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Abstract; Electromagnetic transition amplitudes of negative-parity resonances are calculated based

on one-pion exchange (OPE) model and one-gluon exchange (OGE) model, respectively, The con-

figuration mixing caused by the hyperfine interactions of the two models is discussed. Calculated

results for the amplitudes indicate that baryon wave functions of OGE are more reasonable than

those of OPE.
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Constituent quark models have been employed
to study hadron structures for a long time. They
are promising approaches to deal with the physics
in nonperturbative QCD region. There are two
kinds of the constituent quark models, One is one-
gluon exchange model™ and the other is one-pion
exchange model®), The two models have their own
advantages in different aspects. So far, it is not
clear which one is better than the other,

It is believed that the configuration mixing an-
gles in the baryon wave functions are different in

the two models because of different hyperfine in-

K

teractions The hyperfine interaction between

quarks 1 and 2, from the one-gluon exchange is

H'g: = A{%fs1 . 5,8 O+
(35, 0S8, cp—8, - S0 ) . (1

The interaction from one-pion exchange is
b 4x
HEfe = B{— 'S, + $:0° o)+

(35,98, < 0—S8, + SDp° }A{ A (D

Received date: 27 Feb. 2004; Corrected date: 8 Apr. 2004

In the equations, 52% and A and B are constant

which are determined by the strength of the inter-
actions. A/, are the eight 3 X3 Gell-Mann SU(3)
flavor matrices for quarks 1 and 2.

To obtain reliable baryon wave functions, one
need to consider the configuration mixing caused by
the hyperfine interactions. For the four negative-

parity nucleon resonances, we have

| N(1 700)>3/2
= cosfhy; |*Py2) + sinby; |2 Pys),
| N(1520))3~/2
=—sinfy; |*Py;) +cosby, |2Py),
| N(1 650))1~/2
= cosby; |*Pisz) +sinbyz |2 Py,
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where the mixing angles are

6, =—52.7°, 0O, = 25.5° '0Y)
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for OPE and models in the baryon wave functions can be seen in
0y, = 6°, 0,, =—32° some physical observable, such as the baryon reso-

for OGE. Clearly, the mixing angles of the two nance electromagnetic transition amplitudes. In
. ’

) . ransiti . )
models are remarkably different. this work, those transition amplitudes are calculat
ed with the usual electromagnetic interactions be-
Table 1  Calculated transition amplitudes of .

amp tween photons and quarks!*). Comparing to the
negative-parity resonances with OPE and

available data, we want to identify which model is
OGE (in unit of 10~ GeV™'/?), respectively.

better. In table 1, the calculated results are dis-

States AY OPE ybpe OGE Y Exp. (€]

played, where a useful measure of the quality of fit

Ns-;2 Af, 29 3.9 —26 0.1 —18+3 - .
(17000 A, 3 o4 7 oa 0450 x’ is shown as well for the two models'*, respec-
AL, —131 17.2 —21 0.4  —1+24 tively .
AL, 89 3.6 —27 0.2 —3444 We see from the table that the admixture by
N~ Al —31 01 —21 0.0 —2449 OGE gives better agreement with the present data.
(15200 A}, —5 6.2 —40 0.8 —5949 In other word, OGE gives consistent mixing angles
AL, 55 29.0 142 1.4  —166+5 to explain baryon spectrum, strong decays and the
Al —74 81 -—l24 0.4 —139%11 electromagnetic transition amplitudes. On the oth-
Ni=pp Al —35 119 81 L2 53+16 er hand, the admixture by OPE is not favored by
(16500 A, 31 —46 11 —I15+21 the data. Thus, one may conclude that OGE is

Ni=p Al 106 0.2 8z 0.0 9030 better than OPE in fit with the photo-production
4

(15%0) Aip —75 0.8 -—66 0O 4627 amplitudes, at least, for the negative-parity reso-

nances.
It is expected that the differences of the two
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