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We investigate the structure of the @) octet and decuplet baryons employing a constituent chiral quark
model. We solve the ground are and p-wave excited states of the three-quark system with many range
Gaussian bases. This method, which we employ here, has been shown to work quite nicely to describe the
structure of the S(B) swave baryons. In this work, we extend our research to thé3Sptwave baryons
including the tensor term. It is found that the mass differences between positive and negative parity states are
well reproduced. It is also found that the pseudoscglar meson exchange potential plays a very important
role to lower the mass of the nucleon resonaN¢g¢1440) (Rope). We also discuss how the semirelativistic
approach works in the chiral quark model and how to treat the potential terms consistently in the semirelativ-
istic approach.
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[. INTRODUCTION spond to the state of the Roper resonance has been con-
firmed. However, they could not succeed in reproducing the
There have been many studies on the(3lWctet and right mass ordering.
decuplets- and p-wave baryons in terms of the constituent  Recently the so-called chiral quark model claims that the
guark mode[1]. Due to the breaking of the flavor-spin sym- mass difference between the excited baryons can be ex-
metry, the mass spectra of the @Joctet and decuplet bary- plained by the pseudoscalgrs) meson exchange potential
ons are very complicated. The investigation of this compli-[5]. This argument is based on the spontaneous chiral sym-
cated baryon mass spectra using the constituent quark modeletry breaking, which changes the current quark mass to the
is one of the fundamental researches in understanding QCEbnstituent quark mass and is accompanied by an appearance
in the low energy nonperturbative regime. There are severaif pions as the Goldstone bosons and its chiral partner sigma
constituent quark models employing residual interactiongo) meson. In the S(B) case, the S(B) octet ps mesons as
which are suggested by a study of low energy QCD. Isguthe Goldstone bosons and the chiral parimeneson appear
and Karl[2] have introduced a quark model that employsdue to the spontaneous chiral symmetry breaking. This
one gluon exchange potenti@GEB [3]. The color mag- model has been employed for the description of single bary-
netic part of OGEP, which has;- ojv, dependence, be- ons[6] with the relativistic treatment of the kinetic energy
comes— 3v, for the octet baryons, while it becomes@for  term[7].
the decuplet baryons that contain only pairs v8th 1. This The ps meson exchange potential has a flavor-spin depen-
has been believed to produce the mass difference betweetence that has the formf;-f; oy - v, wheref is the flavor
the nucleon and and generally the mass difference betweenSU(3) generators. Employing a similar argument as before,
octet and decuplet baryofg]. the ps meson exchange potential can also produce the mass
Although their simple nonrelativistic quark model em- difference between octet and decuplet baryons. In addition,
ploying the harmonic oscillator-type confinement potentialthis flavor-spin dependent term becomesl4v, for the
gives a good qualitative description of octet and decupleflavor-spin SU6) [3];s symmetry state, while it becomes
baryons including-wave states, their quark model has some— 2v, for the flavor-spin S(B) [ 21];s symmetry state for the
defects in reproducing some other observed baryon spectractet baryons with spins. Therefore the flavor-spin depen-
One of the famous defects is a failure of explaining a state oflent term is expected to reproduce the correct ordering of the
the first positive parity resonance of the nuclédh(1440), Roper and th@-wave nucleon resonances. This is one of the
the so-called “Roper resonance.” There they had to intro-reasons why the chiral quark model is thought to be a fasci-
duce an unknown term to lower the mass of the Roper resaating quark modef8], even though there seems to remain
nance. The mass ordering of the positive and negative paritgroblems which should be clarified.
excited nucleons has been a famous puzzle not only for the In order to solve the three-constituent quark system, we
traditional constituent quark model but also for recent otheemploy the diquarklike cluster model that has been em-
quark models. For example, according to the recent calculgployed before[9,10]. The characteristic feature of the di-
tion of the baryon spectra in quenched lattice Q@M the  quarklike model is that quark pairs can behave differently in
indication of the positive parity excited state that may corre-accordance with their spin and flavor symmetries. Due to the
spin dependence of the short range part of the ps meson
exchange potential, the size of t8Be=0 quark pairs becomes
*Email address: k-simizu@sophia.ac.jp much smaller than that of the sp8+ 1 pairs. We found this
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difference in their behavior plays an essential role to gain theleeply, we make two kinds of calculations. First we carry out
mass difference between octet and decuplet baryons. This ie calculation employing the nonrelativistic quark model,
one of the reasons why our simple variational model worksgvhich can reproduce the mass ordering of the nucleons. As
quite nicely to describe-wave baryons in Ref¢9,10. We  we mentioned in Ref[10], it may be consistent to employ
must note that our model does not assume the diquark-quafRe nonrelativistic expression of the kinetic energy term
configuration. We solve a three-body problem. Since the sovhen we use the nonrelativistic form of the ps meson ex-
lution shows the diquark correlations, which is in effect simi-change potential. The result shows how the nonrelativistic
lar to a diquark picture of the octet baryofid, 17, we call ~ @pproach can reproduce the mass of the Roper resonance
this model “diquarklike model.” Here we extend this method With an enormous pion contributions. Next we propose the
to the study of the negative parifywave baryons including Semirelativistic quark model, which is stable even if ihe
the tensor term. meson exchange potentigl4] is included explicitly. Here
Because of the strong short range attraction due to the p¥€ take into account the relativistic effects not only on the
meson exchange potential, we have to treat the short randgd"etic energy term but also on the potential terms. The latter
part very carefully, especially in the semirelativistic ap- €ffects are expressed as a smaller cutoff parameter, which
proach. As will be shown, the nonrelativistic kinetic energytakes care of the short range behavior of the ps meson ex-

term suppresses the short range part more strongly than tif8ange potentials. , _
relativistic one. Therefore the result in the nonrelativistic cal- N this work, we also investigate the effects of the tensor

culation is not sensitive to the details of the short range at!€"m, which mixes the different spin states and contributes to
traction. On the other hand, the short range attraction corf’® mass of eachstate differently. The mixing due to the
tributes very strongly in the semirelativistic approach.!€nsor term has been studied using symmetry-based quark
Therefore we must treat the short range part very carefullynodels[8,17,18. We will show that the mixing is found to

For this purpose we have proposed an improved method tBe rather small in our work as compared to their results.
solve the variational problem numericall40]. In the following section, we explain a diquarklike cluster
We also pay attention to the semirelativistic approach it.model forp-wave baryons where the mixing of symmetries
self. The calculation where the kinetic energy is replaced byther than usudl21], are taken into account. This model is
the relativistic form must incorporate the potential termsPased on the diquark picture of the baryon, but the system is
which include some relativistic effects. The relativistic ki- Completely antisymmetrized under quark exchanges among

netic energy form is just a step to the consistent relativistidhree-constituent quarks. In Sec. Ill, we explain the chiral
corrections. quark models in the semirelativistic or nonrelativistic ap-

