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Coherent pair state of the pion in the constituent quark model
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A coherent state of pions is introduced to the nonrelativistic quark model. The coherent pair approximation
is employed for the pion field in order to maintain the spin-isospin symmetry. In this approximation the pion
is localized in the momentum space, and the vertex form factor in the pion-quark interaction is derived from
this localization. The nucleon masses and wave functions are calculated using this model, and our results are
compared to those of the quark model with the one pion exchange potential. Similar result is obtained for the
mass spectrum, but there exists a clear difference in the internal structure of nucleon resonances.
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[. INTRODUCTION In order to understand the mesonic effects on the nucleon
structure, the nonperturbative property of mesons should be
The nonrelativistic constituent quark mod&IRCQM) is  considered in a effective model. In this paper we make use of
one of the effective models of QCD. This model describes dhe coherent state formalism to describe the pion field in the
baryon as a bound state of the constituent quarks in a phé&dRCQM, which is one of the nonperturbative representa-
nomenological confinement potential. tions of the pion field. Instead of using Glauber’s coherent
Isguret al. successfully applied the NRCQM to the study state[12], we apply the coherent pair approximati@PA)
of baryon spectrgl,2]. They used the one gluon exchange[13] to our calculation. In this approximation the vacuum of
potential(OGEP with a phenomenological confinement po- the pion field is constructed from indefinite numbers of
tential in order to consider spin dependence in the effectivécalar-isoscalar pion pairs, and has definite quantum numbers
quark-quark interaction. As suggested by DéjuRuetal.  for the orbital angular momentum and the isospin. _
[3], the OGEP is justified by asymptotic freedom. The projection method based on the hedgehog ansatz is
On the other hand, the idea of meson contribution toknown as another method of treating the pion field. In this
baryon structure has been introduded, and recently ex- method the quantum numbers associated with spin-isospin

tended to the quark model with the one meson exchangéymmetry are projected out by semiclassical or adiabatic

potentialOMEP) [5—7]. In this potential mesons belong to method from the meson field with the hedgehog structure.

the pseudoscalar octet, and are closely related with the spoﬁ_eferencém] has shown that the projection with the hedge-

taneous breaking of chiral symmetry (§8). This model 0g ansatz is a better approximation for the pion field in a

. . round state nucleon than the CPE6—17. However, this
has also succeeded in reproducing the observed baryon sp %jection method has some limitation when baryon reso-
tra[8].

. nances are considered, in which the excitation energy of
Many theoretical works have suggested that these mesong,rks in a baryon is on the same order of the fluctuation

should be important degrees of freedom in the NRCQM. Thepergy of the pion field18—20. It is difficult to improve
OMEP seems to have desirable properties with respect t0 thiis method for calculating the baryon spectrum as far as we
spin-flavor dependence of the quark-quark interaction in CONfely on the spin-isospin projection. We tried to avoid this

trast to the OGERS5]. The dynamical role of mesons has roplem by choosing the eigenstates of spin-isospin symme-
been considered in order to deal with the long-standing probfry for the pion field.

lems in the NRCQM. For example, the mass difference be- "~ pq argued by Isguf21], the quark model should apply
tween A (1405) andA(1520) can be produced by the cou- ot only to baryons but also to mesons. However, it is not
pling with the KN channel[9]. In a recent work, a positive easy to make such a model that can deal with all hadrons
parity state appears as a first excited state in the nucleagystematically. At present, we approximately describe a
mass spectrum when the scalar-isoscalar excitation of a m@aryon as a composite system of the constituent quarks and
son field is taken into accoufitO]. mesons, and focus our attention on the collective behavior of
In many quark models, mesons are usually treated in pemesons in a baryon. Assuming that the meson structure is not
turbation theory. However, the perturbative method is notffected by its collective motion, we treat the meson as a
appropriate for mesons interacting strongly with quarks. Apoint particle in this paper.
for the OMEP, only the one particle exchange is included. We calculate the nucleon mass spectrum by taking ac-
The static approximation is also used for the OMEP, whilecount of the pion field in the CP&he CPA model We apply
the dynamical effects of mesons such as a self-energy shoutde CPA to the study of excited baryons, while this approxi-
not be ignored11]. mation has been used to study the ground state nucleon
[15,16. This application is considered as a good test ground
to see the role of mesons in the nucleon structure. We em-
*Electronic address: morisita@ocunp.hep.osaka-cu.ac.jp ploy a variational method to determine the momentum dis-
TElectronic address: arima@ocunp.hep.osaka-cu.ac.jp tribution of pion, which is similar to Tomonaga'’s intermedi-
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ate coupling approximation applied to the pion-nucleon and

