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Suggesting a di-omega dibaryon search in heavy ion collision experiments
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The structure of a new dibaryof)()),+ is studied theoretically in the framework of the chiral @Uquark
model by solving a resonating group method equation. The binding energy of this dibaryon is predicted to be
around 100 MeV, the mean-square root of the distance betweer)a/ds 0.84 fm, and the preliminary
estimated mean lifetime is about two times that of the fdée. All these interesting properties, as well as the
two negative charge units it carries, could make it easily identifiable experimentally in the heavy ion collision
process. The production probability of this new dibaryon in a 158 GeY P collision is estimated using the
thermal model. The rate is of the order of T0to 10" ° per event. It is expected that, with the increase of the
temperature, the production rate will also be increased.

PACS numbegps): 24.85+p, 13.75.Cs, 14.20.Pt, 25.75.Dw

[. INTRODUCTION only exist through weak decay. This dibaryon has charg@e
and enough long mean lifetime, and therefore could be easily
As is well known, in the ordinary strong interaction world identified in the experiments.
there are only baryons consisting of three valence quarks and In this paper, we suggest to search for this exotic system
mesons of a quark-antiquark pair_ However, for more than 2@'] ultrarelativistic heavy ion collisions. In what follows we
years people have discussed and explored the possible exfyst give a brief introduction to our chiral §8) quark
tence of some exotic multiquark states and gluonic states, ndodel. Then in Sec. Il the main properties of dibaryon
only because it provides a good place to examine the quart{2{})o+ are summarized with emphasis on the physics that
tum chromodynamics(QCD) theory and to display the leads to such interesting properties. In Sec. IV both the pro-
quark-gluon behavior in short distance, but also the very exduction probabilities of2 ™ and (2€2),+ are estimated using
istence of such Systems would open a new area for Studyin@]e thermal model. And flna"y in Sec. V some conclusions
many new physical phenomena we have not known beforedre presented.
But so far both the theoretical and the experimental efforts in
searching for such systems have not been very successful.|; A BRIEF INTRODUCTION OF THE CHIRAL SU (3)
The theoretical investigations have concentrated mainly on H QUARK MODEL
dihyperon[1-5] andd’ particle[6,7], and there is also no
convincing experimental evidence for the existence of these In the usual quark potential model, the quark-quark inter-
particles. This indicates, in seeking for multiquark system, o@ction has only two parts: one-gluon-exchan@esE) and
so-called dibaryon, that one probab'y should go beyond the@nﬁnement potential. This Simp|e model is quite successful
few candidates to the multistrangeness systems. in explaining the heavy quarkonia. However, if applied to the
Recently we have developed a chiral SUquark model light quark system, then one finds that the medium range
[8,9], in which the coupling between the chiral fields and nonperturbative effect has to be added, and the constituent
quarks is considered to describe the medium range nonpefitiark mass must be put in phenomenologically. An alterna-
turbative QCD effect. Since this model reproduced the enertive approach is to employ the $2J o model[12,13. In
gies of the baryon ground states, the nucleon-nuclébhly order to study the systems with strangeness, we have gener-
scattering phase shifts and the hyperon-nucleoiNj cross ~ alized the idea of the S@ o model to the flavor S(B)
sections correctly, making an extrapolation in the saméase, in which a unified coupling between quarks and all
framework without introducing any new parameters to pre-scalar and pseudoscalar chiral fields is introduced and the
dict the dibaryons’ structure is feasible and reliable to somé&onstituent quark mass can be obtained in principle as the
extent. Using this moddl10], an analysis of the six-quark
states in (8)® space has been made. We found that some
six-quark states with high strange number have more attrac-lyanget al. also studied the@€Q),+ system by using a quark
tion from the chiral quark coupling. Of particular interest is gelocalization modef11]. They got the energy of(tQ),+ to be
the (QQ)q+: It is a deeply bound stattbinding energy is  around the twa's threshold. But some serious problems in their
around 100 MeY; the mean lifetime of this dibaryon is as calculation, as we have pointed out in REif6], make their results
long as about twice that of the frée lifetime, because it can unreliable.
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consequence of spontaneous chiral symmetry breaking of the TABLE I. Model parameters.
QCD vacuum([8]. With this generalization, the interacting
Hamiltonian between quarks and chiral fields is now written m, (MeV) 313
as mg (MeV) 470
b, (fm) 0.505
8 i g 0.916
HICh:gchF(qz)'ﬁ 2 Takgti E Takays| ¥, (1) : 0.911
a=0 a=0 9s )
at, (Mev/fm?) 53.87
wherel is a unitary matrixj ;- - - Ag the Gell-Mann matrix aty (Mev/fm?) 69.30
of flavor SU3) group, oy- - - og the scalar nonet fields, and al, (Mev/fm?) 103.0
mo- - - g the pseudoscalar nonet fields(g?) is a form fac- m, (fm H/A_ (fm™ ) 0.7/4.2
tor, me¢ (fm H/A¢ (fm™Y) 2.51/4.2
, |12 m, (fm H/A, (fm™1) 2.7/5.0
2 _ m, (fm™H/A,, (fm™h) 4.85/5.0
F(a)=| —5— @ ) o
Ac+q My, (fm )/Al,0 (fm™7) 3.17/4.2
m,, (fm™ H/A,, (fm™1) 4.85/5.0
It is easy to show thaH,Ch is invariant under the S@3) m, (fm YH/A, (fm™1) 4.85/5.0
infinitesimal chiral transformation, and frohhfh, the chiral- m, (fm /A, (fm™Y) 4.85/5.0
field-induced quark-quark potentivfjh between two quarks Oiin b 13.67
is derived, which describes the medium range nonperturba=
tive effect.
The total Hamiltonian of the chiral SB) quark model is be @2 M2 AZm, A3 L
now obtained by adding to this Hamiltonian the OGE inter—Vi.Saz — Y(mgarii)— —= Y(Ar;) (o4 oi)
. . . . J Aqr 12“2 A2_m2 J m3 ] J
action as well as the confinement potential as follows: q a a
XN, (7
H=>, Ti—TG+Z Vi, 3
i i<j