Because of an uncertain nature of the Roper resonancBroach. Then in Sec. IV, we show several formulas that have

there remains an open question of whether or not the Ropdieen frequently used in the quark cluster mode, 16 to
resonance is a simple radial excitation of the three_quar@alculate_the_ Hamiltonian, normallzatlon and the properties
system[13]. However, it is interesting to look for a model ©Of the pair with the flavor and spin symmetryf(S). Then
that can reproduce the state of the Roper resonance as tie S€C. V, the results employing the various chiral quark
simple three-quark system and to see how it describes tn@odels are given. We summarize the results in Sec. VI.
resonance. We first employ the constituent chiral quark

model used in Ref[6] and show that our calculational Il. DIQUARKLIKE CLUSTER MODEL

method reproduces the results given by the stochastic varia-
tional method. This indicates that our simple calculational
method works very well even in negative parity baryon states The harmonic oscillator wave function has been fre-
and enables us to investigate the roles of each term in thguently employed for the trial function to study the baryon
Hamiltonian for the S(B) baryons in the same way as in structure[2,15,16. Instead of using a single range oscillator
Ref.[10]. It is found[6] that the ps meson exchange poten-wave function, a linear combination of several orthogonal
tial works effectively to lower the mass of the Roper reso-bases[19,20 or Gaussian with different ranges has been
nance more strongly than tipewave states. In other words, employed[21]. It is shown that this kind of many-range
the strong attraction due to the pion is needed to shift thésaussian trial wave function works quite nicely for the
mass of the Roper resonance, although the attractive contrucleon and\ [9]. Therefore, we have employed the follow-
bution seems too large in their approd@j. Moreover, in  ing linear combination of many-range Gaussians for the trial
order to obtain the correct nucleon mass, a constant attragvave function of theswave SU3) baryons[9,10]:

tion has been introduced instead of including an attractive

A. Wave function

short range potential due to the meson, which is a chiral D(pN)=S C.. Y '(S E) S> 1
(PN i,j,szs im DM S5]s), @
attraction and including the short range repulsion are neces- lij)=

sary to prevent the system from a collapse due to the strong

partner of the octet ps mesons. Furthermore the repulsive
potential due to the S@3) singlet ps mesomw’ exchange has
been included in their calculation. Omitting the short range 1 )3/2< 1 )3/2 P2 N2

\/;Ci \/;dj eXF{ 2C|2 2dJ2
attractive octet ps meson exchange potential in their semire-
lativistic approact6]. WhereCijMfS is the expansion coefficients, agtlis a sym-
In order to understand the chiral model much moremetrization operator, which is written as
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S=1+2P,=1+2PY)P{Y), 3)
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Because the trial wave functions in Eq8), (7), and(8)
are given in terms of the internal coordinates only, the center-

where P,3 is an exchange operator of the quarks 2 and 3pf-mass motion is already removed although many Gauss-

which is a product of the orbital pa® and flavor-spin part
P(f9) |M¢;(S,3)s) is the flavor-spin part. For the ground
state octet baryondVl; is a mixed symmetric stafe21] or
mixed antisymmetric statg21],, and the first and second
quarks couple to spi$ and the total spin is=3%. For the
ground state decuplet baryons, the flavor paMjs=[ 3] and
spin part is alsd3], namely,S=1 ands=3. p and \ are
internal coordinates andt andd; are the range parameters.
The internal coordinateg and\ and the center-of-mass co-
ordinateR are taken as

r1+ Mo
p=l’1—l’2, A= 2 _r3, (4)
m1r1+ m2r2+ M3l
= ©)

m;+my,+mg

As seen in Ref[10], we can define the conjugate momenta

P,, Py, andP, which have a simple relation with the quark
momentum.

In this paper, we also employ the following combination
of many range Gaussians fprwave baryons:

- 1
CD(P:K):SE CijMfS||J;[0]>’Mf;(S!§)S>v (6)
i,],M¢S

where| ij;[0]) is an orbital part anfo] is its symmetryf 2]
or [11] under the exchange of quarks 1 and 2.

ians with different ranges can be employed. Note that if the
size parameters aig= \/4_/3dj , the above trial wave func-
tion of thes wave, Eq.(1), becomes totally symmetric3],
in the orbital space and its flavor-spin part belong$ 3¢
of the flavor-spin S&B) group.

Similar to thes-wave case, the trial wave function of the
p wave, Eq.(6), becomeg 21], and its flavor-spin part also
belongs to[ 21];s when ¢;=\4/3d;. So in the case of the
octet baryons witts= 3, the trial wave function is written as

1 INe— 1\ _ =0 lye=1
ﬁ{|[21]5’(8211§)s_2> |[21]a1(s 0-2)5 2>}|”![2]>

1
4

xij;[11]).

{I[21]5;(S=0,3)s=3)+[[21]a;(S=13)s=3)}

(€)

Therefore, the use of the size parameigrandd;, which

are ¢;# \4/3d;, is important to have the other flavor-spin
symmetries and to produce the different behaviors between
the pairs, namely, diquarklike correlations. In the case of the
s wave, the size parameters with \/4/3d; produce[ 21],

and enable us to taki21];s into consideration. For the
wave, the size parameters with+ Wde produce the or-
bital part of[3], and[111],, which couple to[ 3]s and
[111]¢5, respectively.

Because the orbital parts must couple to a flavor-spin

parts so that they make a totally symmetric state, two types

B. Matrix element

of the orbital wave functions are taken into account in the Employing a variational principle, we obtain the follow-

following way. When a flavor-spin part is antisymmetric un-

der the exchange of the quarks 1 and 2, such as

[21]5:(0.4)s), [[21]a:(13)s), and|[111];(1.3)s), orbital

ing equation to get the eigenvaluEsand eigenvectorg:

Hx=ENy, (10

part must be also antisymmetric under the same exchange,

and we employ the following bases:

~ 21 1 3/2 1 3/2
lij;[11])y= 36| Voo, \/—Td]
2 X2
X pex —F—E (7)
i i

where the Hamiltonian and normalization matri¢ésnd N
are given by

H=(i,j,MSIHS|i",j’ M|S),
(11
N=(i,j,M;S|S]i",j’,M}S').

Here we have abbreviatedij;[0])|M;;(S,3)s) to

On the other hand, if a flavor-spin part is symmetric undefi,j,M¢S). The eigenvectoy is normalized in the following

the exchange of quarks 1 and 2, such|@&l],;(0,3)s),
I[21]5;(1,3)s), |[31;(1;3)s), and[[111];(0,3)s), we em-
ploy

|“ [2]> 2 1( 1 )3/2( 1 )3/2
i2h=\33| —| |—
’ 30;| Ve, |\
p2 AZ
x)\exp( 20 2de) (8)

way:

>

Cijm,s(i.1,MS[Sli",j" M{S')
iM¢Si'j'M{S

x"Nx=

XCi’j’Mf'S’:l' (12)

Due to the symmetrization operatsrin Eq. (3), there are
five different types of diagrams corresponding to the follow-
ing terms. They are for the one-body operators
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The ps meson exchange pmﬂs contains the S(B) octet
mesons, namelyyr, K,», and SU3) singlet mesony’ ex-
change potentials with the following form:

(@) (b) (c) (d) (e) pS_1 92 mf,s e Mpdij Aps 2= Apdij
. . . i J 347 4m|mJ ij mps rij
FIG. 1. Five different diagrams for one-body operators. Solid (16)

lines are quarks, and dots indicate the one-body operator.
whereg is the quark-meson coupling constahand o are

hy, hs, hiPy3, hyPys, hiPys, flavor U(3) generatorsf(°)= \/2/3) and Pauli spin operators,
respectively. The form factok ,s appears because the quarks
and for the two-body operatots; , are dressed, which prevents the collapse due to the attractive
o function potential, and\ ¢ is assumed to depend on the ps
Viz, Vzs, U1aPa3. U13Pa3, v2aPas. meson masm,s and the flavor-independent parameteyin

