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Dibaryon candidates with strangeneSs-2,-3,-4,-5,-6 are studied in terms of the extended quark
delocalization and color screening model. The results show that there are only a few promising low lying
dibaryon states: Thel and di{) may be marginally strong interaction stable but model uncertainties are too
large to allow any definitive statement. TB&J=-3,1/2,2NQ) state is 62 MeV lower than thE() threshold
and 24 MeV lower than tha E4 threshold. It might appear as a narrow dibaryon resonance and be detectable
in the RHIC detector through the reconstruction of the vertex mass of Eiéwo-body decay. The effects of
explicit K and » meson exchange have been studied and found to be negligible in this model. The mechanisms
of effective intermediate range attractiom, meson exchange, and kinetic energy reduction due to quark
delocalization are discussed.
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I. INTRODUCTION even though we have not yet derived the constituent quark

One of the most remarkable achievements of theoretichOdel directly from QCD. There are also various versions of

e ; ; tituent quark model based on different effective de-
physics in the past 30 years is the establishment and devéfl€ cons ¢ : :
opment of the fundamental theory of the Stronggrees of freedom. De RuUjula, Georgi, and Glastdjvfirst

interaction: quantum chromodynami¢§CD). Perturba- put forward a quark-gluon coupling model based on constitu-

. o : . ent quark and gluon effective degrees of freedom. Isgur and
tive QCD has been verified by high energy experlmentsKarl obtained a good description of hadron spectroscopy

"based on this mod¢b]. However, extension of the model to

structure, hadron interactions, and the structure of exolify,ryqn interactions does not reproduce the nucleon-nucleon
quark-gluon systems, is much harder to calculate directly,iarmediate and long-range interaction.

from QCD. One needs effective theories and phenomeno- one modification studied is the addition of Goldstone bo-
logical models in these cases. son exchange on the quark leiél-9], in which the short-
Borrowing the idea of quasiparticles from condensed matrange part of the interaction is described by the quark-gluon
ter and nuclear physics, one can approximately transform thgegrees of freedom and the medium- and long-range parts
complicated interactions between current quarks into dyare attributed to meson exchange. This quark gluon-meson
namic properties of quasiparticles and what is left to be studexchange hybrid model achieves a quantitative fit of the
ied are the residual interactions between quasiparticles. Onaucleon-nucleorfNN) and nucleon-hyperofiNY) scattering
of the quasiparticles in QCD is the constituent quark. How todata.
dress the current quark to be a constituent quark still poses a A different modification of the De RuUjula—Georgi—
theoretical challenge; various effective theorjés-3] have  Glashow—Isgu(RGGI) model, the quark delocalization and
been developed to derive constituent quarks from QCD. Theolor screening modalQDCSM) [10], has also been sug-
common point of view is that the dynamical generation ofgested. It maintains the Isgur Hamiltonian for single hadrons
the constituent quark mass is closely related to spontaneoimit modifies it for baryon-baryo(BB) interactions with two
chiral symmetry breaking initiated by the formation ofj@  new ingredients.
condensate in the QCD vacuum. First, the two-center single-quark orbital wave function
The constituent quark model has been quite successful iWF) used in the quark cluster model is replaced by a delo-
understanding hadron spectroscopy and hadron interactionslized quark orbital WF. The introduction of quark delocal-
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ization can be viewed either as taking into account the conH particle has been assumed to be a six-quark system from
tribution of excited configurations or the distortion of eachthe very beginnind23] and has been both a theoretical and
individual baryon due to their mutual interaction. This experimental topic for a long time. Th&=0, J’=0" d’
straightforward method enlarges the variational Hilbertdibaryon was assumed to be BNz system and was a hot
space. Its advantage is that it permits the six-quark system @pic in the 1990913,24. We showed that th&=0, |=0,
choose a more favorable configuration through its own dyj=3 g+ [10,14,15,25-2Bis a tightly bound six-quark system
namics, while maintaining a tolerable level of computationaliaiher than a loosely bound nuclearlike system of tie.
complexity. An S=-3,1=1/2, J=2 N() state was proposed as a high

Second, a different parametrization of the confinement i”'strangeness dibaryon candidag9]. Kopeliovich predicted

teraction is assumed, in which the usual quadratic confineﬁi h strangeness dibaryons, such as th€) divith S=-6

ment and a color-screened quadratic confinement are usedlﬁ ing the flavor S(B) Skyrmion model[30], and Zhanget

parametrize the two-body matrix elements of different quarkaI. suggested searching for the@iin ultrarelativistic heavy

orbits. The introduction of this parametrization is aimed at.Orl collisionsi31l. La France and Lomon predicted a deuter-
taking into account some of the nonlinear, nonperturbativé isions[31]. predi u

properties of QCD which cannot be described by two-bodyonl'ke dibaryon resonance usirgmatrix theory [32] and
quark-quark interactions in multiquark systems, such as thgléasurements at Saclay seem to offer experimental support
formation of color flux tubes connecting many quarks, thel33] for its existence. . _ _
three-gluon interaction, and the three-body instanton interac- !N this paper, we calculate promising dibaryons with
tion. strangenessS=-2,-3,-4,-5 using the extended quark-