m, denotes the mass and the cut mass of the chiral field,
Och is the coupling constant between quark and chiral fields,

where andY(x) is the Yukawa function.
V| :Vicjonf+ VfJ?GEJF Vicjh (4) The above model was first tested by applying this model
to studying the baryons and hyperons, or in other words, all
and ground states built out of three quarks including three differ-

ent flavors. In order to do this, one needs some parameters as
input. They are the constituent quark massgs(the my is
ViCih:az::O (Vﬁa“LViFj)sa)’ (5) assumed, as usual, to be equalntg), andgrgf; the Céize
parameter of nucleob,; the chiral field coupling constant
whereX, T, — T is the kinetic energy of the systeffig cor-  Jen IS fixed using the following relation:
responds to the part of the center-of-mass motion,\4nas ) ) )
the interaction between two quar °.j°"f is the confinement Och _ 9nnr 9 My
potential of quadratic form: 47 47 25 Mﬁ’

8

®

conf _ ¢ (NSAC)r2 . .
Vi = & (AT and g{ /4 is taken to be the experimental valuel4.

Moreover, the masses of chiral mesons also should be intro-
duced. We have taken the masses of chiral mesons to be the
1 1 real mesons’ mass except, , which is chosen to be 625
—+— MeV according to the relatiomioz (2mg)%+m? [8]. To fix
' ! all the parameters, the massesMf A, A, andX were
used. As for the coupling constant of OGE,, and the
. strength of the confinement potentiafj , they are strongly
constrained by the baryons’ masses and their stability condi-
tions. The values of the parameters are listed in Table I.
Once the parameters are determined, all the octet and de-
cuplet baryons’ masses can be reproduced in our model

andvﬁGE is the OGE interaction,

1 T -
Vi(jJGEzzgigj(MC)\jc) — 56y

1

+4 r . .
3 mm, 7V

V> andV{® stand for the scalar meson exchange and pse
doscalar meson exchange potentials, respecti&ly

gz A2m A [5!10]
Vifj»a: _ 2ch az Y(marij) = — Y(Arj) |[(\A\), Now equipped with this model with all the parameters
! 41 A2—m My thus determined, we go further to study the two baryon sys-

: (6) tems on quark level dynamically by solving the resonating
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group method RGM) equation[14,15 of the Hamiltonian 12 p
(3). In the RGM calculation, the trial wave function is taken i
to be 1
Vo= cwiks), 9 o= "

I [=1
Eij 0.6 -

with >

04 -

\I’g%(gi) = A(¢a( 51 ,gz)sATA(ﬁB(a vgs)sBTBX( ﬁAB_ §i)

X Rem(Rem))st, (10
PR SR N S A Y T SN T [N T S S T N S S T T NN SN T T S AN A S e
whereA andB describe two clusters, angl, y, andR rep- % 05 1 15 2 25 3
resent the internal, relative, and center-of-mass motion wave Rya (fM)
. . > . . 0
functions, respectivelys; is the generator coordinafd 5],
and A is the antisymmetrization operator, FIG. 1. Relative motion wave function ¢1-Q.
A=1— Z P (11) This property, combined with the long lifetime, which we
T A W will see in Sec. Il B, makes it the most favorable candidate
for looking for the dibaryon.

where P;; is the permutation operator of thieh and jth To understand the very physics underlying the curious
quarks. features, and to examine to what extent the results are depen-

The results we obtained are quite encouraging. All thedent on the model with all its parameters we used, we have
calculatedN-N scattering phase shifts, thé-N scattering, carried out an analysis of the interactions between quarks
and reaction cross sections are in agreement with the expend the symmetry property of the system, and hence the
mental data[8]. Therefore, a unified description of the interactions between twQ's.
baryon structure and the baryon-baryon interaction is First let us discuss the symmetry property of this system,
achieved in the framework of our model. and its symmetry behavior in short distance.

