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I. INTRODUCTION

Production of mesons with hidden or open strangeness via electromagnetic or hadronic
probes, in the baryon resonance energy range, is subject to extensive experimental and
theoretical investigations. In this realm, partial decay widths of resonances to meson-baryon
final states, as well as the relevant coupling constants are crucial, but not well enough
known [1], ingredients in our understanding of the reaction mechanisms, and also of the
nature of those resonances.

Phenomenological approaches, dealing with the above ingredients, arise mainly from two
families of formalisms: effective Lagrangians based on meson-baryon degrees of freedom [2—
30] and QCD based/inspired models [31-46].

Among the low-lying nucleon excitations, the S11(1535) resonance plays a special role
due to its large nN decay width [1], even though its mass is very close to the threshold
of the decay. Moreover, in the K'Y production reactions the importance of Si;(1650) is
well established. For the two other first orbitally excited (quark model prediction) nucleon
resonances, D13(1520) and D13(1700), the couplings to the pseudoscalar meson and octet
baryons seem to be rather small, but the first one is known to intervene significantly in the
polarization asymmetries.

The observable of interest in this paper are partial decay widths. Experimental values are
available [1] for all four resonances decays to 7N and n/N final states, as well as for S1;(1650)
and D13(1700) resonances to KA, though with rather large uncertainties. However, in spite
of extensive studies mentioned above, to our knowledge no single formalism has reproduced
simultaneously those partial widths. The only exception here is a very recent comprehensive
study [46] based on the 1/N¢ expansion approach. Besides the fact that a large number of
investigations concentrate on the Si; resonances, recent copious photoproduction data have
not yet been fully exploited by sophisticated coupled-channels phenomenological approaches.
The main motivation of the present work is then to study those partial decay widths within
a QCD inspired formalism, and shed light on the structure of those baryons.

The theoretical frame of the present work is based on a chiral constituent quark model
(xCQM), complemented with the SU(6)®O(3) symmetry breaking effects. The outcomes of
those formalisms are compared to the known [1] partial decay widths of the above mentioned

resonances. This approach gives satisfactory results for the D;3 resonances, but misses partly



the data for Sy;.

Attempting to cure the observed theory / experiement discrepancies, the YCQM is sub-
sequently complemented by including contributions from higher Fock-components, namely,
five-quark configurations. Actually, several authors [47-54], have shown that contribu-
tions from the five-quark components are quite significant in describing the properties of
baryons and their electromagnetic and strong decays, especially contributions from the
qqqqq — M (v) + qqq transitions. For recent reviews on five-quark components in baryons,
see Refs. [55-57].

The developed extended xCQM allows reproducing the known partial decay widths for
both Si; resonances. Following the successful results obtained for low-lying baryon reso-
nances, we put forward predictions on the coupling constants of those resonances to seven
meson-baryon final states, i.e. 7°p, 7 n, np, KTA, K°S+, K+3° o/'p.

The present manuscript is organized in the following way: in section II, we present the
theoretical formalism which includes the wave functions, strong decays and the resulting
transition amplitudes for the four nucleon excitations S1;(1535), S11(1650), D;13(1520) and
D;5(1700) to pseudoscalar mesons and octet baryons. Numerical results are given in sec-

tion III, and finally section IV contains summary and conclusions.

II. THEORETICAL FORMALISM

In section IT A, we present the wave functions of the nucleon resonances Sp1(1535),
511(1650), D13(1520) and D;3(1700). Section IIB embodies a brief review of the formal-
ism for the strong decay of the baryon resonances to meson-baryon in a (yCQM), where we
derive transition coupling amplitudes for the above four nucleon resonances to the 7N, nV,

KA, K¥ and ' N channels.

A. Wave functions

In the yCQM, complemented by inclusion of the five-quark components, a baryon is a

superposition of three- and five-quark components, and the wave function can be written as

|B) = As|qqq) + As|qqqqq) , (1)



with A3 and As the probability amplitudes for the corresponding gqq and gqqqq components,
respectively.

For the three-quark components, we just employ the wave functions in traditional three-
quark YCQM. In the SU(6) ® O(3) conserved case, the general form for the wave functions
of the octet baryons, N(3Py)s- and N(3Py)s- states, can be expressed as

BGSs);.5) = (1Bl Z>A+|B>p|;,sz>p>¢soo<i,ﬁ>, )
INGPu)s— 8 = 5 3 O3 [Nl 5+ Il 1) (K. 7

I, 5050~ N1, 5000k (X, 2], Q
INGPu)s 8 = 75 3 05 [Nl 8287 + IVl e (L7 (9

where |B),\) denotes the mixed symmetric flavor wave function of the three-quark system
for the corresponding baryon. |3, s.), and |2, s.) are the mixed symmetric and symmetric
spin wave functions of the three-quark system, respectively. goNlm(X, p) is the harmonic
oscillator basis orbital wave function for the three quarks with the subscripts Nim being
the corresponding quantum numbers. Finally, CfﬁfssZ are the Clebsch-Gordan coefficients
for the coupling of the orbital and spin of the three-quark system to form a baryon state
with spin S and z-component S,. The explicit forms for all of the above flavor, spin, and
orbital wave functions can be found in [54].

Taking into account the breakdown of the SU(6) ® O(3) symmetry due to either the
color-magnetic [58] or flavor-magnetic [59] hyperfine interactions between the quarks, one

can express the wave functions of the Sj; and D;3 resonances in terms of the given N (2Py)s-

and N(3Py)s- wave functions, Egs. (3) and (4) , by introducing the configuration mixing
<|SH(1535)>> ((20595 —sinGS) <|N(2PM)1—)> )
|511(1650)> B Sines COS@S |N(4PM) > ’
<1D13(1520)>> (coseD —sin0D> <|N(§PM)3)>

Diy(1700)) INGEPy)4-)

For the octet baryons, other than the lowest lying S1; and D3, the configurations mixing

angles fg and 6p

N\»—A

(6)

sinflp  cosfp

effects are not so significant. So, for those baryons we take the wave functions within the

exact SU(6) ® O(3) symmetry.



For the five-quark components of S1;(1535), we use the wave functions given in Ref. [53],

31 a I
Z Z Z C [211]a ]b[S]L[F]bavaz [S]C,Sz [2117 C]a(yv Ta T27 yv t? tZ|1a 1/27 t)

ab,c Yy, Tty S22

(Sa Sz> 1/27 Sz’1/27 S)Xy,tz£SzS0[5] . (7)

In fact, this general wave function is appropriate for the five-quark components in all the
1

low-lying nucleon resonances with S? = 5, albeit with different probabilities for five-quark
components.

