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The strong decays of excited nonstrange baryons into the final st&es K, and for the first time into
A(1405K, A(1520K, 3(1385K, AK*, and3K*, are examined in a relativized quark pair creation model.
The wave functions and parameters of the model are fixed by previous calculatibhs ahd Nw, etc.,
decays. Our results show that it should be possible to discover several new negative parity excited baryons and
confirm the discovery of several others by analyzing these final states in kaon production experiments. We also
establish clear predictions for the relative strengths of certain states to dedgyl405)K and A (1520K,
which can be tested to determine if a three-quark model of A(&405K is valid. Our results compare
favorably with the results of partial wave analyses of the limited existing data foh Kh@nd> K channels.
We do not find large>K decay amplitudes for a substantial group of predicted and weakly established
negative-parity states, in contrast to the only previous work to consider decays of these states into the strange
final statesAK and3 K. [S0556-282(198)03919-§

PACS numbs(s): 13.30.Eg, 12.39:x, 14.20.Gk

I. INTRODUCTION above. This understanding will also be required to interpret
experiments which search for the presence of strangeness in
The strange quark plays a unique role in particle andhe nucleon, and which produce strange hadrons in relativis-
nuclear physics. It is not quite light enough for expansiongic heavy-ion collisions. Calculations of such couplings are
based on chiral symmetry to work as well as they do in theherefore essential to our effort to understand experiments
case of the up and down quarks, nor is it heavy enough for iinvolving strange hadrons.
to be safely treated in the recently developed heavy quark Kaon electromagnetic production experiments at TINAF
effective theory. Since its constituent mass is close to th€2,3] can be thought of as producing nonstrange baryons in
typical scale of soft QCD interactions, expansions in the rathe s channel, which subsequently decay into a strange
tio of its mass to this energy scale may have convergencearyon and a strange meson. Analysis of kaon production
problems. The strange quark has also been very important @xperiments using this model will yield information about
the development of the standard model, as hadrons contaithe couplings of these resonances to final states Aikg
ing strange quarks were the first to manifest flavor-changing. K, and through the detection of three body final sta83s
neutral currents and CP violation. to final states involving excited strange baryons and mesons
This unique nature makes the strange quark and its haguch asAK*, SK*, 3(1385)K, etc. Because of the rela-
rons the object of many theoretical and experimental studiegively high thresholds for these final states comparedl to
As an example, one can ask whether non-perturbative QCBnd N7, it can be expected that these decays are a good
is flavor-blind. Do hadrons containing strange quarks behavevay to study the poorly understood excited negative-parity
essentially like hadrons containing only non-strange quarksyaryons, which in our model have wave functions predomi-
apart from differences in quark masses? Other important andantly in theN=3 oscillator band. Few of the many states
topical questions include those about the presence of strangpredicted to be present by symmetric quark models have
ness in the nucleon, the properties of hypernuclei, andeen seen il elastic and inelastic scattering, and many of
strangeness production in relativistic heavy-ion collisions ashose that have been seen are tentative states. Some of those
a signature of the quark-gluon plasma. states already seen have masses significantly lighter than
A number of experimental facilities are currently engagedmodel predictiong4,5]. This is a relatively young aspect of
in studies of strange hadrons, or will be in the near futurebaryon spectroscopy which deserves attention, and we will
The kaon beam at Brookhaven National Laboratory willshow that strangeness production experiments should find
clearly provide some impetus, as will the pion beam theremany of these new states.
through kaon production experiments. Recent experiments at Predictions for the amplitudes for nonstrange baryons to
Bonn and Mainz, and future experiments at GRAAL anddecay into strange final states will be useful when planning
especially at TINAF will also stimulate interest in strangethe analyses of these experiments. Furthermore, through as-
matter. Indeed, the first two experiments to be completed aociated production into the final stferK, it may be pos-
TJINAF were kaon electroproduction experimefits sible to study the poorly understood strange banx¢h405
Understanding how strange hadrons couple to non-strangnd its spin partneA (1520, which decay t& #. The nature
hadrons is one of the primary goals of the research describeaf these two states is of fundamental importance to the un-
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derstanding of the interquark potential. There have been sug- Model parameters are taken from our previous work and

gestions in the literatur@or a brief review see Ref6]) that  not adjusted; wave functions are taken from the relativized

the difficulty encountered in fitting the mass of th¢1405  model of Ref.[5], which describes all of the states consid-

in quark potential modelg7,5] can be explained if this state €red here in a consistent picture. In order to be in acgqrd with

is aKN bound state. The problem in potential models is thalg]le d':?;tic\lsi(iﬁ;a V?éoﬁg\j,gﬁ)egf%ffgﬁﬁgOdn:éfyeﬁn?:ﬁgﬁtum
P_3- : ; : )

the J'=>  stateA(1520 is predicted to be essentially de- using tr?/e central value of the PDG quoted mass for reso-

1
nances seen iN7, and the predicted mass from RE3] for

generate with its)J°=1" spin partner state\(1405. Spin-
orbit interactions can lift this degeneracy, but other aspectﬁ1issing and undiscovered states. We have also integrated

of the baryon spectrum rule out spin-orbit interactions of the

. . over the line shape of the final stat€*, (1385, and
strength required to fi (1520)- A(1405). A good way t0 5 (1405, with the phase space as prescribed in the meson

