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Recent lattice QCD calculations showed that a dyq similar to the deuteron with baryon number B = 2
and with a small binding energy might exist. In this work we propose a hadronic molecular approach to
study the dynamical properties of this exotic state. We employed a phenomenological Lagrangian approach
to describe the coupling of the dyq to its constituents and the strong decays into conventional hadrons,
dyo — AE and dyq — XE. Predictions for the sum of the decay rates are in the range of a few hundred
keV. In addition, we find that the dyg — AE mode is dominant, preferably searched for in a future
Relativistic Heavy Ion Collider (RHIC) experiment.
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I. INTRODUCTION

Since the discovery of the X(3872) state in 2003 [1],
the study of exotic resonances with heavy flavors, like
X(3872), Z.(3900) or the P, states, turns out to be
extremely important in unravelling their unusual internal
structure both in theoretical and experimental investiga-
tions [2]. In particular, many experimental efforts at world-
wide facilities (like BEPC II, BELLE, CERN, JLab, LHCD,
etc.) have been carried out for hunting and identifying those
exotics [2-7]. Numerous theoretical calculations were also
devoted to the understanding of those unusual hadron states
with respect to their composite structure, mass spectrum
and decay properties (for a detailed list of references and
reviews, see e.g., Refs. [2,8—17]). Different interpretations
have been proposed and developed in the literatures:
hadronic molecular scenarios, multiquark states—tetraquark
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or pentaquark configurations, kinematic triangle singular-
ities, and scattering cusps, among some others.

Multiquark states can be realized not only as four-quark
(meson sector) and five-quark (baryon sector) systems, but
also as six-quark state. Correspondingly, there are meson-
meson, meson-baryon and baryon-baryon molecular states.
The deuteron, discovered in 1931, is the prototype of a
baryon-baryon molecular state, mainly residing in a proton-
neutron configuration with a weak binding energy of
E, ~2.22 MeV. Dyson and Xuong were the first to study
nonstrange two-baryon systems in terms of SU(6) even
before the quark model was established [18]. The H-particle,
originally proposed by Jaffe [19] and other candidates, like
the d*, were searched for in experiments for a very long time.
Recently, the nonstrange resonance d*(2380) was observed
and confirmed by the WASA@COSY collaboration [20-
23]. So far, the understanding of the nature of the d*(2380)
resonance is not conclusive. The three-diquark state [24],
compact six-quark state [25-29], or hadronic molecule
structure [30] are three possible interpretations (see the
review article [31]).

Possible nucleon-hyperon states with baryon number
B = 2 have also been studied in the literature [19,32-36].
The NQ state is a typical example among them as it is
believed to be bound. The first investigation of a six-quark
system with strangeness S = —3 was done by Goldman
et al. using the relativistic quark model [37]. They proposed
a bound S-wave NQ state with total angular momentum
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J = 1 or2. Later on, in Ref. [38] it was pointed out that the
treatment with a single NQ channel cannot lead to a
bound state since there is no quark exchange effect in
this channel. When considering the coupled channels,
like NQ — AE* — XE* — Z*E — X*E*, a bound state might
exist. The NQ system was also studied in a quark
delocalization and color screening model (QDCSM), where
the bound state can be obtained both for the single N or
coupled channel configurations [39]. The predicted masses
are M = 2566 MeV and M = 2549 MeV for the two
cases, respectively. A further analysis of the QDCSM
was recently performed in Ref. [40], and the updated
results were consistent with the previous ones. A bound
NQ state is also supported by chiral quark model calcu-
lations, where the binding energy varies from ten to around
one hundred MeV depending on the specific approach
[40,41]. Moreover, Ref. [42] found a quasibound N state
with a pole at E,,. =2611.3—-0.7i MeV based on a
meson exchange model.

