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Possible dibaryons with strangeness=—5
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In the framework of the resonating group method, the binding energy of the six-quark system with strange-
nesss= —5 is systematically investigated under the SU(3) chiral constituent quark model. The Sihflle
channel calculation with spinS=0 and 3 and the coupleéd ) and E* Q) channel calculation with spinS
=1 and 2 are considered, respectively. The results show the following observations. In the spse = * ()
may be a bound dibaryon with the binding energy being 8®@2.4 MeV. In theS=1 caseZ) may also be
a bound dibaryon. Its binding energy ranges from 26.2 to 32.9 MeV. 11$th2 andS= 3 cases, no evidence
of bound dibaryons is found. The scattering lengths inS8k€0 andS=1 cases are also given.

PACS numbgs): 24.85:+p, 14.20.Pt, 13.60.Rj, 12.39.Pn

Since Jaffe predicted the H particle in 197Z], the it cannot only explain the relevant existing experimental data
dibaryon has been an important object to be investigatedell but also can be applied to the new physics study without
both theoretically and experimentally. Because this object igdditional parameters. The &) chiral-quark model is just
supposed to be a color singlet multiquark system within esuch a modef6]. By employing this model, one can explain
sufficiently smaller volume, the quark-gluon degrees of freenot only the single baryon propertigg] but also the scatter-
dom become dominant. There is no doubt that studying thigng data of theN-N and Y-N processe$6]. Moreover, the
object can enrich our knowledge of the strong interaction inresultant binding energy of 18] is consistent with the ex-
the short-range and can further prove and complete the basierimental data availablg8,9]. Thus, it is reasonable to
theory of strong interaction, quantum chromodynamicsstudy the bound state problem in the case veith—5 by
(QCD). In the past 20 years, many dibaryons were proposedising this model.

Among them, some are strangenessless sudt 48,3], d’ In the SU(3) chiral quark model, the potential between
[4], etc., and the others carry strangen&ss|. Moreover, as theith andjth constituent quarks can be written as

is well known, introducing strangeness and even heavier fla-

vor opens a new area to study strong interaction. It enables o conf,_y/ch,y \,0G

us to further understand and deal with the effect of the non- Vi .E<, (Vi Vi Vi) @
perturbative QCOINPQCD and to refine our knowledge of

the strong interaction and, consequently, the hadronic strudn Eq. (1), the confinement potentifﬁtlicj"”f describes the long
ture by employing new model theories in the quark-gluonrange effect of NPQCD, the one-gluon exchange potential
degrees of freedom via a variety of new experimental data(OGE) basically depicts the short-range perturbation QCD
Investigating a dibaryon with strangeness is just one of théPQCD effect. The potential induced by the chiral-quark-
most interesting subjects in this aspect. Recently,eYal.  field coupling is in the form of

reported that in a system with higher strangeness, it would be

highly possible to find bound dibaryofiS]. They predicted ch_

the existence of th€Q (S=0, T=0, L=0) andZQ (S Vi _é V"a(r”Hg Ve (Tij) @
=1, T=1/2,L=0) dibaryons, wher& T, andL denote the

spin, isospin, and angular momentum, respectively. In thisind mainly signifies the medium-range NPQCD effect. In
Brief Report, we will systematically study the possible exis-this expression, the subscripts, and o, represent pseudo-
tence of bound dibaryons in the system with strangesess scalar mesons, k, », and»' and scalar mesons, o', «,

= —5. However, because of the lack of experimental data foende, respectively. The explicit forms of these potentials can
strange systems, there is no well or definitely confirmedbe found in Ref[6]. It should be emphasized that the chiral
baryon-baryon interaction up to now. In order to study afield induced interactiov*" is derived from an interactive
multistrangeness system, one needs a reliable baryon-barydagrangianZ, which is invariant under the chiral transfor-
interaction. The best way to study this interaction is to invesimation [6]. Because with this model one can explain most
tigate it in the quark-gluon degrees of freedom with a moreexisting experimental data as mentioned above, it seems that
reliable model theory of strong interaction. Ve derived in this way can depict as much NPQCD effect in