resolve the controversy about the nature of this state is tQecay calculation of Ref15]; for details of this procedure,
examine its stron§8,4] and electromagnetic decal@ with  gee Eq(8) of Ref. [13] (note that we do not integrate over
the assumption that it is a conventional three quark statghe narrow[16 MeV width] A(1520 line shapg As a con-
here we search for one or more decays of a nucleon excitesbquence, there are states below the nominal thresholds
state toA (1405K andA (1520 which give clear contrast- which have non-zero decay amplitudes.
ing predictions under this same assumption. If an experiment |n keeping with the convention of RfL3], the phases of
were to focus on electromagnetic production/of1405K the amplitudes are determined as follows. We quote the
and A (1520K through such an intermediate state, compari-productA% I AS_/|AX | of the predicted decay amplitude for
son with these predictions could play an important role inX—Y K (whereY is a ground state or excited state hyperon
solving this puzzle. Another possibility, which we will ex- andK includes thek*) and the phase of the decay amplitude
amine in a later papdr0], is to examine the strong decays for X— N, the latter being unobservablehr elastic scat-
of higher-lying strange resonances into thé14057 and  tering (note factors of+i, conventionally suppressed in
A(15207 channels. quoting amplitudes for decays of negative parity baryons to
Predictions for the decays of nonstrange baryons up to th&M or Ny, whereM has negative parity, do not affect this
N=2 band to theAK andXK channels have been given by produci. This eliminates problems witllunphysical sign
Koniuk and Isgur[8] in an elementary-meson emission conventions for wave functions, and the relative signs of
model, where a point-like kaon couples directly to the quarkshese products are then predictions for tpaysically sig-
in the initial baryon. Forsyth and Cutkosk#] have also nificand relative phases of the contributions of staXei the
examined these final state channels in a model based onpaocessN7— X—Y K. The overall phase of theAK decay
decay operator with the structuge(g,Py+d,P;), whereP, amplitudes quoted in the Particle Data Grddgd]| cannot be
andPy are the momenta of the created quark and antiquarkdetermined experimentally and so it is fixgid] by choosing
respectively, ands is their combined spin. OufP, model  the sign of theN7— S,;;(1650)— AK amplitude to be nega-
[11] corresponds t@,=0; if g, andg, are allowed to de- tive, as determined in a®U(6),,X O(3) analysis of the
pend on the state of the spectator quarks, their model allowstrong decay<see, for example, Ref17]). Similarly, the
for breaking of the usual spectator approximation. Forsythoverall phase of th&lm— X— 2K decay amplitudes quoted
and Cutkosky's model predicts that there are a number oih the Particle Data Groufd4] is fixed by comparison to the
reasonably light negative-parity states with wave functionssu(3); prediction that the sign should be negative wheis
predominantly in theN=3 band in a narrow energy range a A state [18]. Since our calculation explicitly breaks
(from 2050-2300 MeYwhich have large amplitudes to de- SU(3);, we fix the overall sigi19] by choosing the sign of
cay toXK. As theirs is the only model of the decays into the amplitude for the low-lying staté= A (1950)F 57, which
these final states =3 band states, it is important to verify has a well measured amplitude, to be negative. For the other
this prediction. final state channels dealt with here, it may be necessary to fix
In this work we provide predictions for the decay ampli- an unmeasurable overall sign in the same way to compare
tudes into the final state§K, 2K, A(1405K, A(1520)K, with upcoming analyses of new data.
2 (1385K, AK*, andXZK* of all states(seen and missing For photo and electroproduction experiments at TINAF
in N7) with wave functions predominantly in thé=1 and  and elsewhere, it may be useful to know the relative signs of
N=2 bands, and also for several low-lying states in highethe contributions of states in the procestNy— X—YK. As
bands, using the relativized model of baryon decays based dhe photocouplings of Ref20] are also quoted inclusive of
the °P, pair creation model of Ref$12] and[13]. Models  the N sign, AX'AX,/|AY,|, then simply multiplying the
of this kind are generally more predictive than elementaryquoted photocouplings by the amplitudes quoted here will
meson emission models, which usually require a reducegield the relative phases of the contributions of stateis
matrix element to be fit to the decay of each tyjsJ(6) Ny—X—YK.
multiplet] of initial baryon. The®P,, pair creation model also
properly takes into account the finite spatial extent of the Il. RESULTS AND DISCUSSION
final meson. Another advantage is that we are able to extend
this model to include in the final state the excited strange Our results for decays into tHeK, S K* andX (1385K
baryonsA (1409, A(1520, and2(1385, as well as the ex- channels are given in Tables | and Il, and those forAle",
cited mesorK*. A(1405K, and A(1520K channels are given in
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TABLE I. Results forN andA states in théN=1 andN=2 bands in th&K, 3K*, and3(1385)K channelsN= amplitudes from Ref.
[12] are included to explain our assignments of the model states to resonances. Notation for model[stajggrisas$MeV]), whereJ?
is the spin/parity of the state amdits principal quantum number. The first row gives our model results, while the second row lists the
availableN7 andX K amplitudes from the partial-wave analyses, as well as the Particle Data (D@ name for the state, itd# partial
wave, and its PDG star rating. Light states with zero amplitudes are omitted from the table. Signs are omitted from experimental amplitudes,
where they are not determined; with the exception ofNe amplitudes(where we do not quote predicted signae omit positive signs
from amplitudes predicted to be positive.

State N7 K SK* SK* SK* sk 3(1385K  3(1385K  \Ty(1ze9
[N3 ],(1535) ~ 122:08
N(1650)S, **** 11.5+1.3 ~2.7+1.8
[N 2-1,(1625) 5.8+0.6 0.0°93
N(1700)D,5*** 3.2*1.1 <05
[N3 ]y(1630) ~ :3+0.1
N(1675)D,5**** 8.2+0.9 <0.1
[A %_]1(1620) 4.9+0.7 70.1i8;}3
A(1700)D gg**+* 6.7+1.6 =~0.2+0.1
P2 P32 p
[N 1+15(1770) 4.2£0.1 11793
N(L710Pas™ 4'7iojg8 :_1'112];1'4 +0.4 +0.4 +2.8 2.8
. . . . R +2.
[N 1+7,(1880) 2.7°83 -3.7°%2  0.0°075 0.0+0.1 0.0°5% 0.4"3% 0.4'3%
[N 1+15(1975) 2.0°93 -0.6=0.1 0.1°%9 0.0°39 0.1739 1.3°13 1.3°13
P2 P32 fap p f
[N %+]1(1795) 14.1+-0.1 0.3:0.3
N(1720)P,5F+** 47+1.1 ~22+1.1
N £+1.(1870 6.1°9% -7.0°52 0.0+0.0 0039 00x00 0079F -0.2°92 0.0°932 0.2°39
2 2
11.4+1.61
[N 2+1,(1910) 1001  -25%% 01708 _01'9%  00+00 01722 -19'1% 0000 1973
[N 2+1,(1950) 41704 -1.47%% 01739 01739  0.0x00 01734 11718 —0.1753 1.1°}H
[N £+15(2030) 1.8+0.2 0.0:0.0 0.1°9% 03721  0.0£0.0 0331 22719 —0.233 22719
f1 P32 fa p f
[N £+1,(1980) 1.3+0.2 -04+0.3 0.0-00 0.173% 0.0x01 013} -36'35 -0.1'53 3.6°32
[N 5+]5(1995) 0.9+0.2 0695 00x00 -023% 00735 0253 —-1771% 0.2°97 1.7° 1%
f h
[N 2+71,(2000) 2.4+0.4 -1.1753 0.0+0.0 —0.232 0.0+0.0 0293
N(1990)F ,/+* 46+1.2 ~2.9+22
P2 P32 p
[A 1+7,(1835) 3.9'%7 -29°7% 005 0043 0085  —0333 0.3'33
A(1740)P4, 49+13
[A 1+],(1875) 9.4+ 0.4 -6.9°%7  0.0+01  0.0:0.0 0.1+0.1 1.0°39 1.0°53
A(1910)P 5 **** 75+15 <1.0
T7) 2T7) f3 p f
3+ 8.7+0.2 0.0°99
[A 57]5(1795) 11
A(1600)P5*** 7.8+2.0 =1.1+0.9
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TABLE I. (Continued.

State N EK EK* EK* EK* \/FZK* 2(1385)( 2(1385)( \ F2(1385K
[A 2+1,(1915) 42+03  —33+03 0101 0101 0.0:00 0102 12°}3 -01x00 1.2'}3
A(1920)P55*** 53+t18 =-22+1.2
[A 2+],(1985) 3.3°9% -3.2793  -0.2°%% 0.1°39 0.03% 0233 2652 01793 2621
f1 P32 fa p f
[A $+1,(1910) 34+02 -04+01  0.0:0.0 0.0:01 00:0.0 0.0:01 0.1+0.1 0.0:00 0.2:0.1
A(1750)F 5° 2.0+0.8
A(1905F g****  57+16 =-0.9+0.3
[A £+1,(1990) 1.2+04  -0.2°93 0.0°33 0.1°33 0.0°32 01739 4035  -027%%F 4033
A(2000)F 35+ 5.3+2.3
f:L/2 f3/2 h3/2 f h
[A 1+1,(1940) 71+01  -1.2+01  0.0:0.0 0.0:00 0.0:0.0 0.0:00 -0.1+0.0 0.0:0.0 0.1+0.0
A(1950F 57***  10.4+1.1 =-15+0.4

aSecondP,; found in Ref.[21].
PFirst P, state found in Ref[21].
‘Ref. [21] finds twoF 55 states; this one andl(1905)F 5.