They are shown in Figs. 1 and 2. Because there is a diagra'r[lrw1e following way[6]:

where the particles 1 and 3 are exchanged, we have two Aps=Ag+ xkmpg. (17)
terms corresponding to diagrart@—(e) in both Figs. 1 and
2. There are also two terms corresponding to diagfam The quark-meson coupling constants gregg for 7, K and

(hy—h,) in Fig. 1 and(b) (vo3—v4g) in Fig. 2. 7, andg=g, for ' meson.
For the analysis of thp-wave states, we also include the
. HAMILTONIAN following tensor term of the ps meson exchange potential:
In the previous papdr0], various kinds of the chiral and s g° mgs
hybrid quark models, which contain one gluon angneson thensij=§ 27 ammi i Sij[H(mpsrij)
exchange potentials, are investigated. Total Hamiltonian is t
given by Aps)®
- m_ H(Apsrij) ’ (18)
H=T+V. (13 ps
o ) i L where
The kinetic energy part is treated in the relativistic Vi@jor
nonrelativistic way, 3 3)ex
H(x)=| 1+ ;'f’; 7 (19
T=2 JpP+m? (14)
: and
or o . p
) S1,=30- poy-p— 01 0, P= (20

To2m; This term contributes to the mass difference between the spin
statess=3 ands= 3, and mixes these two states for a given
with ¢.m. momentunP=0. The potential part consists of a j state. We explain how to calculate the tensor term in the
linear confinement, ps meson amdmeson exchange poten- Appendix.

tials and OGEP, The chiral partner of the ps mesons is theneson, whose
exchange potential is given by
— a OGEP
V—Ej —Ni-Njacrj + VS Vi + V=T, (15 oo 9_52; o= M B e Aot o1
i 477 rij rij '

where the color factor i$\;-\;)=—8/3 for a color singlet
three-quark system. In this paper, we consider the chiralhe coupling constant is taken to be the same as that for the
quark model, so OGEP will not be included. octet ps mesons. We also introduce the form factor forothe

meson exchange potential, which is given by the same for-
....... ‘H mula used for the ps meson exchange potential in the chiral
(@ (b) (©)

guark modelsee Eq.(17)]. Note that the ps and- meson
exchange potentials we use here has the nonrelativistic form.
FIG. 2. Five different diagrams for two-body operators. Solid ~ The SU3) octet ps meson exchange potential in Ekf)
lines are quarks, and dotted lines indicate the two-body interactiorhas thef;- f; ;- o flavor-spin-dependent short range attrac-

(d) (e) IV. CALCULATION OF MATRIX ELEMENTS
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TABLE |. Matrix elements of flavor-spin operators. 10 for [3]ss
[f]f [fls [flts FF ss X C=§SS+|:|:+X= -2  for [21]
[3] 3] (3] 4 3 4 —14 for [111]4s.
[3] [21] [21] 4 -3 -4
[21] (3] [21] -2 3 -2 Employing the matrix elements in the table, we obtain, for
[21] [21] [3] -2 -3 14 example, for the S(B) octet [21]; baryons with s=3
[21] [21] [21] -2 -3 2 ([21]y),
[21] [21] [111] -2 -3 -10
[111] 3] [111] -8 3 -8 Nooeo N o OEX 14X
[111] [21] [21] -8 -3 8 ([11]0) ([211) 16 @ ([111) ([2]0) 16
(26)

The valueX for a flavor-spin SW6) symmetry enables us to
obtain some information how the three quarks in the baryon
([21elf1- [ 2]F) =4, couple with each other. For the octet asd 3 baryons, the
value X is written as

tion. Employing the following matrix elements,

<[11]F|f1'f2|[11]F>: - %,

<S:1|0'1 0'2|S: 1>: 1,

(22) 14n[3]fs+ Zn[21]fs_ 1m[111]fS: X, (27)

where N is the mixing probability of three-quarkf ]
(S=0|04- 0,/S=0)=-3, state in the octet baryon. In the case of our calculation for

swave octet baryons[111], is not taken into account,
we expect that a distance between two quarks in a pair withvhich meansnyy) =0, then the mixing probability of

flavor symmetry{ F]=[11] and spinS=0 becomes small to [21],, symmetry in the octet baryon is given by
gain a short range attraction. Therefore the most interesting

point is the behavior of the pairs with the flavor-spin 14-X 4
([F19)=([11]0). In order to discuss this point, we calculate N21y,~ 95 = §N([11]1)- (28)
the expectation value of the number of paif§ [S) and the
mean distance of two quarks in the pairs. The formula in Eq(26) tells that the number of pairs with
First we introduce a projection operatBf{™ and P{®  the flavor and spin[F]S)=([2]1) and([11]0) are the same
for theith andjth quarks, which are given by in the octet baryon and it is impossible to increase only the
number of pairs with [(F]S)=([11]0). However, their be-
pzy 83T Sy A7 30T, (p3  haviors can be different from each other. In order to discuss
T 12 T 12 this point, we introduce the following operator to calculate a
distance between two quarks in the pdiF(S):
3+ 0 o 1-o0; o
p(SZl):#, (s=0)_—__ "' 71 24 .
! 4 ! 29 O([F]S):gj Pi(j[F])Pi(jS)(ri_rj)z- (29

Then the number of pairs with £]S) in the octet baryon is ) ) )
given by Then the distance between two quarks in the pg]g) is

given by dividing the above expectation value by the number
of pairs in the following way:

\ — ([FD p(S)
N([F]S)_gj Pii P (25) _
In Table I, the following flavor, spin, and flavor-spin ma- \/rgair([F]Sﬁ N([F]S). (30
trix elements for their symmetrid$] are given: (F19)
V. RESULT
=] A. Analysis of chiral quark model
We first perform a calculation employing the chiral quark
FF= < 2 fi-fj> , model. We have employed the chiral quark model parameters
=] used by Glozmaket al.[6] for swave SU3) baryons in Ref.

[10] to check whether the method of our model works to
X = < S t-fo- G_> describe the S(B) baryons. There the kinetic energy part is
IRV taken to be a relativistic form and the ps octet meson ex-
change potentials are employed. In addition, the singlet
Note that the following is the Casimir operator for Gl meson exchange potential that suppresses the short range at-

i>]
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TABLE Il. Parameters of Graz group semirelativistic chiral

mass
quark model6]. [MeV]
Quark and meson magsleV) 1800 1
m,, My ms m, mg m, m,, f
340 500 139 494 547 958 A
2
95 (go/gs)? Ao(fm™Y) k Vo (MeV) a, (MeV/im) L] 1
4 &
0.67 1.34 2.87 0.81 -—416 172.4 I 1
1400' A T
traction is included in order to obtain the stable solufib@].
Then a constanV, is added to shift all baryon masses in- i
stead of including the attraction due to the OGEP andosthe | 4
meson exchange potential. The parameters used in[&f. 1200 v v ez o
are given in Table II. > - - >
The energy spectra are shown in Figs. 3 and 4sfaave A 5+ = 0

and in Figs. 5 and 6 fgo-wave baryons. The contributions of
each term are also shown in Table Ill. They are well fitted t0  F|G. 4. Energy levels ofwave decuplet baryons for the set of
the experimental values. As we have studied before in Refarameters of Table II. The triangle correspondsste3/2. The
[10], our calculational method is based on the eigenvaluerror bars represent experimental uncertainties.

problem, so we can calculate some excited states if the

model space to solve the three-quark system is wide enougthat the trial orbital wave function that couples tR2{,S