As reported in Ref. [53], there are 5 different flavor-spin configurations which may form
five-quark components in the resonances with negative parity. If the hyperfine interaction
between the quarks is assumed to depend on flavor and spin, the energy of the second and
third configurations should be about 80 MeV and 200 MeV higher than the first configura-
tion, respectively. Since S11(1535) and S11(1650) are the first two orbital excitations of the
nucleon with spin 1/2, the configurations with low energies, namely the first two five-quark
configurations should be the most appropriate ones to form higher Fock components in those
two resonances. Moreover, the contribution of the second five-quark configuration is very
similar to that of the first one, because of the same flavor structure, which rules out the
five-quark components with light quark and anti-quark pairs in the S7; resonances. Actually,
the transition elements between all of the 5 five-quark configurations and the octet baryons
differ just by constant factors. Therefore, the contributions of all the 5 configurations are
similar, albeit with appropriate probability amplitudes. Consequently, the first configura-
tion is enough for us to study the strong decays of S1;(1535) and S11(1650). Then the wave
functions for the five-quark components in S1;(1535) and S1;(1650) reduce to the following

form:

0= SOl o OBt o, [4]x[211] £ (0)[22] () [211]o(a) Yo 0 ({E1}) (8)

abc

the explicit form for which is given in Ref. [52].

Following Eq. (5), the introduction of five-quark wave functions leads to

|S11(1535)) = Aj {00395|N(§PM) -y = sin95|N(§PM)é>} + As)sg, 9)

1
2

1
2

1S1(1650)) = A, {sin@s\N(gPM) —>+00395\N(§PM)%—>} + AL, . (10)

The probability amplitude for the five-quark component in a baryon can be related to the
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coupling 5q<f/ u)3q between the qgq and ¢gqqq configurations in the corresponding baryon

~

5q <‘/;ou> 3q

A5q = M . E5 ) (11)

with Fj5 the energy of the five-quark component. Given that the resonances considered here
have negative parity, all of the quarks and anti-quark in the five-quark system should be in

their ground states. Hence, we can take f/cou to be of the following form:

~ P
Veou = 3V (734) 23m X Con Fog oo (s — )bl () db (735) (12)
3
where g5, Ci5, For and @oo(py — ps) denote the spin, flavor, color and orbital singlets of

the quark and anti-quark pair, respectively. b} (p4) and di (p5) are the creation operators for
a quark and anti-quark pair with momentum py and ps, respectively. V(rsy) is the coupling

potential which depends on the relative coordinate |73 — 7|. Then we obtain

-)
-)

(30l Veou| N (3 Par)
(30l Veou| N (£ Par)

l\.’:\»—‘

= -2, (13)

l\.’:\»—‘

and

qu _ sin@s — %COSHS M511(1535) — E5. (14)
A5q COS@S + %SZ'TLQS M511(1650) — E5

Here we would like to emphasize that the considered D3 resonances are not relevant
for five-quark components issues. Actually, all of the quarks and anti-quark should be in
their ground states (lowest energy) to form the negative parity. Then the spin configuration
of four-quark subsystem is limited to be [31]g, for which the total spin of the four-quark
subsystems are S = 1, in order to combine with the anti-quark to form the required total
spin 3/2. For the configurations with spin [31]g, the flavor-spin overlap factors between
such five-quark configurations and the D3 states vanish. Therefore, the probabilities for
these five-quark components in the D;3 resonances are 0. Some additional five-quark con-
figurations, other than those given in Ref. [53], could also be considered, for instance, the
configurations with the anti-quark orbitally excited (l; = 2,4---), the ones in which the
four-quark subsystem with spin symmetry [4]s (S4 = 2), or the ones given in Ref. [49] with
the four quark subsystem orbital symmetry [31]x and orbital momentum L, = 2,4 ---. How-
ever, all those configurations have very high energies, far away from the lowest lying D3

resonances masses.



Finally, we do not consider the five-quark components in the ground states of octet
baryons in this manuscript, because on the one hand their probabilities in the baryons are
very small [48, 60], and on the other hand their contributions to electromagnetic and strong
decays of nucleon resonances are negligible [52]. Actually, the five-quark configurations in
the ground states of octet baryons cannot transit to three-quark components of the first

orbitally excited baryon resonances because of the vanishing flavor-spin overlap factors.

B. Formalism for strong decay

It is well known that the pseudoscalar meson-quark coupling, in the tree level approxi-

mation, takes the form

Hy _22 s b (15)

where 1; and ¢y are the quark and pseudoscalar field, respectively, and g% is the axial
coupling constant for the constituent quarks, the value of which is in the range 0.7 —1.26 [3,
61, 62]. fu denotes the decay constant of the corresponding meson; the empirical values
for the decay constants of m, K, n and ' are fr = 93 MeV, fx = 113 MeV, f, = 1.2/,
fy = —0.58fx.

In the framework of non-relativistic ¢qqq quark model, the coupling, Eq. (15), takes the

following form:

5] WM D> 7 WM — ] . —
o-Pi+————0-FPi—ok —0p;) X} —ikrm Y (16
ZQfM Ef—l-Mf +Ei+Mi0 o Ryt QMUPJ) w exp{—ikar-75} . (16)

NR(3
HM

Here, ks and wyy are the three momentum and energy of the final meson, R and M;y

denote the mass and three momentum of the initial (final) baryon, p; and 7; the three
momentum and coordinate of the j** quark, and s is the reduced mass of the initial and
final j** quark which emits the meson. Finally, X7, is the flavor operator for emission of the

meson from the corresponding j** quark, given by following expressions:

Xy =N, XL =L F M),
Xjer = FosMF M), Xjo = FHMF M), (17)
X) = cosOX, — sinQ\/gI, Xg, = sinf\} + COSQ\/gI,

where A are the SU(3) Gell-Mann matrices, and Z the unit operator in the SU(3) flavor



FIG. 1: Strangeness component transit in the Sp; resonances to np or n'p (a), KA or KTX° (b) and

Kt (c).
space. 6 denotes the mixing angle between n; and 7g, leading to the physical  and 7’

n = ngcost) — nysind , (18)

n' = ngsinb + nicosl , (19)

it takes the value § = —23° [63].

Taking into account the five-quark components in the resonances, we have to calculate
the transition coupling amplitudes for qqqqg — qqq + M. The reduced form of the coupling
in Eq. (15) reads

¢ 1 0 .

g _ - ._’ —

™ = 3 gy Chnsclm + mod (o 1> XX exp{—iku -7}, (20)
J

where m; and my denote the constituent masses of the quark and anti-quark which combine
to form a pseudoscalar meson, C% g denotes the overlap between the three-quark con-
figuration of the final baryon and the residual orbital-flavor-spin-color configuration of the
three-quark system that is left in the initial ggqqq after the combination of the j** quark
with the anti-quark into a final meson. The transitions qqqss — qqq + M scheme is shown
in Fig. 1. where three quarks of the five-quark system go as spectators to form the final gqq
baryons, and the fourth quark gets combined with the strange anti-quark to form a meson:
K,norn.

Then the transition coupling amplitude for a resonance to a pseudoscalar meson and a

octet baryon is obtained by calculating the following matrix element:
TME = (BESs),+|(Hy™ + HP)INT) = T3P + TP, (21)

the resulting transition coupling amplitudes T3/ and T 5 for the Sy; and D;3 resonances to

p, wtn, np, KtA, K°St, K*+X0 and n'p channels are shown in Tables I and II, respectively.