the polaron system$22,23. We also calculate the mass [a

spectrum by using the NRCQM with the one pion exchange

potential(the OPEP modgl and compare the result with that ) ) ) L

of ours. The pion-quark interactiom . takes the nonrelativistic
This article is organized as follows. In Sec. Il our Hamil- form of the pseudoscaldP$ coupling

tonian for the CPA model is presented, and the nucleon state 3

in the CPA model is constructed in Sec. Ill. The calculation)y _ > H

with the CPA model is explained in Sec. IV. A brief review of s

the OPEP model are given in Sec. V. Our results obtained by

wv

(5 S 1 ,
n0.ar (k 1= 0117 8Bt 5 k=K. (6)

3
the CPA model are exhibited in Sec. VI, and are compared d’k i[i ksl a(k) e i+ Hoe ]
with those by the OPEP model. A brief summary is givenin & R (2m)3 2Mg goRT R

the last section.

)

whereg is the pion-quark coupling constant, and and 7/

We describe the nucleon as a bound state of the thre@re the spin and isospin operators for ftle quark, respec-
constituent quarks surrounded by the coherent state of pionvely. The pseudovector coupling is also possible for the

II. MODEL HAMILTONIAN

Our model Hamiltonian is written as pion-quark interaction. Since this coupling is equivalent to
the PS coupling in the low energy region, we use the PS
H=Ho+H,+H., (1) coupling for simplicity.

whereH, describes the relative motion of the three quarks in
the center of mas&.m) frame,H , the pion kinetic energy,
andH ., the pion-quark interaction. We apply the nonrelativ-  We construct the basis state for the representation of bary-
istic kinematics for the constituent quarks, and we wHig  ons by making a direct product of a three-quark state and a
as coherent state of pions. The three-quark state is given by a
proper combination of four parts

Ill. BASIS STATE FOR NUCLEON

3 2 3
Pi .
Ho= 2 o~ To* 2 V(). @ [30)=[[w@x]'a¢'C), ®

1<]

wherep; is the momentum of thith quark,m, the constitu- wherey, y, ¢, andC stand for the orbital, spin, flavor, and
ent quark massr,ij=|rij|=|ri—r,-| and V(r;;) the phenom- color par?s, respectively. _The t_otal angular momentum is de-
enological confinement potentidl, is the c.m. kinetic en- noted byj, and the total isospin by,

ergy of the three quarks. The mass difference between the e use the eigenstate éf, for the orbital party. The
andd quarks is not considered in this work. As for the con- orbital part becomes a product of two independent harmonic

finement potential/(r;;), although the linear form is often oscillators when we use the Jacobi coordinates. The energy

used for heavy-light quark systerfizg4,25, we choose the €igenvalue oHg is Eq=(Ns+3)fiw, whereNs=0,1,2 ...
quadratic potential for simplicity: The spin party has either the total spin 3/2 or 1/2, and is

the irreducible representation of the s@h)(2) and the per-
)2 mutation groupS; simultaneously. The symmetry of the fla-
V(rij) = gmq‘*’ Fij » @ vor part { is the isospinSU(2) because we deal with the
nonstrange baryons in this work. Thus the flavor part is con-
where the parametaes determines the excitation energy of structed in the same way as the spin part. The color@ést

this three-quark system and its spatial distribution. the singlet representation of the col8U(3). The three-
The standard form ofl . is employed in this model quark statg3q) is totally antisymmetric under the exchange
of quarks.
_ - [ I Each Nsiw level is degenerate. In the case &&= T
H,= 0 dkkz“"ﬂgfy aw(k)aw(k), (4) =1/2, for example, the degeneracy is as follows. There is

only one nucleon state for theri@ level. The first excited
where w, = \k?+ mZW with the pion massn,, anda"’(k) is level 4w is twofold degenerate, i.e., two kinds of the
the isovector annihilation operator with the orbital angularP-wave excitation. The second excited levéla is fourfold
momentum [,,,x), the isospin component, and the mo- degenerate, i.e., the one-node excitation, diveave excita-

mentumk=|k|. The annihilation operator in the spherical tion, and two kinds of thep-wave excitation. These three-
representation quark states are sequentially labeled by the subsdcript

|3q;i) (i=1,2,3---).

