
2306

PHYSICAL REVIEW D, VOLUME 58, 074011
Strange decays of nonstrange baryons
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The strong decays of excited nonstrange baryons into the final statesLK, SK, and for the first time into
L(1405)K, L(1520)K, S(1385)K, LK* , andSK* , are examined in a relativized quark pair creation model.
The wave functions and parameters of the model are fixed by previous calculations ofNp and Npp, 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 decay toL(1405)K and L(1520)K,
which can be tested to determine if a three-quark model of theL(1405)K is valid. Our results compare
favorably with the results of partial wave analyses of the limited existing data for theLK andSK channels.
We do not find largeSK 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 statesLK andSK. @S0556-2821~98!03919-8#

PACS number~s!: 13.30.Eg, 12.39.2x, 14.20.Gk
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I. INTRODUCTION

The strange quark plays a unique role in particle a
nuclear physics. It is not quite light enough for expansio
based on chiral symmetry to work as well as they do in
case of the up and down quarks, nor is it heavy enough fo
to be safely treated in the recently developed heavy qu
effective theory. Since its constituent mass is close to
typical scale of soft QCD interactions, expansions in the
tio of its mass to this energy scale may have converge
problems. The strange quark has also been very importa
the development of the standard model, as hadrons con
ing strange quarks were the first to manifest flavor-chang
neutral currents and CP violation.

This unique nature makes the strange quark and its h
rons the object of many theoretical and experimental stud
As an example, one can ask whether non-perturbative Q
is flavor-blind. Do hadrons containing strange quarks beh
essentially like hadrons containing only non-strange qua
apart from differences in quark masses? Other important
topical questions include those about the presence of stra
ness in the nucleon, the properties of hypernuclei,
strangeness production in relativistic heavy-ion collisions
a signature of the quark-gluon plasma.

A number of experimental facilities are currently engag
in studies of strange hadrons, or will be in the near futu
The kaon beam at Brookhaven National Laboratory w
clearly provide some impetus, as will the pion beam the
through kaon production experiments. Recent experimen
Bonn and Mainz, and future experiments at GRAAL a
especially at TJNAF will also stimulate interest in stran
matter. Indeed, the first two experiments to be complete
TJNAF were kaon electroproduction experiments@1#.

Understanding how strange hadrons couple to non-stra
hadrons is one of the primary goals of the research descr
0556-2821/98/58~7!/074011~16!/$15.00 58 0740
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above. This understanding will also be required to interp
experiments which search for the presence of strangene
the nucleon, and which produce strange hadrons in relati
tic heavy-ion collisions. Calculations of such couplings a
therefore essential to our effort to understand experime
involving strange hadrons.

Kaon electromagnetic production experiments at TJN
@2,3# can be thought of as producing nonstrange baryon
the s channel, which subsequently decay into a stran
baryon and a strange meson. Analysis of kaon produc
experiments using this model will yield information abo
the couplings of these resonances to final states likeLK,
SK, and through the detection of three body final states@3#,
to final states involving excited strange baryons and mes
such asLK* , SK* , S(1385)K, etc. Because of the rela
tively high thresholds for these final states compared toNp
and Npp, it can be expected that these decays are a g
way to study the poorly understood excited negative-pa
baryons, which in our model have wave functions predom
nantly in theN53 oscillator band. Few of the many state
predicted to be present by symmetric quark models h
been seen inNp elastic and inelastic scattering, and many
those that have been seen are tentative states. Some of
states already seen have masses significantly lighter
model predictions@4,5#. This is a relatively young aspect o
baryon spectroscopy which deserves attention, and we
show that strangeness production experiments should
many of these new states.

Predictions for the amplitudes for nonstrange baryons
decay into strange final states will be useful when plann
the analyses of these experiments. Furthermore, through
sociated production into the final stateSpK, it may be pos-
sible to study the poorly understood strange baryonL~1405!
and its spin partnerL~1520!, which decay toSp. The nature
of these two states is of fundamental importance to the
© 1998 The American Physical Society11-1



su

e

ha
-

c
th

s

at
it

-
e

r
in
-
s

th
y
n
rk

on

ar

ow
yt
r
n
e
-

to
y

li-

he
d

ry
ce

th
te
g

nd
ed
d-
ith

tum
so-

ated

son
,
r

olds

the
r
on
de

n
to

is

of

-

d

s

ther
o fix
are

AF
of

f

will

SIMON CAPSTICK AND W. ROBERTS PHYSICAL REVIEW D58 074011
derstanding of the interquark potential. There have been
gestions in the literature~for a brief review see Ref.@6#! that
the difficulty encountered in fitting the mass of theL~1405!
in quark potential models@7,5# can be explained if this stat

is a K̄N bound state. The problem in potential models is t
the JP5 3

2
2 stateL~1520! is predicted to be essentially de

generate with itsJP5 1
2

2 spin partner stateL~1405!. Spin-
orbit interactions can lift this degeneracy, but other aspe
of the baryon spectrum rule out spin-orbit interactions of
strength required to fitL(1520)2L(1405). A good way to
resolve the controversy about the nature of this state i
examine its strong@8,4# and electromagnetic decays@9# with
the assumption that it is a conventional three quark st
here we search for one or more decays of a nucleon exc
state toL(1405)K andL(1520)K which give clear contrast
ing predictions under this same assumption. If an experim
were to focus on electromagnetic production ofL(1405)K
andL(1520)K through such an intermediate state, compa
son with these predictions could play an important role
solving this puzzle. Another possibility, which we will ex
amine in a later paper@10#, is to examine the strong decay
of higher-lying strange resonances into theL~1405!p and
L~1520!p channels.

Predictions for the decays of nonstrange baryons up to
N52 band to theLK andSK channels have been given b
Koniuk and Isgur @8# in an elementary-meson emissio
model, where a point-like kaon couples directly to the qua
in the initial baryon. Forsyth and Cutkosky@4# have also
examined these final state channels in a model based
decay operator with the structureS•(g1Pq1g2Pq̄), wherePq
andPq̄ are the momenta of the created quark and antiqu
respectively, andS is their combined spin. Our3P0 model
@11# corresponds tog150; if g1 and g2 are allowed to de-
pend on the state of the spectator quarks, their model all
for breaking of the usual spectator approximation. Fors
and Cutkosky’s model predicts that there are a numbe
reasonably light negative-parity states with wave functio
predominantly in theN53 band in a narrow energy rang
~from 2050–2300 MeV! which have large amplitudes to de
cay to SK. As theirs is the only model of the decays in
these final states ofN53 band states, it is important to verif
this prediction.

In this work we provide predictions for the decay amp
tudes into the final statesLK, SK, L(1405)K, L(1520)K,
S(1385)K, LK* , andSK* of all states~seen and missing
in Np) with wave functions predominantly in theN51 and
N52 bands, and also for several low-lying states in hig
bands, using the relativized model of baryon decays base
the 3P0 pair creation model of Refs.@12# and @13#. Models
of this kind are generally more predictive than elementa
meson emission models, which usually require a redu
matrix element to be fit to the decay of each type@SU~6!
multiplet# of initial baryon. The3P0 pair creation model also
properly takes into account the finite spatial extent of
final meson. Another advantage is that we are able to ex
this model to include in the final state the excited stran
baryonsL~1405!, L~1520!, andS~1385!, as well as the ex-
cited mesonK* .
07401
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Model parameters are taken from our previous work a
not adjusted; wave functions are taken from the relativiz
model of Ref.@5#, which describes all of the states consi
ered here in a consistent picture. In order to be in accord w
the Particle Data Group~PDG! @14# conventional definitions
of decay widths, we have determined the decay momen
using the central value of the PDG quoted mass for re
nances seen inNp, and the predicted mass from Ref.@5# for
missing and undiscovered states. We have also integr
over the line shape of the final stateK* , S~1385!, and
L~1405!, with the phase space as prescribed in the me
decay calculation of Ref.@15#; for details of this procedure
see Eq.~8! of Ref. @13# ~note that we do not integrate ove
the narrow@16 MeV width# L~1520! line shape!. As a con-
sequence, there are states below the nominal thresh
which have non-zero decay amplitudes.