The QDCSM not only justifies the view of a nucleus as,delocalization color-screening model to provide another ref-
approximately, a collection of nucleons rather than a single&rence spectrum for strange dibaryons and a possible further
big bag with A quarks, but it also explains the long-standing check of constituent quark models. Ti8J=003d* and
fact that the nuclear force and molecular forces are similar600 di{) dibaryons, which we considered previously, are
except for the obvious energy and length scale differences. Ibcluded in the discussion to demonstrate the differences be-
is also the model which requires the fewest adjustable paween the predictions of the extended QDCSM and other
rameters to fit the existinBB interaction datd10-14. guark models.

There have been debates on which constituent quark The extended QDCSM is briefly introduced in Sec. Il. In
model and which effective degrees of freedom are best to usgec. Ill, we present our results. We discuss these results fur-
for hadron structure and interaction studj@g—21. In our  ther in Secs. IV and V, and conclude in Sec. VI.
phenomenological study &B interactions with three differ-
ent constituent quark models, we found that even though the
QDCSM and the other two models appear to be quite differ- !l BRIEF DESCRIPTION OF THE EXTENDED QDCSM
ent, they give similaBB interactions in 44 of the 64 lowest The QDCSM was put forward in the early 1990’s. Details
BB channels consisting of octet and decuplet baryjdds A can be found in Ref410,26,28. Although the intermediate-
preliminary analysis of the origin of this surprising similarity range attraction of th&N interaction is reproduced by the
has been producef®2]. This result also implies that quark combination of quark delocalization and color screening, the
delocalization and color screening, working together, do proeffect of the long-range pion tail is missing in the QDCSM.
vide the intermediate-range attraction described by mesoRecently, the extended QDCSM was develop&s], which
exchange in other models. On the other hand, the differerihcorporates this long-range tail by addimgexchange with
models do give characteristically different results in somea short-range cutoff. The extended QDCSM not only repro-
channels. For example, the QDCSM predicts a strong attraactuces the properties of the deuteron well, but also improves
tion in the =0, J=3 channel, producing a dibaryon reso- agreement witiNN scattering data as compared to previous
nanced* in this channel, while the quark gluon-meson ex- work [16].
change hybrid model predicts a strong attraction inlth8, The Hamiltonian of the extended QDCSM, wave func-
J=0 QQ channel, implying the existence of a strong inter-tions, and the necessary equations used in the current calcu-
action stable di2. One cannot expect scattering data to be-lation are given below. Here we do not take into account the
come available in these channels to test these model predieffect of any tensor forces. The details of the resonating-
tions, but the dibaryon states should be detectable to providgroup method RGM) have been presented in Ref28,34.

a check on whether these model predictions are realistic. The Hamiltonian for the three-quark system is the same as

The study of dibaryon states not only checks constituenthe well-known quark potential model, the Isgur model. For
quark models but also searches for new hadronic matter. Thbe six-quark system, we assume

2 6
HGZE (mi+%>_-rc.m.+ > [Veont(Fij) + Va(rij) + V(rij],

i<j=1
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Non| 1w 1 1 46 -6
Vo(ri) = as———2| — = = 8(F;; (—+—+'—l) ,
G( ”) %s 4 |:rij 25(”) miz III]- 3m|m]
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VA(rij) = 6(r —ro)

Ma'ij gr; OyT - T,

amiomir,

2 if i, j occur in the same baryon orbit,

ij
VeontTij) = = @Gk - \j] 1 - e
M

0
6rj —ro) = {

1 otherwise,

r

if i, ] occur in different baryon orbits,

rij <Tro,

1)

wherer is the short-range cutoff for pion exchange betweerfunctions with different reference centef$, i=1,...n,
quarks. All the symbols have their usual meanings, and thehich play the role of generating coordinates in this formal-
confinement potentiaV/.,n(r;;) has been discussed in Refs. ism, to expand the relative motion wave function of the two

[15,28. quark clusters, we have

The pion potentiaV/.(r;;) affects only theu andd quarks. 34 o
We take these_ to have a common mags my=m,, ignoring X(ﬁ) = ( 2) > Ce@R- S)0?.
isospin breaking effects as they are small on the scale of 2mb i

interest here.
The quark wave function in a given nucle¢orbit) rela-

tive to a reference centédefined by§) is taken to have a

Gaussian form characterized by a size paranteter
(e §) = (iz) quark wave functiongsee Eq(4) below]. This cluster wave
7 function (physical basiscan be expressed in terms of the
The values ofmg, mg, b, a5, anda, are determined by symmetry basis, classified by the symmetry properties, in a
reproducing theA—N mass difference, the nucleon mass, agroup chain which in turn allows the use of group theory
hyperon mass, and by requiring a stability condition. Themethods to simplify the calculation of the matrix elements of