| N Soe o The pion field in the CPA is described as the coherent pair
a,fv(k):' ”f de,W#(k)a,,(k) ©) state(CP9, which is the simultaneous eigenstate of the or-
bital angular momentum and the isospin. The CPS is first
satisfies the commutation relation introduced by Bolsterl[13], and is applied to studying the
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ground state nucleon by Goekeal.[15]. Here we summa-
rize the properties of the CPS briefly. See R¢i8,15,16
for details. Following Bolsterli's definitiorj26], we intro-

duce the operatdnijy instead of usinga';v(k):

b7 = f :dkkzg(k)a';v(k), 9)

with the momentum distribution functiof(k). The function
&(k) is real, and it is normalized as

fmdkkzg(k)zzl (10
0

We determine (k) variationally in the following calculation.
The ground state of the CR&.p.0i), i.e., the 0-unpaired
pion state, is defined as

fn
|C-|0-0§>=n§0 (Z(TX))!(b'”' b'=")"0), (11)

satisfying the eigenvalue equation
b'm-b'rlc.p.0g)=> (—1)#b'7.b'" _ |c.p.0g)
v y7a% M,V

=x|c.p.0¢), (12

wherex is the coherence parameter ablt-b'~ is scalar-
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IND=2 (a;[[3a;i)@]c.p.0g)] 12 42

+BiilI3a;i)@lc.p.1g 1 )] P2 WD) (16)
where the mixing coefficients satisty;(af+85)=1. The
ground state nucleon is labeled py 0.

IV. VARIATIONAL METHOD

Here we comment on our four assumptions made in our
calculation. The first assumption is for the model space in
our calculation. Because we are interested in the low-lying
nucleon states, we truncate the three-quark statesiat 2
The same reason will hold for our second assumption, i.e.,
we neglect the higher partial waves of the pion. We consider
the pion withl .=1 in the following calculation. The third
assumption is for the unpaired pion state in the CPA. We take
account of the 0- and one-unpaired pion states defined in
Egs.(12) and(14). This is sufficient to see the nonperturba-
tive effects, although the CPS with larger number of un-
paired pions should be included for better approximation
[14,15. The last assumption is that the c.m. of three quarks
is always at rest when each quark interacts with the pion. The
c.m. energy of therN system, for example, amounts to
about 25% of the excitation energy 500 MeV of the Roper
resonance, which should be taken into account for precise
estimation of the mass spectrum. We expect, however, that
the inclusion of this contribution will not change our conclu-
sions in this paper drastically. Thus we do not consider the

isoscalar combination for the pion pair. Owing to the coher-C-m. correction here for simplicity.

ent property Eq(12), the functionf,(x) satisfies the recur-
sion relation

X(2n+1)
(2L+21)(2T+1)+2n

frra(X)= fa(X). (13

We determind (x) so that|c.p.0;¢) is normalized. The one-
unpaired pion state of the CPS is defined as

1
lep Ll v)= Nx)( )bl c.p.0%)

n+1

2n+1)'

N(X 2 bl T.p! T)nb| T|0>

(14

where NV(x) is the normalization factor.
Using the three-quark stai®) and the CPS'{11) and
(14), we can write the basis states for nucleons as

[13a;i)®[c.p.0¢)]"T[|3a;i) @ [c.p.1ig;1 )17, (15)

Now we construct the nucleon states withl,T)
=(1/2,1/2). The 0-unpaired pion stafe.p.0¢') has quan-
tum numbers I(;,t,)=(0,0), so that only the three-quark
state with {,,t,) =(1/2,1/2) is combined witlc.p.0£'). On
the other hand, because the one-unpaired pion state
|c.p.1;€;1 ) has quantum numbers$ (,t.)=(1,1), not only
the three-quark state withj{,t,)=(1/2,1/2) but also the
state  with  {q,t;)=(3/2,3/2) are combined with
|c.p.1#£';1,,). In this case we numerically checked that other
possible quantum numbers for the three-quark states, for ex-
ample, (4,tq)=(1/2,3/2), etc., can be neglected in our cal-
culation.

