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[ INTRODUCTION

resonance [N*(1440)), the A(1405) and other low-lying resonances, to search for
exotic states, and to study the couplings of nueleons to Strange inabier.

Most of these experiments are planned for CEBAF's Hali B, where the CE-
BAF Large Acceptance Spectromelter (CLAS) will be located, The design goals
of the CLAS include good momentum resolution (typically ép/p ~ 1%), which
1S necessary for missing mass measurement of particles like 7%, 5 and w. This
detector also allows good particle identification so that electrons, pions, kaons,
protons and deuterons can be separated, as well as neutrals such as photons and
neutrons.

Some of these experiments, in particalar [1], will examine the process yp —
prtr= with the analysis focusing on vp — Attr= yp o A%+, and 1p — pp°.
This experiment proposes to search for new (missing and undiscovered [2]) reso-

other experiments that propose to search in other channels. These include one [3]
which will focus on the decays of such states to Nn, one [4] which will examine the
Nnand Ny’ channels, and one [5] which Proposes to measure Nw decays. The
three channels Ny, & 1’ and Nuw offer the advantage of being is0spin selective, in
that only I = % N resonances (as opposed to [ = % A" resonances) can couple
to these final states. Channels with the A(1232) substituted for the final-state
nucleon may, in principle, also be investigated, but the increased mulliplicity of
daughter hadrons makes the analysis of such experiments more difficult. How-

Aw will be present, in the data and can, in principle, be analysed.

A detailed understanding of baryon physics will also be required for inter-
pretation of the results of many other CEBAT experiments. Some examples are
experiments to study the electroproduction of the A(1232) [6], the production of
baryon resonances at high momentum transfer [7], and experiments which wiil
determine the polarized structure functions of the nucleon by electroproduction
of A(1232) and N%+(1440) [8]. While this Tist is by no means representative or
exhaustive, it should illustrate the pivotal role that baryon physics wiil play in
the CEBAF experimental program.

In view of this proposed program, we believe it is important to focus some
altention on models of baryon physics which are capable of providing detailed

spectrum [10] by looking more carefully at its predictions for the strong decays;
and to investigate a previously proposed solution to the probiem of the missing
baryons [11].

elsewhere. We were also able to identify aspects of our model which could be
improved.

One possibility for producing the missing baryons is to use photons or elec-
trons incident on nucleon targets. The photo- and electroproduction amplitudes
of baryon resonances have been recently examined in this model framework by
one of us [12]. Complementary to the work of Refs. [9] and [12] is an examination
of the strong conplings of the non-strange baryons to decay channels other than
Nx. The motivation for such a study should be clear from the aboye descrip-
tion of some aspects of the CEBAF N* program: haryon resonances prodieed
in the photo- or electroexcitation of a nucleon must decay, and while some of
these states will decay to Nx, other channels must be explored for the missing
resonances. In particular, channels with more than a single daughter pion may
offer some of the best opportunities for their discovery.

The multi-pion final states we study are those in which the extra pion(s)
result from decay of a baryon resonance to the so-called quasi-two-body final
states Np, Ax, N1*(1440)x and A3*(1600)x. In addition, we examine the
N, Ny’ and Nw channels, which will also receive experimental attention in the
CEBAT program.

The study of baryon spectroscopy and decays has a long history; it is clear
that we cannot refer to every article in the vast literature on these topics. Instead,
we mention a few of the more recent papers that deal with the decays which we
discuss here. A more complete list of references can be found in Refs {9] and
[19]. Using an elementary pseudoscalar emission model, Koniuk and lsgur f11)
discuss the N7z, Ar and N7 decay channels, as well as the AK and XK channels.
Similar work has been done by Blask et al. [13]. Koniuk [14] has also examined
Np and Nw decays in the approximation of treating the ¢ in the narrow-width
limit. In a series of articles, Stancu and Stassart use a flux-tube-breaking model
to discuss decays to the N (15), N p [16], and Nw |2 7] channels. We have chosen
not to examine the channel in which the xx pair are in a relative S-wave, with
total isospin zero; Stassart [18] has modeled such decays by treating the rx pair



as resulting from a o pseudo-resonance with a mass of about 600 MeV.