In principle, any set of base wave functions can be used to
expand the relative motion wave function. The choice of a
Gaussian with the same size paramétess the single-quark
wave function given in Eg2), however, allows us to rewrite

3/4 the resonating-group wave function as a product of single-

(12027 - é)z_

2

quark-pion coupling constanyy, is obtained from the
nucleon-pion coupling constant by a slight 10%) correc-
tion to the classic symmetry relation—viz.,

the six-quark Hamiltoniafi35]. In our calculations, we typi-
cally use 12 Gaussian functions to expand the relative mo-
tion wave function over the range 0—8 fm. For a few chan-
nels, such as the deuteron amtl particle, 20 Gaussian

functions are used to extend the range to 12 fm.

After including the wave function for the center-of-mass
motion, the ansatz for the two-cluster wave function used in
where My is the nucleon mass and the last factor provideshe RGM can be written as
the correction due to the extent of the quark wave function in
the nucleon. The color-screening paramegiehas been de-
termined by matching our calculation to the mass of the deu-
teron. All of the parameters are listed in Table I.

The model masses of all octet and decuplet baryons are X[, (B nIZK%k(BZk)]l'J:S[Xc(Bl)Xc(BZ)][U]v (4)
listed in Table Il. We use the resonating group method to ) )
carry out a dynamical calculation. Introducing Gaussianvherekis the channel index. For example, 8K=-2, 0, 0,

glz\‘iT:(M / )2(
47 N'MMy

5

)29_§emib2/z
3/ 4w ’

3

n 3 6
Weq=AY > Cyi f anHl U(F oS, 6)1_[4 ¢L(F3aéa €)
a= B=

k i=1

TABLE |. Model parameters.

Mg, Ms

ac
(MeV) b (fm) (MeVfm? a g3ldm ro(fm) w(fm™

313,634 0.6015 25.14 1.5585 0.5926 0.8

0.85

we havek=1, 2, and 3 corresponding to the chann&l,
NE, and3X.

The delocalized orbital wave functiong(r',S,e) and
.(F,S, € are given by

1 .S .S
N(e){‘i’(r'i)*“ﬁ(”E)]
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TABLE Il. Single-baryon
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masses in units of MeV.

N 3 A = A o B* Q
Theor. 939.0 1210.6 1113.6 1350.0 1232.0 1358.1 1497.5 1650.1
Expt. 939 1193 1116 1318 1232 1385 1533 1672
. 1 é é each S1J is identified by bold letteringsc and cc denote
(.S, e = N( ) ¢ F+E +eg F_E , single channelthe lowest ongand coupled channels, re-

N(e) = V1 + € + 2eeS140°, (5)

where ¢(fr—-S/2) and ¢(f+S/2) are the single-particle
Gaussian quark wave functions referred to above in(Ey.
with different reference cente®/2 and -§/2, respectively.
The delocalization parameteris determined by the dynam-

spectively. An asterisk denotes those states without coupled
channels. Additionally, it should be noted that in our calcu-
lation we assume the wave function to be zero at the bound-
ary point, which is the usual boundary condition for bound
states. If the state is unbound, we will not obtain a stable
minimum eigenenergy in the course of extending the bound-
ary point. The unbound states are denoted by “~" in Table III.
In 1977, Jaffeg[23] studied the color-magnetic interaction

ics of the quark system rather than being treated as an adf the one-gluon-exchange potential in the multiquark sys-

justable parameter.
The initial RGM equation is

JH(ﬁ,ﬁ')x(ﬁf)dfz’zlzjN(ﬁ,ﬁ’)x(ﬁf)dfz'. (6)

With the above ansatz, the RGM equati@) is converted
into an algebraic eigenvalue equation

> cj,k,Hh" = EE Ci Ny,
jk!

@)

tem and found that the most attractive channel is the flavor
singlet with quark contenti?d’s®>. Moreover, the same sym-
metry analysis of the chiral boson exchange potential also
leads to the very same conclusiff2f].

However, dibaryon physics can be very delicate. The deu-
teron channel is not a channel with strong attraction in any
baryon interaction model. If the deuteron had not been found
experimentally, it seems highly unlikely that any model
would have been able to predict it to be a stable dibaryon.
The H particle (SIJ=-200 is a six-quark state consisting
mainly of octet baryons, similar to the deuteron, and we find

where Nk and Hkk are the wave function overlaps and only a weak attraction there in our model also. Hence, a
Hamlltoman matnx elements, respectively, obtained for thegualitative analysis is insufficient to judge whether or not the

wave functions of Eq(4).