TABLE I: The transition coupling amplitudes T2 for the low-lying S;; and D;3 resonances to meson-
baryon final states. Note that the full amplitudes are obtained by multiplying each term by the following
expressions: %wg[(aM - b%)kM 3bps] exp{— } for S11 and 5 ( ay — bé”)kM exp{— } for Dq3
resonances. Here, ws is the harmonic oscillator parameter for the three-quark components, ay; = 1+ 24— Ef 7 Mf

and b]\/[ = L;Z .

S11(1535) S11(1650)
7% §(200895 — sinfg) @(%mes + cosbg)
mtn —Z(2cosfs — sinfs) —2(2sinfs + cosfs)
np f(COSQS + smes)(fcose - \/gsinH) \[(smﬂs — cosbs)( \[0039 - \/gsinG)
KA —%00595 —%s%nQS
KOx+ —%(00395 + 4sinfg) —é(sin&s — 4cosbg)
K+x0 —#(00395 + 4sinfg) gf(sznGS — 4cosbg)
n'p %(00895 + sinfg)( sm9 + [6080 f(smﬁs — cosfs)( sm@ + [0089
D13(1520) D13(1700)
p —2(2cosfp — \/%sinﬁp) —2(2sinfp + %0059[))
n i(QCOSHD \/%OsmeD) i(25m9D + rcosHD)
np —2(costlp + \/—l—osinﬂp)(%cose - \/gsine) —2(sinflp — \/%—Ocosﬂp)(ﬁcose - \/gsinﬁ)
KOA %COSGD %S’L’TLQD
K%+ %(\fcosﬁp + fsmep) $(V2sinfp — ﬁélcos@[))
K+y0 (\fcosﬁp + fsmeD) —gi(ﬂsinﬁp — %0039[))

n'p %(COSQD + \/—SZTLGD 5m9 + fcos@ —%(sinﬂp — \/11—0005019 sme + \/70059

Notice that (Table I), within the exact SU(6) ® O(3) symmetry, the matrix elements for
transitions N (3Pys)s- — KA vanish, and hence the decay widths of Sy;(1650) and D;3(1700)
to KA is 0. Moreover, Table II, the transition elements for 5¢ — M B do not vanish when
ky = 0, and it may enhance or depress the transitions Sy; — M B significantly near the
meson-baryon threshold. Finally, the strangeness component does not transit to 7%, since
the matrix element of the flavor operator X fr o between the s5 pair is 0.

To obtain the relevant expressions for partial decay widths, we take the Lagrangian for



TABLE II: The transition coupling amplitudes T2 2. Note that the full amplitudes are obtained by

3k3,

q
multiplying each term by the following expression: QQfﬁng, exp{—ﬁ}, with Cs5 related to the harmonic
5

2(5)3&152 )3
w3 twg

oscillator parameter for the three- and five-quark components as Cs5 = (

% 7tn np KTA K%+ K0 n'p

0 0 %ms(QCOSO + v/2sinf) %(m +ms) V2(m+mg) -(m+my) %m3(2sin9 — V/2cos0)

S

N*M B coupling in hadronic level to be of the following form:

Ls.pm = —i9s,8MUBOMYs,, + h.c., (22)
1 _

Lp,pm = migDmBMq/’BauﬁbM@D%lg + h.c., (23)
M

where 15 and 15,, denote the Dirac spinor fields for the final baryon and the Sj; resonances,
respectively, and ¢, is the scalar field for the final meson.
For the D;3 resonances, with spin 3/2, we employ the Rarita-Schwinger vector-spinor

fields +,, [64, 65], which are defined as
39,
w%l‘i(SZ) = Z Clzm,%seumus' (24)
One can directly obtain the transition coupling amplitudes for N* — M B in the hadronic
level using the Lagrangian, Eq. (23), then the coupling constants gn«yrp are extracted by

TMB in the quark model to those in the

comparing the transition coupling amplitudes
hadronic model.
With the resulting coupling constants, the strong decay widths for the S;; and Dis

resonances to pseudoscalar meson and octet baryon read

1 Ef+ My -
Usysmp = Egg‘llMBleM|v (25)
11 Ej— M; -
Ipysmp = EmTQQDwMBT|kM|3' (26)
M 7

Note that in the center of mass frame of the initial resonance, P = 0, IZM and F; can be
related to the masses of the initial and final hadrons as

VIMZ — (M +my)2[M? — (M — may)?]
2M; ’

k| = || = (27)

Ep = /|kn|?+ M2 = —— . (28)
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For the channels whose thresholds are above the mass of the resonance, to take into
account the off-shell effects, we just take |ky| to be 0, and introduce the form factor [4]

IX
F = ,

(29)

with the cutoff parameter A = 1 GeV, and gy~ the threshold of the corresponding channel.
In fact, this form factor affects mainly the couplings between the resonances and 7'V, since
thresholds of all the other channels are below or slightly above the masses of the four

resonances.

III. NUMERICAL RESULTS

In this section our results for partial decay widths to meson baryon and resonance-meson-
baryon coupling constants are reported for the four investigated resonances, with meson-
baryon couples being: 7°p, 7t n, np, K*A, K2, K*X° and n'p.

The starting point, section IITA, is the standard yCQM. Then, in section IIIB we
introduce the SU(6) ® O(3) breaking and finally, section III C, the five-quark components
are embodied for the S;; resonances.

For the partial decay widths, we compare our results to the experimental values reported

in PDG [1]. We produce also predictions for yet unmeasured channels.

A. Pure gqq configuration and exact SU(6) ® O(3) symmetry

Within this simplest configuration, there are three input parameters: quarks masses and
harmonic oscillator parameter.

For the constituent quarks’ masses, we use the traditional ggq quark model values [31,
35, 59], namely, m = m,, = my = 340 MeV and m, = 460 MeV.

The scale of the oscillator parameter, ws, can be inferred from the empirical radius of
the proton via wsz = 1/4/(r?), which leads to w3 ~ 250 MeV, for /(r2) ~ 1 fm. However,
since the photon couples to u and d quarks through p and w mesons, the measured proton
charge radius may reflect partly the vector meson propagator [66]. Moreover, pion cloud
have some influence on the measured proton charge radius. Consequently, the intrinsic

size of the proton still has some model dependence, and hence, the oscillator parameter ws

11



300

—S,,(1535)nN —S,,(1650)=N
----8,,(1835nN - ----S,(1650)nN
’>" 200 (- -
)
= s -
- P
100 SRInIE IR
0 e . 1 . '"-"-"-.":':;'ﬂ"':"/- """"" ooy
0.1 0.2 0.3 0.1 0.2 0.3 0.4

(1)3 (GeV)
FIG. 2: partial decay widths of S11(1535) and S11(1650) to #N and nN channels as a function of the
harmonic oscillator parameter ws. Results of the present work are depicted in full and dashed curves for
S11 — wN and S1; — NN, respectively, without the SU(6) ® O(3) breakdown effects. The horizontal lines

are the bands given in PDG, for S1; — 7N (dash-dotted) and S1; — nN (dash-dot-dotted).

might deviate from 250 MeV. Actually, values in the literature extend in the range 100 —400
MeV [31, 35, 48, 50].