In order to determine the momentum distribution func-
tions £'(k) and the coherence parametefs we minimize
the expectation value oH for the ground state nucleon
variationally. Considering the normalization condition for
£'(k), we take the variation with respect &(k),

o <No|H|No>—Z cif:dklégi(k)Z): (17)

where the Lagrange multipliers; are introduced. Then we
obtain the explicit forms of'(k) in terms ofag;, Boi, Ci,

whereJ and T mean the total angular momentum and theandx; .
total isospin of a baryon, respectively. Note that we attach The numerical calculation is performed iteratively as fol-
the labeli to £(K) because we consider the dependence of théows. First we prepare the initial values af; and By; for

CPS on the three-quark stdtgq;i). The jth nucleon reso-
nance is written as

the fixed values ok; and write the explicit forms oEf(k).
The constantg; are determined so as to normaliZgk).
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Next we calculate the matrix elementstdfby usingé'(k), TABLE |. Parameter sets in the CPA model and the OPEP
and reevaluate the mixing coefficients; and By by diago- ~ model.
nalization. This procedure is continued until these values

converge. The values of are chosen to give the minimum w g K
energy of the ground state nucleon. CPA 380 MeV 510
OPEP 550 MeV 1.75 5.0 f?

V. CONSTITUENT QUARK MODEL WITH OPEP

In this section, we briefly review the NRCQM with the
one pion exchange potentidDPEBR. We intend to compare Note that in the OPEP model the nucleons are purely ex-
the result of this conventional modghe OPEP modgwith  pressed by the three-quark stat8s;i), while in the CPA
that of our CPA model. The Hamiltonian is now model the coherent pair states are included. We consider
those states withj{,tq)=(1/2,1/2) up to the Zw energy
level in this model.

3

H=Ho+ >, HJP, (18)
i<j
}Nher?Hﬁ) is the same as that of E(R). The OPEP has the VI. RESULTS
orm [11
We calculate the nucleon mass spectrum and the ground
OPEP 9° state energy oA by using the CPA model. The parameters
T Sy(rij)oi- o+ To(r)) are determined as follows. The experimentally observed
q value is used for the pion mass,=140 MeV. The con-

stituent quark masm, is fixed at 300 MeV. The strength
(19 of the confinement potential and the pion-quark coupling
constanig are chosen so that the energy differences between

] ) ) o ) the ground state nucleon and the negative parity states agree
The first term of Eq.(19) is the spin-spin interaction \yith the experimental datg8].

% 30’i'rij0'j'rij
—— 00|

which generates the mass difference betwiseand A, for We also calculate the mass spectrum by using the OPEP
example. The spatial paf,(r;;) of this interaction is explic-  model, and the result is compared with that in the CPA
itly written as model. Common values are used for thg andm_, in these
B ) models, and the other parameters, (g, and «) are deter-
S, (1) = %mif dq 2q . jo(qrij)U(q)—47rU(rij), mined in the same way as the CPA model.
0 q +mw
(20

A. Energy levels of negative parity states and\

where U(q) is the Fourier transformation dj(r;;). When Both in the CPA model and in the OPEP model, we can
the pion and the quark are considered as point particlefng the parameter sets which reproduce the observed excita-
U(rij) = &°(ryj). This singular function is usually regularized tjon energies of negative parity states. The splitting of these
properly to take account of the structures of these effectiveiates is due to the tensor force generated by the pion-quark
particles. Because the spin-spin interaction generally has @teraction. The numerical values of parameters are summa-
large effect on the baryon masses, the spectrum in this mod@beq in Table I. The obtained mass spectra are displayed in
depends on the choice of this regularization function. FoiFig. 1.

example, the first excited positive parity state moves down if The N-A mass difference becomes about 120 MeV in the
the special form is used for the regularization functjéh CPA model and about 80 MeV in the OPEP model. The

Here we employ the simple forfi1] result for this quantity is somewhat improved in the CPA
32 model, even though both values are smaller than the ob-
U(rij)=<£) e T (21)  served value-290 MeV.
™ Except for the values of model-dependent parameters, the

. qualitatively similar results are obtained by the two different
where the range parameterlsllntroduced. . . models. As far as the pion and its interaction with quarks are
The second term of Eq19) is the tensor interaction. The ;onsidered in the NRCQM, it is difficult to reproduce the
spatial part is masses of negative parity nucleons andXhd mass differ-
ence simultaneously. The complete description of the
A\ nucleon spectrum is not realized even if the nonperturbative
(gripu(a). (22) o i
coherent property is introduced to the pion field.
Let us discuss the difference between the two models by
The tensor force generates the mass splitting betweeconsidering the matrix elements Hif,,. In the CPA model,
N(1535) andN(1650) and has large effects on the internalthe matrix element betwede.p.0£%) and|c.p.1£%;1u,v)
structures of these states. becomes

4

2= q*
Tw(fij)—; . dquz
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FIG. 2. Momentum distribution functioa(k) of the pion field
for the three-quark ground state withy, (t,) =(1/2,1/2).