Ill. RESULTS AND DISCUSSION

Previously, we chose the @}- as an example to study

H particle is strong interaction stable. Systematically, we find
that a strong attraction develops only in decuplet-decuplet
channels and a mild attraction in octet-decuplet channels.
Moreover, in theH-particle case, the channel coupling
effect may even be more important than the deuteron case. In

whether or not our model results were sensitive to thefact, it is not bound without taking coupled channels into

meson-exchange cutoff parametgy and the result demon-
strates that they are nf@6]. Hence, we consider it is suffi-

account. In our calculation, three channels have been taken
into account. These a®>,, N= and AA. The relative mo-

cient to calculate six-quark systems of different strangenestion wave functions of each channel contribution to the

S=-2,-3,-4,-5 with a representative cutoff value rgf
=0.8 fm. Table III displays the massés MeV) calculated

particle are shown in Fig. 1. We find that tlieA channel
provides the largest contributiqgf7%), followed by theN=

for the strange dibaryon states of interest here. The lowegthannel (23%); the X3 channel contributes only10%).

(without taking tensor coupling into accoynthannel for

TABLE lll. Masses of six-qu

However, according to the analysis by Jaffe, the biggest con-

ark systems with strangeness.

S1,J Coupling channels Mags Mass,.
-2,0,0 AA-NE-33 - 2225.5
-3,1/2,2 NQ-3E*-E3*-E* A-E*3* 2566.4 2549.1
-3,1/2,1 AE-NQ-AE*-EX*-3*E*-3E*-3F - -
-4,1,0 EE-3*Q-BE*E* - -
-4,0,1 EE-AQ-EE*-E*E* - -
-5,1/2,0 =AK0) 3145.0 *
-5,1/2,1 EQ-E*Q - -
-6,0,0 Q0 3298.2 *
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04
0.04 J
#+ 0.65fm S1J=-3,1/2,2
Y 0.3 E = 2549.05 MeV
0.02 4 ,' \ -=--z8* 59%
—_ N 024 O\ e B+ 0.5%
z ) AN —-—-EsA  16.4%
= 0.00 — T T --e=-Ea2e 0.2%
4 16 = 01 —NQ  77%
R(fm
0.021 S1J=-2,0,0 (fm) ® 0.0 LIl
E=2225.48 MeV T s ol . T s
: ---3= 10% 1 L R (fm)
0044 14fm W /... NE  23% 014 065fmy4 " /
—AA  67% | L)
-0.06 1.8 fm -0.2 4 \‘V 0.85fm

FIG. 1. Relative motion wave functions of the coupled channels FIG. 2. Relative motion wave functions of the coupled channels
for the SIJ=-2,0,0state with eigenenergy 2225.5 MeV. for the SIJ=-3,1/2, 2state with eigenenergy 2549.1 MeV.

tribution is theNZE channel, and thd A channel provides the no 7 exchange in these channels ao@dnd » exchanges are
smallest contribution. not important in our modelsee next section Its effect on
The lowest mass we find for the?d’s®> system is the eigenenergy of thB() (SIJ=-3,1/2,2 state should be
2225.5 MeV, which is 6 MeV lower than the experimental small and theD-wave decay widths to\E and 3E final
threshold ofAA and 1.7 MeV lower than our model thresh- states should be small also. Therefore we expectShie
old. These values are smaller than the rms uncertainty that—3,1/2,2N(Q should be a narrow dibaryon resonance. The
may be inferred from our fit to the baryon octet and decupletensor coupling calculation is currently in progress.
in Table Il. Furthermore, these values are on the order of We have also calculated the st&8&)=-3,1/2,1. In the
corrections one would expect from isospin violations whichcourse of extending the boundary point, the lowest eigenen-
we have not included. Hence, we can draw no definite conergy closely approaches the model threshold but fails to
clusion as to whether or not thé particle is strong interac- come to a stable value within our limits of computation for
tion stable in our model and we consider this to be consisterthe extension. This result is unchanged by taking into ac-
with recent experimental findind87]. count all possible coupling channels. As a result of the fact
Besides the binding energy of ti& an interesting ques- that there are only weak attractions in our model for the
tion regarding theH is its compactness—i.e., whether tHe  octet-octet channels and the size of the model uncertainty, it
is a compact six-quark object or a loosely boukhd state. is difficult to conclude whether or not there are strong inter-
Figure 1 indicates that the maxima of the relative motionaction stable states in these channels. We can only conclude
wave function of the dominanA A channel occur around that we have not found evidence for a strong interaction
1.8 fm and the delocalization parametef the dominant stable state witl§1J=-3,1/2,1.
channel at the maximum is0.1; hence, théd is a loosely For systems withS=-4, we take the quantum numbers
bound system similar to the deuteron in our model. Such &1J=-4,1,0 as arexample, because this case bears a num-
similarity may well be more physically sensible than a com-ber of similarities to the deuteron. For example, in both
pact six-quark structure. cases, the lowest mass channel is composed of two octet
For systems with strangeneSs -3, we have calculated baryons from the same isodoublet. Also, the matrix element
the stateNQ (SI1J=-3,1/2,2, which was shown to be ngc characterizing the symmetry property of the system is

mildly attractive, with energy below th& = threshold29].  —1/81 for both casegP5K is the permutation operator of the
That conclusion was challenged by OK&8] and supported quarks between two clusters acting in spin, flavor, and color
by Silvestre-Brac and Leandi89]. space). The result shows that the system wiix—4, =1,