Figure 2 shows the decay widths for S;1(1535) — 7N, nN (left panel) and S;;(1650) —
7N, nN (right panel) as a function of ws. The full and dashed curves are our results and
the horizontal lines give the bands reported in PDG [1].

The width of S11(1535) — 7N (full curve) falls in the experimental range (dash-dotted
lines) for 300 S ws < 340 MeV, while for S11(1535) — nN the dashed curve and dash-
dot-dotted lines lead to 300 < ws S 380 MeV. Accordingly, in the former range for ws, the
simple gqq configuration allows reproducing the decay widths of S11(1535) in both 7N and
nN channels.

The situation with respect to the second resonance is dramatically different. In the
whole ws range, the calculated S;1(1650) — 7N width (full curve), underestimates the
experimental band (dash-dotted lines). For the nN decay channel, predicted values (dashed
curve) agree with experimental band dash-dot-dotted lines below ws &~ 200 MeV, where the

511(1650) — 7N turns out vanishing,.
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It is also worthwhile mentioning that, within exact SU(6) ® O(3) symmetry, the width
for S11(1650) — KA is null and hence disagrees with the experimental value [1]: 4.8 £0.7.
In summary the pure gqq configuration, within exact SU(6) ® O(3), is not appropriate
in describing the S11(1650) resonance properties. Consequently, one has to consider the

SU(6) ® O(3) breakdown effects.

B. Pure qqq configuration and broken SU(6) ® O(3) symmetry

As discussed in section IT A the SU(6)®O(3) symmetry breaking effects can be related to
the mixing angles 05 and 0p. Several predictions on those angles are available (for a recent
review see e.g. Ref. [67]). Here, we will extract ranges for both angles and discuss them with
respect to the two most common approaches leading to the SU(6)®0(3) symmetry breaking,
namely, one-gluon-exchange (OGE) [31, 68-72] and one-boson-exchange models (OBE) [59].
Those approaches have raised some controversy [73, 74]. Given that both the sign and the
magnitude of the mixing angle in those approaches are different (see e.g. Refs. [67, 75], and
that even within a given approach, the sign depends on the convention used [31, 67] or on
the exchanged mesons included [76], we give in Appendix A values obtained within each
approach in line with the de Swart [77] convention for SU(3).

In order to investigate the sign and value range of g, in this section we report our
numerical results for partial decay widths of Sj;(1535) and S;(1650) to 7N and n/N as a
function of ws for six values of fg, namely, £15°, 4+ 30°, =+ 45°, and compare them to the
data ranges.

In Fig. 3 the strong decay partial widths I's,,n and g, ,n for S11(1535) (upper
panel) and S11(1650) (lower panel) are shown as a function of ws, with negative values for .
Conventions for the curves are the same as in Fig. 2, and due to the SU(6) ® O(3) symmetry
breaking, ' gets non-vanishing values, depicted in dotted curves. The experimental bands
for this latter are not shown, because they are almost identical to those for I', y.

At all the three mixing angles, our predictions for I's,, (1535 ~n and s, (1650)—,n fall in
the experimental bands for w = 300, while the model underestimates very badly I's,, (1535)—nn
and I's,, (1650)»=n- Accordingly, within our approach, negative values for g lead to unac-
ceptable results compared to the data.

In Fig. 4 the strong decay partial widths I';y, Iy and 'k for both Si; resonances are

13
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FIG. 3: The decay widths of S11(1535) (upper panel) and S11(1650) (lower panel) as a function of ws, with

fs taken to be —
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ones are as in Fig. 2.

depicted as a function of ws with positive values for fg. For the Sj;(1535) resonance, we

respectively. The dotted curves are our results for 'k p, and the other

0.4

14
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FIG. 4: The same as Fig. 3, but with g taken to be 75, & and 7.



obtain good agreement with data for g = 15° and w3y ~ 300 MeV, for both 7N and n/N
decay widths. This is also the case at all angles for S11(1650) — 7N, but for w3 ~ 350 MeV.

To go further in our investigation, we fix the harmonic parameter at w3 = 340 MeV and
calculate partial widths and coupling constants for two extreme positive values of the mixing
angle, fs = 15° and 35°. Moreover, we extend our study to the D;3(1520) and D;3(1700)
resonances, with the relevant mixing angle, also at two extreme values, p = 0° and 17.5°.

Results obtained within this procedure are hereafter referred to as Model A.

TABLE III: Strong decay partial widths (in MeV) for the S1; and D13 resonances in the three-quark model,

with broken SU(6) ® O(3) symmetry.

N* Tpor TN nN KA Ref.
S11(1535) 150 £ 25 68 £ 15 79 +11 PDG [1]
51421 121415 Model A
S11(1650) 165 £20 128 £29 3.8+ 3.6 4.8=+0.7 PDG [1]
81+£22 28422  9+£6 Model A
Di3(1520) 115 £ 15 69 =6  0.26 + 0.05 PDG [1]
66 =7 0.19 + 0.01 Model A
72+ 11 0.26 + 0.07 Jayalath et al. [46]
Dy5(1700) 100 £50 10+£5 05+05 1.5 415 PDG [1]
13+10 05+05 01+0.1 Model A

12 £ 13 <0.15 < 0.03 Jayalath et al. [46]

In Table III, we present our results for the strong decay partial widths I';n, I'yn and T'ga
for the low lying S1; and Dq3 resonances studied here.

Within Model A, the reduced x? per data point is 10.3. However, this large value is due
to S11 = nN, KA decay channels. It is worthwhile mentioning that for the five D;3 partail
decay widths, we get x5, = 0.7.

For S11(1535), 'y is well reproduced, but I'yx is overestimated at the level of 30. In

the case of S11(1650), I';n is underestimated by roughly 20. For the remaining two other
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channels, large uncertainties on I',n (both experiment and model), and on I'x, (mainly
model) do not lead to meaningful conclusions. Because of those undesirable features, we
postpone to the next section the discussion on results from other sources, as well as the
extraction of coupling constants.

For both D;3 resonances, the Model A allows reproducing satisfactorily enough (Table IIT)
the known partial widths, and agrees with values obtained within the 1/N¢ expansion frame-
work [46]. Model A is hence appropriate to put forward predictions for Dj3-meson-baryon
coupling constants. In Table IV, our results for D;3-meson-baryon coupling constants for

seven meson-baryon sets are reported.

TABLE IV: Coupling constants for D13 resonances to pseudoscalar meson and octet baryon within Model

A.

N* ) mtn np KTA KOx+t K+x0 n'p
D13(1520) -1.51 + 0.07 2.13 4+ 0.10 -8.33 & 0.20 3.44 + 0.08 0.99 + 0.14 -0.69 + 0.09 2.11 £ 0.05
D13(1700) -0.35 £ 0.17 0.50 &+ 0.25 0.93 + 0.91 1.43 + 1.43 -2.80 + 0.05 1.98 + 0.04 1.67 £ 0.52

To end this section, we summarize our main findings within a traditional qgqg YCQM,
complemented with the SU(6) ® O(3) breakdown effects, and using following input values
for adjustable parameters: wy = 340 MeV, 15° < fs < 35° and 0° < 0p < 17.5°.

