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Abstract.

Coupling constants & 1(1535 andS;1(1650 resonances to meson-baryamN, nN, n’N, KY)
are investigated in a chiral quark model, complemented bl&on of five-quark components in
those resonances. The known strong decay partial widthstbfiesonances are well reproduced,
provided sizeable strangeness components in the relewaat fnctions.
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INTRODUCTION

Understanding the structure of ti$g; (1535 and S;1(1650 resonances and their dy-
namical properties are among important issues in baryoctrg@eopy. At the hadronic
level, S11(1535) is advocated to be WA — KX quasi-bound state [1, 2], and in a recent
paper [3],511(1650 is also reported to be &> bound state. In the quark models, both
resonances are usually treated as the first orbitally eksiggtes of the nucleon [4]. Itis
well-known that the structure of resonances can be inwegstivia photon- and hadron-
induced production of mesons. So, thg-meson-baryon coupling constants are crucial
issues in hadronic physics.

Recently, an Extended Chiral Constituent Quark Modgl@B®M) was developed to
include higher Fock components in the resonances wavedmsciVithin that approach,
the electromagnetic and strong decays properties oP$h@232) [5], P11(1440 [6],
S11(1535 [7] and S1(1405) [8, 9] resonances are well described.

Here, we present our recent calculations on the couplin§g;0£535 andS;1(1650
to pseudoscalar mesons and octet baryons in g@@M. In our model [10], both reso-
nances are considered as admixtures of three-quark amgistrass five-quark compo-
nents, consistent with the propod€d bound-state structures at hadronic level.

THEORETICAL FRAMEWORK

In this work, we employ the traditional wave functions [4]} tbe three-quark compo-
nents ofS$11(1535 and$;1(1650). For the five-quark components, explicit wave func-
tions can be found in Ref. [7]. Here we will follow the formatidor strong decays in
Ref. [8], where the coupling of a resonance to meson-baryamral is obtained by



calculating the matrix element of the following operators:

(3) M - nY B WM .
HM - z2f|\/| Ef+Mf0 F)f_i_E|‘i‘IVIIO- PI g kM+ 2“0- ﬁJ)>(|\/|exp{ IkM r»]}7
NR(5) q 1 0
Hy ™ = CXFS:(m"’mf)X o 1) XIXhexp{—iku T}, @)

with the meson emission operators being
Xlo=Ad, Xh =5 (A FA)),
Xt = FHEAFM), Xlo = FHM FA)), (2)
X,% = cose)\g - sme\/;f, X,;, = smGA8 +cose\/;f,

where)\ij are theU (3) Gell-Mann matrices, and’ the unit operator in th&U (3) flavor
spacef denotes the mixing angle betwegnandnsg, which leads to the physical states
for n andn’.

NUMERICAL RESULTS

The input parameters in our model are: constituent quarlsem andm), oscillator
parametersdgs andws), mixing angleds betweerNZPy andNgPy states, probabilities
for five-quark components i§;1(1535 (Psq) and811(1650) (P’ ). In line with Refs. [7,
8], we takem= 290 MeV,ms = 430 MeV, w3 = 340 MeV andw5 = 600 MeV.

In order to calculate partial decay widths, for the remajrtimree adjustable param-
eters @s, P5q and qu) the whole phase space was mapped out in the following ranges
0° < 65 <907, 0% < Psq < 100% and 09%< Péq < 100%.

Then, ranges were determined allowing to reproduce the kr{@d] partial decay
widths for$1(1535 — 71N, nN, andS$;1(1650 — miN, nN, KA, and turned out to be
26.9° < 05 < 29.8%, 21%< P5q < 31% and 11%< Péq < 18%.

In Fig. 1 the relevant ranges for the five-quark probabsita various mixing angles
are depicted, showing smooth but significant angle depedéfithin that subspace,
extreme values for the partial widths have been extractabl€Tl), and compared to the
data, resulting in from good to excellent agreements.

TABLE 1. Strong decay widths fd;1(1535 andS;1(1650).

N* niN nN KA Ref.

S11(1535 684 15 79+ 11 PDG [11]
58+ 5 79+ 11 Present work

S$11(1650 128+ 29 3.8+ 3.6 4.8+ 0.7 PDG [11]

143+ 5 45+ 2.8 4.5+ 0.5 Present work

The obtained model is used to put forward predictionsSigrmeson-baryon coupling
constants, Fig. 2, for the following meson-baryon set¥p, ™ n, np, KA, KOs+,
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FIGURE 1. Ranges for five-quark components probabilitieSinas a function of mixing angle.

K*+=9 n’p. In Fig. 2, the couplings values at null five-quark probaieisi correspond to
pure qqq configuration within broke®J (6) ® O(3) symmetry.
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FIGURE 2. Coupling constantgs;,ug for S;1(1535 (left panel) andS;1(1650 (right panel) as a

function of five-quark components probabilities @& = 28°, for meson-baryon setg®p (full), r*n
(dashed),np (dotted), Kt A (dash-dotted)K°=+ (dash-dot-dotted)K >0 (short dashed)n’p (short
dotted). The vertical bands correspond to the probab#ibhges determined in this work.



The couplinggsll(153@,7,\, turns out to be the most sensitive one to the five-quark
components. Significant effects are also anticipateddQf;szskos+ andgs,, (1650k0s+ -

With respect to the magnitude of couplings, we find the foitaporderings:
- for S11 = $1(1535:

\gsllnop\ < |Gsyymrtn| < 19sk+ 30l < |Osk+al < |9s K05+ | < [Osunpl < 1Gsiunpls  (3)
- for S11 = $1(1650:

9sunpl < 19s1k+Aal < 19s),m0p] <195l < |9,k +50] < [Osy3n7pl < 9gKos+]- (4)

CONCLUSION

The partial decay widths for the low-lyin§ 1 resonances are known with about 14%
acurracy forl' s 1535 nn @NdTs 1650k +A, 22% forl's;,,my for both resonances,
and 95% forl" s, 1650 nn- Previous studies [2, 12] have allowed to reproduce a signifi
cant number of those data. Chiral constituent quark modébwitor withSU (6) © O(3)
breaking effects lead [10] to significant discrepanciesthe data.

In the present work we extended tiy€QM approach by complementing it with
five-quark components in th& 1 resonances wave functions. The phase space formed
by the mixing angle and the probabilities of those compaeletidssimultaneously
to satisfactory results with respect to all five measuredthvgidwithin the following
ranges: 2@° < 65 < 29.8°, 21% < P55 < 31% and 11%< Péq < 18%. Here we have

reported predictions for the coupling constants®p, rtn, np, KTA, KOzt K+30,
n’p pseudoscalar meson - octet baryon sets to Bothesonances.

A worthy to be noticed outcome of the present work is that3h€1535nN system
turns out to be very appealing for two reasons: i) the patigahy width s, (1535, IS
sizeable, ii) the coupling constag, , 1535, is rather large and sensitive enough to the
higher Fock space components in the resonance. Accordpaggible role of the baryon
five-quark components in thg meson production processes is under investigation.
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