Another interesting attempt in investigating the six-quark As is well known, the composition of the baryon and the
systems is to study the structure of the six-quark systems &9lor magnetic interaction in the OGE potential govern the
a whole. Then we have found that among all possible candishort-range region, and the RGM calculation with the OGE

dates, of particular interest is the twd dibaryon 0Q),+, interaction can describe the short range behavior of the two
which has led to this paper. baryons successfully. In th€)()),+ case, although the OGE
interaction is repulsive, the symmetry structure is very spe-
Ill. MAIN PROPERTIES OF THE (QQ),+ DIBARYON cial. According to the transformation relations between the
physical states of two baryons and the symmetry bases
A. Binding energy and wave function of (£242)+ (group chain classification bagesf the six-quark system

We have calculated the eigenenergy of the fv@ystem [17], one sees that among all 280 physical bases only six of
by taking the same set of parameters that were used in otfem, namely 8A)srz0, (AA)st03, (AZ*)sT_3(112),
N-N and Y-N scattering calculation§8,10]. The results (A2%)st=o(sr2), (E*Q)st=oqz), and QQ)sr—q, have
showed that, unlike the H dibaryds], d’ [6], and theAA  the largest component 6], symmetry in the orbital space
dibaryon[16], (2Q),- is a deeply bound state with a small of the symmetry bases, anb(1),+ is one of them. Accord-

root of mean-squared radius, ing to our calculation in the frame of the chiral &)Y quark
model[10,16,18, all of these six states are bound with bind-
By, = —(E(QQ)O+—2MQ)=116 MeV, ing energies ranging from about several tens to hundreds of

MeV. And what is remarkable is that among all others,

1.0 (QQ)y+ is the only state that is stable under the strong in-
rms= \/— > ((ri—Rgw)?)=0.627 fm, (12)  teraction.

6= On the other hand, as discussed in R&B], the eigen-
o value of the normalization kernel in the spin-flavor-color
WhereB(m)O+ denotes the binding energy and rms the romspace(A"fC>=<1—2iEA,jEBPﬁfC) can serve as a direct
of mean-squared radius of the quark. Moreover, the relativeneasure on how the Pauli principle works in the relevant
motion wave function of twdl’s, x(Rqq), is also separated state. Or in other words.A°'®) is an important quantity
and drawn in Fig. 1. And the root of mean-squared distanceescribing the symmetry property of the state in the spin-
between Q—Q, RMS=.[(R?,)=0.84 fm, is obtained. flavor-color space. Whe4 7€) =0, it is a forbidden state
These results have shown th& Q)+ is a very interesting for forming [6], symmetry in the orbital space as a conse-
six-quark state, not only because of its huge binding energyquence of the Pauli exclusion principled “"¢)=1 means
but also because of the quite short distance betwer(). the quark exchange effect between two baryons is unimpor-
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tant; the two baryons can be regarded as two clusters without 250
any quark exchange. Whém “'°) is larger than 1, the quark . ]
exchange effect becomes cardinal, and tends to drag two 200 - Lo e Deuteron
clusters closer. Our calculation showed that for F — M
(QQ)o+,( A7) =2, so that (1Q),+ has relatively high an- 150 - '
tisymmetry in the spin-flavor-color space and symmetry in —~ .
the orbital space, therefore it is favored by forming [i6é, % 100 - \
symmetry basis. = C :
With regard to how the symmetry property affects the ~ 50 E
binding energy, we have made an analysis by comparing o r
(Q9Q)q+ with deuteron. One first notes that, in contrast to the \-% 0 r
former, (A7) is 10/9 for deuteron, i.e., it is slightly larger ~ 50 g
than 1, and almost half of that of the former. Furthermore, C
Fig. 2@ shows the diagonal matrix elements of the Hamil- 100 E
tonian (3)—(7) in the generator coordinate methé@CM) C
calculation[15], which can describe qualitatively the inter- 150 E
action between two clusters, whesalenotes the generator n
coordinate andV,y(s) is the effective potential of the two 200 E
clusters. The solid curve represents the casd®,+, and r
the dashed one is for the case of deutef@mly the central 250 C il ittt
par). One sees that the potentials of these two states are 0 05 1 15 2 25 3

quite different: (0Q)q+ has a very deep potential with short f
range, while for deuteron the potential is shallow with rela- (O> S ( m>
tively long range. To understand the main reason resulting in
their difference, we further examined separately the poten-
tials arising from the kinetic energy paw,(s). [See Fig.
2(b). All symbols are the same as in Figa2] For compari- 200
son, the corresponding potentials without quark exchange of
the two () system are also shown in Fig(l2 as a dotted
curve. From Fig. t), one sees that, in contrast to the deu-
teron case, the(§Q),+ state has very strong attraction aris-
ing solely from the kinetic energy. Since the kinetic energy
itself is spin-flavor-color independent, the big difference be-
tweenVIeUels) and Vil (s) demonstrates clearly that the
guantum-mechanical effect arising alone from the symmetry
property has played a decisive role in binding the two clus-
ters.

