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A A dibaryon structure in chiral SU (3) quark model
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The structure of thé\A dibaryon is studied in terms of the chiral 8) quark model. The ground state
energy of AA dibaryon is evaluated by considering both thés and CC (hidden coloy channels. The
parameter-dependence of thé dibaryon mass is also investigated. It is shown that the resultant mass of the
AA dibaryon is lower than the threshold of tie\ channel but still higher than that of theN# channel.
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I. INTRODUCTION Wanget al.[7] studied the structure of the deltaron in terms

. . . . of the quark delocalization model. They found that the
Since theH dibaryon was theoretically predicted by Jaffe deltaronqis a deeply bound state with a)k/)inding energy of

in 1977[1], searching dibaryons both theoretically and ex-354_399 Mev, namely, its energy level is below the thresh-
p_enmentglly ha_s attracted worIdW|de_ atte_ntlon. Because thgq of the NN#a channel. In our opinion, the major reason
dibaryon is a six-quark system confined in a small volume, causing such deeply bound behavior is due to the incon-
where the one-gluon exchange and the quark exchange playstency of the employed interaction in their calculation,
significant roles, it is a good place to see the short-distancgamely, the form of the confining potential utilized for a pair
behavior of quantum chromodynami(@CD). of quarks located in the same “baryon orbit” is different
Up to now, various predictions of thie dibaryon have than the one for the quarks located in two different “baryon
been announced by employing a variety of mod@k A  orbits.” According to the basic principles of quantum me-
recent calculation of thél dibaryon by using a chiral S3) chanics, when and only when the interacting particles in the
quark model[3] showed that the overall contributions of quantum-mechanical system belong to the mutually orthogo-
chiral SU3) clouds only offer weak attraction across two nal subspaces, different interactions between particles are al-
baryons, and the mass of thedibaryon is near the threshold lowed. However, in the generating coordinate method
of the AA channel. That issue is consistent with most reportGCM), the left-centered and right-centered orbital wave
given by recent experimenfd]. functions are usually nonorthogonal, and strictly speaking
On the other hand, the chiral $8) quark model is quite ~coercively taking two different forms of interaction for dif-
successful not only in explaining the structures of baryorférent quark pairs is not allowed. Taking two different forms
ground states but also in reproducing nucleon-nucleo®f interaction for different quark pairs belonging to nonor-
(N-N) scattering phase shifts in various partial wave statef109onal subspaces to study the bound-state problem,

and hyperon-nucleonY(N) cross sectiong5] in allowed namely, that two interacting clusters are fairly close to each

channels. Thus, in our consideration, analyzing other po other, would cause substantial deviations. Even a serious de-
. . ) -localization scheme would enlarge these deviations and
sible six-quark states by using such models should be quitg

i i ; . make the results unreliable.
meaningful. A brief analysis shows that tieA dibaryon In this paper, the ground state energy of deltaron is exam-
(deltaron;S=3, J7=3*,T=0, with S J, and T being the paper, ™e g gy

X ) ) < ined in the framework of the resonating group method

spin, total angular momentum and isospin, respectjvslgn (RGM) by solving a coupled-channel equation, where the

interesting candidate of a dibaryon, because the colorap angcc (hidden coloy channels are included, and the

magnetic part of the one-gluon-exchange interactoMI|)  chiral field contributions are considered.

between twaA clusters is not repulsive. In 1987, Yazdki In Sec. Il, a brief formalism is demonstrated. The result is

analyzed systems with two nonstrange baryons in the framgyresented and discussed in Sec. IIl. In Sec. IV, the conclu-

work of the cluster model where the one-gluon-exchange insjon is drawn.

teraction and the confining potential between two quarks

were considered. The result showed that among Nie TABLE I. Coefficients between the physical basis states and the

NA, and AA systems, theAA system (deltaron withS  symmetry basis states.