Besides those model calculations, recently, a lattice
calculation for the dyq system was performed by the HAL
QCD Collaboration [43,44]. As a result, they reported that
an S-wave dyo with JP =2* and with deuteronlike
binding energy of E, =2.46 MeV indeed does exit.
The HAL QCD Collaboration performed their lattice
simulations for nearly physical quark masses correspond-
ing to pseudoscalar masses of m, ~ 146 MeV and
mg ~ 525 MeV. The possible strong short range attraction
in the proton-Q system can also be accessed by the
momentum correlation of p€Q emission in relativistic
heavy ion collisions [45]. The corresponding measure-
ment has been carried out by the STAR Collaboration at
the Relativistic Heavy Ion Collider (RHIC) using the
Au + Au collision [46]. The results slightly favor a
bound dyo with a binding energy of about 27 MeV.
Besides the first work in Ref. [45], the authors extended
their analysis on the pair momentum correlation func-
tions in [47].

To check for the existence of a dyq, a direct search for a
signal in the invariant mass of the final decay channels is
necessary. Therefore, also a theoretical calculation on the
decay properties of the dyq is needed. In this work we
consider the dyq as a loosely bound state of a nucleon and
an Q with a value for the binding energy set by the lattice
calculation. Then we employ an effective Lagrangian
approach to calculate the strong decays. It should be
mentioned that the phenomenological Lagrangian approach
is a reasonable method to describe the properties of weakly
bound states. We have successfully applied it to a wide
range of exotic resonances like D¥;(2317), X(3872),
Z.(3900), and Y(4260) in the meson sectors [48-58]
and for A.(2940), X.(2800), ©(2012), and P, in the
baryon sector [59-64]. We also employed this method to
study deuteron properties [65,66]. Since the binding of this
dyq state is expected to be similar to that of the deuteron,

we expect that our phenomenological Lagrangian approach
will result in reasonable predictions for the strong decay
properties of the dyq.

This paper is organized as follows. In Sec. II, we discuss
the setup of the hadronic structure of the dyqo bound state
and follow up with the formalism of the strong decay
modes in the context of an effective Lagrangian approach.
Section III is devoted to the numerical evaluation and
discussion of the strong decays of this NQ2 molecular state.
Finally, a short summary will be given in Sec. IV.

II. STRONG DECAYS OF THE dyq

In the following we assume that the dyq is a loosely
bound state of a nucleon and an Q™ hyperon. Following
the results of the recent lattice calculations [43], the
quantum numbers of the dyo weakly bound state are
chosen as I(J”) =1(2"). The bound state has two
isospin components, pQ for I3 =1/2 and nQ for
I3 = —1/2. To set up a framework for the treatment of
a bound state of two hadrons, we construct a phenom-
enological Lagrangian describing the interaction of the
dygo with its constituents as

L= gdmdlﬁg / dy®(y*) Q5 (x 4+ wngy)7,N(x — wgyy)

+ H.c., (1)

where y¢ = Cy’, w° =y'C, and W{y'y, = sty
Here C = iy?y° is the charge-conjugation matrix, super-
script T denotes the transposition and w;; =m;/(m; +m;)
is the hadron mass fraction parameter, where m; is the
mass of the ith particle. To describe the distribution of
the constituents in the hadronic molecular system, we
introduce the correlation function ®(y?), which, in
addition, plays the role to render the Feynman diagrams
ultraviolet finite. Note that ®(y?) is related to its Fourier
transform in momentum space ®(—p?) as

4
o(?) = [ Ghre =), @

where p = wyqpa — woypy 1s the Jacobi momentum.
Here, ®(—p?) is the correlation function describing the
distribution of constituents in the molecular state. It was
widely and successfully used in the investigation of
hadronic molecules [48-51,55,57,65]. For simplicity, ®
is chosen as a Gaussian-like form ®(—p?) =exp(p?/A?),
where A is the model parameter, which has dimension of
mass and defines a scale for the distribution of the
constituents inside the molecule. All calculations are
performed in Euclidean space after Wick transformation
for loop and all external momenta: p* = (p°, p) — pl =
(p*, p) with p* = —ip°. In Euclidean space the Gaussian
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FIG. 1. Mass operator of the dyq.

correlation function provides that all loop integrals are
ultraviolet finite.

