GBE constituent quark model ex-
The shadowed boxes represent the experimental values with the@mplified in the previous section we also learn thgiriori
uncertainties; thé\ and A ground-state levels coincide with the no (additiona) OGE is needed for the reproduction of the
experimental values. baryon spectra, contrary to the claims made for the hybrid
models, e.g., in Ref$6] and[7]. Still, one could accommo-

GBE constituent quark model with th@-Q potential from date a certain contribution from OGE but only with a rather
Egs.(9)—(12), the Yukawa-type representati¢hd) of the s Small effect from the color-magnetic interaction, i.e., with a
function, and the parameter set given in Table III. The light-S{rong-coupling constant;<0.3, say. As soon as the color-

Q masses were taken as,=my=my=2340 MeV, and for magnetic forces become strong, like it is the case in the

the meson massgs, the phenomenological values were em- hybrid models discussed in Sec.(tf. their values foreg in
ployed. Tables | and II, one faces the traditional difficulties in the

Tensor force effects are not yet included in these resultdight-baryon spectra. This can be understood from a closer
as is evident from the absence of any fine-structure splitting§'SPection of the effects of the different types of hyperfine
in the theoreticalLS multiplets. It is clear, however, that INtéractions relating to OGE and GBE dynamics, especially
tensor forces can at most play a subordinate role imtaed ~ With regard to theN-A splitting and the correct ordering of
A spectra. First of all, this follows from the smallness of the POSitive- and negative-parity states, the N(1440) and the
level splittings of correspondingS multiplets in the experi- 3 -3~ N(1535)N(1520) resonances, in particular. While
mental spectra. Second, from a first numerical estimation ofhe N-A splitting can be produced by either the color-
the influence of the pseudoscalar meson-exchange tenspragnetic or ther-exchange part of the GBE potential, the
forces prevailing in the GBE model we have found only inversion of the positive- and negative-parity states definitely
small effects on the baryon states. needs a certain strength of the quark-meson coupling. In Fig.

From the results of Fig. 3 it becomes evident that within4 we have demonstrated how the level crossing comes about
the GBE constituent quark model an improved description ofvhen the octet coupling constant is gradually increased.
both theN andA spectra is achieved in good agreement with  If in a meson-exchange plus OGE interaction with a siz-
phenomenology. Practically all levels are found in their “ex- able contribution from the color-magnetic interactioag(
perimental boxes” and specifically the orderings of positive->0.3, say the N-A splitting, to which both types the OGE
and negative-parity excitations are correct. and 7 exchanges contribute in the same manner, is to be
described correctly, the exchange must remain weaker, as
compared to the pure GBE model. As a result the proper
ordering of positive- and negative-parity levels is not

As already emphasized before and explained in detail iachieved. Only a bigger influence from the exchange
previous workg2,3,14, the successes of the GBE constitu- would allow the first positive-parity excitations in tHg
ent quark model are due to the specific spin-flavor symmetrgpectrum to fall below the first negative-parity excitations. If,
inherent in the chiral potential, in Egs.(10) and (11). It  on the other hand, the exchange is made strong enough to
allows for a level structure called for by the experimentalachieve this level inversion, as demanded by phenomenol-
data. This is not only true in thd andA cases but holds also ogy, the color-magnetic contribution must remain very small,
for strange baryon§23]. All octet/decuplet states together practically negligible. Indeed, with a reasonable size of the
with their excitations can now be described in a unified man-octet coupling constantsee the discussion in the previous
ner [16]; the only exception is the empirically large section, the = exchange alone produces &hA splitting

IV. DISCUSSION
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that is already too large. It gets reduced to the correct magef the full Hamiltonian to be employed in relativistic form,
nitude by the addition of the; and ' exchanges. These as was done for the GBE model in Sec. lll. Otherwise the
force components produce effects in theA splitting oppo-  lack of taking into accountkinematical relativistic effects
site to thew exchange or the color-magnetic interaction butexplicitly will be compensated within th@-Q potential pa-
have only minor influences on the relative position of therameters in the fit to the baryon spectra. Consequently, in
first positive- and negative-parity nucleon excitations. Oncehis procedure the model parameters will assume rather un-
the octet coupling constant is fixed and the cutoff parametergealistic values, e.g., the confinement strength would turn out
A are tuned to reasonable valug$. our scaling law in the to be only half of the one resulting for the string tension from
previous section and the discussion given theitee » ex-  lattice QCD and the one needed to fit Regge slopes. As a
change is also completely fixed and a laNy@ splitting can  result, any nonrelativistic CQM can at most be considered as
only be reduced by increasing the influence froph ex-  a parametrization of the baryon energy levels, rather than as
change. Consequently a major contribution of a color-a dynamical model for light thre@ systems. Certainly it
magnetic(OGE) force, on top of the required strength of the will not prove acceptable for future applications such as the
octet pseudoscalar meson exchange, could only be compegiescription of electromagnetic form factors, hadronic decays,
sated by increasing the singlet coupling constant to a largeand other dynamical observables that are determined by the
value. While the magnitude we find for th¢’ coupling is  behavior of the baryon wave functions and are generally
already bigger than the octet coupling, but in line with themuch influenced byQ-Q potential parameters.
value reported in the literature from other sourf28,2g, a
further increase is certainly not advised. From all that it fol-
lows quite naturally that the color-magnetic interaction can
at most play a subordinate role in CQM for light baryons. A The authors acknowledge clarifying correspondence with
number of additional arguments deduced from the leveP. Gonzéez and A. Valcarce as well as discussions with G.
structure of the strange baryons further support this qualifiA. Miller. They have also profited from valuable discussions
cation of the flavor-independent OGE interact[@;3,16. with D. O. Riska as well as B. L. G. Bakker, V. B. Mandel-
Finally we note that a nonrelativistic treatment of th@e- zweig, M. Rosina, and R. Krivec. This work was partially
systems cannot really work. Evidently, ligkénd strange  supported by the Austrian-Hungarian Scientific-Technical
threeQ systems already bear large relativistic effects of ki-Cooperation, within project A23, respectively, 17/95, and by
nematical origin. They call at least for the kinetic energy partthe Paul-Urban Foundation.
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