This article is organized as follows. In the next section we briefly recap the
model used to describe the strong decays, and discuss our treatment of quasi-
two-body decays In section IIl we present our strong decay amplitudes for the
An,Np, Ni 1440)1r A3+(1600)1r Nn, Ny, and Nw channels. To explain our
assignment of model states to stales seen in analyses of the experimental dalta,
we reproduce our model predictions for the Nx couplings of all states considered
here. Our primary source of partial widths with which to compare our model
predictions is Manley and Saleski’s recent partial-wave analysis of the Nan final
state [19]; we have also taken some widths from the Particle Data Group (PDG)
compilation [20]. In section 1V we present our conclusions and outlook.

II. DECAY AMPLITUDES

A. The Model

The models we use to obtain the baryon spectrum and strong decay ampli-
tudes are described in some detail elsewhere [9, 10, 21]. For completeness we
outline these very briefly here. The baryon spectrum is obtained by solving a
Schrodinger-like equation in a Fock space consisting solely of valence quarks.
The Hamiltonian used is

H:Z\/p?+m?+v, (1)

where V is a relalive-position and relative-momentum-dependent potential which
includes the usual confining, Coulomb, hyperfine and spin-orbit terms. Wave
functions are expanded in a large harmonic oscillator basis, and a diagenaliza-
tion procedure is used to find the energy eigenvalues. One consequence of the
procedure is that none of the terms in the Hamiltonian are treated as pertur-
bations. As discussed in {9], this has a profound effect on the wave functions
obtained.

The spectrum that results is comparable to those obtained using other meth-
ods, including the simpler, non-relativistic approaches, but the wave functions we
use here have been obtained using a more consistent treatment of all the terms in
the Hamiltonian. Furthermore, the model is extended, with perhaps surprising
succeas, to the description of many of the higher lying states.

The strong decays of baryons are treated in a version of the pair-creation
model, specifically the 3Py model. Qur ansaiz for the pair crealion operatur is

=3 [ doidp;b(pi+p,)Cis Py

XZ< 1,m;1,
m

Here, Ci; and F;; are the color and flavor wavefunctions of the created pair,
both assumed to be singlet, x;; is the spin-triplet wavefunction of the pair, and
Yi(pi —p;) is the vector harmonic indicating that the pair is in a relative p-wave.
Using the wavefunctions described above, we evaluate the decay amplitude for
the process A — BC as M =< BC|T|A > . In this form the model has one
parameter, which is the pair creation constant 7.

—m[0,0 > XY™ (pi — )bl (pi)d(p;). (2)

B. Quasi-Two-Body Decays

In our previous treatment of the two-body decays A — BC, the decay widths
were obtained from the amplitudes calculated in the 3 P, model by using

r= 2«]#&2 |M(k)|* 8 (M, — Ey(k) — E.(k)), (3)

where k is the momentum of either daughter hadron in the rest frame of the
parent, and M (k) is the decay amplitude calculated in the 3£y model. This
eventually leads to

,
I = o Mkl }i;(kO)EC(kﬂ)’ (@)

and in our version of the model we make the replacements E} — My, E. — M.
and M, — Ma, where M,, M, and M, are the masses of these states in the
weak-binding limit.