In keeping with the convention of Ref.@13#, the phases of
the amplitudes are determined as follows. We quote
productAYK

X† ANp
X /uANp

X u of the predicted decay amplitude fo
X→YK ~whereY is a ground state or excited state hyper
andK includes theK* ) and the phase of the decay amplitu
for X→Np, the latter being unobservable inNp elastic scat-
tering ~note factors of1 i , conventionally suppressed i
quoting amplitudes for decays of negative parity baryons
NM or Ng, whereM has negative parity, do not affect th
product!. This eliminates problems with~unphysical! sign
conventions for wave functions, and the relative signs
these products are then predictions for the~physically sig-
nificant! relative phases of the contributions of statesX in the
processNp→X→YK. The overall phase of theLK decay
amplitudes quoted in the Particle Data Group@14# cannot be
determined experimentally and so it is fixed@16# by choosing
the sign of theNp→S11(1650)→LK amplitude to be nega
tive, as determined in anSU(6)W3O(3) analysis of the
strong decays~see, for example, Ref.@17#!. Similarly, the
overall phase of theNp→X→SK decay amplitudes quote
in the Particle Data Group@14# is fixed by comparison to the
SU~3!f prediction that the sign should be negative whenX is
a D state @18#. Since our calculation explicitly break
SU~3!f , we fix the overall sign@19# by choosing the sign of
the amplitude for the low-lying stateX5D(1950)F37, which
has a well measured amplitude, to be negative. For the o
final state channels dealt with here, it may be necessary t
an unmeasurable overall sign in the same way to comp
with upcoming analyses of new data.

For photo and electroproduction experiments at TJN
and elsewhere, it may be useful to know the relative signs
the contributions of statesX in the processNg→X→YK. As
the photocouplings of Ref.@20# are also quoted inclusive o
the Np sign, ANg

X†ANp
X /uANp

X u, then simply multiplying the
quoted photocouplings by the amplitudes quoted here
yield the relative phases of the contributions of statesX in
Ng→X→YK.

II. RESULTS AND DISCUSSION

Our results for decays into theSK, SK* andS(1385)K
channels are given in Tables I and II, and those for theLK* ,
L(1405)K, and L(1520)K channels are given in
1-2
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TABLE I. Results forN andD states in theN51 andN52 bands in theSK, SK* , andS(1385)K channels.Np amplitudes from Ref.
@12# are included to explain our assignments of the model states to resonances. Notation for model states is@JP#n ~mass@MeV#!, whereJP

is the spin/parity of the state andn its principal quantum number. The first row gives our model results, while the second row lis
availableNp andSK amplitudes from the partial-wave analyses, as well as the Particle Data Group~PDG! name for the state, itsNp partial
wave, and its PDG star rating. Light states with zero amplitudes are omitted from the table. Signs are omitted from experimental am
where they are not determined; with the exception of theNp amplitudes~where we do not quote predicted signs!, we omit positive signs
from amplitudes predicted to be positive.

State Np SK SK* SK* SK* AGSK* S(1385)K S(1385)K AGS(1385)K

@N 1
2

2#2(1535) 12.260.8

N(1650)S11**** 11.561.3 .2.761.8

@N 3
2

2#2(1625) 5.860.6 0.020.3
10.0

N(1700)D13*** 3.261.1 ,0.5

@N 5
2

2#1(1630) 5.360.1

N(1675)D15**** 8.260.9 ,0.1

@D 3
2

2#1(1620) 4.960.7 20.120.6
10.1

D(1700)D33**** 6.761.6 .0.260.1
p1/2 p3/2 p

@N 1
2

1#3(1770) 4.260.1 1.121.1
10.9

N(1710)P11*** 4.761.8 .21.161.4

@N 1
2

1#4(1880) 2.720.9
10.6 23.721.2

12.4 0.020.0
10.4 0.060.1 0.020.0

10.4 0.420.4
12.8 0.420.4

12.8

@N 1
2

1#5(1975) 2.020.3
10.2 20.660.1 0.120.1

11.0 0.020.2
10.0 0.120.1

11.0 1.321.3
11.1 1.321.3

11.1

p1/2 p3/2 f 3/2 p f

@N 3
2

1#1(1795) 14.160.1 0.360.3

N(1720)P13**** 4.761.1 .2.261.1

@N 3
2

1#2(1870) 6.121.2
10.6 27.022.5

14.9 0.060.0 0.020.4
10.0 0.060.0 0.020.0

10.4 20.222.0
10.2 0.020.0

10.2 0.220.2
12.0

11.461.6a

@N 3
2

1#3(1910) 1.060.1 22.520.8
11.3 0.120.1

10.8 20.120.9
10.1 0.060.0 0.120.1

11.2 21.927.3
11.9 0.020.4

10.0 1.921.9
17.3

@N 3
2

1#4(1950) 4.120.7
10.4 21.420.3

10.6 0.120.1
11.0 0.120.1

11.0 0.060.0 0.120.1
11.4 1.121.0

11.6 20.120.7
10.1 1.121.0

11.7

@N 3
2

1#5(2030) 1.860.2 0.060.0 0.120.1
10.6 0.320.3

12.1 0.060.0 0.320.3
12.1 2.221.9

11.0 20.220.3
10.1 2.221.9

11.0

f 1/2 p3/2 f 3/2 p f

@N 5
2

1#2(1980) 1.360.2 20.460.3 0.060.0 0.120.1
10.3 0.060.1 0.120.1

10.3 23.623.0
12.5 20.120.3

10.1 3.622.5
13.0

@N 5
2

1#3(1995) 0.960.2 0.620.4
10.6 0.060.0 20.222.4

10.2 0.020.0
10.1 0.220.2

12.4 21.721.3
11.6 0.220.2

10.7 1.721.6
11.4

N(2000)F15** 4.261.8 .2.562.2
f h

@N 7
2

1#1(2000) 2.460.4 21.120.7
10.5 0.060.0 20.220.5

10.2 0.060.0 0.220.2
10.5

N(1990)F17** 4.661.2 .2.962.2
p1/2 p3/2 p

@D 1
2

1#1(1835) 3.920.7
10.4 22.921.4

12.9 0.020.4
10.0 0.020.0

10.3 0.020.0
10.5 20.325.5

10.3 0.320.3
15.5

D(1740)P31
b 4.961.3

@D 1
2

1#2(1875) 9.460.4 26.920.6
10.7 0.060.1 0.060.0 0.160.1 1.020.7

10.9 1.020.7
10.9

D(1910)P31**** 7.561.5 ,1.0
p1/2 p3/2 f 3/2 p f

@D 3
2

1#2(1795) 8.760.2 0.021.1
10.0

D(1600)P33*** 7.862.0 .1.160.9
074011-3
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TABLE I. ~Continued!.