whereq is the momentum of exchanged pion dd¢q) the
form factor introduced in Sec. V. By using this matrix ele-
ment, we can write the OPEP as

FIG. 1. Excitation spectra of the nucleon. The solid and short-

dashed lines show the masses of positive parity and negative parity
states, respectively. The ground state energy @ shown by the

dashed line for each case.
(C.p.0EYH gle.p. 1" L, v)

Y1)

- L P
2 f\/Zwk 27r)3 qua' T

X[EP(K)F* (X Xg) € i+ E4(K)F ™ (X, X g)€ K],

(23)
WhereF+(xa,xB) andF~(x,,xg) are given by
1(Xp) fa(Xa) 1 on
_ _fl(xa) - fn+1(Xﬁ) n 2n+1
PO X0 = Ny 2 ey eses (29
ands,; is defined as
Sup= | ke 1020, (29
0

We make an effective interaction which is active only for the
model space composed of the three-quark and the O-unpair

pion states

HS = (c.p.0i¢%|H ,olCc.p.1£7)

E—(c.p.1;¢”|H |c.p.1£")
X{C.p.1EH 4l c.p.1i£5). (26)

In the OPEP model, the matrix element betwéen (the
normal vacuum for the pion fielcand|q,»)=al(q)|0) is

<0|H q|q >_W2_fnqlal qeiq.rol;/TVU(Q)a
(27)

HOPEP
i<j

(Ejﬁ%wmmmw
1
* (G lH! q|o>+<w>) 29

Note that the closure is assumed for the intermediate baryons
in this process.

We first comment on the vertex form factor appeared in
the matrix element§23) and(27). The vertex form factor is
necessary for the low energy effective model in order to
suppress the high momentum contribution of pion. The form
factor also suppresses the coupling with highly excited bary-
ons and higher partial waves of pion included implicitly in
the intermediate states. Many kinds of explanation are given
for the origin of the form factor, e.g., due to the finite size of
the pion and quark. Thus in the OPEP model we must supply

the form factorU(q) to the pion-quark interaction with an
additional parametexk.

In the CPA model, we consider only tipewave pion. The
momentum distribution functiog®(k) in the matrix element
Eqg. (23), which is displayed in Fig. 2, plays the role of a
vertex form factor such asl(q) in the OPEP model. The
coherent property accounts for the origin of the form factor:
the coherent state of pions is localized, and high momentum
contribution of pion is cut off. The form factor in the CPA

odel does not include any free parameters, and is self-
consistently determined by the variation.

Secondly, we notice that the valuesgih the two models
are different. In the OPEP model all the continuum states of
the plane wave piofexcept for the high momentum compo-
nentsg contribute to the interaction. On the other hand, in the
CPA model the pion in the coherent pair state always has the
localized distribution specified by'(k), and continuum
states of pion is excluded from this model. Because of this
constraint on the pion state, the matrix elementsHf"
become smaller than those HPPEP. The large value of is
required in the CPA model in order to reproduce the ob-
served spectrum, while a smaller valuegis found in the
OPEP model.
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TABLE II. Mixing coefficients of the negative parity states. TABLE Ill. Mixing coefficients of N(940). The quarks are al-
Masses calculated for each state are displayed in the second calays in the Gw state in this table|3q;N) stands for the three-
umn. Both states include the spatial part with faeave excitation  quark state with fj,t;)=(1/2,1/2), and|3q;A) with (j4.tg)
of one quark(thus the parity is negatiyeand the flavor part with  =(3/2,3/2).
mixed symmetry {;=1/2). These states are distinguished by the

total intrinsic spins, (sq=1/2,3/2). Both states have total sgip ~ CPA [13g;N) [13g;N) [13g;A)
—1/2. ®|c.p.0]2 02 glcpH]D WD g|cp.)]@D @)
CPA masgMeV] [130;54=3/2) [130;54=1/2) 0.860 —0.293 —0.334
®|c.p.0] (1/2) (112) ®|c.p.0] (1/2) (1/2) OPEP 3g:N)
1537 0.682 0.652 0.998
1641 0.690 —-0.720
OPEP  mas$MeV]  [30;s,=3/2) 130;5,=1/2) these reactions, and we need something else for the quark-

quark interaction.

