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The spectrum of the SU(2) flavor baryons is studied in the frame of a relativistic chiral
quark potential model based on the one-pion and one-gluon exchange mechanisms. All
the N* and A* resonances appearing in the 7N scattering data are identified with the
orbital configurations (151/2)2(71[]') with a single excited valence quark. The obtained
selection rules allow one to construct a schematic periodic table of baryon resonances,
consistent with the experimental data and yielding no ”missing resonances”. A new
original method for the center of mass correction problem of the zero-order three-quark
core energy values of the excited baryon resonances is suggested, which is based on the
separation of the three-quark Dirac Hamiltonian into the parts, corresponding to the
Jacobi coordinates. The numerical estimations for the energy positions of the Nucleon
and Delta baryons, obtained within the field-theoretical framework, yield an overall good
description of the experimental data at a level of the relativized Constituent quark model.
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1. Introduction

The Constitutent Quark Models have been extensively used for baryon spec-
troscopy.! * From very beginning these models have met a number of very serious
problems, such as “missing resonances problem”, “three-body spin-orbit puzzle”,

*This is an Open Access article published by World Scientific Publishing Company. It is distributed
under the terms of the Creative Commons Attribution 3.0 (CC-BY) License. Further distribution
of this work is permitted, provided the original work is properly cited.
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etc. The aim of present contribution is the application of a relativistic chiral quark
model,>® which respect the chiral symmetry, to the excitation spectrum of the
nucleon and delta. Numerical calculations are done at one loop or at order of accu-

racy o(1/f2, a).

2. Model

The effective Lagrangian of the model £(x) (see Ref. 10) contains the quark core
part Lg(z), the quark-pion quﬂ) (x) and the quark-gluon qug ) (7) interaction terms,
and the kinetic parts for the pion £, (z) and gluon L4(x) fields:

L(z) = Lq(x) + LY (@) + L7 (2) + L (z) + Lq(x)

= (@)li § = S(r) ="V (")e(x) — 1/ f[S ()i ' il

- A4 1 1 1
— G DAL S+ S0u00) — SmEeE — G, G ®

Here, 1(z), ¢i,i=1,2,3 and Af, are the quark, pion and gluon fields, respectively.
The matrices 7¢(i = 1,2,3) and A\%(a = 1,...,8) are the isospin and color matrices,
correspondingly. The pion decay constant f, =93 MeV.

The strength parameter ¢ = 0.16 GeV? of the confinement potential S(r) =
cr + m is defined from the Lattice QCD,!! while m can be fitted to reproduce the
axial charge g4 of the proton (m = 60 MeV).% The parameter o = 7/12 of the
Coulomb type vector potential V(r) = —a/r is defined from the QCD flux-tube
study.'?

We fix the excited baryon orbital configuration as (15 /2)?(nlj). The correspond-
ing quark core energy is evaluated as:

For the center of mass (CM) correction in Eg for the ground state nucleon and
delta baryons we use the development of the Ref. 13, where approximations on the
basis of the Moshinsky transformation have been used.

For the excited nucleon and delta states, the Moshinsky transformation is not
applicable. A new method is based on the separation of the total three-quark core
Dirac Hamiltonian with the scalar and vector mean field potentials

H =

i

3
[@ip; + S(7; — R)Bi + V(77 — R)] (3)

=1

into three parts corresponding to the Jacobi coordinates 7, p’ and R. At the zero

order, the energy values of all baryon states with fixed orbital configuration, degen-

erate. This means that we can fix the two S-quarks in the 1Sy singlet scalar diquark

state.
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With above conditions the kinetic energy term can be separated exactly into the
three parts, corresponding to the Jacobi coordinates as:

—

i+ o+ as s

Hy :ﬁR,0+ﬁr,0+ﬁp,07 Hpo = 3 Pg,
. A T o7 S L5
HT,O = (041 — OéQ)PT, Hp,o = (g — 043)Pp = —OégPp. (4)

2

However, the separation of the interaction Hamiltonian on the potentials V,. and
V,, can be done only approximately by using the expansion over multipole terms
(see Ref. 8 for details). By solving a two-body bound state (scalar diquark) Dirac
equation with the Hamiltonian H, and a single quark Dirac equation with H 0, One
is able to estimate the CM corrected quark-core energy value of baryon resonances
with the fixed orbital structure (157 2)2(nlj).

The second order perturbative corrections to the energy spectrum of the SU(2)
baryons due to the pion (AE(™) and gluon ( AE(9)) fields are calculated on the basis
of the Gell-Mann and Low theorem. The one-pion exchange mechanism between the
ground 15 and excited (nlj) valence quarks yields a selection rule

L,=0=1%+1. (5)

The second rule comes from the strong coupling of the excited baryon state to the
N(939) + 7 channel:

Le+1/2=. (6)
%
N
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Fig. 1. Spectrum of the Nucleon states. Theoretical estimations (solid lines) in comparison with
experimental data (boxes)
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Fig. 2. Spectrum of the Delta states (notations are the same as in Fig. 1)

An important consequence of the obtained selection rules is that all the N* and

A* resonances appearing in the w/N scattering data are identified with the orbital
configurations (15 2)*(nlj). Additionally, the selection rules allow to decrease the
number of baryon resonances, up to the value, consistent with the data.

3. Numerical results

In Fig. 1 and Fig. 2 we give the theoretical estimations of the nucleon and delta
states in comparison with the experimental data from Ref. 14. As can be seen from
the figures, the mass spectrum of the N* and A* is described reasonably well at the
level of the relativized CQM.? Further development of the model is in progress.

References

1.

-~

© 0N ®;

L.Y. Glozman, W. Plessas, K. Varga and R.F. Wagenbrunn, Phys. Rev. D58, 094030
(1998).

S. Capstick and N. Isgur, Phys. Rev. D34, 2809 (1986).

S. Capstick and W. Roberts, PPNP V45, 241 (2000).

U. Léring, K. Kretzschmar, B.C. Metsch and H.R. Petry, Euro.Phys.J. A10, 309
(2001).

E. Oset, R. Tegen and W. Weise, Nucl. Phys. A426, 456 (1984).

Th. Gutsche and D. Robson, Phys. Lett. B229, 333 (1989).

E.M. Tursunov, J. Phys. G: Nucl. Part. Phys. 36, 095006 (2009).

E.M. Tursunov and S. Krewald, arXiv: 1204.0412 (2012).

E. Klempt and J.M. Richard, Rev. Mod. Phys. 82, 1095 (2010).

1460118-4



Int. J. Mod. Phys. Conf. Ser. 2014.26. Downloaded from www.worldscientific.com
by FORSCHUNGSZENTRUM JUELICH GmbH on 05/03/15. For personal use only.

10.
11.
12.
13.

14.

Spectrum of the Excited N* and A* Baryons in a Relativistic Chiral Quark Model

W. Weise, Inter. Rev. of Nucl. Phys., Vol.1, ed. W. Weise (World Scientific, Singapore),
p.58 (1984).

T. Kawanai and S. Sasaki, PPNP 67, 130 (2012).

J. Greensite, and S. Olejnik, Phys.Rev. D67, 094503 (2003).

Y.B. Dong, K. Shimizu, A. Faessler and A.J. Buchmann, Phys.Rev. C60, 035203
(1999).

E. Klempt and J.M. Richard, Rev. Mod. Phys. 82, 1095 (2010).

1460118-5