State Np SK SK* SK* SK* AGSK* S(1385)K S(1385)K AGS(1385)K

@D 3
2

1#3(1915) 4.260.3 23.360.3 0.160.1 0.160.1 0.060.0 0.160.2 1.220.9
11.3 20.160.0 1.220.9

11.3

D(1920)P33*** 5.361.8 .22.261.2

@D 3
2

1#4(1985) 3.321.1
10.8 23.220.3

10.9 20.221.8
10.2 0.120.1

11.0 0.020.2
10.0 0.220.2

12.1 2.622.5
12.1 0.120.1

10.5 2.622.5
12.1

f 1/2 p3/2 f 3/2 p f

@D 5
2

1#1(1910) 3.460.2 20.460.1 0.060.0 0.060.1 0.060.0 0.060.1 0.160.1 0.060.0 0.260.1

D(1750)F35
c 2.060.8

D(1905)F35**** 5.761.6 .20.960.3

@D 5
2

1#2(1990) 1.260.4 20.220.3
10.2 0.020.0

10.4 0.120.1
11.9 0.020.5

10.0 0.120.1
12.0 4.024.0

14.5 20.120.4
10.1 4.024.0

14.5

D(2000)F35** 5.362.3
f 1/2 f 3/2 h3/2 f h

@D 7
2

1#1(1940) 7.160.1 21.260.1 0.060.0 0.060.0 0.060.0 0.060.0 20.160.0 0.060.0 0.160.0

D(1950)F37**** 10.461.1 .21.560.4

aSecondP13 found in Ref.@21#.
bFirst P31 state found in Ref.@21#.
cRef. @21# finds twoF35 states; this one andD(1905)F35.
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Tables III and IV. We have listed the decay amplitudes in
these channels for each model state, which is also ident
by its assignment~if any! to a resonance from the analyse
The predictions for the magnitude of theNp decay ampli-
tudes for each state@12# and values for these magnitude
extracted from the PDG@14# are also included for ease o
identification of missing resonances. All theoretical amp
tudes are given with upper and lower limits, along with t
central value, in order to convey the uncertainty in our
sults due to the uncertainty in the resonance’s mass. T
correspond to our predictions for the amplitudes for a re
nance whose mass is set to the upper and lower limits, an
the central value, of the experimentally determined mass.
states as yet unseen in the analyses of the data, we
adopted a ‘‘standard’’ uncertainty in the mass of 150 M
and used the model predictions for the state’s mass for
central value. If a state below the effective threshold h
been omitted from a table, it is because our predictions
all of its amplitudes are zero.

Figures 1 to 8 show the predictions of the model of R
@5# for the masses of excitedN* and D states below 2200
MeV, along with our predictions for the square roots of t
initial channel partial widths and the final channel part
width for each state for the photoproduction reactionsgN
→X→YK and for the pion production reactionspN→X
→YK. The final statesYK are those listed above, with th
exception ofSK* , for reasons discussed below. Photon p
tial widths are calculated using the results of Ref.@20#. When
the energy of the initial state in the center of moment
frame coincides with the mass of a given resonance,
strength of the contribution of that resonance will be prop
tional to the product of the initial and final channel part
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widths. We can estimate which states should contrib
strongly in a given energy region by comparing the produ
of our predictions for the square roots of the initial and fin
channel partial widths of states in that region. In a giv
production process, it should be possible to separate cle
nearby states in the same partial wave when one of th
states has this product small and the other large. Model st
in the figures which have well established~three or four stars
@14#! counterparts from the analyses are distinguished fr
those which do not, in order to make it simple to ass
which new states may be seen in experiments of this kin

The amplitudes for decays into strange final states
generally smaller than those into lighter nonstrange fi
states, as shown below. However, it should still be poss
to extract useful information about intermediate nonstran
baryon resonances from analyzing specific strange fi
states. In many strange channels, only a few higher m
states contribute with appreciable amplitudes, and in sev
partial waves one or two states will dominate. This is due
part to the higher thresholds in effect here, which allow the
channels to turn on in the mass region where new states
predicted to be present by our model. This is to be contras
with the situation with nonstrange final states, where of
low-lying states with large amplitudes make extraction
information about higher mass states with small amplitu
problematical.

The discussion below assumes the availability of polari
tion data for these processes, so that partial wave anal
are possible. This is automatic for reactions with final stateL
baryons, as their subsequent weak decays are self-analy
In addition, there are plans for polarized beams and targe
experiments at Jefferson Laboratory and elsewhere.
1-4
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TABLE II. Results in theSK, SK* , andS(1385)K channels for the lightest few negative-parityN andD resonances of eachJ in the
N53 band, and for the lightest fewN and D resonances forJP values which first appear in theN54, 5 and 6 bands. Notation as i
Table I.

State Np SK SK* SK* SK* AGSK* S(1385)K S(1385)K AGS(1385)K

s1/2 d1/2 d

@N 1
2

2#3(1945) 5.721.6
10.5 22.121.3

11.4 20.920.7
10.8 20.221.3

10.2 0.920.8
11.2 1.721.4

12.0 1.721.4
12.0

N(2090)S11* 7.963.8

@N 1
2

2#4(2030) 3.721.1
10.5 4.522.8

12.4 20.722.7
10.6 0.120.1

10.6 0.720.6
12.8 1.020.9

11.0 1.020.9
11.0

@N 1
2

2#5(2070) 2.121.5
10.8 1.560.6 2.922.6

15.7 0.120.1
11.1 2.922.6

15.7 23.322.7
12.9 3.322.9

12.7

@N 1
2

2#6(2145) 0.460.0 1.160.7 0.060.0 0.320.3
10.8 0.320.3

10.8 20.220.5
10.1 0.220.1

10.5

@N 1
2

2#7(2195) 0.160.1 0.760.9 0.560.3 0.520.4
10.8 0.720.5

10.8 20.820.9
10.3 0.820.3

10.9

@N 3
2

2#3(1960) 8.221.7
10.7 0.760.3 0.120.1

10.9 20.560.5 0.020.3
10.0 0.620.5

11.0 1.360.4 1.461.3 1.921.0
11.3

N(2080)D13** 6.262.0 .1.260.0
d1/2 s3/2 d3/2 s d

@N 3
2

2#4(2055) 6.220.6
10.1 21.820.7

10.8 20.221.3
10.2 1.221.1

12.9 0.060.1 1.221.1
13.2 22.561.0 22.521.9

12.3 3.562.1

@N 3
2

2#5(2095) 0.260.2 20.460.1 0.320.3
11.9 1.721.5

11.2 20.422.3
10.3 1.721.6

12.8 7.761.2 20.821.0
10.7 7.821.2

11.3

@N 3
2

2#6(2165) 1.520.2
10.1 22.420.5

10.7 0.220.2
10.4 20.160.0 0.220.2

10.4 0.320.3
10.6 0.060.1 0.420.3

10.8 0.420.3
10.8

@N 3
2

2#7(2180) 1.720.2
10.1 21.820.3

10.5 0.420.3
10.6 0.060.0 0.420.4

10.7 0.520.5
11.0 20.160.0 1.020.5

11.6 1.020.5
11.6

d1/2 d3/2 g3/2 d g

@N 5
2

2#2(2080) 5.120.8
10.2 2.420.9

10.5 20.120.2
10.1 0.820.8

12.3 0.060.1 0.820.8
12.3 1.721.2

11.5 20.120.3
10.1 1.721.2

11.5

@N 5
2

2#3(2095) 5.221.0
10.4 22.520.6

10.9 0.220.2
11.2 20.221.5

10.2 0.060.0 0.320.3
11.9 22.022.5

11.6 0.020.1
10.0 2.021.6

12.5

N(2200)D15** 4.761.0

@N 5
2

2#4(2180) 1.920.3
10.1 21.520.3

10.4 0.220.2
10.3 0.520.4

10.8 0.020.1
10.0 0.520.4

10.9 1.120.5
11.7 20.120.4

10.1 1.120.5
11.7

@N 5
2

2#5(2235) 2.020.3
10.1 20.460.1 21.121.2

11.0 21.021.1
10.9 0.060.0 1.521.3

11.7 20.660.3 0.620.5
10.7 0.920.5

10.7

@N 5
2

2#6(2260) 0.460.1 0.260.1 21.121.3
11.0 1.020.8

11.1 20.120.3
10.1 1.521.3

11.7 2.821.7
10.2 0.360.2 2.821.7

10.2

@N 5
2

2#7(2295) 0.260.0 21.820.2
10.3 0.220.1

10.3 0.420.3
10.6 20.120.4

10.1 0.420.3
10.7 1.060.5 20.160.1 1.160.5

@N 5
2

2#8(2305) 0.360.1 20.760.0 20.721.2
10.5 0.320.2

10.4 20.120.4
10.1 0.820.6

11.3 1.260.6 0.420.3
10.1 1.360.6

g1/2 d3/2 g3/2 d g

@N 7
2

2#1(2090) 6.961.3 0.260.1 0.060.1 20.320.4
10.2 0.060.0 0.320.2

10.4 0.320.1
10.3 0.220.1

10.4 0.320.1
10.5

N(2190)G17**** 7.063.0

@N 7
2

2#2(2305) 0.460.1 20.460.2 20.120.2
10.1 0.820.6

11.2 20.120.2
10.1 0.820.6

11.3 0.060.0 20.620.1
10.5 0.620.5

10.1

@N 7
2

2#3(2355) 1.160.3 0.060.0 0.060.0 0.060.0 0.060.1 0.160.1 20.360.1 0.060.0 0.360.1

g1/2 g3/2 i 3/2 g i

@N 9
2

2#1(2215) 2.560.4 21.160.4 0.160.1 20.260.1 0.060.0 0.260.2 20.760.4 0.060.0 0.760.5