=3,T=0) is the only system in which CMI between two

clusters is attractive. Since tleis a resonance with a quite [6]1[33]3 [42][33]3

wide width and easily decays intd7, the deltaron might ~

Vi

1
5

have a large width so that it cannot easily be detected in the*2)a0
experiment, even though it is a bound stateAdf, except (CC)so -
that its mass is below the threshold of tN& = channel.

]
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TABLE II. Binding energyB and rmsR of the deltaromB= — (E gearori- 2M 4), R={r2).

L=0 AA AA (L=0

AA(L=0) AA(+2) cc =0 cc(+2)

B (MeV) 20.8 29.9 41.0 42.0

OGE R (fm) 0.92 0.92 0.87 0.87
B (MeV) 50.2 62.6 68.6 79.7

OGE+m,0 R (fm) 0.87 0.86 0.84 0.83
B (MeV) 18.4 225 31.7 37.3

OGE+SU() R (fm) 1.01 1.00 0.92 0.92

Il. BRIEF FORMALISM 2

2 2
9ch _ 9nr 9 Mg ®)
As is well known, in the traditional quark potential model, A A7 25 Mﬁn )
Vqq consists of two parts: the one-gluon-exchange potential
(OGE) governing the short-range interaction and the confin- o ] )
ing force dominating mainly the long range interaction. In  The Hamiltonian of the system in the chiral SU(3) quark
spite of the unclear source of the constituent quark mass, thodel reads
semiphenomenological model achieved great success in ex-
plaining the properties of heavy quarkonia. But this model
met problems in light quark systems, especially in under- H=2 Ti-Tg+2> Vj, (6)
standing theN-N interaction. The major perplexity is the ' =
lack of media, which can alternatively be treated by intro-
ducing the constraint of chiral symmetry which is very im- whereV;; includes one-gluon-exchange interaction, confine-
portant in the strong interactidB]. In the chiral SW3) quark ~ ment potential and chiral-quark-field-coupling-induced inter-
model, starting from the linear expression of the chiral-quarkactions
coupling Lagrangian, the chiral-quark-interaction Hamil-
tonian can be written as Vi :ViCj)GE n Vicjonf JrVicjh_ @

8 8
H= g F (g2 W 2 O'a)\a"'iz mahays| ¥, (1) In Eq. (7), V®Fis taken in the usual form an¥f" is
a=o chosen in the quadratic forfs]

where o, denotes four scalar meson fields o', «, ande,

respectively,r, represents four pseudoscalar meson fields VEo= — (NN o(ay1F +aijo).- (8)

m, m, K, and 7g, respectively, andF(g?) is a form factor

[5]. Then, the chiral-quark-coupling-induced interaction be-tpe coupling constant of OGE and the strength of confine-

tween quarks can be derived as ment potential are determined by the stability condition of
nucleon and the mass difference betwéeandN [3,5].
Vicjh:Vi?SJr Vﬁ ' ) According to the analysis in Rd8], it would be effective
if one chooses the two-cluster configurations as the dibary-
where on’s model space. Referring to the result in R6i, the basis
) functions of the two-cluster configuratiognamely, the
bs m;. - - physical basis functionand the six-quark-cluster configura-
Vij7=C(gcn, My, A) m[fl(m,,a,A,r”)(oi -0j) tion (namely, the symmetry basis functian the case of the
o S=3 andT=0 state have a certain relation. We show it in
+ia(mg A i) ST (3)  Table I. In the table, th€C channel has the form
and TABLE IIl. Deltaron binding energyB(MeV) with different

parametersB= — (Egeitarori™ 2M A ) -

Vi ==C(gen.My, A fa(m, AT AN, (4)
(AA+CC) (L=0+L=2)

with V{;® and V§} being the pseudoscalar- and scalar-field-B(OGE+ , o) 79.7 97.1 97.9 113.4
induced interactions, respectively. The expressionf§ ahd  B[OGE+SU(3)] 37.3 64.2 52.4 79.2
C can be found in Ref[5]. In expressiong3) and (4), the  py(fm) 0.505 0.60 0.505 0.60
coupling constangy., is a unique constant and can be fixed m_(MeV) 625 625 550 550