As is well known, the basic theory for studying the the short and medium range as possible. Then the residual
dibaryon should be QCD theory. However, because of th&NPQCD effect(or even the partial PQCD effect from the
complexity of NPQCD effect at the lower energy region, for higher order diagrajncan be absorbed into the values of
practice, one has to develop QCD-inspired models. To studynodel parameters such as the strong coupling constants, con-
the dibaryon, the model has to meet the twofold requirementinement strength, etc. In particular, we introduce a form
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TABLE I. Model parameters(By employing either set 1 or set
2, the experimentaNN and NY scattering data as well as some
properties of single baryons can be well reprodurced.
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TABLE Il. Binding energyBsg and rms ofE*Q(S=0) and
EQ(S=1). (Bag denotes the hinding energy between clusters A
and B)

Setl Set2 Set 1 Set 2
m, (MeV) 313 313
ms (MeV) 470 430
b, (fm) 0.505 0.53
m, (fm~1) 07 07 A, (fm™} 4.2 4.2
m, (fm™1) 251 251 Ay (fm™ ) 4.2 4.2
m, (fm~%) 278 278 A, (fm™h) 5.0 5.0
m,, (fm™1) 485 485 A, (fm™!) 50 5.0
m, (fm™1) 317 3.04 A, (fm™?) 4.2 7.0
m,. (fm™%) 485 485 A, (fm 1) 50 5.0
m, (fm™1) 485 485 A, (fm™ %) 5.0 7.0
m, (fm™1) 485 485 A, (fm™ 1) 5.0 7.0
du 0.936 1.010
s 0.924 0.965
ay, (MeV/fm?) 54.34 34.37a%, (MeV) —47.69 —19.76
as (MeV/fm?) 6575 39.59al, (MeV) —41.73 —7.73
ass (MeV/fm?) 102.97 69.91a% (MeV) —45.04 —11.54

factor F(q?) =[A2¢g/(A2sg+9?)]*? to compensate the re-
sidual instanton effect that has been mentioned in Re&X.
The wave function of the dibaryon can be written in the
framework of the resonating group meth@RIGM) as
Weq=A[PaPex(Ras)Z(Rem) ], ()
where x(Rag) is the trial relative wave function between
clusters A and BZ(R.,) represents the c.m. wave function
of the six-quark system and denotes the antisymmetrizer.
Expanding unknowny(Rag) by employing well-defined ba-

One channel One channel Coupled channel
Channel E*Q(S=0) 2Q(S=1) EQ-E*Q(S=1)
Bzxq ms Bzg rms Bzq rms
(MeV) (fm) (MeV) (fm) (MeV) (fm)
Set 1 92.4 0.71 9.6 1.02 329 0.78
Set 2 80.0 0.76 6.3 1.12 26.2 0.85

The six-quark system with strangeness —5, isospin
T=1/2, and spirS=0 is studied first. This is a single chan-
nel calculation. The model parameters used in the first step
are set 1 in Table I, which is frequently used in our previous
investigations|6—8]. The resultant binding energyBE« )
and corresponding root-mean-squénes) radius are tabu-
lated in Table Il, respectively. It is shown that the binding
energy is 92.4 MeV and the corresponding rms is 0.71 fm. It
indicates that this is a bound dibaryon. HoweEf, is not a
stable particle and easily subjects the strong degay- =
+ 7. To detect theg* Q) dibaryon in the experiment easily,
it is better to have the mass of tB&* Q) dibaryon lower than
the threshold of theg + QO+ = channel, or the binding en-
ergy of E*Q

Bzso>—(Mz+M,~Mz:)=76 MeV.

In fact, the predicted mass of tH&* ) dibaryon is about
16.4 MeV below theZ Q7 threshold, namely, this dibaryon
is stable against the strong dec@y — = + .

The model parameter dependence of the binding energy

sis wave functions, such as Gaussian functions, one ca®f Z*( is then examined. The calculated result shows that
solve the RGM bound state equation to obtain eigenvaluethie binding energy increases if the masses oktheark and
and corresponding wave functions, simultaneously. The dex meson and the cutoff masses of iheo’, ande mesons
tails of solving the RGM bound-state problem can be foundncrease and the masses of thes’, ande mesons and the

in Refs.[10,11].

cutoff mass of thec meson decrease. In particular, in a six-

All the model parameters employed in this Brief Reportquark system with a higher strangeness number, increasing

are those used in our previous papgss-8]. These param-
eters can be determined by the mass splittings aniyny,
A, 2, andZ, respectively, and the stability conditions of the
octet (S=1/2) and decuplet§=3/2) baryons, respectively.
The values of the parameters are tabulated in Table I.