We have also performed a simplified model calculation,
in which only the kinetic energ¥;t;— T¢ and the color con-
finement potential\/fj"”f between quarks are taken into ac- -50
count. The result showed tha®()),+ is bound with a bind-
ing energy as large aB(nq), =17 MeV. Since the color 100

confinement almost does not contribute to the interaction be-

tween two color singlet clustergl9], this binding purely

results from the quark exchange effect of the kinetic energy

part, i.e., from the symmetry property of2(2),+. Contrary

to (QQ)e+, having the antisymmetrization factqr4 ?'c) (b) S (fm)

=10/9 slightly larger than 1, the attraction arising from the

quark exchange in the kinetic energy part for deuteron is FIG. 2. (&) The GCM matrix elements of total Hamiltoniati)

very small[see the dashed curve in Fig(bp]. The above the GCM matrix elements of kinetic energy.

presented analyses demonstrate that the symmetry property

of (Q202)¢+ is crucial in forming a bound six-quark state.  binding energy is only 2 MeV, as the experimental data have
Now for the chiral field coupling effect, first we have dictated. That means that even in the framework of 3U

made a chiral SI2) quark model calculation to see the con- the theoretical calculation predicts that the binding energy of

tribution from the oy exchange quantitatively, with (Q€),+ is almost 20 times bigger than that of deuteron’s.

veonf\/OCE 7 and V7o included as the potential. The bind-  Furthermore, we have examined the effects from the other

ing energy of (0Q)q+ in this case is larger than 50 MeV chiral field coupling. For this purpose, several calculations

[see casélV) in Table Il], while for the deuteron case the with different chiral fields were carried out. The results are

250

............... no quark exch.
________ Deuteron

150

100

50

Vi(s) (MeV)

0.5 1 15 2 25 3

o~
»n
S

ST
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TABLE II. Binding energies and RMS of (}Q),+ for different cases ro,=313 MeV, mg
=470 MeV, b,=0.505 fm, m,=625 MeV).

Chiral SU3) K, n,79 + 0 Chiral SU?2)
quark model model quark model
m,=m,=958 m.=m,= 1400
(MeV) (MeV)
" 0y () (v)
Baq),. (MeV) 116 99 74 54
RMS (fm) 0.84 0.85 0.92 0.98

listed in Table Il. As mentioned before, for the chiral @J cross section can be roughly fitt¢#,20,21, and given the
case(only = and o, are considered Baq),, =54 MeV  parameters in this range, the vr:lriations[-lzfm)0+ are lim-

[see Table I, cas@V)]. Then we include the exchange of all ited, and the binding energy is 1845 MeV. This means
pseudoscalar mesons plug. The result shows that when that our result is not very sensitive to the used parameters.
m, K, 5, %', and oy chiral fields are addedB(Qm0+ Here we would like to note that in our calculation, the
=74 MeV [see Table II, caséll)]. Finally, with the inclu- ~ confinement potential has no influence on the results, be-

sion of the exchange of all nonet pseudoscalar and scal&@use in a single-channel RGM calculation, the color con-
mesons in our calculation, i.e., the chiral @Uquark model, finement potential almost does not give any interactions be-
the binding becomes even stronger. The results are shown B&een two color-singlet (§)° clusters. Therefore, we say the
cases(l) and (Il) in Table IIl. Case(l) is the earliest one, in quark exchange effect and the chiral-quark coupling play the
which the parameters are taken to be the same as we usedd@minant role in forming the (2{),+ as a deeply bound
N-N andY-N calculation[8]. One sees that besides, the ~ Six-quark state.
effect from the other scalar mesons’( «, and €) also
enhances the binding in th€)(}),, system. The total bind-
ing energy reaches 116 MeV when these scalar mesons are
included[see Table Il, casé)]. (For deuteron the inclusion ~ When we deal with the decay of)(2),+, two facts play
of these mesons leads to a small change in the binding dominant role in the process. The first one is the large
energy) binding energy of the system, and the second is the quantum
Since theN-N and N-Y systems are insensitive to the nhumber strangenes¥(S= —6). The latter, in particular, re-
masses ok ande mesons, and in order to reduce the numbersults in (2Q)q+ only undergoing weak decay. Furthermore,
of adjustable parametens,=m,=m,, =958 MeV (around the selection ruleAS=1 in the weak process means that
1000 MeV) is used in the calculatiof8]. But now for the  (£2€2)o+ can split into three particles: aft plus another
Q0 case, a six-strange-quark system, both the valugs.of hyperon plus pions or leptons that are determined by the
andm, may be important and should be retested. Thereforedecay modes of a fre@. In addition to these conventional
we have adopted another value for the massesasm, decay modes, there also exists a very interesting two particle
=1400 MeV, and the calculated result is shown as ¢Hge decay mode:
in the second column of Table Il. As we expected, when the
mass ofe increases, the attraction froenis reduced, and so
is the binding energy. But the property of strong binding of
the system remains. All these analyses and calculations poir