The results of the present calculation using our model are=0) and (11],S=1) is not employed explicitly. These
consistent with the results of the Graz grd@p22,23. states, [2],S=0) and (11],S=1), can appear in the treat-

In Table 1V, the number of paird F]S) and the distance ment of exchange terms where there is no difference between
between two quarks of the pair & andp-wave baryons are the orbital parts that couple to these two flavor-spin states.
given. As we have mentioned in the preceding section, the In the p-wave nucleorN* (p wave), the number of pairs
numbers of the pairs[R],S=1) and (11],S=0) are the ([2],S=1) and (11],5=0) are slightly larger than that of
same. There is, however, a large difference between the digf2],5=0) and (11],S=1) because of the mixing of
tances of the two quarks in the pair$2(,S=1) and flavor-spin symmetries other thdi21];s. It must be also
([11],5=0). The distance in the paif 11],S=0) is very noted that the distance in the paif1(],S=0) is much
small due to the strong short range attraction of the ps mesashorter than others. In the casepsivave baryons, the radial
exchange potential, which can be seen in all baryons. Thesave function that couples t§Z],S=0) and (11],S=1) is
reason why there is no difference between the distances in
the pairs [2],S=0) and (11],S=1) of swave baryons is

mass
[MeV]| I _
mass x I
L . = _
RN
. 4.1 N i
L e e i
I % 1500 & ® 5 g
1500 L g
L
. L )
i . 10001 .
1000}
- A3 17375 1783 AT 3T
222 222 22 2 22
1+ 1+ A+ A+ . = = A
2 2 g 2
N z = A FIG. 5. Energy levels op-wave octet and singlet baryons for

the set of parameters of Table Il. The square corresponds to
FIG. 3. Energy levels ok-wave octet baryons for the set of =1/2, and the triangle correspondsge 3/2, and the circle corre-

parameters of Table Il. The square corresponds-t/2. The error
bars represent experimental uncertainties.

sponds to flavor singlef with s=1/2. The error bars represent
experimental uncertainties.
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mass
[MeV] -n
.
1800¢f
1 nm
I
1600f
1400¢f
173 1737 1737 1737
2 2 2 2 2 2 2 2
A 2 =5 Q

FIG. 6. Energy levels op-wave decuplet baryons for the set of
parameters of Table Il. The square corresponds=t&/2. The error
bars represent experimental uncertainties.

TABLE lIl. Results for octet and decuplet baryons using the Graz group chiral quark model parameters. These blanks in the EXP mean

the vanishing experimental states.

PHYSICAL REVIEW C68, 034001 (2003

used explicitly. So their sizes can be different from each
other.

This chiral quark model has been well analyzed for
swave baryons in Ref.10], and we made some comments
on this chiral quark model. First, we found that the contribu-
tion from the pion exchange potential to the mass difference
between nucleon and, which is 889 MeV in the chiral
quark model, and that is much larger than the observed value
293 MeV. Second, in order to obtain the correct mass, the
constant ¥,=—1248 MeV was added, and this negative
constant stands for the attraction coming from ¢heneson
exchange or the gluonic effects. However, when we include
more realistic form for the attraction, such as #hemeson
exchange potential or OGEP, the solution becomes unstable
and almost collapse. Finally, the inclusion of the(S)Usin-
glet ps mesony’ was also necessary to obtain the stable
solution in the semirelativistic approach.

Here we make some comments on the new analysis in-
cluding thep-wave baryons. In this model, the energy spec-
tra agree well with the experimental values even for the ex-
cited states including the Roper resonance. This is a nice

Baryon EXP M T Veont V., Vi v, Vv, Vien  rZ (fm)
N j=% 938 936 2307 630 —987 0 74 160 0 0.304
Roper j=% 14408 1456 2463 931 —925 0 72 163 0 0.464
N*(p wave) j=3 1535 %2 1509 1986 1033 —352 0 34 70 -—14 0.437
N*(p wave) j=3 1520"° 1515 1979 1039 —360 0 35 72 -24 0.438
N*(p wave) j=3 1650°39 1675 1801 1142  —-32 0 -8 -—13 30 0.498
N*(p wave) j=3 170029 1624 1831 1107 —20 0 -9  -16 -21 0.503
N*(p wave) j=3 1675 3° 1650 1811 1126  —19 0 -9 -16 5 0.499
3 j=3 11934 1177 2889 598 —-75 —-984 —321 318 0 0.299
S (p wave) j=% 1678 2140 1020 -4  —228 -75 81 -8 0.446
3 (p wave) j=3 1670°2° 1681 2137 1024 -4 —234 77 84 -1 0.448
S (p wave) i=3 1750°39 1745 1947 1094 -23 -21 -5  -11 12 0.491
S (p wave) j=3 1726 1962 1075 —24 -14 -3  -14 -8 0.497
3 (p wave) ji=3 177572 1736 1848 1088  —24 -13 -2 -15 2 0.493
= j=% 13183 1342 2615 653 0 -693 —238 253 0 0.317
E(p wave) i=% 1789 2276 1000 0 —244 -82 92 2 0.440
E(p wave) j=3 18202 1791 2273 1002 0 -—246 -82 93 -1 0.440
A i=3 1115 1139 2333 659 —596 —230 51 170 0 0.318
A(p wave) j=3 167015 1643 2108 1018 —244 —-70 13 74 -8 0.443
A(p wave) j=3 1690'2 1646 2105 1020 —249 -70 13 76 -1 0.443
A(p wave) j=% 1800" 39 1800 1917 1131 5 —36 11 -6 26 0.504
A(p wave) j=3 1759 1945 1101 1 —36 11 -8  -17 0.506
A(p wave) i=3 1830°9, 1781 1927 1119 12 -35 11 -9 4 0.506
A(p wave) ji=%3 140738 1596 2213 962 —215 —206 —43 133 0 0.413
A j=% 1232°2 1237 1836 829  —98 0 -28 -54 0 0.390
A(p wave) j=33  1620°:° 1639 1817 1120 —19 0 -10 21 0 0.498
¥ j=% 1385 1387 1908 844  —29 - 67 13 -34 0 0.398
=k j=3 1530 1526 1997 852 0 -59 6 —22 0 0.399
Q j=3 1672 1655 2101 852 0 0 -3 -15 0 0.395
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TABLE IV. Number of pairs [F]S) and the distance between two quarks of the pair in octet baryons.

([F1S) ([111,0) ([21.1) ([21,0) ([(111.1)
N Nirrs) 1.490 1.490 0.010 0.010
=3 Vairqeys () 0.500 0.549 0.736 0.736
Roper N(es 1.472 1.472 0.028 0.028
=3 VZarqms (fM) 0.732 0.860 1.08 1.08
N*(p wave) Nims 0.773 0.773 0.727 0.727
=3 VB airqers () 0.555 0.824 0.964 0.926
3 Nirs 1.483 1.483 0.017 0.017
j=3 Vi aivcrrs (fm) 0.481 0.538 0.639 0.639
3 (p wave) Nimrs 0.760 0.760 0.740 0.740
=3 NG 0.577 0.794 0.944 0.914

feature of this model. There are various quark models thashort range attractive ps meson exchange potential in the
are helpful for us to understand the structure of the low lyingsemirelativistic approach works more effectively than that of
baryons. One of the famous constituent quark models includthe nonrelativistic one. So in the semirelativistic approach, it
ing the study of excited baryons is the nonrelativistic quarkbecomes much easier to make the mass of the Roper reso-
model of Isgur and Kar[2], where the main part of the nance lower than that of thewave nucleons due to ps me-
residual interaction is the OGEP. However, they had a diffiong exchange potential. It must be noted that the contribu-
culty in getting the proper mass spectrum of the Roper resqjon from the pion exchange potential to the mass difference
nance. The ordering of the mass spectra of the nucleon angbyyeen thep-wave nucleons and the Roper resonance be-
its excited states are tiiawaveN(938), swave ROper reso-  omes about 560 MeV. In this way the chiral quark model

nanceN* (1440), and thep-wave nucleondN*(1520) and itk the relativistic form of the kinetic energy can reproduce
N*(1535). They are different from those of the harmonlcthe mass spectra of the baryons quite nicely.