The structures ofN(940) andA(1232) are shown in
Tables Ill and 1V, respectively. In both models(940) is
dominated by the three-quark state in the lowest energy. This
Here we comment on our assumption about the parti js also t_he case foA(12_32), _and thel-wave excitation of

A . . uarks is hardly found in this sta{®9-31. We note that
wave of pion in the mte_rmedlate state. As qler_nonstrated_b (940) andA (1232) in the CPA model have the three-quark
our calculation, we obtain the qualltatlvely similar results in component with [q,t;)=(3/2,3/2) and [q.t) = (1/2,1/2),

the two models for the masses of negative parity nucleonz,gectively. This is because the CPA model includes the
and theN-A mass difference. The use of the large valugof e nnaired pion state in the description of baryons.
compensates for neglecting all partial waves exceptphe
wave in the CPA model. We conclude that the contribution to
the nucleon masses is dominated by pheave pion in the
NRCQM including the pionic degree of freedom. The first excited state of the nucleon is called the Roper
resonanceéN(1440). The excitation energy of this resonance
is hard to reproduce in the constituent quark model without
o o _introducing strong short-range attractive force among the
Table I shows the mixing coefficients for the negative quarks[5-7]. Several recent works have suggested that the
parity excited states. In both models these two resonances ggsitive parity state can be interpreted as a scalar-isoscalar
and are also mixtures of the two basis states with spin 1/&st positive parity excitation in our calculation does not
and 3/2 for the three-quark part. The structure of these statggrespond to the observed Roper resonance but to another
in the CPA model is found to be different from that in the state with higher mass. The coherent state of pions in the
OPEP model. _ _ ~ CPA does not produce such a strong short-range force as
is generated by the tensor force appearingdffP® and in  parity nucleons, the CPA model is similar to the OPEP
the effective interactioHS". There are three matrix ele- mogel.
ments of the HamiltoniarH with respect to these basis  However, the internal structure for the positive parity ex-
states: two diagonal elemen{$i).,, (H)s, and an off-  citation is remarkably different between the two models. In
diagonal elementH),,3,. The mixing coefficients are the OPEP model, the first positive parity excitation is mainly
solely determined by the ratio(Ki)3,—(H)12):(H)1232-  due to the nodal excitation of quarkabout 97% which has
Calculating the matrix elements, we obtain 0.1 : 1 when weahe symmetric spatial part. On the other hand, in the CPA
use the Hamiltoniad =H .+ HS™ in the CPA model, and model, the components of this excited state are classified as
1.9:1 in the OPEP model withl = HPEF. The difference in  follows: the three quarks in the lowest energy with the one-
this ratio between the two models can be explained if waunpaired pion(about 47%, and the nodal excitation of
consider the intermediate baryons included in the effectivejuarks with the 0-unpaired piotabout 38%. This nodal
interactions(26) and (28). The mixing coefficients of nega-
tive parity nucleons are sensitive to the model space for baryé
ons considered in the effective model.
The magnitudes and the relative sign of the mixing coef- ) (3/2) (3/2) . (312) (3/2)
ficients manifest the internal structures b(1535) and CPA _ [I3a:4)9lcp.0] [[8a:N)c.p.-B]
N(1650). It is well known that the OPEP model fails to 0.898 —0.389
describe their configuration mixing, from the analysesrdf
and »N reactions[27]. The CPA model does not improve
this shortcoming of the OPEP model. As explained in Ref. 0.9998
[28], the meson-quark coupling is not sufficient to explain

1529 0.399 0.917
1646 0.917 —0.399

C. First excited state of positive parity nucleon

B. Mixings coefficients

TABLE IV. Mixing coefficients of A(1232). The notation is the
ame as in Table IlI.

OPEP |3g;A)
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excitation has the mixed symmetric spatial part in contrast tdatively similar results in comparison with the OPEP model.

the symmetric excitation in the OPEP model.

However, the difference between the two models is clearly

This result shows that the three-quark state accompaniesken in the pion-quark interaction and the internal structure
by the one-unpaired pion constitutes an additional positivef baryons.
parity state in the nucleon spectrum. This is the new aspect In view of the SB(S, the pion is also an important con-

of our study taking account of the explicit role of pion in the
NRCQM. However, there is no Roper-like excitation below

stituent of the nucleon as well as the constituent quarks. Be-
cause the mass spectrum generated only by the excitation of

the negative parity nucleons because the additional statguarks is not satisfactory for explaining the observed

(pion mode excitation in the nuclephas an excitation en-
ergy on the order of 2w.

VIl. SUMMARY

nucleon spectrum, the excitation of extra degrees of freedom,
such as the pion in our work, should be considered in the
analyses of the nucleon mass spectrum.
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