B. Mean lifetime of (QQ)y+

(QQ)g:—Q +E",

160

to the fact that both the specific symmetry property of the o m,=550MeV
system 1Q)q+, or in other words, the quark exchange ef- MO e e m,=500MeV
fect in the short range, and the nonperturbative QCD effect i m,=470MeV
described by chiral-quark couplingespecially theo, ex- 120 |-

change in the medium range, are responsible for forming a’ > L
deeply bound state of}Q),+ with the binding energy rang- g 100 -
ing between 50 MeV and 115 MeV. ~ i
The calculations were also performed with different size @3

parameterb, and strange quark mass;. The results are
shown in Fig. 3, in which the solid curve represents the case
of mg=470 MeV, the dashed curven;=500 MeV, and
dotted onem;=550 MeV. One sees that with the relevant

60

parameters varying in a maximum allowable region, the 0 T s s ess oss T os
binding energyB g0, . are between 60 and 140 MeV. In b, (fm)

general, wherb, is taken to be 0.50-0.55 fm, ama to be ’

470-520 MeV, the data of thd-N scattering and th&/'-N FIG. 3. Binding energy of QQ)q+ vs b, andms.
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Q Q 9 ,
] =——(m'+E)B?, 13
KK 1277M9m727(m ) 13
Q AXXY =

where g is the momentum of the produced kaon or pion,
Mq, m,, andm’ are, respectively, the rest mass Qf,
charged pion, and of the decay-produced hypeBois the
total energy of this hyperon, ari8lis a constant, describing
the p-wave amplitude, which is known from the experiments

Q Q for each decay mode.
n_non For the case when both the initial and final hyperons are
PR - sitting in the complex systems, the expression for the transi-
0 =0 — — tion rate now reads as
TN RS
= i)*———[m'+E(i,n ,
m o 12eMam2
Q Q " . oo
where all the quantities with the indicésand f,, are now
n referred to the same quantities as in E4@) but with the
values corresponding to the transition between initial state
Q = and the final state, respectively.

To estimate the transition rate of)(1),+, the closure
approximation can be us¢@4]. This means that we replace
in Eq. (14) the pion momentunay; ¢ and the corresponding

W&/peron energye(i,n) by the average values, respectively.
Then, instead of Eq.14) one gets

FIG. 4. Two-body decay Feynman diagram.

and the corresponding Feynman diagrams are depicted
Fig. 4.
Since it was well established that, for frég, the most

important decay modes af@2] AK~, E%, andE~ #°, —

now if the binding energy of about 100 MeV is taken into _ 2 q .
account, the decay chann@H A +K™ is forbidden strictly r Z (fali) 1277M9mi(m +E)B
by energy conservation. And therefore only two decay chan- o
nels remain, namely, 3 _
=————(m'+E)B? (15)
127Mom:,

(0Q)gr—Q +E%+ 7~

whereE=(m'2+0?) andq=3(fy|i)?q; s .
Since among all the possible final states of the system
(EQ) the ground-to-ground-state transition gives rise to the
(Q0)g+—Q +E +7° largest pion momenturg, and hence the largest decay rate,
and since we are interested in the lower bound of the lifetime

i i ) of (QQ),. , we may therefore use tlipvalue of the ground-
Then this partial width of the bound state &2(2)o+ can {4 ground-state transition for estimating the decay rate

be estimated under the sudden approximation as we did fQfafely Thus, after taking into account the binding energy of
calculating theg spectrum of the tritium molecule decay 1090 MeV for the QQ),+ [the binding energy for the

[23,24. In this calculation, the above-mentioned processe%zg) system here is neglectedve have the followingg
can be regarded as a transition between two “molecules” | 5 es for two decay modes, respectively:

(QQ)q; and QE). The latter, as shown in Ref10], can
also form a loosely bound state with a binding energy about
several MeV. However, owing to the sudden interaction
change occurring in the weak decay process, the newly
formed complex system(YZ) does not necessarily stay in for (QQ)g+—(E°Q7)+7, (16)
its ground state. Instead, all the excited states, including the
continuous ones, in accordance with the selection rules corgng
tribute to the transition with the weight, which is determined
by the overlapping of the wave functions of the two com-
pound systems. As a result, the expression for the decay
probability of the free() is modified.

The free() decay probability is known g25] for (QQ)g+—(E Q) +7°, (17)

and

q=207 MeV, B=1.86x10""

q=203 MeV, B=1.14x10 ’
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where theB values are taken to be that of freedecay{ 25]. TABLE IIl. Multiplicity of A+A, E-+E*, andQ~+Q".
With these values, and using Ed.5), the three-body decay The calculation results are obtained B&110 MeV andpg/p,
width of (20)),+ can be easily obtained, which is four times ~0.1. The experimental data are adopted from [R&d].

smaller than that of fre€)’s.