The coupling constant g, in Eq. (1) is determined using
the Weinberg-Salam compositeness condition [67-70].
This condition means that the probability to find the
dressed bound state as a bare (structureless) state is equal
to zero. It also means that the corresponding wave function
renormalization constant Z is set to be zero. In the case of
dyq, the compositeness condition reads:

2
m
o) .

where ng)ﬂ(mflm
operator of the dyq having spin-parity 2*. In Fig. 1 we
display the diagram contributing to the mass operator of the
dyg. Note that the respective mass operator of the 2
hadron is given by the rank-4 tensor ¥4 sandwiched by

the polarization vectors e,%)( p) for the spin 2" tensor:

) is the nonvanishing part of the mass

S(p) = e (p) 2 (p)ely (p). 4)

The polarization vector efjp(p) obeys the conditions of

symmetry e,([?( p) = el(,f)( p), transversality p”e,%)( p) =0,

and tracelessness g””e,%)( p)=0.
The expression for the mass operator %,,,; reads as
follows:

d*q .
B = iy / 2 &
X Tr[ybs;m(q1 mQ)},ﬁS(q - D mN)L (5)

—(q - WQNP)Z)

where § and S, are the free fermion propagators for spin—%
and spin—% particles with

S(p.m) = (#—m)™", (6)
S;w(p’m)
. _ -1{ _ yyyu 2pﬂpl/ yypy_yypu
= (=) (g g TR LD

Using properties of the polarization vector e,(fly)( p) men-

tioned above, %,,,; can be decomposed into the Lorentz

W =1,

functions £()(p?) with

structures L 5) multiplied by the scalar

ZL;waﬂ (8)

/uzaﬂ P )
where

Lo 1
uvaf 5 [g;taguﬁ + guagyﬁ]s

(2
L;wa/} g/w gaﬁ s

1 1
uvafp — E [g/wpapﬂ + gaﬁpﬂpy]’

1
4
L,(w)aﬂ =1 [GuaPuPp + GupPuPa + GoaluPp + GupPulal;

5
L/(w)aﬂ = PuPvPaPp- (9)

As already mentioned, due to the properties of the
polarization vector e,(fp( p), only the first term in the sum
of Eq. (8) contributes while the others vanish. The scalar
function 2(1)( p?) contributing to the compositeness con-
dition Eq. (3) is obtained from the full mass operator

Z,.qp(P) when acting with the following Lorentz projector:

1 1
" = — (PP + PPy —— PP (10)
10 15
The projector P!’ is defined as P" = ¢ — p#p*/p? and
satisfies the conditions
ngPIiV =3,

gZ’P’f:Pi‘”, pﬂPﬁ” =p, P =0. (11)

The full projector T#**/ satisfies the following conditions:
-T”””f”zo, i=u,v,a,pB,
(1) puvap _ () puvap _ P
Lo~y LD pe_o j=23.45. (12)

Finally, the required scalar function (! (p?
the identity

) is fixed using

2(1)(172) - Tiuaﬁzuuaﬁ(p)' (13)

Based on the quantum number assignment I(JF) =
1(2%) of the dyg, we consider the strong decays into
the baryon pairs AZ and ZZ. In the hadronic molecular
picture the decays dyo — AE and dyo — XE are described
by the triangle diagrams induced by the exchange of K and
K* mesons in the t-channel. The corresponding diagrams
are shown in Fig. 2.

To determine the matrix elements corresponding
to the diagrams in Fig. 2, we apply a phenomenological
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Alps)

3 “

FIG. 2. Typical diagrams contributing to the processes dyq —
EA [diagrams (1)—(2)] and EX [diagrams (3)—(4)], respectively.

