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Do we have threeS;,; resonances in the second resonance region?

Zhenping Li
Physics Department, Carnegie-Mellon University, Pittsburgh, Pennsylvania 15213

Ron Workman
Department of Physics, Virginia Polytechnic Institute and State University, Blacksburg, Virginia 24061
(Received 20 November 1995

We review the status of th8;; N* resonances in light of some recent theoretical and phenomenological
results. Whereas the quark model predicts two such resonances around 1.6 GeV, there is considerable evidence
for a third S;; resonance in this energy range. This suggests tiak ar KA quasibound state may indeed
exist below the kaon production threshold. We show that kaon production experiments, in pakitular
photoproduction off nucleons, would be very sensitive to the existence of theShirgsonance.

PACS numbsgs): 11.80.Et, 12.39.Fe, 13.60.Le, 13.75.Gx

There has been considerable progress recently in the irestablishes a connection between the reaction mechanism in
vestigation of pion-nucleon scattering and meson photoprophotoproduction and the fundamental the@@CD). Perhaps
duction off nucleons to extract the properties of baryon resomore importantly, it relates the photoproduction data directly
nances. The partial wave analysis ®N elastic scattering to the spin-flavor structure of baryon resonances. In this pa-
data to 2.1 GeV has been updated by the VPI gifdjpand  per we will focus on properties of thg;; resonances, and
a coupled channel analysis @lN— #N and yN— »N has  highlight possible physical consequences.
also been publishef®]. In addition to these renewed analy- One property of theS;;(1535) resonance, determined
ses, new experimental data for photoproduction in the from » photoproduction, is given by the quantigy
threshold region from Batd8], the Bonn accelerator ELSA
[4], and the Mainz accelerator MAMI5] have been pub- ~ [MnkxoN
lished. These data play a unique role in extracting the prop- &= qMgIT Az, @
erties of theS;;(1535) resonance. In particular, new data
from Mainz provide us with more systematic information on where My (Mg) denotes the mass of the nucle@meso-

7 production near threshold, with much better energy andance, k andq correspond to the momenta of the incoming
angular resolution. This enables us to determine the propephoton and the outgoing mesep x , is the branching ratio
ties of theS;4(1535) resonance more precisely. On the theo-of the resonance to theN channel, and’; andA,, are the
retical side, a new approach based on the chiral quark mod#ébtal width and the helicity amplitude for the resonance. A
has been developed for meson photoproducf®ng], and  study[11] by the RPI group shows that this quantity obtained
the particular case af photoproduction off nucleorig] has  from the experimental data is model independent, and thus
been investigated in this new approach. The chiral quarlshould be calculated in theoretical investigations. One ad-
model for meson photoproduction starts from the low energywantage of the chiral quark model approach is that the quan-
QCD Lagrangiar[9] so that the meson-quark interaction is tity ¢ for the S;1(1535) resonance can be directly related to
chiral invariant and the low energy theorgd0] for thresh-  its underlying spin flavor structure, which is expressed by the
old pion photoproduction is automatically recovered. Thisanalytical form

M3 6l [ my 3’ E'+My 2m, Ba®

wherew,, and E' are the energies of the outgoingmeson Cs, (1535) is equal to unity in the naive SB)® O(3) quark

and the gffleonmq:(ilf’_df GheV is the co.nstir:uerr]\t quark model. Thus the quantits_(1s35~ 1 measures a deviation
mass, andx“=0.16 GeV is the parameter in the harmonic from the underlying S(B)®0(3) symmetry. Both the

oscillator wave function. The coupling of tH®;(1535) to )
- ; ; ; S11(1535) andS;,(1650) resonances show a strong configu-
7N in Eq. (2) is determined by the;NN coupling constant ation mixing in more sophisticated mod@l2].

a,. This provides a consistency condition that must be' : h i -
checked in any microscopic model of baryon decay ampli- By treating the coupling constar#,, the coefficient

tudes, otherwise, the overall agreement with data from meCs; (1535 @nd the total decay widtli'y as free parameters
son photoproduction would be lost. The coefficientand fitting them to the experimental data, we f[7d
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I't=198 MeV, Cs (1535=1.608, «,=0.435, (3) Thisis consistent with thg photoproduction data but for the
H wrong reason. Equatiof®) comes from the Moorhouse se-
which gives an excellent fit to the recent Maii%] data. The  lection rule[16] which predicts that the electromagnetic tran-

total width I'; obtained from the chiral quark model only Sition between the nucleon and t5g(1650) resonance van-
differs from a simple Breit-Wigner parametrization by 4-5ishes. In fact, while partial-wave analyses show that the