In comparing with the above discussed three-body decay .« A+A g-+E+ QO +0+
it is much more complicated to calculate the two-body decay
of (2Q)q+. Phenomenologically one can introduce an effec-350 cal. 18.1 1.47 0.155
tive coupling constantA, describing thep-wave parity- exp. 19.0 1.90 0.49
violating part in the nonleptonic decay amplitude of hyperon.285 cal. 14.6 1.23 0.130
Then the decay width of(8Q)y+—Q+ E can be obtained exp. 15.0 1.6 0.38
as 220 cal. 11.0 0.816 0.081
exp. 11.0 1.1 0.22
ro A%q"*(my+E})(my+E) =2 125 cal. 6.68 0.488 0.052
3m2M?2 exp. 7.0 0.59 0.13

wherem; and m, stand for the masses of finfl and =,
respectively, andE; ,E; their energiesR is the overlapping
integral of the wave function of(§(}),+ and the plane wave
of the final particles. Given the binding energy of 100 MeV,
we haveq’ =624 MeV/c; thenR=0.11. Therefore, the gain
from the phase space is suppressed totally byRfheAssum-
ing that A=B, then the width of two-body decay is almost T
the same as that of three-body decay given by(E§). Tak- Oi=—§& '_f d3qIn(1+ &efki—9)y, (18)
ing all of them together, the preliminarily estimated lifetime (2m)®
for (2Q)y+ is about two times longer than that of a fr@e ) ,
As a matter of fact, the fre€ lifetime is 0.822 10 1©s  WhereT is the temperature of the fireball ang=1/T. €
[22]. =g’+ mzi is the energy of the particleu; stands for the
However, it should be stressed that the lifetime is binding-chemical potential for both baryons and mesons with and
energy-dependent. In particular, the two-body decay rate dévithout strangeness. It is noted that depends on the tem-
pends on the overlapping integral of the wave function senperatureT and the ratio of baryon densipyg/p (Wherepg
sitively. Moreover, measuring this interesting decay modds the pure baryon density ang is the normal nuclear den-
becomes the most straightforward way to determine theity) of the hadronic gas; stands for the statistics kind of
binding energy of the Q) system accurately, and at the particles, =1 is for fermions, and—1 for bosons. The
same time it will provide valuable information concerning integration is carried out in the momentum space
some pieces of the nonleptonic weak amplitude of baryon, With the thermodynamic potential, all thermodynamic
which is missing in the usudd decay. quantities can be derived. The density of a particle of a given
species is the partial differentiation of the corresponding
IV. PRODUCTION PROBABILITY OF ©~ AND (2~ Q") Cheg]/ica' | potential. Fori species, the density ip;=
— M dpi|r.
In the past decade, many features of the experimental data Since the temperature of the fireball is very high, it is
accumulated in ultrarelativistic collision between heavy nu-reasonable to treat the hadron gas as the ideal gas with the

clei at AGS and SPS seem to indicate that a large degree @oltzmann distribution. ABm> 1, the density of species is
thermal and chemical equilibrium is reached among the pro-

equilibrium and chemical equilibrium are supposed to be
maintained until freeze-out.

The statistical properties of the fireball are determined by
the thermodynamic potential. The thermodynamic potential
per unit volume fori species reads

duced hadrong26-2§. Therefore, as a preliminary and m; |32 )

crude estimate, the thermal model is used to describe the Pi=0i 278 e A (19
heavy ion collision, and based on it, th@ () ,+ production

rate is estimated. wherem; is the mass and; is the spin-isospin degeneracy.

In this section, we use the thermal mofi2¥—29 to cal- The multiplicity of each particle can thus be obtained by
culate the production probability of™ and estimate the integrating the corresponding density in the coordinate
production probability of Q) in 158A GeV Pb+Pb  space.
collision. Since the above-mentioned thermal model can reproduce

According to the thermal model of heavy ion collision, a the experimental data of the particle ratio and the kaon and
fireball with extreme high temperature and extreme highpion production in SPS heavy ion collisiof@7-29, it is
density is formed. After reaching the highest density andherefore very important to check whether this model can
temperature, the fireball undergoes the expansion untilso well reproduce the data of hyperon. We have made the
freeze-out. The production of a large amount of particles andalculation for hyperon production in 188eV Pbt Pb col-
the violent collisions between them in the fireball finally leadlision and compared it with the experimental data. The
to the thermal and chemical equilibrium soon after it reachegnodel calculations as well as the experimental data are
the highest density and highest temperature. The thermahown in Table Ill. The first columm,,, is the number of
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FIG. 5. Multiplicity of Q~Q ™, Q~, and their ratio vsT ( MeV).