Tables Il and IV. We have listed the decay amplitudes intowidths. We can estimate which states should contribute
these channels for each model state, which is also identifiestrongly in a given energy region by comparing the products
by its assignmen(if any) to a resonance from the analyses. of our predictions for the square roots of the initial and final
The predictions for the magnitude of tiNer decay ampli- channel partial widths of states in that region. In a given
tudes for each statfl2] and values for these magnitudes production process, it should be possible to separate clearly
extracted from the PDG14] are also included for ease of nearby states in the same partial wave when one of these
identification of missing resonances. All theoretical ampli-states has this product small and the other large. Model states
tudes are given with upper and lower limits, along with thein the figures which have well establish@Hree or four stars
central value, in order to convey the uncertainty in our re{14]) counterparts from the analyses are distinguished from
sults due to the uncertainty in the resonance’s mass. Theskose which do not, in order to make it simple to assess
correspond to our predictions for the amplitudes for a resowhich new states may be seen in experiments of this kind.
nance whose mass is set to the upper and lower limits, and to The amplitudes for decays into strange final states are
the central value, of the experimentally determined mass. Fagenerally smaller than those into lighter nonstrange final
states as yet unseen in the analyses of the data, we hagtates, as shown below. However, it should still be possible
adopted a “standard” uncertainty in the mass of 150 MeVto extract useful information about intermediate nonstrange
and used the model predictions for the state’s mass for thbaryon resonances from analyzing specific strange final
central value. If a state below the effective threshold hastates. In many strange channels, only a few higher mass
been omitted from a table, it is because our predictions fostates contribute with appreciable amplitudes, and in several
all of its amplitudes are zero. partial waves one or two states will dominate. This is due in
Figures 1 to 8 show the predictions of the model of Ref.part to the higher thresholds in effect here, which allow these
[5] for the masses of excited* and A states below 2200 channels to turn on in the mass region where new states are
MeV, along with our predictions for the square roots of thepredicted to be present by our model. This is to be contrasted
initial channel partial widths and the final channel partialwith the situation with nonstrange final states, where often
width for each state for the photoproduction reactioié  low-lying states with large amplitudes make extraction of
—X—YK and for the pion production reactionsN—X  information about higher mass states with small amplitudes
—YK. The final states K are those listed above, with the problematical.
exception ofS K*, for reasons discussed below. Photon par- The discussion below assumes the availability of polariza-
tial widths are calculated using the results of R20]. When  tion data for these processes, so that partial wave analyses
the energy of the initial state in the center of momentumare possible. This is automatic for reactions with final state
frame coincides with the mass of a given resonance, thbaryons, as their subsequent weak decays are self-analyzing.
strength of the contribution of that resonance will be propor-In addition, there are plans for polarized beams and targets in
tional to the product of the initial and final channel partial experiments at Jefferson Laboratory and elsewhere.
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TABLE Il. Results in theX K, ZK*, and3,(1385K channels for the lightest few negative-parMyand A resonances of eachin the
N=3 band, and for the lightest feM and A resonances fod® values which first appear in thid=4, 5 and 6 bands. Notation as in

Table I.

State N7 K SK* SK* SK* s« 2(1385K  3(1385K  \Ty(1agyk
Sip dyp d
[N3-Jo(1945) 5738 -—213  -09gF -02'%3 0.9'%3 1739 1739
N(2090)3, * 7.9+3.8
[Ni-J,2030) 3797 4553 -073% 018} 0.7:58 10558 10559
[N 1-15(2070) 21798 1.5+0.6 2957 0.1731 293¢  —-3.3'%3 3334
[N 3-14(2145) 0.4+0.0 1.:x07  0.0:00 0.3°53 0395 —02'5% 0.2°9%
[N 1-1,(2195) 0.1+01 0709  05-03 05798 0.7°3%8  -0.8"33 0.8"33
[N 2-15(1960) 8.2"%7 0.7+0.3 019 -05+05 0.0°03 062 1304  1.4-13 1913
N(2080)D ,5+* 6.2+2.0 =1.2+0.0
dyp Sap dap s d
[N 2-1,(2055) 6.275F -1.89% —0.2"92 1.2°29 0.0+0.1 1232 -25+10 -25723% 35+2.1
[N £-14(2095) 0.2+0.2 -0.4+01  0.3°%3 1.7°32 —04793 17728 7.7+12 -0.8"97 7.8°13
[N £-1,(2165) 1597 —2.4'%1 0232 -01+x0.0 0233 037§ 0.0+0.1  0.4'58 0.4758
[N 2-1,(2180) 17793 —1.8"53 0.4"3% 0.0£0.0 0437 05732 -01+x00 1.0°52 1.0°52
dypp dsp 932 d g
[N £-1,(2080) 5.1°%2 24755 —01'33 0.823 0.0+0.1 0.8°23 1771 -0ty 171
N3 J(2005) 529 -25% 0233 -02%%  00:00 033y 2042 00%  20%
51, 2% 59 2L 2% .0+ 0. 3L ot o oy
N(2200)D ,** 4.7+1.0
[N2-1,2180) 1993 —1503 0.2'%3 0554 00°8% 0573 1154 -015gr  1.1%G8
[N $-15(2235) 209 -04+01 -11719  -1.09% 0.0+0.0 1517 -06+03 0657  0.9°75]
[N £-14(2260) 04+01  02:01 -1.1719 1.0°55 -0173% 15} 28792 0.3+02 2892
[N 2-1,(2295) 0.2+0.0 -1.893 0.2°33 0498  —0.179l 0497 1.0£05 -01*01 1.1x05
[N £ 15(2305) 0.3+0.1 -0.7+0.0 -0.7°95 0393 -—-01'9; 08733 1.2+0.6 0451  1.3+06
912 dayz 932 d g
[N %-1,(2090) 6.9+13  02:01  0.0:01 -03733 0.0x0.0 0.3°93 0.3°93 0237 0333
N(2190)G,/****  7.0+3.0
[N 1-1,(2305) 0.4+0.1 -04+0.2 -0.1"5} 0832 -0193; 0833 0.0+0.0 -0.6'0% 0.6°3%
[N 1-1,(2355) 1.1+0.3  0.0:0.0 0.000 0.0:0.0 0.0r0.1 0101 -0.3+0.1  0.0:00 0.3:0.1
912 932 i3 g [
[N $-1,(2215) 25+04 -1.1+04  0.1*0.1 -02+01  0.000.0 0.2:02 -0.7+0.4  0.0:0.0 0.7£05
N(2250)G;5***  6.1+1.0
P12 9312 i3 g I
[N-7,(2600) 3353 0.0+0.0  0.0:0.0 -0.1+0.0 0.0:00 0.1+01  0.0:00 0.0:0.1 0.1+0.1
N(2600) ; 1;*** 45+15
[N 4-1,(2670) 1.8+05 -0.2+0.1 0.0:0.0 0597 -01732 0597 0.1+0.1 -0.2'9%1 0.379°
[NY-],2700) 0301  0.0:00 -029% 0.0+0.0 029 03955 -0979; 0.0+0.0 0.9°%9
[N 4&-1,(2770) 0.2+0.0 -0.2+0.1 -0.1+01 0594 -01+01 05793 -01+01 -0.392 0.3°53
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TABLE II. (Continued.

