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Evidence for the fourth P,; resonance predicted by the constituent quark model
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It is pointed out that the third of five low-lying,, states predicted by a constituent quark model can be
identified with the third of four states in a solution from a three-channel analysis by the Zagreb group. This is
one of the so-called “missing” resonances, predicted at 1880 MeV. The fit of the Zagreb group #dthe
— yN data is the crucial element in finding this fourth resonance inPthepartial wave.
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PACS numbses): 14.20.Gk, 12.39.Pn, 13.30.Eg, 24.8p.

The study of nucleon resonancé¢*() involves two steps. In Refs.[12,13, it was pointed out that two PWA solu-
First, the positions and the decay widths of M&’'s must be  tions can be found within a three-channetN, 7N, 7?N)
extracted from the available experimental datam® and  unitary model. They differ mainly in the number Bf; reso-
¥N reactions. This step is usually accomplished by performnances and their corresponding branching ratios. The analy-
ing a partial wave analysi€®WA). The parallel step is 0 gig has been repeated in REF] using an improveds,; am-

dEel\r/aerl]?gt;;hﬁ%rg'gahzﬁligﬁﬁgrﬂf thﬁrgﬁggcged d;evseolgairr‘:gitude [14], which is crucial in constraining the fit to the
P ' yp y PN nN cross sections near threshold. We are again able to

various quark models. : : .
The PWA of 7N scattering has a long history. A number find two solutions, as shown in Table I. The resonance pa-

of approaches have been developed with various levels gRmeters are essentially the same for the three-resonance and
sophistication in implementing some theoretical constraint§our-resonance solutions, with the exception of e chan-
in order to offset the difficulties due to the lack of completenel. In particular, the branching ratios to th& and 7*N
and accurate data. The most elaborate early PWA analysetiannels for the seconB;;(1710 Me\) state satisfyx,
were performed mainly forrN elastic scattering using either >x_,y for the three-resonance solution, bufy>x,,y for
single-channel dispersion relatiof&] or a multichannel, the four-resonance solution.
bmultlzjesonance, unitary mo‘i@g- Recent PWF]NS[B’EG] are To further distinguish these two solutions, it is necessary
dated data sets. These efforts have 160 o Some revisions ( &X(eNd the present analysis by replacing 48 channel

. Rith an explicit treatment of the inelastic data in each of the

the resonance parameters listed by the Particle Data Grou o -
(PDG) [7], and have triggered debates on some resonanc‘g]an”els’ﬂ' pN, ol (m);—oIN, etc. This highly nontrivial

parameters. In particular, th,; and P,, resonances have t@sk, while beyond the scope of this investigation, was car-
been frequently discussed, and this has stimulated new exied out in the analysis of Manley and Sale$i. The re-
perimental efforts in order to resolve the existing controver-sulting total?N branching ratio is, therefore, more strongly
sies. In this paper, we focus on thé\ partial waveP,;, and  constrained by the data than that of the Zagreb analysis. We
discuss how the quark-model predictions of RéB-11], therefore assume that the more acceptable solution of the
which contain more states than listed by the PDG, are conZagreb analysis is that which yields7N branching ratio
sistent with a PWA analysi®$,12,13 based on a multichan- closer to that of Manley and Saleski. This is the four-
nel, multiresonance, unitary model first developed by Cutkotesonance solution listed in Table I. We note here that the
sky and collaboratorg2]. data of W/N— »N are not included in Manley and Saleski's
analysis, but are treated with great care in the Zagreb analy-
sis. When this data and the 2y values from Manley and
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TABLE I. Resonance parameters of the phenomenologfgand the quark10,11 models. The first column gives the masses, widths,
and pion-decay branching fractions from the latest PDG compildfign

Zagreb group Quark model of
Ref.[5] Refs.[10,1]]
States Threé®,, resonances Fou?, resonances Five,, resonances
Loy 23 Mass Width  x, X, X2 Mass width  x,, Xy Xz2 Mass Width x, X, Xz

Crosmad ~ MeV)  (MeV) 00 (6 (%) (MeV) (MeV) (6 (0 (%) (MeV) (MeV) (%) (%) (%)

S0 155216) 181(12) 45(7) 51(6) 4(4) 15538) 18225 46(7) 507) 4(2) 1460 645 34 66 O
Su(Stsonsd  165312) 20518) 76(6) 197) 5(3) 16529) 20216) 796) 135) 83 1535 315 47 39 14
Si(Gos00d  180921) 380500 30(7) 20(6) 50(8) 181225 40540) 32(6) 22(10) 46(9) 1945 595 6 2 89