It should be emphasized that a very important factor fo

b, would make the binding energy smaller. Therefore, an-
other set of parameters in limits, set 2, which can fit all
mentioned empirical data, is also employed to estimate the
binding energy. The results are shown in Table II. The lower
limit of the binding energy of£*() is 80.0 MeV and the
rcorresponding rms is 0.76 fm. Further considering the strong

forming a bound dibaryon is the symmetry structure of thedecay of£* into E, the mass oE*() is 4.0 MeV lower
six-quark system, which is characterized by the expectatiothan theEQ  threshold. Anyway, thég* ) dibaryon is a

value of antisymmetrizer in thgpin-flavor-color(sfc) space,
(A9, Inthe Z* O case (A% =2, which indicates that the

stable particle against the strong de@y— E + m, and its
mass is 4.0-16.4 MeV below tH8Q 7 threshold.

system is the mostly antisymmetric in the sfc space and the Next, the six-quark system with=—5, T=1/2, andS
mostly symmetric in the orbital space. Thus, it is possible to=1 is studied EQ(S=1, T=1/2, L=0) was predicted in

form a bound=* Q. If the chiral field can further provide

the single channel RGM calculatidb]. As is well known,

attraction, the system would be deeply bound. On the othethere exists another possible chanit Q) having same

hand, in theEQ case,(A5%=1, namely the quark ex-

guantum numbers. Although the threshold of E&() chan-

change effect can almost be ignored. Whether this systemel is about 200 MeV higher than that of t&&) channel,
can be bound depends on the overall contributions from chibecause the cross-channel interaction matrix element might

ral fields.

not be small, it is necessary to check whether the additional
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TABLE Ill. The scattering lengtta. tive scattering length of two scattering particles is corre-
sponding to the bound state, we see that the scattering
One channel Coupled channel  |engths are consistent with our above findings.
E*Q (S=0) EQ-E*Q (S=1) In conclusion, we announce that in tee —5 sector of
the six-quark system, there may exist two bound states or
Set1 1.18fm) 1.55 (fm) bound dibaryons. One of them B* Q) with S=0, T=1/2
Set 2 1.31(fm) 1.73(fm) and L=0. The binding energy of this system ranges from

80.0 MeV to 92.4 MeV. Because the mass of &) par-

ticle is 4.0-16.4 MeV below th& Q= threshold, this par-

e ) ) ticle should be a stable dibaryon against the strong decay
E*() channel exerts a substantial effect on the single chanzx _, =, - put it still can weakly decay into\Q

nel prediction. In the calculation, the=0 andL=2 states = Ak, etc. The width of£*Q can roughly be estimated in
for each channel are considered. The results with set 1 arﬁe following. It might be narrower than that of sing&*

set 2 are collected in Table Il. From these data, one sees thak .., decays through the strong mo@é — = 7 and com-

the additionaE* Q) channel indeed gives a sizable contribu- arable to that oF or Q which decay through weak modes
tion and cannot be ignored. The resultant binding energy o — A, Q—AK, etc. Another possible stable dibaryon is

f—

EQ is ranged from 26.2 MeV to 32.9 MeV. and the corre- =20 (S=1T=1/2L=0). In the coupledEQ—=*Q (with

Spoi‘d'lg rms of=() IS N the region of 0.85-0.78 fm. | _q gpqg 2 channel approximation, its binding energy is in
Agal_n,:Q IS a;table dibaryon. . the region of 26.2—32.9 MeV. SincE*, =, and Q are
Finally, the; S|x-qL_1ark system Wltb=—5., T=1/2, and secondary particlesE*Q (S=0, T=1/2) and 2Q (S
§:2 in*d 3 is studied. In t_hé;=2 case, itis a cou_pI_ed =1, T=1/2) dibaryons might be experimentally studied in
=Q—E"Q channel calculation and in th=3 case, it IS he heavy ion collision. Whether they can be searched in the
just a singléE* Q) cha.nnel calculation. With glther pgrameter heavy ion collision should be further investigated.
set 1 or set 2, no evidence of the bound dibaryon is found. o ¢o\yrse, the investigation of possible dibaryons in other
To crosscheck dibaryons’ binding behaviors, we furthergange sectors is also of interest and significance. These in-
calculated the scattering length of the one channel vestigations would be the project in the next step.
EZ*((S=0) and the coupled chann&Q—-EZ*Q(S=1)
with parameter sets 1 and 2. The results are presented in This work was partly supported by the National Natural
Table Ill. With the convention in nuclear physics that a posi-Science Foundation of China.
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