FIG. 6. Multiplicity of Q~Q ™, Q~, and their ratio vog/po-

3/2
= J00- (_mﬂﬂ e Allmg-o-—ro-q)~ (Mo~ —rg)l
participants related to the impact parameter. Other columns Jdo mgq
areA+A, E +E%, andQ~+Q7, respectively. The ex- (20)
perimental data are adopted from RES0]. The agreement  The chemical potential of2 Q" is six times of the
seems reasonable. The fitting to the experimental data is caghemical potential of a strange quark. The chemical potential
ried out at freeze-out. From the fits, we obtain the freeze-oudf a strange quarky, is quite small for high temperature
temperature to be about 110 MeV and the freeze-out baryoand decreases very fast as temperature increases. For in-
density to be about Ogl, which are the same as that ob- stance, atpg/po=4, us is lowered from 25.3 MeV to
tained in 208 GeV S+ S and S-Ag collisions[29]. —1.59 MeV as temperature increases from 140 MeV to 180
The multiplicity of O~ are shown in Figs. 5 and 6 as a cheV'hAtn’:?felren(E[ena?IFt’fl.?HT:j'fon MeV a?fl?B/fgz“M v
function of T andpg/pg in 158A GeV Pbt Pb collision. The Cgmc :redcf:) tF;woeehu ae (r)nas: tieae?f(eac?l:)? thescheﬁwicale (‘)_
multiplicity, as expected, increases as the temperature ig'entirfl onQ- Q- roéquction c:em be nealected P
creases, while it decreases as baryon density increases. P g '

. : ; ¢ O"The ratio of Q" Q~ to O~ together with the multiplicity
convenience of illustration, we tak@=160 MeV and 4t -0~ are also shown in Figs. 5 and 6. The ratio in-

pe/po=4 to be the reference point in 188GeV Pb-Pb  creases for higher temperatures and for lower baryon densi-

collision. Figure 5 is forpg/po=4; the multiplicity of O~ ties. As a result, the multiplicity of2~Q~ will increase as

increases from 2:810 2 to 3.4x10 ! as the temperature temperature increases and decrease as baryon density in-

increases from 140 MeV to 180 MeV. Figure 6 is fdr creases. Alpg/po=4, the multiplicity of Q"Q ™ increases

=160 MeV; the multiplicity of Q~ decreases from 2.5 from 4.7<10 7 to 1.5x10 ° as the temperature increases

X107 to 6.4x10 2 as thepg/p, increases from 2 to 6.  from 140 MeV to 180 MeV. AfT=160 MeV, the multiplic-
Given the above-obtained results, we are now in a posiity of Q~Q~ is from 1.4<10 > to 2.8x10 ° for pg/pq

tion to give a preliminary and rough estimate for the multi-from 2 to 6. At reference point, the multiplicity ¢~ Q™ is

plicity of O~ Q™ from the multiplicity of @~ based on the 5.3x107°,

same model. Sinc® ~ Q) is a six-strange-quark cluster and _ The above results are deduced from that of A¥BeV

the binding energy for tw) s to form aQ ~Q "~ cluster is Pb+ Pb collision. They are very sensitive to the temperature

about 110 MeV, the mass of this cluster is about 3230 Mevand the baryon density. For higher temperature that can be

and hence the production rate is much lower than the otheichieved in the future RHIC and LHC, it can be expected

particles. It is reasonable to assume that the inclusion of thi at more{) €1~ can be produced.

particle would cause little effect to the other particles in the

original calculations. Therefore, the multiplicity &1~ Q™

can be estimated directly from that 6f . In the preceding sections we have shown thaf)),+ is
From formula(19), the ratio ofQ Q™ to Q™ is a deeply bound dibaryon with a binding energy about 40

V. DISCUSSIONS AND CONCLUSIONS
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times larger than that of the deuteron’s. The root of meanThe most preferable value obtained for the binding energy is
squared radius of quark distribution d2(2),+ is only about 100 MeV+15 MeV.

half that of the deuteron. Such remarkable features are pre- Besides the binding energy, another important and inter-
dominantly originated from its special symmetry properties.esting property is the lifetime of(}Q2),+. As we have dis-
This can be seen by recalling that the kinetic energy alon@ussed in the previous sections, because of the large strange-
contributes 17 MeV to the binding energy. The symmetrypness quantum number of this system, only weak decay is
property is further coupled with meson exchange potentialsg|lowed. If the binding energy is chosen to be 100 MeV, as a
and finally results in about 100 MeV binding energy for the preliminary estimate, the lifetime could be about two times
(QQ)q+ system. Judging by these feature€){{)o+ IS @  that of the freeQ)’s.

six-quark state rather than a normal two-baryon bound state. Qur estimates for the production rate ¢1Q),+ are also
The deuteron is a bound state of another kind: its Symmetrivery crude and pre”minary_ If the experimenta| Suggestion is
structure prevents the exchange of quarks between the tWehder consideration, a more detailed calculation and simula-
baryons, and the baryons preserve their individuality. ThusSiion should be done.