N(2250)G19**** 6.161.0
i 1/2 g3/2 i 3/2 g i

@N 11
2

2#1(2600) 3.320.9
11.1 0.060.0 0.060.0 20.160.0 0.060.0 0.160.1 0.060.0 0.060.1 0.160.1

N(2600)I 1 11*** 4.561.5

@N 11
2

2#2(2670) 1.860.5 20.260.1 0.060.0 0.520.2
10.7 20.120.2

10.1 0.520.2
10.7 0.160.1 20.220.5

10.1 0.320.1
10.5

@N 11
2

2#3(2700) 0.360.1 0.060.0 20.220.5
10.1 0.060.0 0.220.1

10.4 0.320.2
10.6 20.921.0

10.4 0.060.0 0.920.4
11.0

@N 11
2

2#4(2770) 0.260.0 20.260.1 20.160.1 0.520.3
10.4 20.160.1 0.520.3

10.5 20.160.1 20.320.5
10.2 0.320.2

10.5
074011-5
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TABLE II. ~Continued!.

State Np SK SK* SK* SK* AGSK* S(1385)K S(1385)K AGS(1385)K

@N 11
2

2#5(2855) 0.660.1 0.060.0 20.160.1 0.160.0 0.060.0 0.160.1 20.260.1 20.160.0 0.260.1

i 1/2 i 3/2 k3/2 i k

@N 13
2

2#1(2715) 1.160.3 20.460.2 0.120.1
10.3 20.220.4

10.1 0.060.0 0.220.2
10.5 20.320.6

10.2 0.060.0 0.320.2
10.6

@N 13
2

2#2(2845) 0.260.1 20.160.1 0.160.1 20.160.1 0.060.0 0.260.1 20.220.2
10.1 0.060.0 0.220.1

10.2

s1/2 d1/2 d

@D 1
2

2#2(2035) 1.260.2 1.960.3 0.160.2 0.060.0 0.160.2 20.320.6
10.2 0.320.2

10.6

D(1900)S31*** 6.361.0 ,0.9

@D 1
2

2#3(2140) 3.121.1
10.4 4.162.4 24.820.7

14.2 0.420.4
11.0 4.824.2

10.9 1.420.9
12.9 1.420.9

12.9

D(2150)S31* 6.662.0 ,0.7
d1/2 s3/2 d3/2 s d

@D 3
2

2#2(2080) 2.160.1 21.160.7 0.020.4
10.0 0.120.1

11.0 0.020.0
10.1 0.120.1

11.1 24.121.5
14.0 20.522.2

10.5 4.224.0
12.1

D(1940)D33* 6.562.0 ,0.7

@D 3
2

2#3(2145) 2.220.3
10.1 21.920.5

10.6 0.160.1 5.725.0
11.2 20.621.7

10.6 5.725.0
11.5 5.260.4 21.924.0

11.2 5.520.7
12.6

d1/2 d3/2 g3/2 d g

@D 5
2

2#1(2155) 5.260.0 22.160.4 0.060.0 20.220.3
10.2 0.060.0 0.220.2

10.3

D(1930)D35*** 7.261.0 ,0.7

@D 5
2

2#2(2165) 0.660.1 21.060.3 0.920.9
11.8 20.420.8

10.3 0.020.0
10.1 1.020.9

12.0 21.923.7
11.1 20.321.0

10.2 2.021.1
13.8

@D 5
2

2#3(2265) 2.460.4 22.560.1 0.820.2
10.9 1.020.3

11.1 20.220.4
10.1 1.320.3

11.4 1.960.3 20.620.1
10.2 2.060.3

D(2350)D35* 5.162.0 ,0.9

@D 5
2

2#4(2325) 0.160.0 0.360.1 0.320.2
10.4 1.521.0

12.4 20.120.2
10.1 1.621.0

12.4 1.860.8 20.520.1
10.4 1.960.8

g1/2 d3/2 g3/2 d g

@D 7
2

2#1(2230) 2.160.6 20.420.3
10.2 20.120.4

10.1 0.520.5
10.8 0.060.1 0.520.5

10.9 22.022.1
10.8 20.320.8

10.2 2.020.9
12.2

D(2200)G37* 5.461.0 .21.160.5

@D 7
2

2#22(2295) 1.860.4 20.560.3 0.120.1
10.3 1.321.0

12.0 20.220.8
10.2 1.421.0

12.1 2.561.3 20.720.2
10.6 2.661.3

g1/2 g3/2 i 3/2 g i

@D 9
2

2#1(2295) 4.861.3 21.421.0
10.8 0.420.3

10.5 20.620.8
10.5 0.060.0 0.720.6

10.9 20.960.7 0.060.0 0.960.7

D(2400)G39** 5.461.0 ,1.2
i 1/2 i 3/2 k3/2 i k

@D 13
2

2#1(2750) 2.260.4 20.460.1 0.220.1
10.2 20.320.3

10.1 0.060.0 0.320.2
10.4 20.420.4

10.2 0.060.0 0.420.2
10.4

D(2750)I 3 13** 3.761.5
p1/2 p3/2 p

@N 1
2

1#6(2065) 7.722.9
12.4 20.360.3 0.160.0 20.160.0 0.160.0 0.660.2 0.660.2

N(2100)P11* 5.062.0

@N 1
2

1#7(2210) 0.320.1
10.2 0.020.7

10.5 0.520.3
10.1 20.360.2 0.520.4

10.2 1.120.4
10.6 1.120.4

10.6

f 1/2 f 3/2 h3/2 f h

@N 7
2

1#2(2390) 4.920.4
10.0 20.160.0 20.260.1 20.260.1 0.060.0 0.360.2 0.060.0 0.160.1 0.160.1

@N 7
2

1#3(2410) 0.420.4
10.2 21.720.3

10.4 0.720.4
10.3 21.220.5

10.8 0.060.0 1.420.9
10.6 21.660.3 0.060.0 1.660.3
074011-6
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TABLE II. ~Continued!.

State Np SK SK* SK* SK* AGSK* S(1385)K S(1385)K AGS(1385)K

@N 7
2

1#4(2455) 0.560.0 20.560.1 21.120.1
10.8 0.320.2

10.0 20.260.1 1.120.8
10.1 1.160.1 0.220.1

10.2 1.160.2

h1/2 f 3/2 h3/2 f h

@N 9
2

1#1(2345) 3.620.8
11.0 0.060.0 0.060.0 20.160.0 0.060.0 0.160.1

N(2220)H19**** 8.161.0

@N 9
2

1#2(2500) 0.460.1 0.460.2 0.260.1 21.320.2
10.8 0.160.1 1.320.8

10.3 0.260.0 0.420.1
10.5 0.520.1

10.4

@N 9
2

1#3(2490) 0.660.2 0.060.0 20.360.2 20.160.1 0.260.2 0.460.3 21.760.3 0.060.0 1.760.3

h1/2 h3/2 j 3/2 h j

@N 11
2

1#1(2490) 1.360.4 20.660.4 0.160.1 20.260.2 0.060.0 0.360.2 20.320.3
10.1 0.060.0 0.320.1