by the following relation:
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TABLE IV. Binding energy B of deltaron with error-function-like confinementb(=0.505 fm, m,
=625 MeV) B= — (Egeltarori" 2Ma)-

a0 AN AA (L:o
AA(L=0) Al 42 cc (=0 ccl+2
OGE B (MeV) 20.9 21.0 38.1 39.1
OGE+ 0 B (MeV) 44.4 56.8 71.4 81.8
OGE+SU(3) B (MeV) 13.3 17.5 325 38.1
J5 The model parameters in R¢&], with which the empiri-

1
[CC)s=37-0= ~ 5[AA)s-37-0" 5 AstdAA)s-31-0, cal N-N scattering phase shifts anttN cross sections can
(9 be well reproduced, is employed. The resultant deltaron
binding energy and the corresponding root-mean-square ra-
where Agrc stands for the antisymmetrizer in the spin- dius (rms) are presented in Table Il. For comparison, the
isospin-color space. following cases are also considered: OGE only and OGE
In this investigation, the mixture of the=0 andL=2 plus 7 and o fields [the chiral SUY2) quark mode]. The
states which shows the effects of the tensor forces in OGFRalculations are carried out in four Combinatior]sA(L
and chiral field induced potentials are also considered,:o)' AA(L=0 and 2),AA+CC(L=0), andAA+CC(L
namely, the two-channels-four-statd A(L=0), AA(L -0 and 2). The results are all tabulated in Table Il. It is
=2), CC(L=0), andCC(L =2), calculation is performed. ghown that the binding energy of the deltaron is indeed lower
The corresponding matrix elements of spin-isospin-color 0Py 4, the threshold of thaA channel. It is several tens MeV
erators are given in the Appendix. in all the cases. Since the deltaron mass is still higher than
the mass oNA 7, the deltaron would not be a narrow width
dibaryon.

In the coupled-channel bound-state calculation, one must The channel coupling effect is much larger than the
carefully eliminate forbidden states, which may spoil the nu-State mixing effect which is caused by the tensor interaction.
merical calculation. In the deltaron case, there exists a statdhe largest binding energy of deltaron appears in the OGE

which has the zero eigenvalue of the normalization operator-SU(2) case. It means that the and o chiral fields offer
(N)Y=0 due to the Pauli blocking effect. It reads substantial attractions across two clusters, so that the

deltaron becomes bounder. The overall effects of330hi-
ral fields would reduce the deltaron binding energy from the
one in the SR) case.

The parameter-dependence of the deltaron binding energy
Performing an off-shell transformation, this nonphysical de-s also investigated. The effect of the mass is examined
gree of freedom can be eliminated and the reliable result cafirst. In general, the mass of can be estimated by the fol-
be achieved. lowing relation[10]:

lll. RESULT AND DISCUSSION
(10

1
|‘I’>forbidden: |AA>_ §|CC>-

TABLE V. Coefficients of spin-flavor-color operators.

A AA AA  CC A AA AA CC
Ojj Ojj

AA CC CC AA CC CC

1 27 0 27 o, 9 0 9

P,y -3 —12 -21 G5, 0P —1 —4 -7

6, -72 0 -18 6, 9 0 -9

O O 0 36 O 15 0 -3

NN O, Py 8 32 2 SN (KN (K) OPsp ~1 -4 1

and O13P36 8 32 20 and O Py —1 —4 5

(ai- )N OuePag 8 4 20 (gi-o)(ZLAT(WAT(K) OuPss —1 8 5

OuPze —4 2 35 O14P36 3 6 0

OsPys 16 8 32 Oz6P36 74 1

factor e I factor 5 5 3
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TABLE VI. Coefficients of spin-flavor-color operatoftensor pait