Lagrangian including the coupling of the dyqo to its
constituents [which has been already specified in
Eq. (1)] and the couplings of the constituents to the final
hadrons. Thus, we need additional phenomenological
Lagrangians describing the couplings between baryons B
(octet and decuplet states) and mesons (pseudoscalar P and
vector V states). In the present calculation we use the BBP
and BBV type Lagrangians with [71-76],

fANK

‘C’ANK = N}/M}/SAaﬂK + H.C.,

T

FoNk o - <
Lok = ;NK Ny*y°%0,K + H.c.,

4

_ K .
Lank = —QANK*N<J’”A - %Uﬂy/\ay) K, +H.c.,
N

;Cz]v](* = _QZNK*N<}/#2 - %0"”2&,) K; + H.C.,

my
EQEI( = fQEK G”KQ"E + H.C.,
mﬂ
9oz=k* " N —_
Losx- = ‘:”K (0,K; — 0,K:5)Qiy'yE + He., (14)

P

where £ =% -7, The couplings of the octet baryons to
pseudoscalar/vector mesons are constrained by SU(3)-
flavor symmetry relations [72,76],

fank = —\}591\/1\/7;(1 + 2apgp), (15)
Fenk = gnna(l = 2apgp), (16)

1
IANK* = _7§gNNp(1 + 2appy), (17)
9sNK* = gNNp(l - Z(XBBV)' (18)

TABLE I. Meson-baryon coupling constants.

Coupling Set 1 Set 1I
INN= 0.989 [71,72]

9aNz 2.12 [71,72]

SN 0 [72,75]

apgp 0.4 [72,75]

199:7:1% 1.15 [72,75]

INNp 3.1 [73] 3.25 [71,76]
Ky 1.825 [73] 6.1 [71]
9any 6.08 [73] 16.0 [71]

The remaining parameter x in the BBV coupling is fixed
using the relation between vector and tensor couplings
fynk = gynkx:Kyng: and the relation of the tensor cou-

plings fyyk- to the fyy, and fyy, couplings [72],

1 V3

fANK* = _ngNNw _TfNN,w (19)

1 1
Sfeng: = _szNw +§fNNp‘ (20)
For the couplings between the baryon decuplet and the
pseudoscalar/vector meson octets gay, and gay,, we use
SU(3) symmetry constraints [72],
9ok = YANz» 9ozk* = 9anp- (21)
In Table I, we present the values for the meson-baryon
coupling constants used in our calculations [see Egs. (15)—
(21)]. Note that gyn, = 0.989 was determined in Ref. [71],
based on 7N scattering, where it is found that the z/N phase
shift, scattering length, and the zNX term were in agree-
ment with the experimental data. We also use azgp = 0.4
and agpy = 1.15, taken from an analysis of elastic Nz
scattering [72]. For the coupling gy,, we take the value
2.12 [71] determined from the A — Nz decay rate. Besides
these well determined parameters, the value of k, can vary
in a wider range, e.g., from k, = 1.825 in Ref. [73] to x, =
6.1 in Ref. [71]. The values for the gyy, coupling cited in
these two references do not vary too much and are also
presented in Table I. The difference in values for k, and
gnn, consequently has an impact on the coupling constant

gany 1731,
_ 7_29NNp(1 +Kp)m
U VT T

with gay, = 6.08 in Ref. [73] and gy, = 16.0 in Ref. [71].
Since there is no way to distinguish the cases of parameter
values for gyy,, k,, and gay,, we use both sets in the
present calculation. Further details will be discussed in the

next section.

(22)
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Starting from our total effective Lagrangians, we gen-
erate matrix elements corresponding to the diagrams of
Fig. 2. Their expressions read as follows:

— a _ A .
M;=a(p )N (ps.pa)Ci” (p3)el) (p)  i=1.2, (23)
where

ap _ foskfapk d*q
AV (p3.ps) = —Ydyg mlzr L /(2”)41.%4%
x D(q. mg)S*(py. ma)y?S(—py.m, )y’ r*
x ®(—(py = wpap)?)F(m;, q), (24)

9o=k*9apK* d4q
Aaﬁ s = = / et — Ypr
5 (P3:P4) = Gayg m, (271)41'[9/ 9: = 9peds)

Xy 87 (pp.mg)yP S(—pi.my,) D (q.my-)

X {y —io q”KK*AP}
H H 2mp
X(D(_(pl_wpﬂp)z)f(ml’q)’ (25)

where D(Q’mK) = (qZ_m%()—l and Dm/(q’ mK*) = (_g;w +
4,9,/ m%-)(q* — m%.)~" are the propagators of the K and
K* mesons, respectively.