We now turn our attention to the quasi-two-body decays of the baryon reso-
nances, i.e. the decays of the type A — BC, with the subsequent decay of one
of the daughter hadrons, B, say, as illustrated in Fig. 1. One could use the
prescription described above, which amounts to the narrow width treatment of
both daughter hadrons. Indeed, this has been done by Koniuk and Isgur [11]
in their discussion of An decays, as well as by Koniuk [14] in his treatment of
Np final states. The treatment of some final states in the narrow-width limit
may, however, paint a somewhat inaccurate picture of couplings, particularly for
states with masses near the threshold of the decay channel under consideration.
For instance, the nominal mass of the N %+(1710) resonance lies very close to the
threshold for decays into Np, if the p is treated as a narrow resonance, so that the



resull obtained would be very dependent on the mass chosen for the N§+(1710).
Phase space is very limited and the decay width obtained in this way would be
very small. Similarly, misleading results may be obtained for other states that
are close to threshold.

Figure 1: The quasi-two-body decay A — (X, X3)pC, showing the kine-
matic variables.

Our approach is to take the width of the daughter hadron into account by
replacing the Dirac §-function in Eq. (3). One may regard the §-function as
arising from the narrow-width limit of the energy denominator

1 i
prmy P : 6 -— [ ]
My—Ey—Be—ic M-, M= B—E),  (5)
where £ is related to the total width of the ‘unstable’ final state, For daughter
hadrons that are broad, the energy denominator becomes

1 _ Mo—Ey—E. +i}
My— B~ B~ i% " (M, - By E)' +

(6)

implying the replacement

r,

§(My— Ey ~ E,) — T (7N
v [(Mo - By~ Y+ §]
The decay rate for A — (X} X3)5C then generalizes to [22]
Frmes k2 \M(E)[
['-:j d l ()I rl(ﬁ) T (8)
0 (Mq — Ey(k) — E.(k))? + D)

where I'y(k} is the energy-dependent total width of the unstable daughter hadron,
B in this case. Qur prescription for this quantity depends on the daughter hadron
being studied. For states like the A and the p, where the hadron decays with
a branching fraction of cloge to 100% into a single two-body final state, we use
the energy-dependent width as calculated in our version of the 2Py model. For
a state like the Roper resonance N%+(1440), which has a branching fraction of
about 70% to Nrx, we write

27+1 kz + nz

Wn (9)

Ci(k) = Tye(k) 4 0.3 (7"-‘;)

where [g is the total width of the Roper at the pole position. The first term is
the energy-dependent Nx width of the Roper, calculated in the * /% model. The
second term is the width of the Roper for decays into other final states such as
N xx. Here kg 18 a reference momentum, chosen to be the momentumof the A in
the A decay of the Roper measured in its rest frame, and « is a phenomenological
constant, chosen to be 0.35 MeV. The power 2€ + | represents the dependence
of the energy-dependent width on angular momentum, and is chosen here to be
unity. We note that the resuits we present are largely insensitive to changes in
x, £, and ky, nor are they overly sensitive to the inclusion of the second term in
Eq. 9.

The variable of integration in the expression above is &, the magnitude of
the three-momentum of the daughter hadron B. In the rest frame of A, this
ranges from & = 0 (X, and X; back-to-back, with q1 = —q3) to kmae (X
and X3 colinear). These limits correspond to My(k) = M, - M., and My(k) =
Myx, + Mx,, respectively, where My(k) is the momentum-dependent effective
mass of daughter hadron B.

In what follows we present decay amplitudes for decays to Ar, Np, Ny,
N, Nw, N1*(1440)x and A2*(1600)x. For most of these channels we use the
prescription described above. For Nn and Nw, the unstable daughter hadrons
are sufficiently narrow that we ignore their widths. This is because a total width
of less than 10 MeV is well within the expected accuracy of the model, so that
such states may be safely treated as being narrow.



