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Basic features common to all phenomenological models afdrestructure lead to the prediction
of dibaryon resonances independent of more detailed fematfrthe dynamics. In particular, an
(1)JP = (0)3* AA resonance used to explain the double pionic fusion througse—called ABC
effect. Within the same framework we report a resonancetivégtsame basic features in tN®*
system that could be pursued in the future progral?mtlDA.
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In Ref. [1] theND interaction was analyzed within a chiral constituent quaddel (CCQM).
Due to the lack of experimental data at low energies for the $pace interaction, the generalization
of a model that describes tiNN interaction and the meson spectrum in all flavor sectors meay b
reliable framework from where to obtain parameter-freajmtéons in the charm sector.

In the constituent quark model [2], hadrons are describegdusters of three interacting mas-
sive quarks, where the mass comes from the spontaneousng@dkhe original chiral symmetry
of the QCD Lagrangian. Perturbative effects of QCD are taknaccount through a well-known
one—gluon—exchange potential (OGE), initially derivedRief. [3]. Nonperturbative effects due to
spontaneous chiral symmetry breaking occur at some momestale, at which light quarks inter-
act by exchanging Goldstone bosoWg(Ti;) = Vose(Tij) + Vore(Tij) , being OSE and OPE scalar
and pseudoscalar exchange potentials. A linear confinepierd is also included. Therefore, the
total interaction reads:

Ve (Fi) — { [aidj = nn] = Vcon(Tij) +Voee(Tij) + Vy (Tij)
a9 (M) = 3 (qq — ”y y 7 (1)
[q|q1 =cn = VCON(rIJ) +VOGE(?I1)

where the tag® and c stand for light and heavy quarks, respectively. As chirahsetry is
explicitly broken for heavy quarks, the chiral potentialedmot act orcn combinations. Within
this model, a nice description of both the barydhandA) and meson spectr®(@ndD*) [2] was
obtained. The parameters of the model were tuned all in uevivorks so predictive power is
expected. They are listed in Ref. [1]. We employ a Born—Oppéner formalism to construct
the two—hadron wave function out of tlyg and qq interactions. In the two—body interactions,
large differences are found between the contributions aith without quark exchanges for some
particular channels. They are due to Pauli effects. If wesiotar the limit of the norm of a baryon—
meson wave function when the hadrons overip« 0):
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Figure 1: Interacting potential in two different channels showingilPeffects: ND* (T,J) = (0,1/2) (left
panel) and\D* (T,J) = (2,5/2) (right panel). See text for details.
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Table 1: Baryon-meson channels in the coupl@dJ) basis. The tag inside parentheses stands for the
character of the interaction, being R and A repulsive andetive. Correspondingly, W and S mean weakly
and strongly.

T=0 T=1 T=2

J=1/2| ND-ND* (R) | ND—ND*—AD* (R) AD* (WR)
J=23/2 ND* (WA) | ND*—AD—AD* (WR) | AD—AD* (A)
J=5/2 AD* (A) AD* (SR)

beingy = f(b,b:) andC(S,T) a spin—flavor coefficient, it is clear that quark antisymmetifects
appear in those channels whére- 1, because the norm gets suppressedCrerl, the norm goes
to zero wherR — 0, what is called Pauli blocking [4]C(S T) is a spin—isospin coefficient that
depends on the total spin and isospin of the baryon—mesoensy#\ppreciable Pauli features are
found for ND* with (T,J) = (0,1/2) andAD* with (T,J) = (2,5/2), as they have, respectively,
C =2/3 andC = 1. The situation is illustrated in Fig. 1. Left panel shows tlirect contribution in
dashed-dotted line against the taf@l1/2) (direct+exchange) potential in solid line. The effect of
guark antisymmetrization is easily appreciated by conmgabioth lines. The direct potential can
be considered as a genuine baryonic potential. While daeatributions are long ranged, quark
exchange diagrams govern the short-range part of the datitama Right panel of Fig. 1 shows the
different pieces of the potential that contribute to theiattion with quantum numbe(g,5/2).

In this channel, a€(S, T) = 1, the norm is completely suppressed and therefore allibotibns
are very strong at short distances, building up an extremeglylsive interaction.

The Pauli blocking just found is not an unprecedented featfitheND system. Although
there are no Pauli blocked channels in M system, it also appears WA for (ST) = (1,1) and
(2,2). This blocking is reflected into a strong short—range repnlthat can be checked experimen-
tally by looking at therrd elastic scattering [5]. In thAA case, blocking is found 48 T) = (2,3)
and(3,2), both withL = 0 and also for(3,3) with L = 1, which is a distinctive feature of thiA\
interaction.

