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1. Introduction

The pion-nucleon nucleon sigma termyy, can be considered as a test of QCD, where the
chiral-symmetry breaking is due to representatio8¥{3) x 3J(3); see e.g. Refs. [1, 2, 3, 4] and
references therein.

A thorough investigation of baryon’s structure involves nonpertubd@®. Moreover, the
strange quark component, a purely vacuum polarization effects, playsial role in that realm.

In a series of recent papers [5, 6, 7] we have studied contributions fine genuine five-quark
components in baryons to various properties of baryons [5, 6] anel deetermined [7] the prob-
abilities of five-quark componentsi, dd_ands%) in ground state octet baryons. In this paper we
extend our studies to the meson-nucleoterms.

Our formalism is based on an extended chiral constituent quark mBg€&Q@M) approach
and embodies all possible five-quark mixtures in the octet baryons waatidns. Using our
approach, we put forward predictions on the probabilitiesu_oﬁd_andssTin ground state baryons.

The present manuscript is organized in the following way: in section 2, nedl\bpresent
the theoretical frame. Numerical results are given in section 3, puttingafdrpredictions for the
probabilities of different five-quark configurations in the nucleinz and= baryons and extract
the meson-nucleoa-terms. Finally, section 4 contains summary and conclusions.

2. Theoretical frame
In the extended constituent quark model [7], wave function for a beiyexpressed as
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where the first term is the conventional wave function for the baryon witketbonstituent quarks,
and the second term is a sum over all possible higher Fock components @@pair. Here we
denote light quark-antiquark pair @ﬁz qq (with g = u, d,) and strange quark-antiquark pairs as
Q(S = ss. Different possible orbital-flavor-spin-color configurations of tharfquark subsystems

in the five-quark system are numberediby, andl denote the inner radial and orbital quantum
numbers, respectively. The coefficie@s, in Eq. (2.1) can be related to the coupling between the
valence three-quark and the corresponding five-quark components.
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whereMg is the mass of baryon H;,, | the energy of the relevant five-quark component, aral
model dependent coupling operator.

The matrix elements of between the three- and five-quark configurations are derived using
a Py version for the transition coupling operator
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wherey is a dimensionless constant of the mo@P0 and%log denote the flavor and color singlet
of the quark-antiquark pa(D,Q in the five-quark system ariChr g Is an operator to calculate the
orbital-flavor-spin-color overlap between the residual three-quarfiguration in the five-quark
system and the valence three quark system.

The derived matrix elemenfs for the 34 five-quark configurations show that only 17 config-
urations, corresponding to the orbital quantum numberl and radial quantum numbey = 0,
survive and matrix elemenisfor all other ones vanish.

The probability of the sea quark in each bangreads

P _ le 1271 (%)1 (2.4)
with the normalization factor
N =1+ Zl,/V 1+Zl ( T_quuu)2+(MBTi_ddEidd>2+<MBTi_§Eiss>2]- (2.5)

Notice thatin Eg. (2.5) the first term is due to the valence three-quark sidtés the second term
comes from the five-quark mixtures.

Sigma terms are in general expressed via the strangeness fracaond the non-singlet com-
ponentd defined as

2(p|ssp) 2Ps
_ _ 7 2.6
N = pjut+dd[p) ~ 3+2(Pur+ Pyg) 9
& = m(p|ud+dd — 2s3]p). (2.7)
Then, theo-terms read as follows:

o
UnN—ma (2.8)

_ m+
o’ = T (L+2) o, (2.9)

m+ZYNms

= “Jr 2.1
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wherem= (m, 4+ my)/2, with my, my andms current quark masses.

3. Resultsand discussion

In Table (1) our results for probabilities (Eqg. 2.4)aef (q = u, d) andssare given for each of
the 17, non-vanishing, five-quark configurations. Then, predictboar model for the sea content
of the octet baryons, in particle basis, are reported in Table (2). Natie# discrepancies between
the values in the above Tables and those in Tables (VI) and (VII) in @mantgaper [7], due to a
misprint with respect to the i=12 configuration numbers. The only significh@abge concrns the
dd_component ire®, the probability of which increases from 12.1% to 13.8%.

Finally, using Egs. (2.6)-(2.8), we extract values for the meson-noateterms; namely,
OmN, OKN anda,,N (Table (3)).
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Table 1: Predictions for probabilities of different five-quark components in theleon,A\, = and=. Upper and lower
panels are for the configurations withiy = 1 andL4q = O, respectively.