deuteron is a loosely bound state. This symmetry property As a conclusion, we believeQ2),+ is the best candidate
analysis is quite general, and is, in fact, irrelevant to anytg |ook for the long-sought dibaryon. Last but not least, once
specific model, except for the quark model of baryon. such a system is observed experimentally, the binding energy

However, the concrete value of the binding energy dededuced from the experiment may justify the model used for
pends on the input parameters, or in other words, it is modekhe calculation.

dependent. It should be noted that when using the chiral
SU(3) quark model, our approach is mostly phenomenologi-

cal. By fitting with a large body of the experimental data

concerning the baryon and hyperon structures and scattering
cross sections, the set of parameters we have chosen is opti- We are indebted to Professor M. Oka, Professor Li
mized and the range of variations is also known. It seem&Xiaoyuan, Professor Chao Weigin, and Professor Shen
that, within a widely allowable range of variations of the Pengnian for stimulating discussions. This work was sup-
parameters, our numerical results do not alter very muchported by the National Natural Science Foundation of China.

ACKNOWLEDGMENTS

[1] R.J. Jaffe, Phys. Rev. Le®8, 195(1977. [14] J.A. Wheeler, Phys. Re®2, 1083(1937); 52, 1107 (1937.
[2] M. Oka, K. Shimizu, and K. Yazaki, Phys. Lett30B, 365 [15] K. Wildermuth and Y.C. TangA Unified Theory of the
(1983; Nucl. Phys.A464, 700 (1987; K. Shimizu and M. Nucleus(Vieweg, Braunschweig, 1977
Koyama,ibid. A646, 211(1999. [16] X.Q. Yuan, Z.Y. Zhang, Y.W. Yu, and P.N. Shen, Phys. Rev.
[3] U. Straub, Zong-ye Zhang, K. Buar, A. Faessler, and S.B. C 60, 045203(1999.
Khadkikar, Phys. Lett. 200, 241 (1988. [17] M. Harvey, Nucl. PhysA352, 301(1981); F. Wang, J.L. Ping,
[4] K. Imai, Nucl. Phys A553, 667 (1993. and T._Goldman, Phys. Rev. &1, 1648(1995. .
[5] P.N. Shen, Z.Y. Zhang, Y.W. Yu, X.Q. Yuan, and S. Yang, J.[18] Q-B. Li, P.N. Shen, Z.Y. Zhang, and Y.W. Yunpublished
Phys. G25, 1807(1999. [19] K. Shimizu, Prog. Phys52, 1 (1989.

[20] S. Yang, P.N. Shen, Z.Y. Zhang, and Y.W. Yu, Nucl. Phys.
A635, 146 (1998.

[21] Z.Y. Zhang, A. Faessler, U. Straub, and L. Ya. Glozman, Nucl.
Phys.A578, 573 (1994).

[6] A.J. Buchmanret al, Prog. Part. Nucl. Phys36, 383(1996;
Phys. Rev. (57, 3340(1998.
[7] H. Clementet al,, Prog. Part. Nucl. Phys36, 369 (1996.
(8] ie:(zszggrgggnw Yu, P.N. Shen, and L.R. Dai, Nucl. Phys. [22] Particle Data Group, C. Caset al, Euro. Phys. J. G3, 1
' ' (1998.
[9] P.N. Shen, Y.B. Dong, Y.W. Yu, Z.Y. Zhang, and T.S.H. Lee, [23] A.B. Migdal, Qualitative Methods in Quantum Thegiyans-

Phys. Rev. G55, 2024(1997. lated by A.J. LeggettBenjamin, New York, 197 p. 102.
[10] Y.W. Yu, Z.Y. Zhang, and X.Q. Yuan, Commun. Theor. Phys. [24] C.R. Ching and T.H. Ho, Phys. Repl2 1 (1981.

31, 1 (1999; Z.Y. Zhang, Y.W. Yu, and X.Q. Yuan, Nucl. [25] J.F. Donoghuet al, Phys. Rep131, 321 (1986.

Phys. A(to be publisheyd [26] J. Stachel, Nucl. Phy#\610, 509¢(1996.
[11] F. Wang, J.L. Ping, G.H. Wu, L.J. Teng, and T. Goldman,[27] P. Braun-Munzinger and J. Stachel, Nucl. Php&638, 3c
Phys. Rev. (51, 3411(1995. (1998.

[12] M. Gell-Mann and M. Levy, Nuovo Ciment&VI, 705(1960. [28] P. Braun-Munzingeet al., Phys. Lett. B365 1 (1996.
[13] F. Fernandez, A. Valcarce, U. Straub, and A. Faessler, J. Phy§29] Z.D. Lu et al, High Energy Phys. Nucl. Phy&2, 910(1998.
G 19, 2013(1993. [30] E. Andersoret al, Phys. Lett. B433 209 (1998.

065204-9