Model A is found appropriate for the D;3 resonances, given that the partial decay widths
show from reasonable to good agreements with the PDG values. So, we do not push further
our studies with respect to D13(1520) and Dy3(1700).

The main shortcomings of the Model A concern: I'g,, (1535)—,~ and the fact that for the
S11(1650) resonance, central values for all three channels show significant discrepancies with
those reported in PDG. This latter point remains problematic because of large uncertainties.

Attempting to cure those disagreements with respect to the Si; resonances, we proceed

in the next section to considering possible contributions from the higher Fock-components.

C. Mixed ¢qq and gqqqq configuration and broken SU(6) ® O(3) symmetry

To produce numerical results, seven input parameters are needed, the values of which are
discussed below.
a) Constituent quarks masses: due to the introduction of five-quark components, masses

to be used are smaller than those we adopted in section III A, while dealing with pure
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three-quark states. In line with Ref. [52], we take m = 290 MeV and my = 430 MeV.

b) Oscillator parameters: following results presented in section IIT A, we fix the oscillator
parameter at wy = 340. For the five-quark components oscillator parameter ws, a commonly
used value, ws = 600 MeV, is adopted.

c) Mizing angle: in Section IIIB, we showed that to fit the decay widths , the mixing
angle should be in the range 15° < fg < 35°. In the following, this angle is treated as
adjustable parameter.

d) Probabilities of five-quark components: the probabilities of the five-quark components
in S11(1535) (Psq = AZ,) and S11(1650) (P5, = qu) are also adjustable parameters in our
model search.

The latter three adjustable parameters have been extracted by mapping out the whole
phase space defined by 15° < A5 < 35° and from 0 to 100% for five-quark probabilities in
both S1;(1535) and S31(1650). The calculated observables are: the partial decay widths of
both Sy resonances to 7N and 71V, as well as that of the S1,(1650) to KA. Sets [0s, Psq, P,
leading [78] to decay widths within ranges reported in PDG have been singled out. Then,
for each partial widths, extreme values for those parameters are retained as model ranges,

namely,

26.8° < 05 < 29.8°; 21% < P5, < 30% ; 11% < P5, < 18%. (30)

The obtained model is hereafter called Model B.

As an example, Fig. 5 illustrates how the known ranges for the partial decay widths allow
determining ranges for the five-quark components probabilities. There, for each decay width
intersections of the model curve with the horizontal bands taken from PDG, determine the
extreme values for the relevant five-quark probability.

Notice that the probability range for five quark-component in Si1(1535) given above is
compatible with previous results [52, 53|, obtained within YCQM approaches. The latter
one [53] puts an upper limit of 45%, based on the axial charge study of the resonance. While
the former one [52], dedicated to the electromagnetic transition v*N — S11(1535), reports
25% < Ps, < 65%.
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FIG. 5: Partial decay widths (in MeV) for S1; resonances as a function of five-quark components, 05 = 28°.

Curves the same as in Fig. 4.

1. Partial decay widths I's,, v B

The resulting numerical partial decay widths, within both Models A and B, are reported
in Table V and compared with the PDG data [1] as well as with results from other authors,
based on various approaches [4, 6, 7, 14, 20, 22, 26, 38, 46].

Comparing results of the Models A and B with the data for all five channels, shows clearly
the superiority of the Model B. The X?l.p. is 0.15, instead of 19.9 in the case of Model A.

The most striking feature here is that I's, 1535~ is nicely reproduced, which was not
the case with previous configurations, namely, pure gqq without or with SU(6) ® O(3)
symmetry breaking. Moreover, Iy (i1535)—xn agrees with PDG values within better than
lo. The range for I's,, (1650)—~n gets significantly reduced within Model B with respect to
the Model A result and is compatible with the PDG value within less than 1o. Narrow
experimental widths for I'g,, (1650)—yn and I's;; 16s0)—xa are well reproduced by the Model
B, with uncertainties comparable to those of the data. In the following, we proceed to

comparisons with results from other sources.

The most complete set of results comes from a very recent comprehensive study [46] of
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TABLE V: Strong decay widths (in MeV) for S11(1535) and S11(1650).

N* Tiot TN niN KA Approach Ref.
S11(1535) 150 £ 25 68 £ 15 79 £ 11 PDG [1]
51 £21 121 £15 Model A Present work
58+5 T9+£11 Model B Present work
57 £19 73 + 44 1/No-NLO Jayalath et al. [46]
1124+£19 39+5 57+ 6 Coupled-channel Vrana et al. [14]
129+8 46+1 68 + 1 Coupled-channel Penner-Mosel [4]
136 34.4 56.2 Coupled-channel Shyam [20]
42+ 6 70+ 10 PWA Arndt et al. [22]
21.3 65.7 Chiral Unitary Inoue et al. [6]
95 42 51 Chiral quark model ~ Golli et al. [38]
165 64 89 K-Matrix Ceci et al. [26]
142 71 Disp. Rel. Aznauryan [7]
195 97 Isobar Aznauryan [7]
S11(1650) 165 =20 128 £ 29 3.8 £3.6 4.8 £0.7 PDG [1]
81 £ 22 28 £ 22 9+6 Model A Present work
143 +5 45+30 4807 Model B Present work
202 +£40 149+4 12+ 2 Coupled-channel Vrana et al. [14]
138+7 90+£6 1.4+£08 37x0.6 Coupled-channel Penner-Mosel [4]
133 71.9 2.5 Coupled-channel Shyam [20]
144 86 1.4 13 Chiral quark model  Golli et al. [38]
233 149 37 K-Matrix Ceci et al. [26]
85 3.2 Disp. Rel. Aznauryan (7]
125 6.9 Isobar Aznauryan (7]

all known partial decay widths for sixteen baryon resonances, within the framework of the
1/N¢ expansion in the next to leading order (NLO) approximation. Results for the S1;(1535)
decay channels from that work and Model B are in excellent agreement. For the S11(1650),
given that the authors of Ref. [46] use branching fractions data in PDG for nN and KA
channels, rather than the branching ratios, we postpone the comparisons to sec. II1 C 3.

The Pitt-ANL [14] multichannel analysis of 7N — 7N, nN, produces rather small total
width for S1;(1535) and large one for S1;(1650). Those features lead to underestimate of
I's; (1535) <y and I's;, (1535)—yn, and overestimate of I's,, (1650)—yn. However, I's,, (650)—nn
comes out in agreement with PDG and Model B results.

An extensive coupled-channels analysis [4, 5] studied within an isobar approach all avail-
able data by year 2002 for following processes: YN — yN, =N, na N, nN, KA, K¥, wN
and TN — 7N, nN, KA, K¥, wN. That work describes successfully four out of the five
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decay channels, albeit with a few tens of free parameters, with the main shortcoming being
the underestimate of I'g,, (1535)—n -

Interpreting pN — pNn data, within an effective Lagrangian appraoch [20], underest-
mates all partial decay widths, except I's,, (1650)— KA -

The latest available results from SAID [22], in 2005, analayzing 7N elastic scattering and
nN production data, give a smaller I's, | 1535~y With respect to PDG, and compatible with
PDG value for I's,, (1535)—nn-

A chiral unitary approach [6] dedicated to the S-wave meson-baryon interactions, repro-
duces well I'g,, (1535)—yn, but underestimates I'g,, (1535)—~n by more than a factor of 2.