We have carried out a dynamical channel coupling calcud=0 is unbound, even when tHg* E* and %* ) channel
lation to examine this state further. TidQ, AE*, EX*, couplings are taken into account. Because the calculated en-
S E*, E*3* channels are all included. We find the eigenen-ergy is again very close to tHe= threshold, this conclusion
ergy to be 2549.1 MeV, 284) MeV lower than theAZ«  should be viewed as tentative.
experimental (mode) threshold. Relative motion cluster ~ For comparison, we have also calculated tBéJ=
wave functions for the individual channels are shown in Fig.—4,0, 1state as shown in Table Ill. THeE, EE*, AQ, and
2. TheNQ channel is by far the dominant oig7%) and the =~ =* E* coupling channels are included. Our model result is
maximum for its relative motion wave function occurs at very similar to theSIJ=-4,1,0;i.e., we do not find a bound
around 0.8 fm. The value of at this separation is 0.46. state in this channel. TH&S;-°D; tensor coupling should be
Mixing into the other channels is small. Hence, we find thissmall in theE= channel, so taking into account the tensor
is to be a compact six-quark state. coupling will not change the unbound character.

Note that theD-wave A= and3 = channels have notbeen  For the system witlf5=-5, we take theS1J=-5,1/2,0
included since no tensor interaction has been included in thistate as an example. This state is interesting due (®¥5
calculation. This coupling should be weak because there igalue, ~-1/9, which makes it a Pauli-principle-favored
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state. If only two-baryors-wave channels are taken into ac- TABLE IV. Model parameters.
count, there is only one channel for this state. Our calcula
tion shows that the contribution of the kinetic energy term, mg,ms ac

due to quark exchange and delocalization effects, contributegMeV) b (fm) (MeV fm™)  ag  g§/4m 1o (fm) u (fm™2)
strongly towards the formation of a bound state. However

the one-gluon-exchange interaction largely compensates f(%?'r13 634 0.6022 25.08 1.5547 05926 08 0.90
this attraction and produces a mass of 3145.0 MeV, which is
59 MeV lower than the experimental value of the* Q)
threshold but only about 2 MeV lower than the model
threshold.(The one-gluon-exchange effect here is quite dif-
ferent from that in thed* case, where large delocalization is
favored for a wide range of cluster separations as well as IV. K, -MESON-EXCHANGE EFFECT IN
there being a strong effective attraction due to the large re- THE EXTENDED QDCSM
duction in the kinetic energy that accompanies significant
delocalization. We conclude that this state is not a good
candidate for a dibaryon resonance search due to its smet
binding and itsE* () content.

Inclusion of the tensor interaction will mix the spin-2
D-wave 2 channel with the spin-Gwave Z* () channel.
The tensor coupling should be weak also and we expect th:{&l
its effect on theSIJ=-5,1/2,0state is small.

In the same strangeness sector, we also calculated t
SIJ=-5,1/2,1 state, since it includes the lowest channel®

using RHIC detectors through the reconstruction of the ver-
tex mass of the two-body decay produdtsand =.

The effects oK and » meson exchange have been studied
the di{) channel and found to be negligible in our model
6]. In this section, we carry out a further systematic study
of the effect of (K, 7) meson exchange on the masses of
strange dibaryon candidates. A flavor-symmetric octet
eson-quark coupling is assumed for all of the octet mesons

K, ). The quark-meson exchange potential has the usual
ig)eseL]lcfdoscalar meson-exchange form except for a short-range
t

ZQ. The calculated energy is very close to 88 threshold 7 2 m2 1 L
but a little higher, so again there is no bound state, with Vi(r;) = E o(r - ro) — e ™G GiA[A N2,
S1J=-5,1/2,1, in oumodel. 4 12mm ry;

To sum up, there are only a few high strangeness states
worthy of experimental searches in our model. These are the 2 m 1 NG
H particle, theNQ and the di€). The di{) was previously V(i) = 6(r = r0)4 1_2mﬂar_e Mo -GN Ay

reported in Ref[36] and the result is included in Table III.