10.3

@N 11
2

1#2(2600) 0.760.1 20.360.1 0.160.1 20.120.2
10.0 0.060.0 0.120.1

10.2 20.220.2
10.1 0.060.0 0.220.1

10.2

j 1/2 h3/2 j 3/2 h j

@N 13
2

1#1(2820) 2.020.6
10.8 0.060.0 0.060.0 0.060.0

N(2700)K1 13** 3.761.2

@N 13
2

1#2(2930) 0.260.1 0.160.1 0.160.0 20.620.1
10.3 0.160.1 0.720.3

10.1 0.060.0 0.560.4 0.560.4

@N 13
2

1#3(2955) 0.260.1 0.060.0 20.360.2 0.160.0 0.260.1 0.460.2 21.220.4
10.6 20.160.1 1.220.6

10.4

j 1/2 j 3/2 l 3/2 j l

@N 15
2

1#1(2940) 0.760.2 20.260.1 0.160.1 20.260.1 0.060.0 0.360.1 20.460.3 0.060.0 0.460.3

@N 15
2

1#2(3005) 0.460.1 20.160.1 0.160.0 20.160.0 0.060.0 0.160.0 20.260.1 0.060.0 0.260.1

f 1/2 f 3/2 h3/2 f h

@D 7
2

1#2(2370) 1.520.9
10.6 21.920.4

10.5 0.620.4
10.6 21.021.1

10.7 0.060.0 1.120.8
11.3 22.120.1

11.1 0.060.0 2.121.1
10.1

D(2390)F37* 4.761.0 ,0.9

@D 7
2

1#3(2460) 1.120.1
10.0 20.560.1 0.560.4 0.860.6 20.160.1 0.920.6

10.7 0.820.3
10.1 20.360.2 0.820.3

10.2

h1/2 f 3/2 h3/2 f h

@D 9
2

1#1(2420) 1.260.4 20.260.1 0.060.0 0.320.3
10.8 0.060.0 0.320.3

10.8 0.060.0 20.260.2 0.260.1

D(2300)H39** 4.861.0 .21.4

@D 9
2

1#2(2505) 0.460.1 20.160.1 0.360.3 0.420.2
10.1 20.360.2 0.660.3 1.420.0

10.6 20.160.0 1.420.0
10.6

h1/2 h3/2 j 3/2 h j

@D 11
2

1#1(2450) 2.960.7 20.560.3 0.160.1 20.260.1 0.060.0 0.260.2 20.360.1 0.060.0 0.360.1

D(2420)H3 11**** 6.361.0 .21.0
j 1/2 h3/2 j 3/2 h j

@D 13
2

1#1(2880) 0.860.2 20.160.1 20.160.1 0.520.3
10.1 20.160.1 0.520.3

10.1 0.060.0 20.320.4
10.2 0.320.2

10.4

@D 13
2

1#2(2955) 0.260.1 0.060.0 0.360.1 0.260.0 20.360.2 0.460.2 1.120.6
10.3 20.160.1 1.120.6

10.3

j 1/2 j 3/2 l 3/2 j l

@D 15
2

1#1(2920) 1.660.3 20.260.1 0.260.0 20.360.1 0.060.0 0.360.1 20.460.2 0.060.0 0.460.2

D(2950)K3 15** 3.661.5

@D 15
2

1#2(3085) 0.460.1 20.160.0 0.060.0 20.160.0 0.060.0 0.160.0 20.260.1 0.060.0 0.260.0
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TABLE III. Results for N states in theN51 andN52 bands for decays into theLK, LK* , L(1405)K and L(1520)K channels.
Notation as in Table I.

State LK LK* LK* LK* AGLK* L(1405)K L(1520)K L(1520)K AGL(1520)K

@N 1
2

2#2(1535) 25.220.5
11.4

N(1650)S11**** 23.361.0

@N 3
2

2#1(1495) 0.020.9
10.0

N(1520)D13**** 0.060.0

@N 3
2

2#2(1625) 20.460.2

N(1700)D13*** 20.460.3

@N 5
2

2#1(1630) 0.060.0

N(1675)D15**** 0.460.3

@N 1
2

1#3(1770) 22.860.6

N(1710)P11*** 14.763.7
p1/2 p3/2 d

@N 1
2

1#4(1880) 20.160.1 0.060.0 0.020.0
10.2 0.020.0

10.2 1.421.4
14.9

@N 1
2

1#5(1975) 21.120.2
10.3 0.120.1

10.3 0.220.2
10.9 0.220.2

10.9 20.160.1 0.020.2
10.0 0.020.0

10.2

p1/2 p3/2 f 3/2 s d

@N 3
2

1#1(1795) 24.320.7
10.8

N(1720)P13**** 23.261.8

@N 3
2

1#2(1870) 20.920.1
10.4 0.020.0

10.2 0.020.2
10.0 0.060.0 0.020.0

10.2 0.020.4
10.0 0.020.8

10.0 0.060.0 0.020.0
10.8

@N 3
2

1#3(1910) 0.060.0 0.020.0
10.1 0.020.2

10.0 0.060.0 0.020.0
10.3 0.020.2

10.0 0.060.1 0.020.2
10.0 0.020.0

10.2

@N 3
2

1#4(1950) 21.920.2
10.5 0.120.1

10.5 20.120.4
10.1 0.020.1

10.0 0.120.1
10.6 20.120.4

10.1 0.022.2
10.0 0.020.0

10.3 0.020.0
12.2

@N 3
2

1#5(2030) 20.960.2 0.120.1
10.3 20.120.3

10.1 0.020.2
10.0 0.120.1

10.4 0.160.1 20.620.3
10.6 0.060.0 0.620.6

10.3

f 1/2 p3/2 f 3/2 d g

@N 5
2

1#1(1770) 20.160.0

N(1680)F15**** .0.160.1

@N 5
2

1#2(1980) 0.060.0 0.060.0 -0.320.4
10.2 0.060.0

@N 5
2

1#3(1995) 20.560.3 0.060.1 0.320.2
11.2 0.020.0

10.2 0.320.2
11.3 20.621.6

10.6 0.020.5
10.0 0.060.0 0.020.0

10.5

N(2000)F15**
d g

@N 7
2

1#1(2000) 0.060.0 0.060.0 0.060.0 0.020.5
10.0 0.060.0 0.020.0

10.5

N(1900)F17** .1.562.4
-
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A. SK decays

In general, channels involvingS or S* in the final state
will be difficult to analyze, as bothN andD resonances con
tribute to the cross section. This means that in many
stances, one will encounter the difficulties associated w
broad, overlapping resonances. Nevertheless, our re
show that it may still be possible to confirm some wea
established resonances and observe new states by ana
these final states.

The third columns of Tables I and II give our predictio
for the SK decay amplitudes for nucleon andD resonances
with wave functions predominantly in theN51 and 2 bands,
and in higher bands, respectively. Our predictions for
relative contributions of model states below 2200 MeV
photoproduction and pion production of theSK final state
07401
-
h
lts

ing

e

are illustrated in Figs. 1 and 2. The amplitudes for this ch
nel extracted from analyses are considerably less certain
those for theLK channel. However, there are a few e
amples of states with substantial predicted amplitudes wh
have also been seen with some certainty with this final st

such as D(1950)F375@D 7
2

1#1(1940) and D(1920)P33

5@D 3
2

1#3(1915) ~the notation here and in what follows i
that states which have been seen in the analyses are ref
to by their PDG masses@14# and Np partial wave, accom-
panied by our model state assignment!. An interesting dis-
crepancy between our~substantial! prediction and the ex-
tracted amplitudes exists for the stateD(1910)P31

5@D 1
2

1#2(1875), for which an upper limit only is quote
~see Table I and the PDG@14#!, although older experiment
1-8
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FIG. 1. Mass predictions,Ng, Np, andSK decay amplitude predictions for nucleon resonances up to 2200 MeV, sorted accord
spin and parity. Heavy uniform-width bars show the predicted masses of states with well established counterparts from par
analyses, light bars those of states which are weakly established or missing. The length of the thin white bar gives our prediction
state’sNg decay amplitude, that of the thin grey bar gives our prediction for itsNp decay amplitude, and that of the thin black bar giv
our prediction for itsSK decay amplitude. States with significant amplitudes forNg(Np) andSK decays should contribute strongly to th
processgN(pN)→SK.
re

ea
s

e

i-
admit the possibility of a larger amplitude. This state is p
dicted to contribute strongly to bothgN→SK and pN
→SK.