A recent chiral quark model [38], concentrating on the meson scattering and 7 and 7 elec-
troproduction amplitudes, leads to rather small total width for both resonances, underesti-
mating all 7N and /N partial decay widths by roughly 20, and overestimating I's,, (1650)— kA
by more than 10c0. The authors conclude however that the Sy;(1535) resonance is dominated
by a genuine three-quark state.

Results of a K-matrix approach [26] for 7N and nN final states provide realistic values
for all considered partial widths, except for I's,, (1650)—nn-

Finally, in Ref. [7], studying the nN final states, dispersion relations lead to values in
agreement with data, while the isobar model tends to overestimate I'g,, (1535)—nn-

The ambitious EBAC [79] program offers a powerful frame to study the properties of
baryons, including partial decay widths [80], extraction of which requires non ambiguous

determination of the poles positions [81]; a topic under extensive investigations [81-88|.

2. Coupling constants gs,, MB

In Table VI, predictions for the relevant resonance-meson-baryon coupling constants,
9s,, M B, from models A and B are given in particle basis.

In order to emphasize the most sensitive decay channels to the five-quark components
in S11(1535), we compare results from Models A and B. For KT¥° and K°S*, we observe
variations by a factor of 2 between the two models, with central values differing from each
other by more than 40. Next come KA and np, with about 30% differences and 2c.
The other three channels (7%, 77n, ’p) show no significant sensitivities to the five-quark

components.
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TABLE VI: S;;-meson-baryon coupling constants (gs,,mp) in particle basis.

N* mOp mtn np K+TA KO-+ K+x0 n'p Ref.
S11(1535) -0.58 + 0.13 0.82 £+ 0.18 -2.57 £ 0.17 1.42 + 0.11 0.95 £ 0.20 -0.62 + 0.09 3.09 + 0.20 Model A
-0.63 4+ 0.03 0.89 4 0.04 -2.07 £ 0.15 1.76 £ 0.02 1.81 £+ 0.06 -1.28 4 0.04 3.33 £ 0.10 Model B

+0.39 +0.56 +1.84 +0.92 +2.12 +1.50 [6]

S511(1650) -0.70 + 0.10 0.94 £+ 0.19 0.84 + 0.40 0.67 &+ 0.25 -1.42 £+ 0.21 0.95 £ 0.10 -1.61 £ 0.79 Model A
-0.94 £ 0.02 1.33 £ 0.03 0.35 &£ 0.12 0.51 £ 0.03 -2.17 & 0.05 1.53 £ 0.04 -1.62 £ 0.14 Model B

In the case of S11(1650), similar sensitivities are observed. However, the rather small
branching ratios to those final states, require substantial experimental efforts and sophisti-
cated phenomenological approaches, e.g. for yp — KO+, K+%0.

In Table VI, results from a chiral unitary approach [6] are also reported, showing com-
patible values with those of Model B for K*X° K°Y* and np. For the other three channels
the two sets differ by roughly 60%.

TABLE VII: S;;-meson-baryon coupling constants (gs,, m5) in isospin basis.

N* TN nN KA K nN Approach Ref.
S11(1535)  -1.09 + 0.05  -2.07 £+ 0.15 1.76 £ 0.02 2.21 £+ 0.07 3.3 0.1 Model B Present work
£(0.6240.32) +(0.9740.45) +(0.55+0.32) +(0.55+0.32) PWA Sarantsev et al. [24]
+0.6 +2.1 +1.7 +2.4 Chiral Lagrangian Gamermann et al. [30]
S11(1650)  -1.64 + 0.03 0.35 £ 0.14 0.53 £ 0.04 -2.66 £ 0.06 -1.62+ 0.14 Model B Present work
£+(1.0540.45) £(0.63£0.32) +(0.32+0.32) £(0.7120.39) PWA Sarantsev et al. [24]
+1.2 +0.8 +0.6 +1.7 Chiral Lagrangian Gamermann et al. [30]

In Table VII, predictions in isospin basis are reported for Model B and other sources.
Additional results reported in the literature and limited to fewer channels are also discussed
below.

Within an isobar approach [23], a combined analysis [24] of pseudoscalar mesons photo-
production data available by 2005 has extracted coupling constants in isospin basis, with
around 60% uncertainties. The reported couplings gs,, (1535)=n and gs,, (1535),n are compatible
with the Model B within 20, while discrepancies between the two approaches for gg,, (1535 KA
and gs,, (1535)ks Teach factors 3 to 4 and 40. For the second resonance, results from the two
calculations agree within 1o for g, (1650)xn> 9s11 (16508 and gs;, (1650)xa, With only signifi-
cant disagreement observed for gs,,(1650)xx. Copious data released since then, if interpreted

within the same approach might bring in new insights into the coupling constants.
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Results from a recent SU(6) extended chiral Lagrangian [30], embodying eleven meson-
baryon final states, are also reported in Table VII and show consistent values between that
approach and Model B for gs,, (1535, s11(1535) kA5 9511(1535)Ks, and gs,, (1650) K A-

An effective Lagrangian focused on interpreting [20] 1 production data in NN and 7N
collisions, leads to gg,, (15358 = 2.2 and gg,, (1650),ny=0.55, compatible with our values. An-
other effective Lagrangian approach [18] studying 7 and 7’ production data in the same
reactions gives gs,,(1535)yp = 3.7, about only 10% higher than the value given by Model B.

Here, we wish to make a few comments with respect to the relative values of some of the
coupling constants.

i) While the nN N coupling constant is known to be smaller than that of 7NN, the ratio
|98, (1535)yN / 9511 (1535)= N | comes out significantly larger than 1. this result is in line with the
finding [43] that, in the soft pion limit, 7 NN* coupling vanishes due to chiral symmetry,
while that of n/NN* remains finite.

i) The ratio |gs,, (1535 KA/ 95y, (1535)yn | takes the value 1.3+0.3, within an isobar model 8]
and interpreting J/¢» — ppn and ¢ — pKTA data, larger than the results reported in
Table VII. Dressed versus bare mass considerations [89], might affect the reported ratio in
Ref. [8]. Investigation of the same reaction within a unitary chiral approach [6, 27] puts that
ratio around 0.5 to 0.7, smaller than our result.

i1) The ratio |gs,,(1650)x%/9s1: (1650)ka| turns out to be around 5. Actually, Si1(1650) is
dominant by the state N(3Py) - which cannot transit to KA channel. Moreover, there is
a cancellation between the contributions of qq¢ — KA and qqqqq — KA, which leads also
to a very small decay width I's,, (1650)—KA-

Moreover, the threshold for S11(1650) — KX decay channel being very close to the mass
of S11(1650), contributions from the five-quark component enhance significantly the coupling
constant.

iv) It is worthy to be noticed that he coupling constants gs,,nn, gs,,xx and gs,,,n for
S11(1535) and S11(1650) have opposite signs. Moreover, the ratio |gs,, 1535 K%/ 91, (1650) k|
is close to unity. Those features might lead to significant cancellations in the interference
terms in K'Y photo- and/or hadron-induced productions.

v) In Tables VI and VII, one finds the following orderings for magnitudes of the coupling
constants, given by Model B, and in Refs.[29, 30], noted below as a), b) and c), respectively:

- For S11 = 511(1535):
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In particle basis

(@) : |gs1m0p] < |gs11mtn| < |gsiir+sol < |gsim+al & (g5 kon+| < [gsiimp| < |gs11mp{31)

(b) : [gsiunopl = |95 xrso| <|gsintnl = |gsixos+| < |gsimpl <951 m+al- (32)

The main feature of our results (a) is that the hidden strangeness sector shows the
strongest coupling, while those for open strangeness channels come out in between 7N and
nN final states.