N°  Configuration Sea flavor N N >
1 [4]es[22¢[22s qq 0.146 0.115 0.066 0.081

Ss 0.010 0 0.020 0

2 [4rs[3YE[3Ys qq 0.073 0 0.054 0.028
sS 0 0 0.009 0.016
3 [4rs[3Y2[31s qq 0 0.052 0.003 0.006
S 0.006 0.013 0 0
4 [31]|:5[21:q|:[22]3 C]CT 0 0.003 0.011 o0.010
S 0.004 0.003 O 0
5 [31rs[211[31s qq 0 0.002 0.009 0.008
S 0.003 0.002 O 0
6 [3Yrs[22F[31s qq 0.007 0.011 0.004 0.012
S 0002 0 0.005 O
7 [3Yrs[31E[22)s qq 0.018 0 0.018 0.011
S 0 0 0.004 0.009
8 [3Yrs[312[22s qq 0 0.016 0.001 0.002
S 0.003 0.006 O 0
9 [31rs[31E[31s qq 0.005 0 0.006 0.003
sS 0 0 0.001 0.003
10 [31rg[312[3Ys qq 0O 0004 0 0.001
sS 0.001 0.002 O 0
11 [3Yrs[211[22)s qq 0 0.006 0.022 0.021
sS 0.009 0.006 O 0
12 [31rs[211[31s aq 0 0.005 0.019 0.018
S 0.008 0.006 O 0
13 [3Yrs[22¢[3Ys qq 0.015 0.025 0.010 0.028
S 0004 0 0011 O
14 [31rg[31E[27s qq 0.042 0 0.043 0.026
S 0 0 0.010 0.022
15 [31rs[312[2s qq 0 0.037 0.002 0.005
S 0.007 0.015 0 0
16 [3Yrg[3YE[3Ys qq 0.012 0 0.013 0.008
sS 0 0 0.003 0.007
17 [3Yrg[312[3Ys qq 0O 0010 0 0.001
S 0.002 0.004 O 0

The pion-nucleoro-term is the most studied one and the often quoted value was reported in
Ref. [8]: oowy=45+8 MeV, which was obtained fromiN data analysis with taking into account the
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Table 2: Predictions for the sea content of the octet baryons.

Baryon u d S u+d+s
P 0.100 0.218 0.058 0.376
A 0.143 0.143 0.058 0.344
T+ 0.101 0.179 0.063 0.343
30 0.140 0.140 0.063  0.343
=0 0.131 0.138 0.057 0.326

current algebra result generated by the quark masses. As it carebreéhfrom Table (3), various
results reported in literature agree with the canonical value witbinahd our result falls at the
lower band within Tr.

In Table (3) results from other authors are also shown, coming fromalBBanstituent Quark
Models (yCQM) [10], Perturbative Chiral Constituent Quark¥2Q) [11], Lattice QCD [QCD) [2,
3, 4], and Chiral Perturbation Theory®T) [12].

Table 3: Predictions for the meson-nucleonterms (in MeV), withG=35 MeV (Ref. [8]) andns/M=25 (Ref. [9]).

Reference Approach o OKN OnN
Present work ExCQM 37 256 32
Dahiyaet al. [10] xCQM 31 196 31
Inoueet al. [11] PxCQ 55 33 96
Durret al. [2] LQCD 39+4

Bali et al. [3] LQCD 38+12

Shanahamt al. [4] LQCD 45+6 300t40
Alarconetal.[12] xPT 43+5

Alarconetal. [12] xPT 59+7

Our result foropy is close enough to all other predictions, except in the case of a rgédnt
approach [12], where two different partial wave analysis (PWA) lead43+5 MeV and 597
MeV; only the former being compatible with ours. It is worth noting that the smakdue is
obtained using the PWA of the Karlsruhe-Helsinki group [13] and theefamge via a more recent
PWA provided by SAID [14].

In Ref. [10] it is reported that non-relativistic quark model underestimatkethree meson-
nucleono-terms, andyCQM under exacBJ (3) symmetry overestimates them. Actually, taking
into account the8J (3) symmetry breaking, results come out very close to those found within the
present work. That is also the case for the extraciggdandoy.

Results from &@xCQ [11] lead too-terms, all three in disagreement with our findings.

For okn, our result is compatible with those reported in Refs. [4, 10].

Finally, lattice QCD calculations [2, 3, 4] are producing results mainhofgy, with including
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strangeness content of the baryons and find stranggm to be in the range 20 - 50 MeV, though
with rather large uncertainties [4]. Forn, LQCD approaches favor values significantly smaller
than those obtained via dispersion relations, using the S#\Dphase-shift analysis [15], and
giving [16] on=81+6.

4. Summary and conclusions

An extended chiral constituent quark model, embodying genuine fivekqaixture in the
ground state baryon octet wave functions, was briefly presentedrlimdg the sea quark content.
We put forward predictions of our complete model for the percentagdigver, of the sea quark
content forN, A, Z and=.

Those predictions were then used to calculate the meson-nucksenms and led toon=37
MeV, okn=256 MeV andog,n=32 MeV. Our findings compare satisfactorily with results from
recent studies based on chiral constituent quark model [10] and lat@iDg[8) 3, 4], while showing
significant discrepancies with values determined via perturbative chieakcapproach [11] and

dispersion relations [16].
Extension of the present work to pred@iterms for mesomk, mesonZ and mesork is in
progress.
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