oscillator model, where the mass of the Roper resonance We also give a comment on the tensor term. As you see in

*

m* ggggg ar:;\fi ( Egsé?rg% wth/iﬂhétng \?v\éeusr:?ﬁgigiﬁi? Table Ill, the contribution from the tensor term is very small
A ot . . and the calculated mass spectra are within the error bar of the

relativistic kinetic term and the linear confinement potential, T

the orderings of the excited states are roughly the same as tﬁé’se.”ed values. TTS Is because th_e tensor term does not

harmonic oscillator states if the residual interaction is weak“ONtrioute to thes=3 state but contributes only o the

Therefore the energy of the Roper resonance is higher than 2 State and to the mixing betwesr- ; ands=; (Appen-

that of thep-wave resonances. To reproduce the masses &x). These small values are favorable for explaining the ob-

these resonances properly, there must be some strong attr&&rved values. _ .

tive contributions coming from the residual interaction to  On the other hand, the mass ordering betwger and

lower the mass of the Roper resonance. In the chiral modej,=3 states ofN* is different from the observed one. The

such contributions come from the flavor-spin dependent psalculation of Ref.[8] also failed to explain the observed

meson exchange potential and the relativistic treatment afass ordering with the chiral potential. Therefore we can say

the kinetic energy. that the tensor term of the ps meson exchange potential does
The dominant part of the ps meson exchange potential aiot work effectively to fit the mass ordering of negative par-
short distances has the following form: ity states. We note that these mass differences cannot be
fitted with an LS term from confinement potential because
VPS~2 —fi-fjo- 0,(1)). (31  the mass ordering gf= 3 and3 states of the lower part is
=] different from that of the upper part. Of course the observed

error bar is so large that this discrepancy about the mass
How to calculate the expectation value forf;oi- o for  ordering is not necessarily taken seriously.

a flavor-spin S06) symmetry is shown in Sec. IV. Because ~ Now we show the mixing amplitudes in Table V. These
the nucleorN(938) and the Roper resonance mainly consisinixing amplitudes are very small compared with the results
of [ 3]¢s and thep-wave resonances mainly consis{@fl;s,  of other groups, such as those of R&. These differences
the Roper resonanceXE& 14) gains the stronger attraction are due to the different treatments to describe the baryons. In
than the p-wave resonancesX=2). The relativistic ap- their calculation, they only focus on thewave states, and
proach on the kinetic energy part is also important. The relathey use only the symmetries of the potential and baryon
tivistic kinetic energy/p?+m?—m increases more gradu- states for fitting the parameters. They do not take into ac-
ally than that of the nonrelativistic fornp?/2m as the count the dynamical behavior of the orbital wave function.
momentump increases. Therefore the contribution of the However, in our model we have tried to reproduce the mass
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TABLE V. Mixing amplitude for octetp-wave baryons for the TABLE VI. Parameters of the nonrelativistic chiral quark
set of parameters of Table Il. model.
Baryon M 48 ’8 Quark and meson mashleV)
m,,m m m, m, m m,,
N j=% 1509 0.205 0.979 ud s K 7 7
j= % 1675 0.978 —0.209 330 404 139 494 547 958
H 3
=2 1516 —0.098 0.995 gg 19g)?> Ao (fm™? Vo (MeV) a. (MeV/fm
j=% 1624 0.995 0.099 i (do/9s) o( ) K o ) ac( )
3 =% 1678 0.225 0974 085 2.3 823 13 —1737 70
=% 1745 0.974 -0.227
j=3 1681 -0.103 0.995 . .
3 attraction due to the ps meson exchange potential becomes
j=3 1726 0.995 0.103 o e ; .
= L1 smaller than that of the semirelativistic calculation. Then in
=4 i=3 1789 0.138 0.990
3 1791 0055 0.999 order to lower the mass of the Roper resonance, we need a
A J__f 0'1 9 6987 larger coupling constant and cutoff parameter than those of
!_f 1643 15 ' the previous Graz group’s model.
!:g 1800 0.987 —0.161 As seen in Table VII, the contribution of the pion ex-
i=3 1646 -0.07 0.997 change potentiaV/,, in N(938) becomes-2343 MeV. This
i=3 1759 0.997 0.07 is much larger than Graz group’s one987 MeV or the

observed mass of the nucleon 938 MeV. It is doubtful to
introduce such a large attractidh,.. Because of this strong
spectra ofs- and p-wave baryons simultaneously and also attraction, the size of nucleon—<0.38 fm) is smaller than
take_n_into account the dynamics of the quark wave functioryther nonrelativistic models in Ref10] (~0.6 fm) and is
explicitly. o similar to the semirelativistic Graz group’s one 0.3 fm).

As we have mentioned above, the contribution from thein addition to that, this solution is in a delicate balance be-
ps meson exchange is very large for gagave octet baryons yeen strong attraction and repulsion, so its solution be-
and the size of the nucleon becomes very small such as Ocymes unstable against a slight change of these potential
fm. The short range attraction of the one ps meson eXCha”%rameters. It seems hard to justify this solution, even
potential is due to the function smeared by the cutoff pa- though we can fit the mass spectra of the baryons including

rameterAps in Eq. (16). Note that this attraction strongly the Roper resonance numerically in the nonrelativistic calcu-
depends on the cutoff parametkfs, especially in the case |ation.

of the semirelativistic calculation.

C. Modified semirelativistic quark model

B. Nonrelativistic quark model In this section, we first show a difference between the

In the preceding section we have learned the importancaonrelativistic and relativistic kinetic energies at short dis-
of the ps meson exchange potential in order to explain théances. Furthermore we compare the difference with the
baryon spectra. As we have pointed out, the relativistic formmagnitude of the ps meson exchange potential at short dis-
of the kinetic energy is also an important factor to lower thetances. For this purpose, we evaluate the matrix elements of
mass of the Roper resonance. However, the ps meson ethese operators by thestharmonic oscillator wave function
change potential used in the semirelativistic approach has &ith a size parametds. The results are shown in Fig. 7 as a
nonrelativistic form. It may be consistent to employ the non-function of b. As seen in the figure, the difference between
relativistic expression of the kinetic energy term when wethe nonrelativistic and relativistic kinetic energies are quite
use the nonrelativistic form of the ps meson exchange poterarge for a smalb value. The difference is as large as the
tial. Then we replace the kinetic energy term by the nonrelcontributions from the short range attraction due to the ps
ativistic form, and we also change the parameters of the Grameson exchange potential. Because the replacement of the
group’s chiral model and reproduce the mass spectra of theonrelativistic kinetic energy by the relativistic one causes
SU(3) baryons including excited states, especially we payhe large difference at short distances, the short range attrac-
attention to the mass of the Roper resonance. The parameteige part due to the meson exchange potential must be rein-
we used in the nonrelativistic calculation are summarized irvestigated by including some relativistic effects, which
Table VI. For the sake of simplicity we do not take into weaken the strong short range attraction in the semirelativis-
account the tensor term here. The results that reproduce thie approach.
spectra of the Roper resonance aagave baryons are given Now we propose another semirelativistic quark model by
in Table VII. improving the short range part.