MeV [5]. The above results give 7N branching ratio is very small, the helicity amplitude for
the S;1(1650) is substantial. Both the Kent Stdte7] and
£=0.220 GeV'i, (4 Virginia Tech[1] analyses imply that th&,;(1650) reso-

] o ) nance has & _ /I" branching ratio approaching unity, mak-
This value is in good agreement with r_esults of the RP_'ing it the most elastic resonance apart from Ehg(1232, a
group, which used an effective Lagrangian approach to fitegy|t consistent with the recent coupled channel analysis of
both old data sets and new data from the Mainz grouger. [2].

[11,13. An extraction of the helicity amplitudaf), from the Therefore, the enhancement of tBg,(1535) resonance
quantity¢ depends on thgN branching ratioy,,y, whichis  and the suppression of ti#,(1650) resonance in theN
not precisely known at present. One could use, as a guid@hannel are certainly key to our understanding of their un-
the result from a recent coupled channel analysis by Batinigierlying spin-flavor structure. This has motivated a number
et al.[2]. There the branching ratios N and 7N channels  of different approaches to the problem. The investigation by
Kaiseret al. [18] has indicated that a quasibouK®, state
Xn=063 andy,n=0.31, ®) with properties remarkably similar to tH#,(1535) may be
responsible for the largeN branching ratio attributed to the
S,1(1535) resonance. In the study of RE¢L8], an SU3)
effective chiral Lagrangian was applied to trgwave
meson-baryon interaction and the parameters were deter-
AP,=98.9x10 3 GeV 2 (6)  mined by low-energ)KN experimental data. The resonance
A(1405) [19] has been suggested as a posskitaucleon
However, the total widthl' for the resonanceés,;(1535)  bound state whose mass is just below i threshold. It is
varies significantly when extracted from recent partial wavecertainly possible that there is a weakly bougd or KX
analyse$1,2] and then photoproduction datgb]. Therefore, state whose mass lies just below tKé or K3 threshold.
the helicity amplitudeAy;, still cannot be extracted reliably, The problem with this approach is that data for the electro-
as it is proportional toyI'+/x ,,y for a fixed quantity¢. magnetic transition, in particular th@? dependencg20] of

There are twdS,; resonances near 1.6 GeV in the quarkthe helicity amplitudeA?,,, indicates that theS;;(1535)
model generated by the $8)®O(3) basis. Discrepancies should be a dominantly three-quark state at highér ac-
between the theory, in various quark model calculationscording to the perturbative QCD counting rgi&l]. Thus, if
and the properties of th&,,(1535) resonance have been such a quasiboun& state exists, it should be strongly
known for some time. The helicity amplituda}, from  mixed with the three-quark configurations. This requires an
quark model calculations ha$14,15 remained near additionalS;; resonance with a mass near the two known
150x 102 GeV~ %2, while the branching ratio for the S;; resonances predicted by the quark model.

S,1(1535) resonance decaying 4! is too small[7,15]. The Therefore, a quasibourldA or K3, state is possible only
solution within the quark model has been configuration mix-if a third S;; resonance exists near the two kno®pn reso-

ing between the twd,; SU(6)® O(3) states. However, our nances, and there is considerable experimental evidence for
investigation ofz photoproduction indicates that configura- this extraS,;. The most recent VPI analysis efN elastic

tion mixing alone may not be enough to resolve this prob-scatterind 1] claims some evidence for a thi&l, resonance
lem. The coefficienCs (1535, from fits to  photoproduc-  with mass and decay width

tion data in Ref[7], is found to be 1.5—1.6, suggesting that
the naive quark model would predict Mg =1.712, T's =0.184, (10

were found for theS;;(1535) resonance, the latter being in
good agreement with a result from the VPI grddg. These
lead to the helicity amplitude

£~0.14 GeV™. " . . T
in GeV units. A similar structure was fouri@d2] by Hohler in