State N EK EK* EK* ZK* \/FZK* 2(1385)( 2(1385)( \ F2(1385K
[Ni-](2855) 06+01  00:00 -01+01 01x00 0000 01:01 -02+01 -01+00 02:0.1
i1 a2 Kar2 i k
[NZ-],2715) 11¥03  -04x02 0157 -02¢; 0.0x0.0 0295 —0.3"933 0.0:0.0 0.3'55
[N1-1,(2845) 0.2+01  —01x01 0101 -01x01 00:00 02:01 -02'3%  00:00 023
S112 dy d
[A1-],(2035)  1.2£0.2 1.9-0.3  0.1x02  0.0:0.0 0.1x0.2 -0.3"932 0.3°3%
A(1900)S;***  6.3+1.0 <09
[A1-1y(2140) 3.1'%% 41+24 -48732 0479 4893 1423 1.4°29
A(2150)S;.* 6.6+2.0 <0.7
di S32 dapz S d
[A$-],(2080) 21¥01  -11+07  0.0°G3 01739 0095 0151 —41712 -05735 4255
A(1940)D 55" 6.5+2.0 <07
[A2-],(2145) 2203 -1.979¢ 01x0.1 5775 -06° 573 52+0.4 -1912 5528
d a2 Jar2 d g
[A%-],(2155) 52+00  -21+04 0.0:0.0 -0.2"32 0.0£0.0 0.2'53
A(1930Dgs***  7.2+1.0 <07
[AS ],(2165) 06+01  -10+03 09755 —04:53 003 1033 -193% -0392 2.0°3%8
[A2],(2265) 24+04  -25+01 0893 1.0°53  —-0.279% 13733 1.9+03 -0692  2.0*03
A(2350)D 55" 51+2.0 <09
[A27],(2325) 0.1x0.0 0.3:0.1  0.3'%3 1523 -0.1797 16'%% 1.8+0.8 -0.5937  1.9+x08
912 daz Jar2 d g
[Al-],(2230) 21x0.6  —04'3% —0.1°G; 0.5 38 0.0£0.1 059% -209% -0393 2033
A(2200)G57* 54+1.0 =-1.1+0.5
[Al-]-2(2205) 18+04  -05:03 0173} 1.3'23 -0.279F 1.4'%] 2513 -0.73%  26*13
912 9ar2 32 g [
[A2-],(2205) 48+13  —14'%F 047335 -0633 0.0:0.0 0792 -09+07 0.0:0.0 0.9-0.7
A(2400)G 34" 54+1.0 <12
ill2 i3/2 I(312 i k
[A1-],(2750) 22£04  -04x01 02787 -03703 0.0x0.0 0333 -04°3% 0.0-0.0 0.4'%%
A(2750) 5,5  3.7+15
P12 P32 p
[N1+],(2065)  7.7°3% -0.3+0.3  0.1x0.0 -0.1x0.0 0.::0.0  0.6:0.2 0.6-0.2
N(2100)P;* 5.0+2.0
[Ni+],(2220)  0.3°%% 0.0°93 0593 —0.3+0.2 0593 11798 1.1°8%
f1/2 f3/2 h3/2 f h
[N1+],(2300) 49709 -0.1+0.0 -0.2+0.1 -0.2+01  0.0:00 03:02  0.0:00 0.1x01 0.10.1
[N2+]s(2410) 0457 -1.7°0% 07703 —1.2°3¢8 0.0x0.0 14735 -16+03 0000 1.6:0.3
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TABLE II. (Continued.

State N EK EK* EK* EK* \/FZK* 2(1385)( 2(1385)( \ F2(1385K

[N 1+],(2455) 05+0.0 -05+0.1 —1.179% 0399 -02+01 1179 11+01 0.2°32 1.1+0.2
h1/2 f3/2 h3/2 f h

[N 2%1,(2345) 3658 0.0+0.0 0.0:0.0 -0.1+00  0.0:0.0 0.1x0.1

N(2220H,g***  8.1+1.0

[N 2+1,(2500) 04+01  04:0.2  02:01 -13°9% 0.1+0.1 1.3°93 02+00 045 0591

[N 2+1,(2490) 0.6+0.2  0.0:0.0 -0.3+02 -0.1+01  0.2:02 04:03 -1.7+03  0.0:00 1.7-0.3
hy hap Jar h j

[N +1,(2490) 1.3+0.4 -0.6+04  0.1+0.1 -02+02  0.0:0.0 0.3-02 -0.391 0.0£0.0 0393
[N+],(2600) 07501 —03+01 0101 -0.1739 0.0£0.0 0.19% -02°93 0.0+0.0 0292

Jae hsp, Jar h J

[N 18+1,(2820) 2.0°98 0.0£0.0 0.0:0.0 0.0:0.0

N(2700)K; ;3 3.7+1.2
[N 8+1,(2930) 02+01 0101  0.1-00 -0.693 0.1+0.1 0.7°3% 0.0+0.0 05:04 0.5:0.4
1

[NB+],(2055) 02¥01  00:00 —03+02 0.Ixr00 02:01 04:r02 -1273% -0.1+0.1

Jirz Jar l372 J |

[N+],(2040) 07402 -02+01  01+01 -02+t01 0000 0301 -04+03  00:00 0403
[N+],(3005)  04+01 -01*01  01£00 -01*00 0000 0100 -02+01  00:00 0201

fl/2 f3/2 h3/2 f h

[A 1+1,(2370) 15798 —1.9"9% 06795 —1.079] 0.0+0.0 11733 —21731 00+00 21791

A(2390)F 57+ 47+1.0 <09

[A 1+1,(2460) 1.1*%9  -05+01 0504 0806 -0.1+01 0.9 089 -03+02 08932
h1/2 f3/2 h3/2 f h

[A $+1,(2420) 1.2+04 -02+01  0.0:00 0.3°9% 0.0£0.0 0.3"3% 0.0+0.0 -0.2+02 0.2:0.1

A(2300)H 35+* 48+10 =-14

[A 2+1,(2505) 04+0.1 -01+01  03:03 04')} -0.3x02 06:03 14735 -0.1+00 1.473%
h1/2 h3/2 j3/2 h J

[A 3+],(2450) 29+0.7 -0.5*0.3 0.1x0.1 -0.2-0.1 0.0:0.0 0.2:0.2 -0.3x0.1 0.0:0.0 0.3:0.1
A(2420)'|3 11**** 63i 10 = 10

j1/2 h3/2 j3/2 h J
13 L 01+ 01+ +0.1 01+ +0.1 L _ A at02 +0.4
[A 1+1,(2880) 0.8£0.2 -0.1+0.1 -0.1+01 0593 0.1x0.1 05793 0.0£0.0 -0.3"3% 0353
[A 12+],(2955) 02+0.1  0.0:00 0.3:01  0.2:00 -0.3+0.2 0.4-0.2 1179 -01+01 11793
j1/2 j3/2 |3/2 ] l

[A§+]1(2920) 1603 -0.2=0.1 0.2:0.0 —-0.3x0.1 0.-0.0 0.3:0.1 -0.4%0.2 0.0-0.0 0.4-0.2

A(2950)K 5 1+* 3.6+15
[A 3+1,(3085) 0.4+0.1 -0.1+00  0.0:00 -0.1+0.0 0.0:00 0100 -02+01 0.0:0.0 0.2:0.0
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TABLE lIl. Results for N states in theN=1 andN=2 bands for decays into th&K, AK*, A(1405K and A (1520K channels.
Notation as in Table I.