We end this subsection with a comparison of the method we use for treat-
ing quasi-two-body decays with other prescriptions found in the literature. In
their treatment of Np decays, Stancu and Stassart [16] use the prescription of
Cutkosky et al. [23] by including a relativistic Breit-Wigner mass distribution o,
and integrating over the mass of the p. Their width to Np is then

(Ma—-Mu)?
I'= dmza(mg)l‘ﬁ_.;vp(mf,), (10)
(2my)?
with
P (m*)m,/w
2y AN ] {4
)= O =iy T .
and where
EN*M, 282
2y = 2 e £40
) =P () e pen (12)

i8 the energy dependent width of the p. This last form is suggested by Gottfried
and Jackson [24), with M, = 770 MeV, T',(M?2) = 153 MeV, ko = k(M?), and
where k(ma) is the relative momentum of the pions in the decay p — wwr. We
have compared the results of using this prescription to our results, and find no
significant differences.

C. The Parameters

The parameters of the model are the pair-creation strength v, and the gaus-
sian parameters of the meson and baryon wave functions. For consistency, the
parameters that this work has in common with Ref. {9] have not been changed
from the values used there, so that y = 2.6, and the gaussian parameters a of all
baryon wave functions are set to 0.5 GeV (a common value is necessary in a de-
cay calculation in order to maintain orthogonality of the initial and final baryon
wavefunctions). In addition the corresponding parameters for all the mesons are

roak b A fd A AT
oL WU pSu.g Ay .

An additional parameter for this work is %, discussed in the previous sub-
section. However, as mentioned there, the results that we present are largely
independent of x; we use a value of 0.35 GeV.

III. RESULTS

Qur results are presented in the form of several tables. In order to list as many
of our results as possible in a form that makes various comparisons relatively easy
to carry out, these tables are necessarily dense; accordingly we have included the
following guide to their organization.

For each set of nucleon resonances, there are three tables. The first of these
lists the model state, its decay amplitudes into the Nx, Nn, Ny’ channels, and
its helicity partial-wave and total decay amplitudes for the Nw channel. The
second table lists the helicity partial-wave and total decay amplitudes for each
state in the Ar and Np channels, while for the nucleons beyond the N = 2 band,
the third table lists the corresponding quantities for the A(1600)x and N(1440)x
channels {we do not present the latter type of table for nucleons in the ¥ < 2
bands). The format for presentation of the decay amplitudes for the A resonances
is similar, although we have split some of the larger tables. In addition to this
divigion among the tables, for each state there are two rows of entries. The first
row lists our model predictions, the second the values published in the recent
N7r partial-wave analysis of Manley and Saleski [19], along with the Particle
Data Group [20] name, Nr partial wave, star rating, and Nx amplitude for this
state. In all cases, the predicted N amplitudes in the first row are the same as
in Ref. [9], reproduced here for ease of comparison. The association of a given
state froin the partial-wave analyses with a model state in our tables is designed
to make explicit our assigment of model states to established states.

For all but the Nx channels, we give the sign of the amplitude along with its
magnitude. This sign must be understood as the sign relative to the unmeasurable
sign of the N« production amplitude. In other words, the signs presented with
our model amplitudes are the product (nx{pas of the sign for the Nx entrance
channel times that of the decay channel being considered {one can extract the
sign for the amplitude with the 4N entrance channel by taking the product of
the sign {,n{ny for the photocoupling amplitudes from Ref. [12] and the signs
in the tables in this paper).

All theoretical amplitudes are also given with upper and lower limits, along
with the central value, in order to convey the uncertainty in our results due to
the uncertainty in the resonance’s mass. These correspond to our predictions for
the amplitudes for a resonance whose mass is set to the upper and lower limits,
and to the central value, of the experimentally determined mass. For states as
yet unseen in the analyses of the data, we have adopted a ‘standard’ uncertainty
in the mass of 150 MeV and used the model predictions for the state’s mass as
the central value.

By examining the Lables one can see the signiﬁcant mass dependence in some
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of the decay amplitudes. One example is the N p decay of the N(1520) 13 (‘Table
1

). At ils central mass value, the amplitude for this decay is 2.5 MeV 2, while
if the mass is increased by the uncertainty from the partial-wave analyses (150

1
MeV in this case), the amplitude becomes 9.0 MeV 2, corresponding to a factor
of more than 12 in the decay width. Although this is an extreme example, many
amplitudes exhibit similar dependencies.