As we have mentioned before,f; - f; ;- o 5(rj;) term of From the analyses of the quark models in the preceding
the ps meson exchange potential plays a role to lower theections, we have learned the following points. The observed
mass of the Roper resonance. However, the nonrelativistimass spectrum suggests that the ps meson exchange poten-
kinetic term suppresses the short range part of the relativiéal, whose attraction works more strongly in the Roper reso-
wave function strongly, so the contribution of the short rangenancd 3] than in thep-wave nucleon§21];., is favorable.
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TABLE VII. Results of the nonrelativistic quark model for octet and decuplet baryons.

Baryon EXP M T Veon V. Vi v, Vv, JrZ (fm)
N j=1 938 939 3102 319  —2343 0 98 284 0.384
Roper j=% 1440°% 1452 2224 669 —-1169 0 60 189 0.793
N* (p wave) j=1 153522 1504 1728 687 —582 0 44 148 0.679
3 i=3 1193} 1193 3191 343 —204 —1740 -532 656 0.420
=] j=3% 131873 1316 2617 383 0 —1283 — 475 595 0.461
A j=1 1115 1133 2709 353  —1231 -714 157 380 0.425

To include the pion exchange between quarks, we take theith a newly introduced cutoff parameték,.,. After this
framework of the chiral quark model. It is well known that modification, the value of\ , decreases, for example, from
the scalar mesow is a chiral partner of the pseudoscalar4.0 fm ! to ~2.5 fm! with the simplest estimation\ g,
mesons. The flavor singlef’ meson is not included, at least =2m,. This modification may be too simple to discuss the
originally, in the framework. Thus, we should include e problem quantitatively, but one can argue that the cutoff pa-
meson exchange potential explicitly, rather than a mere conrameter tends to decrease due to the relativistic effect. Ac-
stant, and remove they’ meson from a basic model. Its cording to this argument, we employ the cutoff parameters
effect, as well as the effects from other mesons, such agat are smaller than those used in other mo¢28. The
vector mesons, may be included in more finely tuned modelssarameters are given in Table VIII.
Both of these two points, namely, taking a constant attraction The cutoff parameter forr meson exchange potential
instead of employing thee meson exchange potential and A = A+ km_=2.46 fm'is smaller than that of other mod-
including the " meson, have been introduced by the Graze|s, A _=3.44 fm' in Ref. [6] or the generally used value
group to make the system stable against the strongly attragx_~4.0 fr®. This cutoff parameter makes the solution for
tive short range part of the pion exchange. Thus, we have tthe baryons stable even if themeson exchange potential is
examine especially this short range attraction. explicitly included. Furthermore, we do not need to include
The actual improvement is done as follows. As mentionedhe 5’ meson exchange potential to prevent the collapse of
before, one has to take into account the relativistic effects Olfhe solution. It seems still necessary to include the constant
the potentials when the relativistic kinetic energy is em-attractionV,, though it becomes somewhat smaller. We have
ployed. One of the most important relativistic effects is thefound that the constant attraction is not needed in the model
energy dependence, which weakens the potential at short digith the weak confinemerjtl0], which cannot produce the
tances. For example, in the pion exchangemifd in Eq.  mass difference between tise and p-wave nucleons. This
(16) should be replaced by 14. This can be effectively may suggest that the additional attraction comes from the

taken into account up to the ordef by modifying A, as change of the vacuum or the nonperturbative effects, which
5 o we do not discuss here. Obtained energy spectra are shown
AreAZ (32 in Figs. 8—11.

These spectra are in good agreement with the observed
masses of the S3) baryons. However, the mass of the fla-
[MeV] . . . vor singletA (1405) is not reproduced, similarly as the Graz

- group model has failed. The results for thsvave ground
states, the Roper resonance and phgave resonances are
shown in Table IX. The contribution of the meson ex-
change potential becomes smaller than that of the Graz group
model, although its value looks still large. It must be noted
that the size of the Roper resonance is close to thptvedve
nucleon due to the strong attraction for the Roper resonance.
It must also be noted that the contribution from theneson

(Aren)?+ A2

1000

semi—rela

TABLE VIII. Parameters of the modified semirelativistic chiral

0 quark model.
r /Mvn contribution il Quark and meson maghleV)
- s 5 0w ow owow b a a5 | mU!md ms m; My m mo‘
10087 0.3 O —— .
g 313 530 139 494 547 675
size parameter b
2
s 1gg)> Ao (fm™Y)  k Vo (MeV) a, (MeV/fm)
FIG. 7. The diagonal matrix elements of the semirelativistic and ;- (90/98) o ( ) 0 ¢
nonrelativistic kinetic energy and pion exchange potential. The pao.69 0 1.81 0.92 —378.3 170

rameters are the same used in the Graz model.
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FIG. 8. Energy levels os-wave octet baryons for the set of )
parameters of Table VIII. The square corresponds#d/2. The FIG. 10. Energy levels of-wave octet and singlet baryons for
error bars represent experimental uncertainties. the set of parametel’s of Table VIII. The Square COI’reSpondS to

=1/2, and the triangle correspondsse 3/2, and the circle corre-

. . sponds to flavor singlef with s=1/2. The error bars represent
exchange potential to the mass difference between the ROpS&perimental uncertainties.

resonance and thgwave nucleon is 44 MeV, which is com-

parable to the observed difference 75 MeV. Thereforedthe

meson exchange potential also plays a role to lower the mass x(r)=(p.\[o(p=1)|p.N),
of the Roper resonance, even though éhexchange poten-

tial is flavor-spin independent. This is because the orbitajyhere|p,\)=®(p,\) are the nucleon and their resonance
part of the relative wave function of the Roper resonance istates. They are shown in Fig. 12. From this figure, we can
well localized at short distances. As seen in B2fl), theo  see the well localized wave function of the Roper resonance
exchange potential is a short range attraction with the cutofft short distances, which is similar to that of the pure
parameter. The contribution of this potential is strongly in-harmonic-oscillator model. Therefore the short-rangeeix-
fluenced by the behavior of the wave function at short disthange potential gives stronger attraction for the Roper reso-
tances. In order to see the difference between the relativgance than the-wave nucleon even though this potential

(33

wave function in the baryons, we calculate does not depend on the f|av0r-spin_
[MeV] [MeV]
20001 =1
[ ]
1800 |
A N - 1
r -] 1800 N - -
1600 A R L l ]
I 1 1600r T b
A
1400 - E L ]
3 1 1400t T
A
1200~ =
3* 3* 3* 3* S e - L
2 2 2 2 2 2 2 2 2 22
A 3" B A A B = Q

FIG. 9. Energy levels o$-wave decuplet baryons for the set of FIG. 11. Energy levels gi-wave decuplet baryons for the set of
parameters of Table VIII. The triangle correspondste3/2. The  parameters of Table VIII. The square corresponds=dl/2. The
error bars represent experimental uncertainties. error bars represent experimental uncertainties.
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TABLE IX. Results of modified semirelativistic chiral quark model for octet and decuplet baryons. These blanks in the EXP means the

vanishing experimental states.