Notice that the quantit¢ is proportional to the product of his speed plot of the KA84 solution, although he did not
the helicity amplitudeA;,, and the meson decay amplitude consider this to be a resonance. In addition to the analysis of
7N elastic scattering data, the coupled channel analysis of
£c(NIH,|S;)(S11|Hend N). (8  #N— N and sN— »N [2] results in a solution consistent
with the presence of a thir8;; resonance with a mass of
Configuration mixing effects for the wave function of the 1 705 GeV and total width 0.27 GelThis state was identi-
Si re_sonance_and the nucleon are unlik_ely to _increase thged as theS,4(2090) ] In fact, this newS;; resonance may
quantity £. This shows that the branching ratios for the gjready have been seen in a much older partial wave analysis
S$11(1535) resonance have not been understood in the quagf the reactionmN— K3, [23] where theS,; resonance had
model. For the resonan&®,(1650), the naive quark model 5 fitted mass of 1.70-1.75 GeV and a total width 0.210—
predicts 0.270 GeV.
More experimental evidence is certainly needed to estab-
£s;,(1650 = 0. 9 Jish this resonance. As the new state is only slightly above
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18 —————— T ——— T (seagull term, and theSwave resonances whose masses are
i 1 near the threshold energies shown in Fig. 1. The contact term
v b —N(1710) ___ ] is proportional to the charge of the photoproduced meson
T T T T T T T T T T ey ] and the form factors, generated by the spatial wave func-
i ] tions, predict a forward peaking behavior. This is confirmed
] by data[24] for the yp— K™ A reaction. On the other hand,
3 N(1535) ] the leading contact term does not contribute to the photopro-
L NN duction of neutral mesons, thus the role $wave reso-
. KN 1 nances near the threshold region is enhanced. This is one of
14 | —A(1405) - the major reasons that th®y,(1535) resonance dominates
i the threshold region i photoproduction. The calculation of
PR N S R R B, vp— 7up [7] shows that thes;,(1535) resonance still domi-
-2 -1 0 1 < nates the threshold region even with a smallaeronsistent
STRANGENESS with the quark model prediction. Note that the resonances
S$11(1535) andS;1(1710) are just above theN andKA or
FIG. 1. Location ofSwave resonances and the threshold enerKX threshold energies, respectively. A similar behavior
gies forKN, zN, KA, andKZ production. should be found irk® production, such ayn—K°A and
yp— KOS ™, in which the resonanc8,;;(1710) would play
the same role ifk® photoproduction as thg,,(1535) reso-
nance inn photoproduction. Therefore, we expect that the
S,1(1710) resonance will be enhanced in thresh¢fdpro-

16 F KA

ENERGY (GeV)

the S;;,(1650), it would be difficult to determine which is
contributing to a particular reaction. However, if the VPI and

Kent State[1,17] analy;es are correct, ﬂﬁh(.l%o) r€SO  guction if such a state exists. More precise data for
nance should not contribute strongly to reactions having ini- '

tial and final states other thamN, a view supported by the wN—>K_Y would also be needed for a systematic study of its
analysis of Batinicet al. [2]. Furthermore, the partial wave properties.

. In summary, we have shown that there is considerable
analysis oftN— K2 by Deanset al. [23] suggests that the . o .

; . - : . h f
coupling of this resonance to th€3 final state is quite evidence suggesting the existence of a t8d resonance

; Th K duct . t h with a mass near 1.7 GeV. This might be the key to our
S lr\? ngkY anu ds N ao'QY \F/)vr(c))ullécblgr:m e())(rr'zggmﬁneitabi'izﬁin aﬁnderstanding of the enhancement of $3g 1535) and sup-
i7th e—x>istence LA P 9 pression of th&s,;4(1650) in theyN channel. We suggest that
In addition to a strong coupling to theS, final state, the a third S;; resonance would support the existence of a qua-

contribution from this resonance would be further enhance&IboundKE or KA state, and kaon production experiments,

: oS + 0 0% 0
by threshold effects. To understand why this is the case we! particular yp—K'3 " and yn—K“A, K°% ", would be

show the relation between the masses of Sheave reso- V&Y sensitive to this resonance. The existence of a third

S S;;1 resonance would certainly provide challenges to the
nances, which includd (1405), S;4(1535), S;4(1650), and %! , ) -
S,,(1710), and the threshold energiesipéind kaon produc- theory, suggesting that the quark model must incorporate chi

tion, which includekN, 7N, KA, andK3. channels in Fig. ral dynamics in order to provide a consistent treatment of the

. S;; resonances. Future experiments at CEBEI5] and
1. The S'wave resonances are clearly sandwiched betweep??, . . : - .
the threshold energies of andK productions. Our investi- BLSA wil provide us more information in this regard.
gations of meson photoproduction sh¢w8] that there are This work was supported in part by the U.S. Department
two major factors determining the threshold behavior, theof Energy Grant No. DE-FG05-88ER40454 and the U.S. Na-
leading Born terms which are dominated by the contactional Science Foundation Grant No. PHY-9023586.
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