From Figs. 1 and 2 we see that we predict that a cl
signal for the N52 band missing positive-parity state

N@ 1
2

1#4(1880) andD@ 3
2

1#4(1985) should be present in th
07401
-

r

process pN→SK. The N52 band missing state

N@ 3
2

1#3(1910) should also be visible ingN→SK. We also

predict that the model statesN@ 3
2

1#2(1870) and

D@ 1
2

1#1(1835), evidence for which is found in the mult

channel analysis of Manley and Saleski@21#, should contrib-
tes
FIG. 2. Mass predictions,Ng, Np, andSK decay amplitude predictions forD resonances up to 2200 MeV. Notation as in Fig. 1. Sta
with significant amplitudes forNg(Np) andSK decays should contribute strongly to the processgN(pN)→SK.
1-9



a
m

ng

y

er
r

an
n
-
e

s

nl

e
rs
e
to
i

o

o
ou

s

f

it

e
ted
ate

at

ht
in

i-
ts
ata
e-
del

k

r
e
r in

es.
ially

III
of
ion
he
ing

n
u-

in
ral

rity
and
to

ell

te

w-

e

e

SIMON CAPSTICK AND W. ROBERTS PHYSICAL REVIEW D58 074011
ute strongly to both photo- and pion production of this fin
state. This suggests that an analysis of these reactions
provide further evidence for these new states.

From Figs. 1 and 2 we see that several low-lyi
negative-parity nucleon andD states with wave functions
predominantly in theN53 band should contribute strongl
to photo- or pion production of theSK final state. These
include the weakly established statesN(2090)S11

5@N 1
2

2#3(1945), N(2200)D155@N 5
2

2#3(2095) ~pion pro-

duction!, and D(2150)S315D@ 1
2

2#3(2140), as well as the

three-star statesD(1900)S315D@ 1
2

2#2(2035) ~in photopro-

duction! and D(1930)D355D@ 5
2

2#1(2155). Note that our
SK amplitudes for theseD states disagree with the upp
limits set by one analysis@18#. Our results predict a clea

signal for the model stateN@ 1
2

2#4(2030) in both photo- and

pion production ofSK. The model stateN@ 5
2

2#2(2080)
should also contribute strongly topN→SK andgN→SK,
with a clear separation from its nearby partnerN(2200)D15

5@N 5
2

2#3(2095) in this partial wave in photoproduction.
Our predictions agree in sign~up to an overall sign which

cannot be determined experimentally! and largely in magni-
tude with those of Koniuk and Isgur@8# for the decays of
states with wave functions predominantly in theN51 and

N52 bands. In two cases@the missing stateN@ 3
2

1#2(1870)

andD(1910)P315@D 1
2

1#2(1875)# our predicted amplitudes
are large, and substantially larger than those of Koniuk
Isgur. Our model does not, however, confirm Forsyth a
Cutkosky’s prediction@4# that there are many light negative
parity states with masses between 2050 and 2300 M
which have large amplitudes to decay toSK. For thoseN
53 band states for which they predict large~up to 40 MeV!
SK widths, we have amplitudes which are at mo
2.4 MeV1/2 in magnitude.

B. LK decays

The isospin selectivity of this final state means that o
N* resonances~as opposed toD resonances! can be interme-
diate states, which will simplify the analysis that will b
required. Our results for this final state are shown in the fi
columns of Tables III and IV, and our predictions for th
relative contributions of model states below 2200 MeV
photo- and pion production of this final state are illustrated
Fig. 3.

The signs and magnitudes of the predictedLK amplitudes
are in good agreement with the amplitudes extracted fr
the analyses~largely in Table III! for well determined states
for which there are substantial amplitudes. This gives us c
fidence that our predictions are reliable. For example,
result for the experimentally well determinedLK decay am-

plitude for N(1650)S115@N 1
2

2#2(1535) essentially agree
with that of Forsyth and Cutkosky@4#, and is a little larger
than Koniuk and Isgur’s prediction@8#; all are within errors
of the amplitude extracted from the analyses. Our results
states with wave functions predominantly in theN51 and
N52 bands largely agree in both sign and in magnitude w
07401
l
ay

d
d

V

t

y

t

n

m

n-
r

or

h

those of Koniuk and Isgur@8#; there are just two states wher
the predicted signs differ, and these have small predic
amplitudes. With the possible exception of the model st

N@ 3
2

1#4(1950) in pion production, our model predicts th
none of the missing positive-parity nucleon states in theN
52 band has a substantialLK decay amplitude~see Fig. 3!.

From Fig. 3 and Table IV, we see that aLK experiment
should show clear signals for several relatively lig
negative-parity states with wave functions predominantly
the N53 band. The two-star stateN(2080)D13

5@N 3
2

2#3(1960) should be clearly confirmed with a prec
sion Ng or Np→LK experiment as it should dominate i
partial wave; the amplitudes quoted in the Particle D
Group ~PDG! @14# for this decay are smaller than our pr
diction, but are without error estimates. The nearby mo

stateN@ 3
2

2#4(2055) should also contribute strongly toNp

→LK. The model stateN@ 5
2

2#2(2080) and the nearby wea

state N(2200)D155N@ 5
2

2#3(2095) should dominate thei
partial wave in pion production of this final state, with th
former once again being clearly separated from its partne
photoproduction. The weakly established stateN(2090)S11

5@N 1
2

2#3(1945) should also be visible in both process
Our predictions for these decays appear to be substant
larger than those of Forsyth and Cutkosky@4#, who predict
few appreciableLK widths for states in theN53 band.

C. LK* , L„1405…K and L„1520…K decays

Our results for these final states are shown in Tables
and IV, and our predictions for the relative contributions
model states below 2200 MeV to photo- and pion product
of this final state are illustrated in Figs. 4, 5 and 6. T
figures show that, with the possible exception of the miss

stateN@ 1
2

1#4(1880) which may be visible in pion productio
of L(1405)K, our model predicts no substantial contrib
tions to these channels for any states in theN52 band.

Our predictions forLK* decays of selected states
higher bands are shown in Table IV and in Fig. 4. Seve
low-lying weakly established and predicted negative-pa
nucleon resonances should contribute strongly to photo-
pion production of this final state; these largely correspond
states mentioned above as important inLK production. In
addition, our results show it may be possible to see the w

established stateN(2190)G175@N 7
2

2#1(2090) in both pro-
duction experiments. The tentative stateN(2100)P11

5@N 1
2

1#6(2065) should also contribute strongly topN
→LK* ~without interference from the nearby model sta

N@ 1
2

1#7(2210), which decouples from bothNp andNg @see
Tables II and IV#!.

Our results for theL(1405)K and L(1520)K channels
are quite interesting, with substantial widths for several lo
lying negative-parity and two positive-parity states~see
Table IV and Figs. 5 and 6!. The weakly established stat

N(2090)S115@N 1
2

2#3(1945) and the model stat

@N 5
2

2#2(2080) should be easily visible in theL(1520)K
1-10
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TABLE IV. Results in theLK, LK* , L(1405)K andL(1520)K channels for the lightest few negative-parityN resonances of eachJ
in the N53 band, and for the lightest fewN resonances forJP values which first appear in theN54, 5 and 6 bands. Notation as i
Table I.