A phenomenological dipole form factor,
F(mi.q) = (mi = A})?/(q* = A})?, (26)

is introduced to take into account off-shell effects and
the nonlocal structure of the interacting particles [77].
Here, Ay = m, + algcp is a cut-off parameter with m,
being the mass of the exchange particle and the QCD scale
parameter Agep = 0.22 GeV. The other two transition
amplitudes corresponding to the diagrams in Figs. 2(3)
and 2(4) are generated from the underlying phenomeno-
logical Lagrangian in analogy.

Finally, the total contribution to the matrix element of the
dygo — EA process is

Migi(dyg = EA) = M + M, (27)
and for the dyq — EX transition,
Mioi(dyg = BZ) = Mz + My, (28)

The expression for the decay widths of dyg — EA/EX is
evaluated as

L 1pl

= Mol 29
21+18nm§,m| o (29)

where J is the total angular momentum of the initial state
dyq, P is the relative 3-momentum of the final states in the

rest frame of the initial state, and the overline denotes the
sum of spin polarizations for initial/final states.

III. NUMERICAL RESULTS

First, in Table II we summarize the mass values used in
the present calculation [2]. Although different masses were
predicted for the dyq, we choose a mass for the dyq as
reliably determined in the recent lattice calculation where
the binding energy is about 2.46 MeV.

Values for the coupling g, , of the dyq bound state to the
constituents are generated by the compositeness condition
and are listed in Table III. The values depend on the model
parameter A, which is introduced in the correlation function
of Eq. (2) and phenomenologically represents the distri-
bution of the N and Q baryons in the dygq. In Ref. [65],
utilizing the same approach for the rather weakly bound
deuteron, the parameter A was deduced to be less than
0.5 GeV. The numerical results for the deuteron electro-
magnetic form factors of Ref. [65] are in fairly good
agreement with data. Based on the similarity between the
dyq and the deuteron, we choose four typical values for the
phenomenological cutoff parameter A = 0.2, 0.3, 0.4, and
0.5 GeV. The resulting values for g, , are 2.38,2.11, 1.97,
and 1.88, respectively (see Table III).

Finally, we have a remaining parameter a in the
phenomenological form factor of Eq. (26). The parameter
a cannot be fixed from first principles, instead we choose
a = 0.9-1.1, previously determined from an extended
analysis of decay data on possible baryon-antibaryon
bound states (see, e.g., the detailed discussion in Ref. [78]).

In Tables IV and V, the partial strong decay widths of the
dyg = N°Z°, dyo — 220, and dyg — THE" transitions,
together with their dependence on A, are displayed. For a
fixed value of A, the range in results corresponds to a
variation of the parameter @ from 0.9 to 1.1 entering in the
transition form factor.

Using the values for the coupling constants of Set I, we
find that the partial strong decay width for dyg — A°ZE°
varies from 154-275 keV to 355-646 keV and that for
dyg — 22 from 4.0-6.61 keV to 7.03-12.0 keV.
Therefore, the mode dyg — A’Z° dominates over the

TABLE 1II. Masses of the relevant particles (in units of
GeV) [2].

Particle  dyo p A° %0 =0 Q
Mass 2.608 09383 1.116 1.193 1315 1.672
TABLE III.  Dependence of the coupling g, on A.

A (GeV) 0.20 0.30 0.40 0.50
Iy, 2.38 2.11 1.97 1.88
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TABLE IV. Two-body decay widths of the dyg in keV for
different values of A. The uncertainties of results for a fixed A
reflect the variation in « ranging from 0.9 to 1.1. Coupling
constants are taken from Set I.

TABLE VI. Decay widths of the processes dyo — Z°A° and
dyo — E°Z° in units of keV. The binding energy of the dyg is
fixed at 2.46 MeV. The parameter A is chosen to be 0.2 GeV
and «a is 0.9.