Pi(Slonsd 143721) 40140) 60(7) O(0) 40(6) 143919 437(14) 624) 00) 384) 1540 425 97 0 3
P00 171325 16020) 20(5) 78(3) 2(8) 172916) 18017) 22(24) 6(8) 7223 1770 305 6 22 72
P, - - - - - 174011 14025 2834) 129) 6035 1880 155 5 18 76
P, ] ; - ; - - - - - - 1975 45 8 0 92
P1i(Gi0m0d 216130 38060) 14(6) 82(8) 4(6) 215742 35588 16(5) 83(5) 1(1) 2065 270 22 1 77
DisShond 15228 13010) 50(4) 0.10.1) 4%4) 1522 8) 13211) 555) 0.10.1) 455 1495 115 64 O 36
DisCro0md 180915 13830) 103) 103) 80(6) 181722 13437 9(6) 14(5) 779) 1625 815 4 0 96
D1(Sosome) 200116) 61050) 158) 6(2) 797) 204865 52913 17(7) 8@3) 757) 1960 535 12 6 81

The results of constituent quark models are useful for in- From Table | it can be seen that the first three model
terpreting the results shown in Table I. In particular, modelsstates at 1540, 1770, and 1880 MeV correspond nicely to
which treat the three light quarks as symmetric predict thehose of the four-resonance solution of Zagreb analysis,
existence of several positive-parity excited baryon states ifvhile the third model state at 1880 MeV cannot be identified
the 1700—-2000 MeV region which have not previously beerwith any of the PDG resonance parameters in the first col-
identified in PWA's. In particular, in th@,, partial wave in  umn. The PDG parameters are based mainly on analyses
«N, a model which perturbs around the spectrum of twowhich do not “explicitly” account for thewN— 7N reaction
three-dimensional harmonic oscillators with hyperfine anddata. From Table | we see that the third model state at 1880
linear confinement correctior{45] found four P,; excited MeV has a substantial predicted partial decay width to the
states, which are part of thid=2 band of positive-parity 5N channel, and hence should be more easily identified in
excited states. Prior to configuration mixing by the perturbathe Zagreb analysis. It is possible that this “missing” reso-
tions, two are radial excitations of the nucleon with eithernance could also be found by the multichannel analysis of
totally symmetric or mixed-symmetry spatial wave func- Manley and Saleski if the data efN— #N are included.
tions, one is a total orbital angular momenturs2 state The fourth model state at 1975 MeV does not correspond
with quark-spin3, and the fourth is arL=1 state with to any PDG state, and is not found in the Zagreb solutions.
quark-spins. After mixing, the two radial excitations are This is not surprising, since this state is predicted to have
identified with the two low-lying PDG state3,,(1440) and very weak decay widths for theN and 7N channels. It is
P11(1710) on the basis of their perturbed masses. Also, apossible that this state is more sensitive to a particular chan-
analysis of therN decay amplitudes of these states using anel of the 7N continuum, likesrA [11], and can only be
decay model where point-like pions are emitted directly fromidentified in an analysis in which the data for that particular
the quarks[16] showed that these two states should havenelastic channel are included explicitly. However, the qual-
stronger amplitudes to couple to theN channel than the ity of the 7°N data atW=2000 MeV is not good enough for
remaining two “missing” states in thBl=2 oscillator band. an accurate determination of the partial cross section to each
The more massive of the latter has the smallest predietéd individual inelastic channel. This is perhaps the reason why

amplitude. this state is also not found in the multichannel analysis of
These predictions for masses antl decay branches are Manley and Saleskiincluded in the PDG resulks
essentially confirmed and extended in the work of R&f£| A substantial discrepancy is found for the branching ratios

and[10,11). These models went beyond perturbing aroundx, andx,2 of the highest mass resonance~a2100 MeV.

the N=2 oscillator band in the description of the spectrum,However, the branching ratios extracted from the PWA at
and used a microscopic quark model of strong ded¢#lys such high energies are heavily dependent on the input data of
3P, mode) which ascribes structure to the emitted meson.sN— N and rN— 7N reactions in the PWA analyses,
We will focus here, for definiteness, on the model of Refs.and the quark model branching ratios should be considered
[10,11], which predicts foulP,, states below 2000 MeVat  upper bounds as some channels have been omitted from Ref.
1540, 1770, 1880, and 1975 Mg\and many additional ex- [11]. It is also likely that there are substantial corrections to
cited states with wave functions predominantly in the&4  the constituent quark model from baryon-meson loops, and
band, the lightest of which is at 2065 MeV. possible excitations of the glue at higher masses inRthe
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