State LK LK* LK* LK* AGLK* L(1405)K L(1520)K L(1520)K AGL(1520)K

s1/2 d3/2 p

@N 1
2

2#3(1945) 2.362.7 22.261.7 2.222.0
14.2 3.122.5

14.3 0.520.4
11.0 6.426.4

15.7 6.426.4
15.7

N(2090)S11*

@N 1
2

2#4(2030) 0.360.5 20.420.2
10.3 0.120.1

10.8 0.420.4
10.7 1.221.1

10.9 0.520.5
12.2 0.520.5

12.2

@N 1
2

2#5(2070) 2.761.3 22.320.5
12.0 0.920.8

12.4 2.422.1
11.8 0.160.1 1.921.9

12.3 1.921.9
12.3

@N 1
2

2#6(2145) 20.160.1 0.060.0 20.320.4
10.2 0.320.2

10.4 0.060.0 1.121.1
10.6 1.121.1

10.6

@N 1
2

2#7(2195) 20.160.3 0.860.2 20.821.1
10.7 1.120.5

11.0 21.020.0
10.4 20.720.1

10.5 0.720.5
10.1

d1/2 s3/2 d3/2 p f

@N 3
2

2#3(1960) 25.621.3
11.7 0.720.6

11.5 3.862.9 1.321.2
12.9 4.023.1

14.1 3.922.7
11.3 22.622.8

12.6 20.221.3
10.2 2.622.6

12.9

N(2080)D13** .11.761.0

@N 3
2

2#4(2055) 22.720.8
10.9 0.220.2

10.8 3.322.9
11.7 0.420.4

11.6 3.323.0
12.1 1.220.9

10.5 20.520.9
10.5 0.020.5

10.0 0.620.6
11.0

@N 3
2

2#5(2095) 20.160.0 0.060.0 20.620.2
10.5 0.060.0 0.620.5

10.2 0.720.4
10.2 0.460.4 0.060.0 0.460.4

@N 3
2

2#6(2165) 0.260.1 20.160.1 20.160.0 20.160.1 0.260.2 20.160.1 0.420.4
10.2 0.060.1 0.420.4

10.2

@N 3
2

2#7(2180) 20.160.0 0.160.1 20.160.0 20.160.0 0.260.2 1.520.7
10.3 21.120.4

10.9 20.160.1 1.120.9
10.5

d1/2 d3/2 g3/2 p f

@N 5
2

2#2(2080) 22.920.4
10.8 0.920.9

11.6 21.021.6
10.9 20.321.6

10.3 1.421.3
12.7 0.120.1

10.4 24.721.2
14.7 20.320.8

10.3 4.724.7
11.3

@N 5
2

2#3(2095) 21.720.4
10.5 0.220.2

10.4 20.220.4
10.2 0.020.2

10.0 0.320.3
10.6 0.060.0 22.422.0

12.4 20.120.3
10.1 2.422.4

12.0

N(2200)D15** .22.261.0

@N 5
2

2#4(2180) 20.360.1 0.160.1 20.260.2 0.060.0 0.260.3 20.260.2 0.060.1 0.060.0 0.060.1

@N 5
2

2#5(2235) 20.960.2 0.320.2
10.4 20.320.5

10.2 20.120.4
10.1 0.420.3

10.7 20.160.1 0.060.1 20.220.3
10.2 0.220.2

10.3

@N 5
2

2#6(2260) 20.260.0 0.160.1 20.160.1 0.060.0 0.220.1
10.2 0.420.2

10.5 22.120.4
10.9 0.220.2

10.3 2.120.9
10.5

@N 5
2

2#7(2295) 0.460.0 20.360.1 0.360.2 0.120.1
10.2 0.420.2

10.4 0.160.1 0.420.1
10.0 20.160.1 0.460.0

@N 5
2

2#8(2305) 0.060.0 0.060.0 20.320.4
10.2 20.360.1 0.060.0 0.360.0

g1/2 d3/2 g3/2 f h

@N 7
2

2#1(2090) 21.320.6
10.4 0.160.2 2.521.6

11.0 0.220.2
10.3 2.521.6

11.0 1.260.7 20.520.6
10.4 0.060.0 0.520.4

10.6

N(2190)G17**** .21.1

@N 7
2

2#2(2205) 20.560.2 0.120.1
10.2 1.020.8

11.3 0.120.1
10.3 1.020.8

11.3 0.720.5
10.7 20.220.4

10.2 0.060.0 0.220.2
10.4

@N 7
2

2#3(2255) 20.160.1 0.060.1 0.320.2
10.4 0.060.1 0.320.2

10.4 0.060.0 20.160.1 0.060.0 0.160.1

@N 7
2

2#4(2305) 0.160.0 0.060.0 20.160.1 0.060.0 0.160.1 20.220.3
10.1 0.260.2 0.060.0 0.260.2

@N 7
2

2#5(2355) 20.360.1 0.160.0 0.820.5
10.0 0.160.1 0.820.5

10.0 0.920.5
11.0 0.520.3

10.4 0.060.0 0.520.3
10.4

f h

@N 9
2

2#(2215) 0.060.0 0.060.0 0.060.0 20.260.1 0.060.0 0.260.1

N(2250)G19**** .21.2
p1/2 p3/2 d

@N 1
2

1#6(2065) 0.421.6
11.1 20.820.1

10.7 22.220.4
11.9 2.322.0

10.4 5.260.8 21.322.9
11.3 1.321.3

12.9

N(2100)P11*

@N 1
2

1#7(2210) 20.920.2
10.3 0.720.4

10.3 2.121.3
10.8 2.221.3

10.9 20.660.3 1.060.7 1.060.7
074011-11
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TABLE IV. ~Continued!.

State LK LK* LK* LK* AGLK* L(1405)K L(1520)K L(1520)K AGL(1520)K

f 1/2 f 3/2 h3/2 d g

@N 7
2

1#2(2390) 21.760.4 0.920.6
10.1 21.020.1

10.7 20.560.4 1.421.0
10.2 0.160.0 3.121.2

10.8 0.320.2
10.3 3.121.2

10.8

@N 7
2

1#3(2410) 0.160.0 0.060.0 20.160.1 20.720.1
10.2 20.160.0 0.720.2

10.1

@N 7
2

1#4(2455) 0.060.0 0.060.0 20.260.1 20.260.1 0.060.0 0.260.1

h1/2 f 3/2 h3/2 g i

@N 9
2

1#1(2345) 20.460.1 0.060.1 0.620.4
10.7 0.060.1 0.620.4

10.7 20.320.3
10.2 0.160.2 0.060.0 0.160.2

N(2220)H19**** .0.0

@N 9
2

1#2(2500) 20.260.1 0.160.1 0.520.1
10.3 0.120.0

10.2 0.520.1
10.3 20.660.4 0.260.1 0.060.0 0.260.2

@N 9
2

1#3(2490) 20.160.0 0.060.0 0.260.1 0.060.1 0.260.1 20.460.2 0.160.1 0.060.0 0.160.1

g i

@N 11
2

1#1(2490) 0.060.0 0.060.0 0.060.0 20.260.1 0.060.0 0.260.2

@N 11
2

1#2(2600) 0.060.0 0.060.0 0.060.0 0.460.3 0.060.0 0.460.3

i 1/2 g3/2 i 3/2 h j

@N 11
2

2#1(2600) 20.460.2 0.120.1
10.3 0.920.3

11.2 0.220.1
10.4 0.920.3

11.3 1.060.6 20.420.4
10.2 0.060.0 0.420.2

10.4

N(2600)I 1 11***

@N 11
2

2#2(2670) 20.260.1 0.160.1 0.420.2
10.5 0.120.1

10.2 0.420.2
10.5 0.560.3 20.260.1 0.060.0 0.260.1

@N 11
2

2#3(2700) 0.060.0 0.060.0 0.160.1 0.060.0 0.160.1 0.060.0 0.060.0 0.060.0 0.060.0

@N 11
2

2#4(2770) 0.060.0 0.060.0 20.160.1 0.060.0 0.160.0 20.260.1 0.160.1 0.060.0 0.160.1