Inequalities in (b) come from a recent unitarized chiral effective Lagrangian [29], in which
both S11(1535) and S11(1650) are dynamically generated. Within that model, the coupling
to KX is highly suppressed, and that to KA turns out larger than coupling to np.

In isospin basis

(a/) : ’9511WN| < ‘9511KA| < ’gsllnN| ~ |9811K2‘ < |951177'N’7 (33)
() + 1gsunn| < lgsumal < gsimn| = 9siks|. (34)
Results from a chiral Lagrangian study [30], (c’), give the same ordering for couplings as
Model B. Tt is also the case for results from a chiral unitary approach [6], while another

chiral unitary approach [44], distinguishing dynamically generated resonances from genuine

quark states, leads to

|9s07n| < |gsixal < |9s,an| < |gs1, k5] (35)

- For Sll = 511<1650>

In particle basis

(@) : gsuml <lgsurral <1gs,m0p] <lgsimtnl <lgsiirrsol <|gsimpl <195, x0x+[{36)
(b) : ‘gsuK“'A‘ < ’gsllﬂop’ < |gS117r+n| ~ ’9511K+EO‘ < ’gsllnp’ < |gS11KOE+’- (37)
In our model, the ordering in strangeness sector is separated by w/N, according to the fact

that the relevant disintegration channel is above or below the resonance mass.

The main differences between results of Model B and those in Ref. [29] concern KA and

np-

In isospin basis

(@) 1 lgsukal <lgsunn| < |gsinn| = 195w n| < 951kl (38)

(C/) : ’9511UN| 5 |9511KA| < |gS117rN| < |9511K2|‘ (39)
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Here again Model B and Ref. [30] lead basically to identical orderings.

To end this section, we would like to emphasize the following point, with respect to the
importance of five-quark components. Our model leads to probability for the strangeness
component in Si1(1650) being smaller than that for the five-quark component in Sy;(1535).
Moreover, the probability amplitude turns out to be positive for S1;(1535), but negative for
S11(1650).

Taking the ranges determined for probabilities, one gets —77.4 < A5, /Ay, < —72.5. This
latter range and that for fg embodied in Eq. (14) allow extracting values for the energy of
the strangeness component, 1641.60 < E5 < 1649.99 MeV. The coupling between gqq and

qqqqq in the corresponding baryon s,(Veeu)s, (Eq. (14)) turns out to be negative for both

S11 resonances.

3. Branching fraction versus branching ratio considerations

As mentioned earlier, in PDG [1] estimates for both branching fractions (BF) to meson-
baryon states and branching ratios (BR), (I'y/5/T'totar), are reported. In the case of the Si;
resonances considered here, those estimates are not identical for Sy;(1650) — nN, KA. In
the present work we have used BR. However, a very recent work [46] has adopted BF. In
order to compare the outcome of this latter work to our results, we have investigated the
drawback of using BF instead of BR in our approach. Accordingly, a third model, hereafter
called Model C, has been obtained.

Though we extract simultaneously the partial decay widths for both Si; resonances, the
above changes in data do not affect results for S1;(1535). In Table VIII, results from PDG,
Ref. [46] and our Models B and C are given for S1;(1650). The Xi.p‘ for the three models
are comparable, namely, 0.15 (Model B), 0.25 (Model C) and 0.19 (ref. [46]).

Model C leads to results in agreement with the two other sets, within the uncertain-
ties therein. Comparing Models B and C, we observe that the most sensitive width is
L's (1650)— kA and to a lesser extent ', (1650)—nn, While I's;, (1650)—=n increases very slightly.

In Table IX, results for coupling constant from Models B and C are reported. We find
of cours the same features as for partial decay widths. In addition it turns out that, given
the associated uncertainties, I's,, (1650)—»n~ and I's;, (1650)— x> change very slightly within two

models.
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TABLE VIII: Strong decay widths (in MeV) for S;1(1650).

Tiot TN niN KA Approach Ref.

165 £ 20 128 +£29 38+ 3.6 48 =*0.7 BR PDG [1]
143 +£5 45+£3.0 48=+0.7 Model B Present work
128 £ 29 10.7+£ 58 11.5+ 6.6 BF PDG [1]
148 +8 9.7+£6.7 79403 Model C Present work
133 £33 12.5 £ 11.0 11.5 + 6.4 1/No-NLO Jayalath et al. [46]

TABLE IX: S1;(1650)-meson-baryon coupling constants (gs,, ar5) in isospin basis.

N nN KA KX n' N Approach Ref.
-1.64 + 0.03 0.35 + 0.14 0.53 £ 0.04 -2.66 &+ 0.06 -1.62 + 0.14 Model B Present work
-1.66 + 0.05 0.55 £ 0.16 0.62 + 0.09 -2.49 + 0.16 -1.74 +£ 0.24 Model C Present work

Those trends are also present in the coupling constants given in particle basis (Table X).

Taking into account the associated uncertainties to the coupling constants, Model C does
not significantly modify the coupling constacts ordering obtained in sec. III C2 for Model
B.

To end this section, we give the phase space defined by Model C:

24.7° < 05 < 30.0° ; 19.8% < P5, < 31% ; 3.0% < P, < 12.6%. (40)

Compared to Model B, Eq. (30), the ranges for 8¢ and P;, get sligthly increased. The most

significant change concerns P , which goes from 11% < P;, < 18 down to 3% < P, < 13.

5q’
This feature shows the sensitivity of I's,, (1650)— ko and, to a lesser extent, that of I's,, (1650)—nn

to the five-quark components in S11(1650).

TABLE X: 511 (1650)-meson-baryon coupling constants (gs,,a5) in particle basis.

wO0p mtn np KTA KOx+ K+tx0 n'p Ref.
-0.94 4+ 0.02 1.33 £ 0.03 0.35 + 0.14 0.51 £+ 0.03 -2.17 £ 0.05 1.53 £ 0.04 -1.62 + 0.14 Model B
-0.96 4+ 0.03 1.36 4+ 0.04 0.55 4+ 0.16 0.62 £+ 0.09 -2.03 £ 0.13 1.44 £ 0.09 -1.74 + 0.24 Model C
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IV. SUMMARY AND CONCLUSIONS

Within a constituent quark approach, we studied the properties of four low-lying baryon
resonances with respect to their partial widths to seven meson-baryon decay channels and
associated resonance-meson-baryon coupling constants.