State AK AK* AK* AK* VTacr  A(1405K  A(1520K  A(1520K T (1s20x
[N $-1,(1535) -5.2°5%
N(1650)Sll**** 733_%0]60
[N $71,(1495) 0.0%0
N(1520)D 5**** 0.0+0.0
[N %7]2(1625) —-0.4+0.2
N(1700)D,5*** ~0.4+0.3
[N $71,(1630) 0.0=0.0
N(1675)D c**** 0.4+0.3
[N %+]3(1770) —2.80.6
N(1710)P, *** +4.7+3.7

P12 P32 d
[N%+]4(1880) _0.1::003.1 O.Ofooe:o 0.0£§:§ 0.0£§:§ 114?11:3 +0.0 +0.2
[N %+]5(1975) -1.17,3 0.1 53 0.2755 0.2755 —-0.1+0.1 0.07 47 0.0°¢5

P2 P32 fap S d
[N 2+1,(1795) ~4.379%
N(1720)P5F*+* -3.2+138
[N 2+1,(1870) -0.9°5% 00932 0.0°39 0.0+0.0 0.052 0.0°59 0.0"33 0.0+0.0 0.0°58
[N £+1,(1910) 0.0+0.0 0.0°33 0.0°%9 0.0+00 0.0°93 0.0°59 0.0+0.1  0.0'59 0.0°52
[N 2+7,(1950) -19'95 o01g?  -01%g; 00?2 01757 -0.1g3 0095 0053 0.0:55
[N 2+15(2030) -0.9+02 01733 -01'3%F 00739 01737 0.1+0.1 -0.6'5% 0.0:0.0  0.6°3%

fip P32 fap d g
[N §+]1(1770) —-0.1+0.0
N(1680):15**** :0ﬁ01

+0.2
[N 371,(1980) 0.0£0.0 00500 -0.3°p% 0.0+0.0
[N 5+]5(1995) -05+03 0.0:0.1 03733 00795 035 06798 0092  00+00 0093
N(2000)F ;**
d g
[N Z+1,(2000) 0.0+0.0 0.0:0.0  0.0:00  0.0752 0.0£0.0  0.0°9%
N(1900)F,** ~15+24
A. XK decays are illustrated in Figs. 1 and 2. The amplitudes for this chan-

In general, channels involving or 3* in the final state nel extracted from analyses are considerably less certain than
will be difficult to analyze, as both andA resonances con- those for theAK channel. However, there are a few ex-
tribute to the cross section. This means that in many in&mples of states with substantial predicted amplitudes which
stances, one will encounter the difficulties associated withave also been seen with some certainty with this final state,
broad, overlapping resonances. Nevertheless, our resulésich as A(1950fF 3;=[A%7],(1940) and A(1920)Pg,

show that it may still be possible to confirm some weakly _ A2+15(1915) (the notation here and in what follows is

established resonances and observe new states by analyzin ) :
these final states. %h t states which have been seen in the analyses are referred

The third columns of Tables | and Il give our predictions to by their PDG masseid4] andNw partial wave, accom-

for the 3K decay amplitudes for nucleon andresonances Panied by our model state assignmer#tn interesting dis-
with wave functions predominantly in thé=1 and 2 bands, Créepancy between ousubstantial prediction and the ex-
and in higher bands, respectively. Our predictions for thdracted amplitudes exists for the stata(1910)Ps,
relative contributions of model states below 2200 MeV to=[A3 "1,(1875), for which an upper limit only is quoted
photoproduction and pion production of tieK final state (see Table | and the PD{A4)), although older experiments
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FIG. 1. Mass predictiond\y, N7, and3K decay amplitude predictions for nucleon resonances up to 2200 MeV, sorted according to
spin and parity. Heavy uniform-width bars show the predicted masses of states with well established counterparts from partial-wave
analyses, light bars those of states which are weakly established or missing. The length of the thin white bar gives our prediction for each
state’sNy decay amplitude, that of the thin grey bar gives our prediction foNitsdecay amplitude, and that of the thin black bar gives
our prediction for itsS K decay amplitude. States with significant amplitudesNe(N ) and%K decays should contribute strongly to the
processyN(7N)— XK.

admit the possibility of a larger amplitude. This state is pre-process #N—3K. The N=2 band missing state

dic;ed to contribute strongly to botyN—3ZK and =N N[2*15(1910) should also be visible igN— 3 K. We also
—2K.

. 3+
From Figs. 1 and 2 we see that we predict that a cleaPredict that the model statesN[;"],(1870) and
signal for the N=2 band missing positive-parity states A[3"],(1835), evidence for which is found in the multi-

N[ 3 *14(1880) andA[3*1,(1985) should be present in the channel analysis of Manley and Salef&i], should contrib-

A to Ny, N, and ZK model amplitudes

2200 seen in N1
E—

—] o
weak or missing
—
B—

-| Ny amplitudes

===
2100 -
B

1
4 0 0510
Mev 172
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[ —]
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=
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1700 ... e &R treshold - Mev 172

=

1600 [ 1
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a2t ot oast at A A2 AS/2

P P33 F35 F S D D
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A baryon model states

FIG. 2. Mass predictiond\y, N7r, and%K decay amplitude predictions fadr resonances up to 2200 MeV. Notation as in Fig. 1. States
with significant amplitudes foNy(N#) and3 K decays should contribute strongly to the proces 7N)— XK.
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ute strongly to both photo- and pion production of this finalthose of Koniuk and Isgui8]; there are just two states where
state. This suggests that an analysis of these reactions m#ye predicted signs differ, and these have small predicted
provide further evidence for these new states. amplitudes. With the possible exception of the model state
From Figs. 1 and 2 we see that several low-lyingN[$+7,(1950) in pion production, our model predicts that
negative-parity nucleon and states with wave functions ngne of the missing positive-parity nucleon states in he
predominantly in theN=3 band should contribute strongly — 5 pand has a substantiak decay amplitudésee Fig. 3.
to photo- or pion production of th&K final state. These From Fig. 3 and Table IV, we see that\d experiment
include the weakly established state®(2090)S;;  ghould show clear signals for several relatively light
=[N3 15(1945), N(2200)D,5=[N3 ~]5(2095) (pion pro-  negative-parity states with wave functions predominantly in
duction, and A(2150)S;;,=A[ % 15(2140), as well as the the N=3 band. The two-star stateN(2080)D;3
three-star stated (1900)Ss;= A[ 2 ~1,(2035) (in photopro- =[N3 13(1960) should be clearly confirmed with a preci-

duction and A(1930)Dsc=A[S1,(2155). Note that our sion Ny or Nm— AK experiment as it should dominate its

SK amplitudes for thesé states disagree with the upper partial wave; the ampl_itudes quoted in the Particle Data
limits set by one analysifl8]. Our results predict a clear Group (PDG) [14] for this decay are smaller than our pre-

) L or th del statil £-1.(2030) in both bhot q diction, but are without error estimates. The nearby model
S|.gna or e.mo el stati] 7~ Ja( ) in bo Sip ofo-an stateN[ 3 ~],(2055) should also contribute strongly kb
pion production of XK. The model stateN[35 ],(2080)