The H particle and the di? may be strong interaction A unified cutoff ofr,=0.8 fm is used. This is aimed at avoid-
stable. However, in our model, the binding energies of botting double counting since, in our model appro@t4], short-
are small relative to the model uncertainty. The(imass is  and intermediate-range interactions have been accounted for
about 47 MeV lower than the experiment@k) threshold. by the combination of quark delocalization and color screen-
However, our model mass for the is 1650 MeV. If this ing. The model parametefd,a., o) are refitted as before
model mass of) were used to calculate the threshold, thenand are listed in Table IV. The recalculated masses of octet
the di{) mass is no more than 2 MeV below that threshold.and decuplet baryons are listed in Table V.
Since our model mass for the sindlebaryon deviates from Comparing Tables I, 1I, IV, and V, it is apparent that the
the experimental value about 22 MeV, a reasonable estimatddition of K and » exchanges has modified the model pa-
of the model uncertainty for the dibaryon would be at leastrameters and single-baryon masses only slightly. We also
that large. Therefore the d¥ should not be claimed as a find that the properties of the deuteron are reproduced as well
strong interaction stable dibaryon within the model. Simi-as before by a minor readjustment of the color-screening
larly, we cannot claim that thid particle is strong interaction parameten [36].
stable either. The&S1J=-3,1/2,2N() case is certainly not With the full octet meson exchange, we recalculated every
strong interaction stable. However, the state is also certainlgingle-channel case with different quantum numbers. For the
lower in mass than théN() threshold and quite possibly H particle, we calculated both the single channel and coupled
lower than theA =7 threshold, as well. The tensor coupling channels, because it is very sensitive to channel coupling.
to the AZ andX = channels should be weak and the decayThe results are presented in Tables VI and VII. For compari-
width should be small. This strongly suggests that it is ason, the results withr exchange only are also listed.
promising candidate for a narrow dibaryon resonance. This Tables VI and VII show that those systems which are
prediction can be tested by relativistic heavy ion reactionsinbound in the extended QDCSM with exchange only—

TABLE V. Single-baryon masses in units of MeV.

N by A = A 3

i1
*
)

Theor. 939.0 1217.47 1116.90 1357.56 1232.0 1359.61 1499.70 1652.27
Expt. 939 1193 1116 1318 1232 1385 1533 1672
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TABLE VI. Masses of six-quark systems with exchange only TABLE VII. Mass of theH particle (S13=-2,0,0 with 77 ex-
and full octet pseudoscalar meson exchange. The masses are givelmange only and full octet pseudoscalar meson exchange. The

in MeV. masses are given in MeV.
SHIN) Single channel Onlyr exchange ,K, » exchange Only 7 T, K, g
exchange exchange
-3,1/2,2 NQ 2566.37 2556.95
-3,1/2,1 AE - -
~4.1.0 == i ) 33 2280.40 2282.67
~4.0.1 == i i Single channels NE 2263.95 2268.12
-5,1/2,1 20 - - Af } i
5.1/2.0 =40 3145.01 3146.15 Coupled channels  2X-NE-AA 2225.48 2230.28
-6,0,0 00 3298.20 3300.00

However, a careful comparison found that our model results
for the binding energy of high strangeness dibaryons are sys-
such as S1J=-3,1/2,1; -4,1,0, -4,0,1: and tematically smaller than those of the chiral quark mqdél.
-5,1/2,1—emain unbound after addingt and » ex-  The difference is mainly due to the different mechanism for
changes, while those systems, which are bound in Table lithe effectiveBB intermediate range attraction.
remain bound. Moreover, their masses are almost unaffected !N the chiral quark modefi8,9,4Q the intermediate-range
by the addition ofk and 7 exchange. The largest difference attraction is attributed te-meson exchange. Because of its
is not more than 10 MeV. Especially for ti¢ particle, the scalar—isosca!ar qharacter;meson exchange provides a uni-
AA channel would be unbound without taking into accountversal attraction independent of the flavor.
the NE and 33 channel coupling; this character is not af-  In the Bonn meson-exchange modél] the o meson is
fected either by adding and 5 exchange. Even thaA,  an effective description of correlated twoexchange. This
NE, and>3 channel mixing fractions 56%, 23%, and 21%, Point has been confirmed by a chiral perturbation calculation
respectively, are very similar to the case withexchange ©Of the NN interaction[42]. Such an effectiver-N coupling
only. All of these results confirm our expectation that heavieic@nnot be extended from t¢N channel to other channels
meson(K, 77) exchange has already been mostly accountedVith strangeness by a universalbaryon coupling, because
for by the quark-delocalization and color-screening effects il the NN channel, there ardiN, NA, andAA intermediate
our model approach. Hence, explicit inclusion lofand  ~ States for twom exchange, while for tha A channel, there is
exchanges beyond the cutoff scale is not important in ouPnly the>2 intermediate state, and for t&() channel, no
approach. such intermediate state is possible. Therefore it is not justi-
fied to fix the parameters af exchange in thélN channel
and then directly extend that exchange to channels with
V. FURTHER DISCUSSION ABOUT THE MECHANISM OF strangeness. _
INTERMEDIATE-RANGE ATTRACTION There are arguments based on spontaneous chiral symme-
try breaking for introduction ot--meson—quark coupling. In
We have reported that the QDCSM gives very similarthe SU2) case, the nonlinear realization of chiral symmetry
effective BB interactions to other modelgl4], in general. can be linearized and in turn the and 7-meson coupling