Baryon EXP M T Veont V., Vi v, Vv, Vien  VrZ (fm)
N i= % 938 938 2296 629 —798 0 90 —144 0 0.307
Roper ji=% 14403 1473 2442 924  —729 0 86 —115 0 0.468
N*(p wave) j=3 15352 1517 2019 1001 —334 0 46 -71 -9 0.431
N*(p wave) j=32 1520"2° 1521 2018 1004 —340 0 47 -71 -2 0.431
N*(p wave) j=3 1650" 35 1691 1742 1126  —16 0 -5 —-50 29 0.506
N*(p wave) j=32 1700" 2 1645 1771 1093 -7 0 -6 -52  —19 0.509
N*(p wave) j=32 1675 3° 1669 1751 1112 -6 0 -7 -51 5 0.507
b =3 1193 1182 2905 503 -35 —735 —249 —162 0 0.301
3(p wave) j=% 1706 2285 969 0 —249 -84 -77 -3 0.429
S (p wave) j=3 1670°%° 1707 2285 970 1 -252 -85 -76 ~0 0.429
3 (p wave) j=% 1750733 1795 1935 1069  —17 -11 -3 —54 11 0.496
S (p wave) j=3 1777 1950 1052  —18 -7 -2 -56 -7 0.500
S (p wave) ji=2 17753 1787 1938 1064 —18 -7 -2 -55 2 0.498
=] i=3 13183 1349 3049 583 0 -732 -253 —163 0 0.290
E(p wave) i=% 1847 2479 934 0 —260 -89 -80 -2 0.416
E(p wave) j=3 18202 1848 2479 935 0 -262 -89 —-80 ~0 0.417
A j= % 1115 1143 2511 618 —552 —205 54 —148 0 0.306
A(p wave) j=% 1670° 15 1676 2216 969 —242 -69 17 -74 -6 0.432
A(p wave) j=3 16902 1679 2216 970 —245 -69 17 —74 -1 0.432
A(p wave) j=% 1800"39 1849 1924 1098 8 -—-25 8 -52 23 0.506
A(p wave) j=32 1812 1950 1071 13 -25 8 -54  —16 0.506
A(p wave) i=3 1830"9, 1832 1932 1087 13 -24 8 -53 4 0.507
A(p wave) j=%32 140738 1604 2429 893 -—216 —232 —46 -89 0 0.391
A ji=3 123273 1261 1704 853  —59 0 - 16 -86 0 0.403
A(p wave) ji=%3 1620 ° 1665 1751 1112 -6 0 -6 -51 0 0.501
¥ j=33 1385 1435 1871 839 -20 —40 8 —-88 0 0.403
E* j=%3% 1530 1602 2037 824 0 -4 6 -89 0 0.393
Q =33 1672 1762 2202 809 0 0 -23 -91 0 0.380
The pion tensor term gives little contribution also in this
5 model because of the same reason as the Graz model. Since

i the o exchange potential does not have the tensor term, and

- the tensor term of the;” meson exchange is found to be

i small, these two models are not very different from each

i other as far as the tensor term is concerned. The mass order-

x F ing of j =3 and? states is also not reproduced by the present

- model. Mixing amplitudes in Table X are also similar to the

i previous results using the Graz model.

1k Mixing amplitudes of our chiral quark models are smaller

- than those of Ref[17], which were empirically obtained

i from experimental data by using SU(g)model. In Ref.

I [18], Isgur et al. showed that the quark model with OGEP
gives large mixing amplitude «32°) for j=3%, which is
consistent with the empirical value~(—32°). Since this
value is much larger than that given by Graz group

i RS (—12°), they argued that the OGEP model is superior than

% 1 R the chiral quark modd|25]. This difference in size is, how-
r [fm] ever, caused not only by the difference between the interac-

FIG. 12. The behavioé(p—r) of wave function. The solid line

tions but also by the orbital treatment, as explained in the
followings.

corresponds to ground state nucleon. The dash line corresponds to In the calculation of Ref.18], they used the single-ranged

Roper resonance. The dot line correspondp-teave nucleon.

Gaussian basis for the orbital part, whereas in the calculation
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TABLE X. Mixing amplitude for octep-wave baryons of modi-  structure, which is not explained by the simple constituent

fied chiral quark model. quark model and this state has not been found. This reso-
4 . nance improves the fitting of theN decay properties. This

Baryon M 8 8 picture may be consistent with our result.

N _ 1517 0.161 0.987 Let us make a comment further on OGEP from a view-

point of the Roper resonance. The hybrid model including

=3
: 1
!‘3 1692 0.987 0.163 OGERP is also one of the interesting quark models. The color
1=z 1522 —0.072 0.997 magnetic partVy,,q of OGEP, which haso;- ojv, depen-
J_=§ 1645 0.997 0.07 dence, becomes 3v, for the nucleon while it becomes3
z 1=2 1706 0.132 0.991 for A, which contains only pairs with2]z andS=1. This
=3 1795 0.991 —-0.132 has been believed to explain the mass difference between the
i=3 1708 —-0.05 0.997 nucleon andA. In fact in the nonrelativistic hybrid quark
j=3 1779 0.999 0.053 model in Ref[10], a part of the mass difference between the
=) j=% 1847 0.090 0.996 nucleon andA is reproduced by OGEP. This is because the
j=2 1848 —0.033 0.999 ps meson exchange potential alone cannot explain the mass
A j=1 1676 0.124 0.992 difference between the nucleon andin the.nonlrelativistic
j=1 1849 0.992 ~0.126 quark model, and this supports the hybrid picture for the
j=3 1679 —005 0.999 baryons. On the other hand, the mass difference between the
=3 1813 0.999 0.05 nucleon andA can be reproduced only with the ps meson

exchange potential, which is strongly enhanced at short dis-
tances in the semirelativistic quark model. This large contri-
by the Graz group the orbital part was given by solving thebution coming from the ps meson exchange potential plays
three quark system. The single-ranged Gaussian calculatiot@ry important roles to keep the mass of the Roper resonance
with the one-pion exchange potenti@®DPEP interaction  properly lower than the mass of tipewave nucleons. When
gives, for example—19° employing the size parameter ~we employ OGEP, the contribution of the ps meson ex-
=0.6 fm. The above mixing angle is smaller than the OGEFRchange potential becomes smaller because a part of the mass
value —32° because the diagonal OPEP tensor part enlargelfference between the nucleon and is reproduced by

the separation of the two states given by the spin-spin ternf)GEP. However, OGEP does not produce the mass differ-
while that of the OGEP tends to cancel the spin-spin part. €nce between the Roper apavave nucleons so much as the

Our results with many-ranged Gaussian bases, which arféavor-spin-dependent ps meson exchange potential does.
essentially equivalent to the Graz group’s calculation, gavd hen it becomes more difficult to fit the mass ordering of the
much smaller mixing amplitudes: 20° for the OGEP model ground state nucleon, thewave nucleons and the Roper
and —12° for the chiral quark model. This is because theresonance by introducing OGEP. It is possible to make the
short-ranged central component is enhanced more than ttgybrid model that explain the correct mass ordering of nucle-
tensor part by solving the orbital wave function. Further-ons only when the contribution of OGEP is small enough.
more, the reduction of the Over|ap of the upper and lower From the analysis of our Calculation, we can say that there
states also makes the mixing amplitude smaller. are three points to reproduce the (SUbaryons including