5—
should also contribute strongly ®wN— 3K and yN— 3K, — AK. The model stat®l[ 3~ ],(2080) and the nearby weak

with a clear separation from its nearby parti2200)D,5  State N(2200)D;s=N[35~]3(2095) should dominate their
=[N ~15(2095) in this partial wave in photoproduction. ~ Partial wave in pion production of this final state, with the
Our predictions agree in sigip to an overall sign which former once again being clearly separated from its partner in
cannot be determined experimentaland largely in magni- Photoproduction. The weakly established sthi2090)S;,
tude with those of Koniuk and Isgu8] for the decays of =[N3 ]3(1945) should also be visible in both processes.
states with wave functions predominantly in tNe=1 and  Qur predictions for these decays appear to be substantially
N=2 bands. In two casdshe missing stat&[2*],(1870) larger than those of Forsyth and Cutkogky}, who predict

and A(1910)P4,=[A1+1,(1875)] our predicted amplitudes few appreciableA K widths for states in th&l=3 band.

are large, and substantially larger than those of Koniuk and

Isgur. Our model does not, however, confirm Forsyth and C. AK*, A(1409K and A(1520K decays

Cutkosky’s predictiorj4] that there are many light negative- ~ Our results for these final states are shown in Tables Il
parity states with masses between 2050 and 2300 Me¥nd IV, and our predictions for the relative contributions of
which have large amplitudes to decayXdK. For thoseN  model states below 2200 MeV to photo- and pion production
=3 band states for which they predict lar@g to 40 MeV}  of this final state are illustrated in Figs. 4, 5 and 6. The
2K widths, we have amplitudes which are at mostfigures show that, with the possible exception of the missing

/2 . .
2.4 MeV'? in magnitude. stateN[ £ *1,(1880) which may be visible in pion production
of A(1405K, our model predicts no substantial contribu-
B. AK decays tions to these channels for any states in w2 band.

The isospin selectivity of this final state means that only Our predictions forAK* decays of selected states in
N* resonancegas opposed td resonancescan be interme- higher bands are shown in Table IV and in Fig. 4. Several
diate states, which will simplify the analysis that will be low-lying weakly established and predicted negative-parity
required. Our results for this final state are shown in the firspucleon resonances should contribute strongly to photo- and
columns of Tables Il and IV, and our predictions for the pion production of this final state; these largely correspond to
relative contributions of model states below 2200 MeV tostates mentioned above as importantAi production. In
photo- and pion production of this final state are illustrated inaddition, our results show it may be possible to see the well
Fig. 3. established stat®l(2190)G;,=[NZ~1,(2090) in both pro-

The signs and magnitudes of the predicteld amplitudes  duction experiments. The tentative —statd(2100)Py;
are in good agreement with the amplitudes extracted from:[N%+]6(2065) should also contribute strongly toN

the analyseslargely in Table Il) for well determined states _ AK* (without interference from the nearby model state
for which there are substantial amplitudes. This gives us con- y

fidence that our predictions are reliable. For example, ouN[ 7 "17(2210), which decouples from bottr andNy [see
result for the experimentally well determinack decay am- Také)les I anld “fa)- heA (1405K and A(1520K channel
. i . ur results for t an channels
\F/)vlilttﬁdtﬁaiocr)fNI:(c}rﬁss?rzs ;ln_d[g ljtkz)zé(ljﬁi? S;nﬁsissegt:ﬁl:i g ?”::S are quite interesting, with substantial widths for several low-
y ’ 9 lying negative-parity and two positive-parity statésee

than Koniuk and Isgur’s predictiof8]; all are within errors : ;
of the amplitude extracted from the analyses. Our results fo-#-able IV and Figs. 5 and)6 The weakly established state

states with wave functions predominantly in tNe=1 and ~ N(2090)S;,=[N3"15(1945) ~and the model state
N=2 bands largely agree in both sign and in magnitude witf N2 ~1,(2080) should be easily visible in th& (1520
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TABLE IV. Results in theAK, AK*, A(1405K and A (1520K channels for the lightest few negative-parfyresonances of each
in the N=3 band, and for the lightest feM resonances fod® values which first appear in thid=4, 5 and 6 bands. Notation as in
Table I.

State AK AK* AK* AK* Vake A(1405K  A(1520K A(1520K T (1520x
S1/2 dap p

[N 1-15(1945) 2.3+27 —22+17 2253 3.1°332 0.5"39 6.4°34 6.4°27

N(2090)S,*

1- 0.3+0.5 -0.4°93 0.15% 0.4°%% 1.2°9% 0522 0532
[N 5714(2030) 0.2 0.1 0.4 11 0.5 0.5
[N £-14(2070) 27+13 -23'29 0.9"2% 2418 01+01 1.9"%% 1.9°%3
[N 1-14(2145) -0.1+0.1  0.0:0.0 -0.3'92 0.3°594 0.0+0.0  1.179¢ 1.1°98
[N 1-1,(2195) -0.1+0.3 0.8:02 -0.8'9] 11073 1058 -0.779% 0.7°9%

dip Sz12 dzp p f

3_ £ patl? 15 " +2.9 +4.1 +1.3 _ Hpt26 A ot02 +2.9
[N 2-15(1960) 5.6'13 0.7°52 3.8£29 1.3%%3 403 3.9533 2.653 02775 26752
N(2080)D ;5 =+1.7+1.0
[N 2-1,(2055) -2795 0295 3335 0455 3335  12%5 -0555 0053 0653
[N 2-15(2095) -0.1+00 0000 -06%3  00+0.0 0692 0792 0404 0000 0.4-0.4

3- 0.2+0.1 -0.1*0.1 -0.1+0.0 -0.1+0.1 02+0.2 -0.1+01 0492 0.0+0.1 0.4'9%2
[N 57 ]e(2165) 0.4 0.4

3- -0.1+0.0 0.1*0.1 -0.1+00 -0.1+0.0 02t02 1593 -11'9% -01+x01 1.1°53
[N 571,(2180) 0.7 0.4 0.9

dip dapz 932 p f
[N £71,(2080) —297%%  09'g8 1079 -0.3%F 147 o0l'gt -471; -03753 4757

51, 9% ot Koy 3¢ 42 a5 T 3 Ty
[N $-14(2095) -1759% 0297  —-0218%7  00g) 0393  00x00 -24%; -01'gy 2459
N(2200)D &+ =-22+1.0

5- -0.3+0.1  0.:+0.1 -02+0.2 0.0:0.0 02+0.3 -0.2+*02 00:01 0.0:0.0 0.0:0.1
[N 37 14(2180)

[N $-14(2235) -0.9+02 0337 -03'52 -01'%7 0437 -01x01 00:01 -02'9% 0253
[N $-14(2260) -0.2+0.0 0.101 -01+01 0.0:0.0 0.2°92 04735 -21732 02793 21753
[N 5-1,(2295) 04+0.0 -03+01 0302 013} 0493  01+x01 0430 -01+01 04:00

5- 0.0+0.0 0.0:0.0 -0.3°3% -0.3+01 0.0:00 0.3:0.0

[N 37 ]g(2305) 0.4

912 dap 9ar2 f h
[N Z-1,(2090) -1.3"5¢ 01x02 25712 0293 2572 1.2+0.7 -0.50% 0.00.0 0598
N(2190)G7+*** =-11
[N 1-1,(2205) -05+0.2 0192 1.0°53 01733 1033 0773 -0.2'32 0.0+0.0 0.2%4
[N 1-14(2255) -0.1+0.1 0.0:01 0394 0.0x0.1 0.3"33 0.0£0.0 -0.1+0.1  0.0:0.0 0.1+0.1
[N Z-1,(2305) 0.1+0.0  0.0+0.0 -0.1+*0.1  0.0:0.0 0.1+0.1 -0.2°%% 0.2+0.2 0.0:0.0 0.2:0.2
[N 1-14(2355) -0.3+01 0100 0.8952 0.1+0.1 0.8 0.9722 0.5°9% 0.0:0.0 0.5'5%

f h

[N $-](2215) 0.0+0.0 0.0:0.0 0.0:0.0 —0.2+0.1  0.0:0.0 0.2:0.1
N(2250)Gg*** =-12

P12 P32 d
[N 1+14(2065) 04 1% -08797 —227%9 2.3°9% 52+0.8 -1.3"1% 1.3'%3
N(2100)P*
[N 3+1,(2210) -0.9°953 0.7°53 2.1798 2299 -06+03 1.0-0.7 1.0:0.7
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TABLE IV. (Continued.