0.5

kinetic term color-screen
{1 confinement

04 | color OOI;I.bmb. color magnetic fotal potential

o
[d

I
N

=}
s

effective potential (GeV)
[=]
-

1 f 1| swm=0.0,3
e

—&— dynamical
-0.24 £=0.0
----- em0.5
0.3 i s=10 ]
N ) © )
0 1 2 30 1 2 30 1 2 30 1 2 30 1 2 3
S (fm)

FIG. 3. Contributions of kinetic energy, confinement, color Coulomb, and color magnetic fi&msl), respectively to the effective
potential and the totgk) for the SIJ=0,0, 3AA channel withP§g°=—1/9. In each subfigure, the dotted curve is for delocalization parameter
€=0.0, dashed curve far=0.5, dash-dotted curve fer=1.0; the solid curve is for the self-consistent values@fetermined by the system
dynamics.
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0.1 ] {
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Sl=-60,0
—&—dynamical
e=00

11 ----- e=05
------- e=10

(b) © (d)
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0.0

effective potential (GeV)

02

FIG. 4. The same as Fig. 3 for the st&k=-6,0,00Q with (P§9=-1/9.

constants can be unifigd,8]. However, one should note this values of(P5t%, from Pauli favored to Pauli forbidden.
universal coupling is restricted to theandd quarks and the The effective baryon-baryon interactions shown in these
effective o is still due to an even-number multiple-ex-  figures are obtained in the Born-Oppenheimer approximation
change. In the S{3) case, one can introduce &) chiral

symmetry by neglecting the difference between thand Vea(S) = (Pea(S)[H[Ves(S))

light quark masses, followed by spontaneous chiral symme- B8 (Pga(9)|¥ee(S))

try breaking. However, the nonlinear realization of (SJ

cannot be linearized in the same way as in thé23dase to - (Wes(S)IH[Ves(S))

obtain a universali-, d-, ands-quark o coupling. The inter- (Ves(S)|Wes(S) [g e0

nal quark structure of the- meson is a controversial issue,

but an equal mix oluu+dd+ssis quite unexpected and so
also is a universal-, d-, ands-quark o coupling. Hence, a
strong attraction in high strangeness channels arising fro
such a universat-quark coupling is quite questionable also.
In the QDCSM, quark delocalization and color screening

where theWgg(S) is the antisymmetric six-quark cluster
state at a specified separati&y,as given in Eq(4) without
summation ovek andi; H is the six-quark Hamiltoniail).
"the contribution of each term in Eq¢l) is defined
similarly—for example,

work together to provide appropriate short-range repulsion ont (Wes(S)|VeondVea(S))

and intermediate-range attraction for different channels. We Vg (S) = (Vos(S) [ Vea(S))

illustrate this mechanism by showing contributions of the BB BB

kinetic energy, confinement, color Coulomb, and color mag- _ (Vgs(S)|Veon] Ver)

netic terms to.the effectivéB potent@lVBB(.S), as well as (Vee(S)|¥ea(S)) gﬂm,ezo'

the total sum, in curve&@)—e), respectively, in Figs. 3—6 for

a few typical channels. The value efvaries with the sepa- Quark exchange alone induces a weak reduction in kinetic

rationSand is also listed in Figs. 3—6. The contributionmf  energy. Quark delocalization enhances this kinetic energy re-
K, 7 exchange with a cutoffy=0.8 fm is small, so we do not duction. The kinetic energy reduction is also dependent on
show it. These figures are ordered in terms of increasinghe strangeness of the channels due to the inverse quark mass

kinetic term color-screen

3 \ I
04 confinement - color coulpmb | color magnetic total potential

%oz >
o K o
—_ N YO
8 o1 f A . N
= )
20
g° o
Sli=0.0.1
01 iy 4 Sffm) | £
% —&—dynamical 0.2 1]
%_02 e=00 0.6[ 0.34
----- em 05§ ] 0.8] 0.08]
s e=10 1| o.o08
03 : f ]
s @ (b) © (d) (e)
o 1 2 30 1 2 30 1 2 30 1 2 30 1 2 3
S (fm)

FIG. 5. The same as Fig. 3 for the st&&=0,0,1NN with (P%E‘}z—l/Sl.
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Kinetic term color-screen

confinement color c?lflpmb color magnetic total poi:s'mial

% 02
] ;
% 01 ;
S 00 = ..M—_
o
2 i 811=2,00
B8 —=— dynamical
§ 02 | s et
& 1 =10
o4 @ (b) ©) @ (e
) 1 2 30 1 2 30 1 2 30 1 2 30 1 2 3
8 (fm)

FIG. 6. The same as Fig. 3 for the st&&=-2,0,0AA with (ng">=0.