The above results suggest that OGEP produces a largw-lying excited states, especially the Roper resonance, in
mixing amplitude than OPEP does. However, it is still diffi- the frame work of the present quark models. One is the ps
cult for OGEP as well as for OPEP to explain the largemeson exchange potential owning to the flavor-spin-
empirica| mixing in the exacﬂy solved constituent quarkdependent term. Second is the treatment of the relativistic
model. More Comp"cated processes may contribute to thigﬁects, in which the SimpIeSt way is the use of the relativistic
mixing amplitude. Therefore, the argument that the OGEFKinetic energy form. Finally the short range attraction, such
model is better than the chiral model because the former cas thec meson exchange potential, can also be the important
explain the large mixing amplitude is inappropriate. In Ref.factor due to the behavior of the wave function at short dis-
[26], for example, the coherent states of pions was introfances. These clues lead to a nice description of the observed
duced to the constituent quark model. They obtainetB>  masses of the SB3) baryons. However, one should not for-
for the mixing angle, which is much larger than without the get that these discussions are based on the assumption that
coherent states; 24°. The effect of the meson cloud seemsthe Roper resonance can be interpreted just as the simple
also to contribute to the mixing amplitude considerablyradial excited state of the three-quark system. This interpre-
though there is still ambiguity in the OPEP parameters and@ation is still in controversy.
the results may change after taking into account the diquark
correlation.

Moreover, the empirical value itself may change. The
study for then photoproduction in Refl.27] shows that the We have performed the study of three-quark system of the
model, which introduces the third resonance, gives smalleBU(3) octet and decuplet baryons employing the extended
mixing angle (- —26.6°) than that of SU(§). In their cal-  SU(3) diquarklike cluster model not only fas-wave bary-
culation, they introduce a thir811 resonance, which is pre- ons, which we studied in the previous work, but also for
dicted in Ref.[28]. It is considered to be a molecular-type p-wave baryons. Our diquarklike cluster model enables us to

VI. SUMMARY
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take into account the mixing of the symmetries other than théances, which is enhanced strongly due to the relativistic
usual 3], for sswave baryons anfR1], for p-wave baryons. form of the kinetic energy, and enables us to obtain the stable
Because of the mixing, the pair in the baryon, which hassolution even though the additional attraction due to dhe
different flavor-spin quantum numbers, can behave differmeson exchange potential is included and the repulsion due
ently. Using the completely antisymmetrized wave functionto the SU3) singlet»’ meson exchange is omitted. Employ-
of the baryon, this model can take into account the variou$hg this improved semirelativistic chiral quark model, we
symmetries of the states in addition to those assumed in tHeave succeeded in reproducing the ordering of the ground
traditional simple constituent quark model. The number ofstate baryons, thp-wave baryon resonances and the Roper

pairs with a specific symmetnf £]S) and the size of these resonance as sucpessfully as the original chiral quark model.
pairs can also be calculated. In this calculation, we also investigate the contributions

We have improved the diquarklike cluster model in Ref.from the tensor term. We found that both chiral and modified

[10] for the purpose of extending our researchpiwave quark models give very small mixing amplitudes, which are
baryons_ Fomp-wave baryons, we have emp|0yed two typesdiﬁerent from Ref[l?] We have also shown that OGEP
of the orbital wave function. One is the function which is Produces small mixing amplitudes in our exact calculation of
antisymmetric when we exchange quarks 1 and 2, anéhe three quark model, which is different from REf8]. We
couples td 11]¢s. The other function is symmetric under the must note that the tensor term produces the wrong mass or-
same exchange' and COUPIGS{K}FS- For the more detailed dering for the excited nucleon states Mf. The contribu-
analysis of the chiral quark model, we have taken into actions from the tensor term are, however, very small and the
count the tensor term. We have found that the tensor terrf@lculated masses are still within the observed error bar.
produces small mass differences between the statesswith ~ Therefore we conclude that the model that includes only
=1 and3. the ps meson and chiral partnermeson exchange potential

First we have emp|oyed the parameters of the chiral quark\/ith the semirelativistic treatment seems better than other
model proposed by Glozmaet al. [6], and compared the models as far as the baryon mass spectra are concerned. This
obtained baryon mass spectra. We found that our calculg&onclusion is based on the assumption that the Roper reso-
tional method works quite nicely not only for the ground hance is simply the radial excitation of the three-quark sys-
states but also for the excited states in the semirelativistitem that consists mainly of tH@]:s symmetry. The interpre-
approach employing the chiral quark model. We also foundation of the Roper resonance is, however, still in
that the f|avor-spin-dependent ps meson exchange potentig@ntroversy. Therefore one needs further investigation on
makes it possible to reproduce the right mass ordering of thether observables than the mass spectra as well as on the
nucleon states. Then we have pointed out that the semirel@ature of the Roper resonance.
tivistic approach works effectively to enhance the ps meson
exchange potential in the short range region.

Next, we have employed the nonrelativistic quark model
to reproduce the mass spectra as good as the Graz group This work was supported in part by a Grant-in-Aid for
model. Since the ps meson exchange potential is given in th8cientific Research from JSP&rant Nos. 11640258,
nonrelativistic form, the nonrelativistic form of the kinetic 12640290
energy may be consistent. A very strong ps meson-quark
coupling constant is, however, needed to obtain the enough
attraction to describe the ordering of the Roper and the APPENDIX: TENSOR TERM
p-wave resonances \_/vithout a help (_)f the semirelativis_tig ap- The tensor term is rewritten as
proach. Therefore it is very hard to justify the nonrelativistic
approach if we persist in describing the Roper resonance as
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the radial excitation of the three-quark system. 512=301'i’02';’— 0,07
Then, we have employed the improved semirelativistic @)t e 21207 (0)
chiral quark model, where the chiral partner, emeson =3\B[[ 1% 0,]@ X[ px p] @] . (A1)

exchange potential is included in addition to the ps meson
exchange potentials. By having introduced the chiral partnethen the matrix elements are given by
o meson, this effective constituent quark model becomes
more suitable to the picture of the chiral symmetry breaking

process. The relativistic form of the kinetic energy is, in s 1]

principle, better than the nonrelativistic one when the poten-  (jj,|S,Jjj)=3V5(2j+1)y 8" " ]

tial contains a relativistic correction and the short range part 2 2 0

of the potential is well taken care of. In this model, we em-

ploy the relativistic form of the kinetic energy and smaller X(s'|[[ oy X a,]@|s)(1" [[px p1@II).

cutoff parameter\ 5, which simulates a part of the relativ-
istic effects for the potential terms. This means that we take
into account the relativistic effects not only on the kinetic
energy part but also on the potential part. This smglL, ~ Here we have separated spin and orbital parts by usingjthe 9
suppresses properly the attractive contribution at short dissymbol. The spin part is given by

(A2)
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((8'3)8' Lo x o21?I(S3)s)

s’ 2 s
_(_1\l2+2+S +s 7 1
(—-1) J(2s' +1)(2s+1) s g
2
X(S'[[o1x a2]?)S). (A3)

The orbital part for thgo-wave wave function is taken as
|(L,L)I=1)=c[l=0),

where|l =0) is thes-wave wave function and is

PHYSICAL REVIEW C68, 034001 (2003

c=f) or A
Then the matrix element for the orbital part is given by
(L LDV =1][px p1P|(L, LI =1)

= —(1I"=0|[[¢' xc]®x[ px p] @1P|1=0).
(A4)

Employing the above formula, we can calculate the tensor

matrix elements for thp wave in a similar way as the central
part for thes wave.
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