@N 11
2

2#5(2855) 20.160.0 0.160.0 0.320.1
10.0 0.160.0 0.320.2

10.0 0.560.2 0.260.1 0.060.0 0.260.1

j 1/2 h3/2 j 3/2 i k

@N 13
2

1#1(2820) 20.260.1 0.160.1 0.520.3
10.6 0.120.1

10.2 0.520.3
10.6 20.560.2 0.260.2 0.060.0 0.260.2

N(2700)K1 13**

@N 13
2

1#2(2930) 20.160.0 0.160.0 0.360.0 0.160.0 0.360.0 20.360.1 0.160.1 0.060.0 0.160.1

@N 13
2

1#3(2955) 0.060.0 0.060.0 20.160.0 0.060.0

h j

@N 13
2

2#1(2715) 0.060.0 0.060.0 0.060.0 20.160.0 0.060.0 0.160.1

@N 13
2

2#2(2845) 0.060.0 0.060.0 0.060.0 0.260.1 0.060.0 0.260.1

i k

@N 15
2

1#1(2940) 0.060.0 0.060.0 0.060.0 20.160.0 0.060.0 0.160.0

@N 15
2

1#2(3005) 0.060.0 0.060.0 0.060.0 0.260.1 0.060.0 0.260.1
an

-

at

in

of

lear
he
gly
channel in both photo- and pion production experiments,

the two-starN(2080)D135@N 3
2

2#3(1960) state should con
tribute strongly toL(1405)K andL(1520)K final channels
in both production processes. The tentative st

N(2100)P115@N 1
2

1#6(2065) has a large predicted effect
L(1405)K production, and the weak stateN(2200)D15

5N@ 5
2

2#3(2095) and the model stateN@ 7
2

1#2(2390) ~see
07401
d

e

Table IV! should be prominent in the pion production

L(1520)K. Once again, only the lighter@N 5
2

2#2(2080) state
should be visible ingN→L(1520)K.

Just as importantly, we see that there are indeed c
predictions of our model for the relative strengths of t
decays of the lightest of those states which decay stron

into L(1405)K and L(1520)K. Both of the weakly estab-
1-12
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FIG. 3. Mass predictions,Ng, Np, andLK decay amplitude predictions for nucleon resonances up to 2200 MeV. Notation as in F
States with significant amplitudes forNg(Np) andLK decays should contribute strongly to the processgN(pN)→LK.
to

ro

u
w

ass

0–
d
ry-
ns

cay
of
lished statesN(2090)S115@N 1
2

2#3(1945) andN(2200)D15

5@N 5
2

2#3(2095) are predicted to contribute strongly
L(1520)K production, but not toL(1405)K production. The
opposite is true of the weakP11 state N(2100)

5@N 1
2

1#6(2065). TheD13 stateN(2080)5@N 3
2

2#3(1960) is
predicted to appear with roughly equal strength in both p
duction ofL(1405)K andL(1520)K. In addition, interme-
diate states in other partial waves are predicted to contrib
little to the production of these final states. Furthermore,
07401
-

te
e

predict that none of the well established states in this m
region should couple strongly toL(1405)K or L(1520)K. A
photo- or pion production experiment in the region 200
2300 MeV which is able to identify the overall spin an
parity of the final state and reconstruct these two final ba
ons, although difficult, would be able to test these predictio
of our three-quark model for the relative sizes of these de
amplitudes, and possibly resolve the issue of the nature
the L~1405!.
n Fig.
FIG. 4. Mass predictions,Ng, Np, andLK* decay amplitude predictions for nucleon resonances up to 2200 MeV. Notation as i
1. States with significant amplitudes forNg(Np) andLK* decays should contribute strongly to the processgN(pN)→LK* .
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FIG. 5. Mass predictions,Ng, Np, andL(1405)K decay amplitude predictions for nucleon resonances up to 2200 MeV. Notation
Fig. 1. States with significant amplitudes forNg(Np) and L(1405)K decays should contribute strongly to the processgN(pN)
→L(1405)K.
w

h

se
ave

tes

te

s

D. SK* and S„1385…K decays

From the amplitudes in Table I and from Figs. 7 and 8
see that it may be possible to discover theN52 band miss-

ing statesN@ 5
2

1#2(1980) andD@ 3
2

1#4(1985) and confirm the

stateD(2000)F355D@ 5
2

1#2(1990) in aS(1385)K produc-
tion experiment. Contributions toSK* production from
these light states are weak, which is due in part to the hig
nominal threshold.
07401
e

er

Our results for decays of higher-lying states into the
channels are shown in Table II and Figs. 7 and 8. We h
not included a figure for theSK* channel, as from Table II
we see that few low-lying negative-parity predicted sta
should contribute strongly to production ofSK* . These in-

clude N@ 1
2

2#5(2070) ~in pion production! and

D@ 3
2

2#3(2145), and the weakly established sta

D(2150)S315D@ 1
2

2#3(2140). The first two of these state
as in
FIG. 6. Mass predictions,Ng, Np, andL(1520)K decay amplitude predictions for nucleon resonances up to 2200 MeV. Notation
Fig. 1. States with significant amplitudes forNg(Np) and L(1520)K decays should contribute strongly to the processgN(pN)
→L(1520)K.
1-14
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FIG. 7. Mass predictions,Ng, Np, andS(1385)K decay amplitude predictions for nucleon resonances up to 2200 MeV. Notation
Fig. 1. States with significant amplitudes forNg(Np) and S(1385)K decays should contribute strongly to the processgN(pN)
→S(1385)K.
n

-
ve

at

and
tly
r-
are predicted to also contribute strongly toS(1385)K pro-
duction. From Fig. 7 we see that the dominant contributio
to pion production ofS(1385)K in their partial wave should

come from the weak stateN(2080)D135@N 3
2

2#3(1960)

and the predicted stateN@ 3
2

2#4(2055), whereas the domi
nant contribution to photoproduction in this partial wa

should come from the nearby stateN@ 3
2

2#5(2095). It
may also be possible to confirm the tentative st
07401
s

e

D(1940)D335D@ 3
2

2#2(2080) in aS(1385)K production ex-
periment.

III. CONCLUSIONS

Our predictions for theLK andSK decays of low-lying
nonstrange baryons are similar to those given by Koniuk
Isgur, who study states with wave functions predominan
in the N51 andN52 bands. These results compare favo
ig.
FIG. 8. Mass predictions,Ng, Np, andS(1385)K decay amplitude predictions forD resonances up to 2200 MeV. Notation as in F
1. States with significant amplitudes forNg(Np) andS(1385)K decays should contribute strongly to the processgN(pN)→S(1385)K.
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ably in both sign and magnitude with those amplitudes r
ably determined from existing data, which are largely toLK.
There is a clear contrast between our results for negat
parity states with wave functions predominantly in theN
53 band and those of Forsyth and Cutkosky; we pred
more substantialLK amplitudes, and do not confirm the
prediction of a narrow band of states with large amplitud
to decay toSK.

If we consider ans-channel picture of the pion and ele
tromagnetic production of strange baryons and mesons,
assume a conventional three-quark structure for theL~1405!,
we see that theL(1405)K final state will be produced whe
As is of the order of the mass of the intermediate sta
found here to have appreciable couplings to this chan
roughly 2000–2300 MeV. It is in this mass region also th
the final stateL(1520)K will be produced. Although the
production amplitude in either case will be a coherent sum
the amplitudes through a few intermediate states, it shoul
possible to confirm or rule out a three-quark structure for
L~1405! by studying these channels and comparing to
clear predictions for the relative sizes~and phases! of the
amplitudes for decays into these states.

Our results also show that several missing and undisc
ered states have substantial amplitudes to decay to str
final states, so that if kaon electromagnetic and pion prod
an

an

le

ev

e

. D

07401
i-

e-

t

s

nd

s
l,
t

f
be
e
r

v-
ge

c-

tion experiments were to focus on the region of 1800–23
MeV, a careful analysis of the results would be likely
discover many new baryon states and provide much nee
information about the parameters of states weakly es
lished in other channels. As most of these states are nega
parity states with wave functions predominantly in theN
53 band, partially due to the relatively high thresholds f
these final states, the spectrum of many such states ma
determined conclusively for the first time in a strangen
production experiment.
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