The two—body baryon—meson interactions were used to soéveippmann—Schwinger equa-
tion for negative energies using the Fredholm determin@hts method allows to obtain predic-
tions for energies of bound states and gives informatioruabie character of the partial wave
being studied. The meson-baryon system under considenatig;M;, beingB; = N or A and
M = D or 5*, in an S—wave that interacts through a potenfighat contains a tensor force. Then,
in general, there is a coupling to tBeM; D—wave, but ouB;M; system may also couple to differ-
ent baryon—-meson systems having the sémé&) quantum numbers. The baryon—-meson channels,
coupled in the isospin—spin basis, are shown in Table 1. fSlifféerent baryon—-meson channels
are labeled by, the Lippmann—Schwinger equation for the scattering ofrgdra-meson system
becomes:

LaSaslpS ) Zasa (gs ' Zasa ¢
tt:rB;TJI3 B(pa’ Pg: E) aB TJI3 B pa, pB + AZA y % / p dpy ay;TJ ysy(pm py)
Y=A1,A2, Ly

Lysyl .
x GV(E’ py)tyzgs;)'/rjﬁsp(pw pﬁ! E) ) avB = A17A27 T (3)

wheret is the two-body scattering amplitudg, J, andE are the isospin, total angular momentum
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and energy of the systerfy Sy, £ySy, andfﬁsﬁ are the initial, intermediate, and final orbital angular
momentum and spin, respectively, apgis the relative momentum of the two-body systgm
The existence of bound states in the solution of the Lippm&chwinger equation would imply
the existence of exotic states with charm -1. At Table 1 we atsmpile the character of the
interactions at all possible spin—isospin channels. Onesea how the channels wih~ 1 exhibit
repulsion. In other words, the Pauli principle at the leviedwarks has observable consequences in
the dynamics of th&lD system. Two attractive channels were found, those With) = (2,3/2)
and(1,5/2), being this latter the most attractive. It corresponds toigue physical systerAD*,

and presents a bound state with a binding energy of 3.87 MeV.

The situation is similar to the one encountered when studihieAA interaction. There, four
bound states compatible with thiN system J, T) were found, as shown in Table 2, corresponding
in order of decreasing binding energy to the chan&l¥) = (1,0),(0,1),(2,1) and(3,0). Such
states appear in the spectrum of Mid system. The most boun¢l], T) = (1,0) corresponds to the
deuteron. ThéJ, T) = (0,1) is thelS virtual bound state and th@, 1) state is thé D, resonance
lying at 2.17 GeV [6]. Note that th& ;NN resonance has no counterpart in Table 2 because only
even parity states were computed &Rglis odd. Thus, théJ, T) = (3,0) state which is also bound
in the AA system would correspond to a nddN resonance that is predicted in our framework.
It is interesting that some hint of €,0) resonance can already be seen in the analyses of the
NN data of Ref. [7], as it appears in Fig. 2. Th&T) = (3,0) channel corresponds in the case
of the NN system to théD5 partial wave. The most distinctive feature of a resonandbasas
the energy increases the real part of the amplitude changegsing from positive to negative
while the imaginary part becomes large, so that the amgitlescribes a counterclockwise loop
in the Argand diagram. The energy at which this change of sigurs corresponds to the mass
of the resonance. We show in Fig. 1 the real and imaginar drthe®D3 amplitude obtained
from the single-energy analysis of Ref. [7]. As one can sessarrance-like behavior seems to be
present at about 700 and 1100 MeV. These kinetic energieespand to invariant masses of 2.2
and 2.37 GeV so that in either case the ordering of the stageagvith that predicted by Table 2.
As mentioned before, th&A bound state in the channgl, T) = (3,0) has been predicted also by
other models [8, 9, 10], and a method to search experimgiitalthis state has also been proposed
[11].

This prediction has been used as a possible explanatioreah#asured cross section of the
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Figure2: (a) Real and ) imaginary parts of the single—energy solutions foribg NN partial wave taken
from Ref. [7]
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Table 2: Binding energies (in MeV) of thAA states with total angular momentunand isospin
g1 (1) (03 (109 I12 (1) (23 (GB0O 6B2
B 1084 04 1385 5.7 30.5 Unbound 29.9 Unbound

double—pionic fusion of nuclear systems through the stega@\bashian—-Booth—Crowe (ABC)
effect [12]. The formation of an intermediad® resonance with the isospin, spin, parity and mass
found in Ref. [13] (T)JP = (0)3* andM =2.37 GeV) allowed to describe the cross section of
the double-pionic fusion reactiopn — dr°r®. In a similar way, the bound state found in the
(T,J) = (1,5/2) AD* channel would appear in the scatteringimesons on nucleons as a D—
wave resonance, which could in principle be measured in ¢lae future. There are proposals for
experiments by th®ANDA Collaboration [14] to produc® mesons by annihilating antiprotons
on the deuteron. They are based on recent estimations ofrtise section for the production
of DD pairs in proton-antiproton collisions [15]. The predictdB* state has quantum numbers
(T)JP = (1)5/2- and is a sharp prediction of quark—exchange dynamics bedaus hadronic
model the attraction appears in different channels.
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