State AK AK* AK* AK* VTake  A(1405K  A(1520K  A(1520K VT (1s20k
fi far e d g

[N1+],2300) —17£04 09795 -—1099] -05:04 1437  01x00 31793 0393 31798

[N 1+],(2410) 0.1+0.0 0.0-0.0 -0.1+0.1 -0732 -0.1+*0.0 0.7°5;

[N 1+1,(2455) 0.0+0.0 0.0-:0.0 -02+0.1 -0.2+01  0.0:0.0 0.2:0.1

hij2 far o h3j o o g i

[N$+],(2345) —04+01  00:01 06'G; 0.0+0.1 06.5; —0.33 0.1+0.2  0.0:0.0 0.1-0.2

N(2220)H ;g**** =0.0

[N2*],2500) —02#0.1 0101 0573 0153 05793 -06+04 02:01  0.0:00 0.2:0.2

[N$*]4(2490) —0.1+00 00500 02:01 00501 02:01 -04x02 0101  00:00 0.1:0.1

g i

[N L+],(2490) 0.0+0.0 0.0-:0.0 0.0:0.0 —0.2+0.1  0.0:0.0 0.2:t0.2

[N +1,(2600) 0.0+0.0 0.0-0.0 0.0:0.0 0403  0.0:0.0 0.4:0.3
P12 932 312 h ]

[Ni-](2600) —04+02  0.1°G3 0.9°5% 0237  0.97%3 1.0+0.6 -0.4792 0.0:0.0 0.479%

N(2600) 1 17"

[NY-],(2670) —02£0.1 0101 0453 01732 04733 0.5+0.3 —0.2+0.1 0.0:0.0 0.2:0.1

[N &-1,(2700) 0.0+0.0 0000 0.1*01  0.0:00 0.1*01 0.0:00 00:00 0.0:00 0.0:0.0

[N -1,(2770) 0.0+0.0 0.0:00 -0.1+*01  0.0:00 0.*00 -02+01 0101  0.0:00 0.1*x0.1

[NYZ-](2855) —01¥00 01x00 03939  01r00 033  05:02 02:01  00:00 02:0.1

jar hs), Jar I k

[NiE+],(2820) ~—02¥0.1 0101  05% 0192 05795 -05+02 02:02  0.0:00 0.2:0.2
N(2700K; 15"

[N¥+],(2030) ~—01*¥0.0 01r00 0300 0100 0300 -03-01 0101  00:00 0101
[N18+],(2055)  0.0+0.0 0.0:0.0 —0.1x0.0 0.0:0.0
h i
[N¥-7,(2715)  0.0+0.0 00:00 0.0:00 -01+¥0.0  00:0.0 0.1+0.1
[NZ-],(2845)  0.0+0.0 00:00 00500 02:01  0.0:0.0 0.2:0.1
i k
[N1+],(2040)  0.0+0.0 00:00 00500 -01¥0.0  0.0:00 0.1x0.0
[N1+1,(3005)  0.0+0.0 00500 00:00 02:01  0.0:00 02:0.1

channel in both photo- and pion production experiments, andable V) should be prominent in the pion production of
the two-starN(2080)D15=[N3 ~]5(1960) state should con- A (1520). Once again, only the light¢N3 ~1,(2080) state
tribute strongly toA (1405K and A(1520)K final channels  should be visible inyN— A (1520)K.

in both production processes. The tentative state Just as importantly, we see that there are indeed clear
N(2100)P,,;=[N3*15(2065) has a large predicted effect in predictions of our model for the relative strengths of the
A(1405K production, and the weak stat’(2200)D,s; decays of the lightest of those states which decay strongly
=N[2]5(2095) and the model statd[*],(2390) (see into A(1405K and A(1520K. Both of the weakly estab-
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2200 N to Ny, Nrr, and AK model amplitudes

[— seen in N7
—

weak or missing

[
0 0510
Mev 172

—

[

—

— Ny amplitudes
2000
=

—
| —
—1
b
N7 amplitudes

—
0 5 10

Mev 12
1800 F

= 1 AK amplitudes
[
0 5 10

Mev 172

1900 1

T

1700

AKlthreshold e | ES—
1600

I B
=]

1500 [~

1400
Nyt N3t NsE o Nidt N2 N3/3 N5/3 N7/3

N baryon model states

FIG. 3. Mass prediction®\y, N7, andAK decay amplitude predictions for nucleon resonances up to 2200 MeV. Notation as in Fig. 1.
States with significant amplitudes foly(N#) and AK decays should contribute strongly to the procebg wN)— AK.

lished statesN(2090)S;;=[N2%~15(1945) andN(2200)D ;5 predict that none of the well established states in this mass
—[N£-15(2095) are predicted to contribute strongly to "€9ion should couple strongly to(1405K or A(1520)K. A
A(1520K production, but not to\ (1405 production. The photo- or pion production experiment in the region 2000—
opposite is true of the weakP,; state N(2100) 2300 MeV which is able to identify the overall spin and
=[N +14(2065). TheD,; stateN(2080)=[ N2 ~15(1960) is  Parity of the final state and reconstruct these two final bary-
predicted to appear with roughly equal strength in both pro©ns although difficult, would be able to test these predictions
duction of A (1405XK and A(1520XK. In addition, interme- of our three-quark model for the relative sizes of these decay
diate states in other partial waves are predicted to contributémplitudes, and possibly resolve the issue of the nature of
little to the production of these final states. Furthermore, wahe A(1405.

N to Ny, Nz, and AK" model amplitudes
—

2200 — seen in N7
| B [— E—
weak or missing
2100 e
= = — Ny amplitudes
Y amp
B B AK* | threshold 0 05 1o
2000 [ E— DL
B— | E—]
K = F B — Mev 172
1900 - | —] N7 amplitudes
= =1
L 0 5 10
1/2
MeV
1800 E=
e == AK* amplitudes
r | —
. 0 5 10
700 Mev 12
| A+K+m | threshold
e | e
1600 [
| — B
1500 - =
i =
1400 n " " " . . . .
N1/2 N3/2 N5/2 N7/2 N1/2 N3/2 N5/2 N7/2

N baryon model states

FIG. 4. Mass prediction$\y, N7, andAK* decay amplitude predictions for nucleon resonances up to 2200 MeV. Notation as in Fig.
1. States with significant amplitudes fbdiry(N7) and AK* decays should contribute strongly to the proces 7N)— AK*.
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2200

N to Ny, Nr, and A(1405)K model amplitudes

— | | seen in N7t
I b
weak or missing
2100 = =
_=' | Ny amplitudes
Y amp!
|E— B |
2000 - BE—x 0 0510
B— =
L = [ Mev 12
1900 - BE— A(1405)K | threshold |[Nw amplitudes
0 5 10
[ S+K+m| threshold 2172
b L R threshold Mev 172
1800 - =——
e =" A(1405)K amplitudes
r P
1700 o 5 10
Mev 112
[ e ==
1600
[ B
1500 - ==
L B
1400 " " " " - - - -
N1/2 N3/2 N5/2 N7/2 N1/2 N3/2 N5/2 N72

N baryon model states

FIG. 5. Mass prediction$\y, N7, andA (1405K decay amplitude predictions for nucleon resonances up to 2200 MeV. Notation as in
Fig. 1. States with significant amplitudes fddy(N#) and A(1405K decays should contribute strongly to the procedé(=N)
— A(1405K.