dependence of the quark kinetic energy. The higher th@roximation for a multiquark system. At the very least, the
strangeness, the smaller the contribution of quark kinetic enthree-gluon and three-body instanton interactions, which do
ergy and hence the smaller the reduction of the kinetic ennot contribute to thejq meson andy® baryon but do contrib-

ergy due to delocalizatiofisee Figs. @), 4@, 5@, and  yte to the multiquark system, have been omitted in every
6(a)]. This makes the intermediate-range attraction Weake{wo-body confinement model. The color flux scenario re-

for the higher strangeness channels and is the main reas : - : ) )
that our model gives less binding for tBs—4,—5, -6 states QBaled in the lattice QCD calculation of two- and three-quark

than does the chiral quark mode0]. s_ystems raises q_ues;ions regarding an additiye two-body con-
If the usual quadratic color confinement is used, it doedinement approxmatl_on. To take the_se facts into gccount,_the
not contribute to the effectivBB interaction. With the intro- QDCSM reparametrizes the confinement by introducing
duction of quark delocalization, the usual color confinemengolor screening10-12,15,26,2B Figures 8b), 4(b), (b),
contributes an effective repulsion, as shown in Fig. 7. Theand &b) show that after the introduction of color screening,
color Coulomb term has a similar behavior, as shown in Figsthe confinement term contributes an additional attraction,
3(c), 4(c), 5(c), and Gc); it produces almost no contribution which mainly reduces the repulsive core of the effecBE
to the effectiveBB interaction without quark delocalization interactiongsee Fig. J. There is a systematic uncertainty in
and contributes an effective repulsion with quark delocalizaour model related to this term which is not yet quantified.
tion. These two terms working together almost totally forbid  The color magnetic term generally contributes to a repul-
quark delocalization. This implies that the internal structuresive core except for a few Pauli favored channels where it
of the baryon is unaffected by the mutual interaction. How-contributes an additional intermediate-range attraction so
ever, that is inconsistent with the observed difference bethat these channels develop a strong effective attraction. It is
tween the nucleon structure function in a nucleus and in isoalso dependent on the strangeness of the channels: The
lation as seen in deep inelastic lepton scatteriEgC higher the channel strangeness, the weaker the color mag-
effect. netic contribution, due to the inverse strange quark mass in

On the other hand, there is no compelling reason to asthe color magnetic term. Figuregd3, 4(d), 5(d), and &d)
sume that the two-body confinement potential is a good apdisplay these results.

delocalization parameter _ AItoge_ther, these figure_s show t_hat in the QDCSM the
124 ¢ is fixed to be 1.0 intermediate-range attraction is mainly due to reduction of
- " " _ delocallzation parameter the quark kinetic energy, and the degree of reduction of the
§ 104 /= s isfixedto be 0.5 quark kinetic energy is connected with the degree of quark
E delocalization; the latter is determined by the competition
g 0.8+ S between these four terms and that competition is different in
g delocalization ¢=0.5 different channels. We have mentioned before that indthe
é og | Withcolorscreen channel this competition produces a large quark delocaliza-
8 K e / Without quark delocalization tion for a wide range of separations between tivdike
04+ / quark clusters so that the kinetic energy acquires a corre-
N spondingly large reduction, which in turn gives rise to a very
024 delocalization &=1.0 strong attraction in this channgsee Fig. 3 The SIJ
with colorsoroen =-6,0,0 has theame(PS9 as that of theS1J=0,0,3chan-
0!0 0?5 1!0 1!5 2?0 2?5 3!0 U . . 36 . T
s (fm) nel and has a similar opportunity to develop large quark

delocalizations and strong attraction. However, there the

FIG. 7. The contribution of the usual quadratic color confine-competition does not allow as large a quark delocalization

ment to the effectivéBB interaction with and without quark delo- to develop and so the resulting attraction is not as strong
calization and color screening. as in thed* channel(see Fig. 4.
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VI. CONCLUSION gives an explanation of the long-standing fact that the

To sum up, we have carried out a dynamical calculatioruclear and molecular forces are similar in character despite
for the most promising dibaryon candidates with highthe obvious length and energy scale differences and that nu-
strangeness by using the extended QDCSM. Only a few higfléi are well described as a collection Afnucleons rather
strangeness states recommend themselves for experimenia@n 3 quarks. In view of the fact that the particle has not
searches. These are tHeparticle, theN(), and the di€). We been observed experimentally, tB8 interaction in theAA
recommend searching for th&S1J=-3,1/2,23 using NQ  channel[37] predicted by this model may be a good approxi-
— AE D-wave decay vertex mass reconstruction with themation of the real world. Further refinement is possible by

RHIC detectors as the case with the best likelihood. !ncludin.g more channel couplings and spin-orbit and tensor
In the QDCSM, it is the quark dynamics that controls the!Nteractions. _ _
competition among the four terms in the Hamiltonidn— Of course, the QDCSM is only a model of QCD. The high

the kinetic energy, the confinement, the color Coulomb, angtrangeness dibaryon resonances may be a good venue for
the color magnetic terms—and which determines the overafl€termining whether the QDCSM mechanism for the
effective BB interactions. These are quite similar, though notintermediate-range attraction is more realistic than that of a
identical, to those of the quark-gluon-meson hybrid modeMniversalu-, d-, s-quark-e- meson coupling.

[14] for the majority of BB channels. The exchange of ex-
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