Parameters Set 1 Parameters Set I Set 11

A (GeV) 0.20 0.30 0.40 0.50 Individual contribution K K;, Ky} K K K;
APE0 mode  154-275  253-455  321-582  355-646 I'(dyq — Z°A%) 125 0.713 0.291 125 542 2438
220 mode  4.00-6.61  6.00-10.0 6.75-11.4 7.03-12.0  [(dyq, — E°5°) 433 0.146 0.0444 433 111 3.78
X*E” mode 8.00-13.2 12.0-20.0 13.5-22.8 14.1-24.0

Total 166-295 271485  341-616  376-682

dyg — X'2° decay. From the relations of Eqgs. (15) and
(16) for the couplings, it is clear that g,k is much larger
than gy ,k, therefore resulting in a dominant branching
fraction of the AE mode. In addition, the partial width of
the charged Z*Z~ mode was obtained by isospin symmetry
where isospin breaking effects, like mass differences of
charged and neutral baryons, are not considered. Assuming
that the sum of the three partial decay widths results in the
total decay width, we can conclude that the total decay
width of the dyq is in the range of 166—-682 keV.

With the other set of coupling constants (Set II), we
found that the partial decay widths for both the A= and XE
modes increase by a factor of about two. The obtained
partial decay width for the A°Z° mode is from 329 to
1550 keV, and for the X°Z° decay width we have values
from 10.3 to 40.0 keV when varying A and « in the allowed
range. For Set II of the coupling constant, we conclude
that the total decay width of dyq is in the range of 360—
1670 keV.

To check for the contribution of individual diagrams to
the processes dyo — EA and dyo — EX, as well as the
effect of different coupling values, we analyze the particu-
lar results for the partial decay widths as given in Table V1.
The detailed results are based on the choice A = 0.2 GeV
and a = 0.9. The entry for K in Table VI represents the
contribution from the K meson exchange as shown in
Fig. 2, while K7, and K7 correspond to the vector and tensor
parts of the K* meson exchange contribution. For the
couplings of Set I, it is clearly seen that K exchange plays

TABLE V. Two-body decay widths of the dyq in keV for
different values of A. The range of results for A corresponds to
the variation in a from 0.9 to 1.1. Coupling constants are taken
from Set II.

Parameters Set 11

A (GeV) 0.20 0.30 0.40 0.50
AYZ% mode 329-593 546-993  741-1360 842-1550
Y020 mode 10.3-17.7 16.1-27.9 20.4-36.0 22.5-40.0
T2 mode 20.6-35.4 32.2-55.8 40.8-72.0 45.0-80.0
Total 360-646  594-1080 802-1470 910-1670

the essential role in both dyg — E°A? and dyo — Z0X°
processes. The contribution of K* exchange is, at least, one
order of magnitude smaller where the tensor part is much
smaller than the vector part. For Set II, the K meson
exchange results in the same values for the partial decay
widths since the relevant coupling constants gozx, fsyis
and fyg are the same in the two cases. But now the
contribution from K* exchange increases since the coupling
constant gozg+ and x are larger, where the tensor contri-
bution dominates over the vector part.

Therefore, we conclude that for both sets of couplings
the K meson exchange contribution is dominant for both

= and XE modes; hence, the full decay widths do not
change dramatically within the two different sets of
parameter values. The uncertainties in the parameters A
and a obviously have a sizable impact on the calculated
decay widths. The total decay width can reach from a few
hundred to above a thousand keV although the transitions
of the dyq to the possible final states occur via a D-wave.
This analysis of the partial decay widths indicates that the
process dyg — AE dominates in the dyq decays with a
branching fraction of around 95% independent of the
particular parameter choice.