The starting point was the simplest chiral constituent quark model (yCQM). The sec-
ond step consisted in introducing the SU(6) ® O(3) breaking effects. Finally, five-quark
components in the S;; resonances were implemented and investigated.

The outcome of the present work is reported below, focusing on the considered nucleon
resonances (S11(1535), S11(1650), D13(1520) and D;3(1700)) and their strong decays to 7N,
nN, n’ N, KA and KY final states.

Within the yCQM, the only adjustable parameter (w3) did not allow reproducing the
partial widths of resonances. Introducing the SU(6) ® O(3) breaking, via configuration
mixing angles fg and fp, brought in significant improvements with respect to the decay
widths of the D3 resonances, but missed the data for the Si; resonances partial decay
widths. Nevertheless, this second step allowed fixing the value of w3 and extracting ranges
for the mixing angles, treated as free parameters. Trying to cure this unsatisfactory situation,
possible role due to five-quark components in the baryons’ wave functions were investigated.
Given that the latter issue is irrelevant with respect to the D;3 resonances and the properties
of which were well descried in the second step, the final phase of our study was devoted to
the Sy resonances.

We calculated the partial decay widths S;1(1535) — 7N, nN and S7;(1650) — 7, nN,
K A in the whole phase space defined by the mixing angle s and the probability of five-quark
components in each of the two resonances. Regions of the phase space allowing to reproduce
the data for those widths were selected. Accordingly, that procedure allowed us extracting
ranges for partial widths, with decay threshold below the relevant resonance mass, and
resonance-meson-baryon coupling constants for the following meson-baryon combinations:
7, 70, np, KA, K°SF, KTX° and 7/p.

The main findings of the present work are summarized below with respect to the ap-
proaches studied in describing the properties of the four nucleon low lying nucleon reso-

nances.

e The chiral constituent quark approach in three-quark configuration and exact SU(6) ®
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O(3) symmetry is not appropriate to reproduce the known partial widths.

e Introducing symmetry breaking effects due to one-gluon-exchange mechanism, allows
accounting for the partial decay width of the D;3(1520) and D;3(1700) resonances,

but not for those of Sj; resonances.

e Embodying the formalism with five-quark components in the Sj; resonances leads to

satisfactory results with respect to all the known partial decay widths.

e The complete formalism puts ranges on the three adjustable parameters, namely, the
mixing angle between configurations |[NZPy) and | N Py), and five-quark component

probabilities in S1;(1535) and S1;(1650) resonances.

e For S1;(1535), the most sensitive entities to the five-quark component turn out to be

L5y, (1535)=nNs 9511 K+50, g5, kos+ and gg,,,p, all with sizeable magnitudes.

e For S11(1650), the same trends as for Si;(1535) are obtained, plus I's,, (1650)—»n. Here,

nN channel have smaller width and coupling constant compared to the Sj;(1535) case.

To go further, interpretation of recent data, obtained using electromagnetic and/or
hadronic probes, within approaches with reasonable number of free parameters is very de-
sirable. Within the present extended yCQM approach, analysis of the yp — np data is
underway [90].
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APPENDIX A: 51;(1535) AND 5;;(1650) RESONANCES MIXING ANGLE IN
ONE-GLUON-EXCHANGE AND ONE-BOSON-EXCHANGE MODELS

The mixing angle #s can be obtained by diagonalizing the following matrix:

( (N Pu)
(N(sPwm)

> SZ|thp|N(§PM>%*> SZ>, <N(§PM>%*> Sz,thp|N(§PM)%*7 SZ>
7Sz|thp|N<§PM)%—asz>> <N(§pM) 7Sz’hhyp’N(§PM)%—asz>

D=

).

1= 1=
2 2
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where Hj,, is the hyperfine interaction between the quarks. In the OGE [58] and OBE

models [59], the explicit forms of Hy,, are

2%, 8T~ = 1 35,75, F; o+ =
OGE __ s 3/ - ) ijR07 ij
My = ; 3m,-mj{?Si 1550 (rig) + 5 = Si- Sil} (A2)
1<j ij ij
2 2 ,—uTij
OBE _ g 1 op wpon o poeHTE .
Hyyy™ = ;;E12mimj)‘i Ao - 95( o — 4mo(r;))]
1<
3, - 75, - 7 e 3 3
+H(—L——35,-7; 1+ + A3
( ~3 7) o ( g T n2 )} (A3)

1. One-gluon-exchange (OGE) model

The OGE hyperfine interaction leads to the following matrix elements:

(NGPu),-, S HOGEIN (P, -, 5.) = —C, (A4)
(NGPu), - S HOSPINGPu), -, 52) = C, (A5)
(NP, - S HOSFINGPa), -, 5.) = €, (A6)
(NP, - S HOSEIN (P, -, 52) = 0, (A7)

with the constant C' = %wg’ﬂ’%, where m and ws are the light quark mass and the harmonic

oscillator parameter, respectively. Then, we obtain §%F ~ 32°.
Here a comment is in order with respect to the sign of fg. As, reported in Ref. [67], a
non ambiguous entity with respect to that sign is the following ratio:
< N|H,,,|N(*Py)
R= NIE,INCPy)

- >
—. (A8)

N N

with H,, the pseudovector couplings at the tree level. The ratio R is a constant determined
by the SU(6) ® O(3) symmetry.

Notice that in the present work, we have adopted the convention introduced by Koniuk
and Isgur [31], where wave functions are in line with the SU(3) conventions of de Swart [77].
In this frame, the constant Rg gets a negative value, and the relevant mixing angle for the
S—wave, 05, turns out positive. However, in line with the Hey, Litchfield, and Cashmore [91]
analysis, Isgur and Karl in their early works [68, 70-72] used another convention, for which
Rs = +1 and s < 0. In the literature both conventions are being used, often without

explicit mention of the utilized convention.
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2. One-boson-exchange (OBE) model

The OBE hyperfine interaction results in

(NEPu)y- S| Hy P INGPa) s -, 82) = 5V — TV, (A9)
(NGPa)y - Se|Higp "IN G Py~ S2) = 8T, (A10)
(N(sPa)s- S Higp P IN G Par) s, S) = —8Thi, (A11)
(N(RPa) s, S Hp N (3Par) -, S2) = 4Vin — 2Voo + 8T (A12)

where Vg, Vi1 and Ti; are constants from the orbital integral

92 1 M267unj

Voo = — Ao (T5; , Al13
00 <8000\47T 12mz-mj( I m6(7%5))|00) ( )
2 2 ,—urij
g I et L
Vii = ml— — Amd(T; m)s Al4
0 = (ol g (o = 4m(7 ) (AL4)
2 2 —uri;
g 1 pre Hru 3 3
Ty, = (o] - 1 ). Al15
Taking the same values for the parameters as in Ref. [59], we obtain 65 = —13°. However, if

one considers the contributions from the vector meson exchanges, the absolute value of g
might be decreased, or even the sign might change [74, 76].
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