) AA AA cc ] AA AA cCC
Oij OIJ

AA CcC cC AA cC cC
(019))2 O 54 0 54
O, Pss -6 -24 —42

o, 144 o -36 O 18 o 18

O 0 0o 72 Oy, 30 o -6

O1Pss 16 64 4 0P -2 -8 22

(l;i(;j)z()\ic‘)\jc) O1Pss 16 64 40 (&ig'j)z(z:z:l)\i':(k))\}:(k)) O13P s -2 -8 10

élepae 16 -8 40 élGPSG -2 16
O14P36 -8 4 70 O14P36 6 12
Oz6P36 —32 16 64 O36P36

10

0

14 2

1 14 1 14 1 14 1 14 1 14 1 14

factor #Vs Vs mVE factor Vs 3Vs  sVE

miz(zmq)Z_meT. (11) IV. CONCLUSION

The binding energy and corresponding root mean square
radius of the deltaron are examined in the framework of chi-
ral quark model. The result shows that the binding energy of
tabulated in Table Ill. It is shown that the result has visiblethe deltaron is stably ranged around sever-al tens MeV even
change wherm, varies in a reasonable region. Then, thethe mass O.b and the value Qf the baryon size paraméigr ,
influence from the baryon size paramebg which greatly are ve}rled in reasongble regions, and the form of the confine-
affects the confinement strength is studied. Inhal scat- ment is changed to include the color screening effect, except
tering calculationpy, was chosen to be 0.505 fm and conse-n the case of SL2) chiral quark model witfby=0.6 fm and
quently the confinement strengtiz=54.34 MeV/in? [5].  Mo=550 MeV, where the binding energy of the deltaron is
Now, another set of parameters, is employed. The resulta@P0out 113 MeV. This means that the mass of the deltaron is
binding energies are also tabulated in Table IlI. It is seen tha@lways smaller than that &fA, but larger than that kN 7.
there is visible but not qualitativé, dependence of the As a conclusion, we report that although the model space is
deltaron binding energy. enlarged, the color screening effect is considered and the

It is well known that in the two-color-singlet-cluster sys- contributions from various chiral fields are included, the
tem, the form and the strength of the confining potential ddvinding energy of deltaron is always retained around several
not affect the resultant quantities much. Now, to study theens MeV. Thus, we dispute the existence of a deeply bound
deltaron structure, one has to include the hidden-color chardeltaron dibaryon state with the narrow width.
nel CC to enlarge the model space. However, onceGlt&
channel is considered, the color Van der Waals force ap-
pears. To eliminate this unreasonable force, one used an APPENDIX
error-function-like confining potential to take the color
screening effect, namely, the nonperturbative QCD effect, Table V shows the coefficients for operators involving
into account11]. Therefore, it is necessary to examine thespin, flavor, and color.
stability of the resultant binding energy with respect to the Table VI shows the relevant coefficients for the tensor
form of the confining potential in the presence of the hiddenpart. Here, the following identities hold:
color state. For this purpose, we also adopt an error-function-
like confining potential

Thus, m,=600-700 MeV is reasonable. In Ref5], the
mass ofc was taken to be 625 MeV. For comparison, the
results withm,=550 MeV which is a value in limit are also

1
(AT (8IN[(8))=3(1),

V= = (N A . (12

aijo‘f‘aijerf(IL)
CS
wherel . denotes the color screening length and is taken to L 1. .
be 2.0 fm in the deltaron structure calculation. The results ((O'i~0'j)()\iF(8))\jF(8)))= §<0'i~0'j>,
are shown in Table IV. From the table, one sees that the

resultant binding energy and rms of deltaron are quite similar

to those in the quadratic confinement case, namely, the

bound state property would not change much when the color > - F F :E -~
screening effect is counted. {(0107)2(A7 (B)A[(8))) 3<(U'0')2>'
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