The partial decay width for the process dyo — AE
was also estimated in Ref. [39] in the context of a quark
model. They relied on a different mass M, , = 2566 MeV
or on the corresponding binding energy of E;, =44.5 MeV,
and used quark rearrangement for the decay mechanism.
Quantitatively, the results for quark rearrangement and for
the meson exchange process are very different. To directly
compare our results with theirs, we indicate our results for
the partial decays width of dyo — AZE for the mass of the
dyg being 2566 MeV as well. Results are listed in Table VII
for the comparison. Here, we take the averaged value
a = 1.0 and the coupling parameters of Set I. For parameter
Set II, our results for the decay width are about twice as
large compared to those of Set I.

Compared to the numbers obtained for the mass of the
lattice prediction, the values of the coupling constant g,
increase. This is a natural result since the larger binding
also corresponds to a stronger interaction reflected by g4, .
Our results are almost one order of magnitude larger than
the one of the quark model [39] although the input mass is
the same. It should be addressed that another estimate for
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TABLE VII. Two-body decay width of dyo — AE in depend-
ence on A, while a is set to 1.0. The mass of dyq is set to
my,, = 2566 MeV, which is the same as in Ref. [39] with a
corresponding binding energy of 44.5 MeV.

A (GeV) 0.20 0.30 0.40 0.5
Coupling g4, 13.0 8.90 7.16 6.21
300 442 487 485

M(dyo — EA) Ref. [39] 33.9

the total decay width of the dyq was also obtained in the
meson exchange model [42]. With a binding energy of
0.1 MeV the decay width of AE and XE is 1.5 MeV.

Here, we want to emphasize that in the present work the
dygo was assigned as a pure NQ molecular state, while such
a pure bound state was supported by the lattice calculation
[43]. The current results are the decay properties of such a
N molecular state. On the other hand, one can not exclude
other components, e.g., AZ* in the dyq. And the additional
components may have an effect on the decays of the dyq.
This issue will be studied elsewhere.

From our results in Table III, we find that the A°Z°
decay mode completely dominates the total decay width.
This phenomenon occurs because of the large coupling
constant g, k. The final state A°Z° is not easily observed in
experiment since the final hadrons dominantly decay
through weak decay processes. For example, the A° can
decay to pz~ and nz°, where the pz~ mode is preferred to
reconstruct the A°. Moreover, Z° can be reconstructed by
the three-body final state of pz~z° because of the decay
chain 2° = A%2° - pz~z°.

The dygq can also decay to NAK via the weak QAK
vertex, where the final state particles can be easily
observed. However, this weak decay proportional to Gp
is strongly suppressed. The dominant strong decay process
dyo — AE is clearly the signal of a possible dyq to be
searched for. If the accumulated experimental data sample
for hyperons is large enough, one may see the signal of the
dyg 1n the AE invariant mass spectrum. We also know that
the RHIC experiment has already presented a positive result
for dyq via indirect measurements. Future experiments are
expected to provide more direct and precise evidence for
the existence of the dyq.

IV. SUMMARY

The dyq stands for a bound, minimal, six-quark con-
figuration with baryon number B =2 and strangeness
S = —3. Because of its weak binding it is analogous to
the deuteron, which is an experimentally confirmed
baryon-baryon bound state. The dyo was predicted in
many theoretical works and, in particular, by lattice

calculations. There are also some hints for the existence
of the dyqo from recent experimental approaches. In the
present work, we give an analysis of the strong decays of
the dyq based on the use of phenomenological Lagrangian
approach, in which the dygq is assumed to be a loosely
bound state. Here, we simply use the lattice prediction for
the binding energy.

All possible strong two-body decay modes of the dyq are
calculated. In the calculation two sets of coupling param-
eters are employed. We find that the total decay width of the
dyg 1s in the range of a few hundred keV up to just above
1 MeV although the transitions to the two modes proceed
through the D-wave. Independent of the particular choice
of parameters the dyg — AE process dominates com-
pletely and almost captures the total branching fraction.
A search for the dyq in the AE invariant mass spectrum can
provide direct evidence for its existence. Finally, we would
like to point out that more theoretical efforts are needed to
understand the structure of the dyq, exotic state as well as to
search for other possible candidates in the baryon-baryon
molecular state family.
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