D. ¥K* and 3(1389K decays Our results for decays of higher-lying states into these
From the amplitudes in Table | and from Figs. 7 and 8 wechannels are shown in Table Il and Figs. 7 and 8. We have

ing statedN[$ *1,(1980) andA[2+1,(1985) and confirm the we see that few low-lying negative-parity predicted states

A5+ . q should contribute strongly to production BK*. These in-
state A (2000 35=A[ ; "12(1990) in a*2(1385)K.pro UC Clude N[17]5(2070) (n pion production and
tion experiment. Contributions t&K* production from . )
these light states are weak, which is due in part to the highet[z 13(2145), and the weakly established state

nominal threshold. A(2150)S;,=A[35 " ]5(2140). The first two of these states
N to Ny, Nr, and A(1520)K model amplitudes
2200 e — seen in N7t
L E [—] e
weak or missing
2100 e =
== e — | E— Ny amplitudes
L EB== ] = | A(I520)K] threshold | F———
2000 - E— 0 0510
_b _ = — — Mev 172
1900 - EBEe N7 amplitudes
B —r 0 5 10
L 1
FUUURUR PR . [T . . Z+K+m| threshold 12
MeV
1800 - B ¢
[ = A(1520)K amplitudes
L P
0 5 10
1700 - Mev 172
[ e |
1600 |-
= =)
1500 - =
L ==
1400 " " " " - - - -
N1/2 N3/2 N5/2 N7/2 N1/2 N3/2 N5/2 N7/2

N baryon model states

FIG. 6. Mass predictions\ly, N, andA (1520K decay amplitude predictions for nucleon resonances up to 2200 MeV. Notation as in
Fig. 1. States with significant amplitudes fddy(N#) and A(1520)K decays should contribute strongly to the procedé(=N)
— A(1520K.
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2200 N to Ny, N, and X(1385)K model amplitudes

= —  —] seen in N7t
r ==
weak or missing
2100 =
= = — Ny amplitudes
Y amp
B— —1 —
2000 - —] 0 0510
= —] == Mev 172
B— Nr amplitudes
0001 *Kithreshold —_
I B [ 2 RTIESIONE =T
I 12
MeV
1800 - =
e =1 $*K amplitudes
[ |
1700 0 5 10
Mev 12
ISURUUURUUY IUUURUURN SO AR threshold |l
e |
1600
I B
1500 - =
L B
1400 - ; -+ " - N N N
N1/2 N3/2 N5/2 N7/2 NI1/2 N3/2 N5/2 N7/2

N baryon model states

FIG. 7. Mass predictions\y, N7, andX (1385)K decay amplitude predictions for nucleon resonances up to 2200 MeV. Notation as in
Fig. 1. States with significant amplitudes foty(N7) and 3(1385)K decays should contribute strongly to the proceds$(wN)
—3,(1385K.

are predicted to also contribute strongly3¢1385K pro- A(1940)D35=A[27],(2080) in a>(1385)K production ex-
duction. From Fig. 7 we see that the dominant contributiongyeriment.

to pion production o (1385 in their partial wave should
come from the weak statéN(2080)D;3=[N3]3(1960) IIl. CONCLUSIONS

and the predicted statd[> ],(2055), whereas the domi- &, nredictions for the\ K and 3K decays of low-lying

nant contribution to photoproduction in this partial wave nonstrange baryons are similar to those given by Koniuk and
should come from the nearby stafe[3 ]5(2095). It Isgur, who study states with wave functions predominantly
may also be possible to confirm the tentative staten the N=1 andN=2 bands. These results compare favor-

A to Ny, Nr, and X(1385)K model amplitudes
seen in Nt

E—"|

weak or missing
==

2200

2100 [

| Ny amplitudes
1
2000 - | —] 4 0 0510
B

12
MeV B Mev

1900 - 'K | threshold | Nm amplitudes
threshol

B e S L RMESIONE (')_'5_1|0
Mev 112

1800 7 1

T*K amplitudes

i 1

0 5 10

1700 - Mev 12

A+K+m| threshold

1600 i

1500
a2t oapt oasnt oAt Az A3 AS/7

P P F F S D D

31 33 35 37 31 33 35

A baryon model states

FIG. 8. Mass predictiond\y, N7, and2(1385)K decay amplitude predictions fdr resonances up to 2200 MeV. Notation as in Fig.
1. States with significant amplitudes fidry(N#) andZ(1385)K decays should contribute strongly to the procebg«N)— 2 (1385)K.
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ably in both sign and magnitude with those amplitudes relition experiments were to focus on the region of 1800—2300
ably determined from existing data, which are largel\ig. MeV, a careful analysis of the results would be likely to
There is a clear contrast between our results for negativediscover many new baryon states and provide much needed
parity states with wave functions predominantly in tNe information about the parameters of states weakly estab-
=3 band and those of Forsyth and Cutkosky; we predictished in other channels. As most of these states are negative-
more substantiah K amplitudes, and do not confirm their parity states with wave functions predominantly in tNe
prediction of a narrow band of states with large amplitudes=3 band, partially due to the relatively high thresholds for
to decay toxK. these final states, the spectrum of many such states may be

If we consider ars-channel picture of the pion and elec- determined conclusively for the first time in a strangeness
tromagnetic production of strange baryons and mesons, arptoduction experiment.
assume a conventional three-quark structure for\ttie}05,
we see that the (1405XK final state will be produced when
Js is of the order of the mass of the intermediate states
found here to have appreciable couplings to this channel, The authors would like to acknowledge stimulating dis-
roughly 2000—2300 MeV. It is in this mass region also thatcussions of many of the issues addressed here with Professor
the final stateA (1520K will be produced. Although the Jim Napolitano. This work was supported in part by the
production amplitude in either case will be a coherent sum oflorida State University Supercomputer Computations Re-
the amplitudes through a few intermediate states, it should bgearch Institute which is partially funded by the Department
possible to confirm or rule out a three-quark structure for theof Energy through Contract DE-FC05-85ER2500(%C);
A(1409 by studying these channels and comparing to outhe U.S. Department of Energy under Contract No. DE-
clear predictions for the relative sizéand phasesof the  FG05-86ER40273SC); the National Science Foundation
amplitudes for decays into these states. through Grant No. PHY-945789AVR); the U.S. Depart-

Our results also show that several missing and undiscovnent of Energy under Contract No. DE-AC05-84ER40150
ered states have substantial amplitudes to decay to stran@&/R); and by the U.S. Department of Energy under Contract
final states, so that if kaon electromagnetic and pion produdNo. DE-FG02-97ER41028/NR).
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