A. N' Resonances in the N < 2 Bands

The model predictions for nucleon resonances in the N < 2 bands (Tables 1
and II) are in generally good agreement with the analyses of the experimental
data. The larger predicted amplitudes correspond to larger measured ampli-
tudes, although the magnitudes of the theoretical and measured amplitudes may
differ. Predicted signs of amplitudes are also mostly in agreement with the ex-
perimentally reported signs; most of those that are in disagreement with their
experimental counterparts correspond to small measured amplitudes. Notable
exceptions are the s- and d-wave Ax partial amplitudes of D;3(1700) (although
we successfully predict a relatively large total width to Ax for this state), and
the N p amplitudes of the P,3(1720) and F15€2000) resonances. In addition, Man-
ley and Saleski [19] also find a second light Py3 resonance, P;3(1880), in the Np
channel. In our model, none of the missing Pi3 states in the N = 2 band (whose
masses are in this region) are predicted to have large Np widths.

As far as the missing states are concerned, we predict sizeable ampli-
tudes in the Ax channel for the predicted states [N%+]4(1880), [N%+]5(1975),
[N¥1a(1910), {N2*]4(1950), {N2*]5(2030), and [N3%)3(1995). Thus, our
model predicts that these states should be clearly seen in the experiment proposed
in Ref. [1], and can be viewed as a guide to which channels and partial waves show
Lhe greatest potential for their discovery. Note in Tables 1 and 11 we have also
reassigned the two-star state N(2000)F)5 from the model state [N%+]2(1980) to

[V$715(1995), on the basis of its Ax and N p decays; the assignment from Ref. [9]
based on the (small) Nx amplitudes of these model states was at best tentative.

All of the A(1600)r and N(1440)r amplitudes for these states are small, the
largest corresponding to a widih of about 16 MeV. Thus we do not show tables for
these channels in this sector. This result implies little hope of discovering missing
baryon resonances in either of these two channels. We note, however, that the
small amplitudes in the N(1440)x channel are in contradiction with some large
amplitudes reported in Ref. [19], and may point to possible shortcomings in the
model. In particular, all of our predictions, but especially the couplings to broad
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final states like Roper 7, may be modified by the inclusion of decay-channel-
coupling effects in the spectrum and wavefunctions, which we plan to address in
a later study.

In the Ny, Ny’ and Nw channels, there are not many extracted amplitudes
published. Qur prediction for the S;;(1535) is compatible with the measured
amplitude, but that for its heavier counterpart S;1(1650) is too large. Note,
however, that there is recent controversy abont existing analyses of the Nn final-
state [26]. Most states in this sector have little or no phase space for decays
to these three channels, so it is not surprising to find small amplitudes. The
exceptions Lo this are the states [V 3 *],(1870), [N 2*]2(1910), and [N §*]4(1950),
all of which couple strongly to Nw, and slightly less strongly to Nn. This suggests
that these channels offer good opportunities for the discovery or confirmation
of these states; they should therefore be seen in the experiments proposed in

Refs. [3-5).

B. A Resonances in the N < 2 Bands

‘The magnitudes and signs of most Ax and Np amplitudes are well reproduced
in this sector (see Tables II] and IV). The most notable exceptions are the signs
of the sy Np partial amplitude of the S3;(1620), and of the fz Np partial

2

amp]itudze of F37(1950). Our calculation suggests that the new state A(1740) Py
found by Manley and Saleski [19] is the formerly missing first A%-" state; we
predict a sizeable Np amplitude for this state in the partial wave in which it
was discovered. However, we also predict a sizeable Ax amplitude for this state,
whereas Manley and Saleski’s analysis shows no evidence for such a state in this
channel. Our results also suggest that the other missing state here, the fourth
A%+, should be visible in both the Ax and Np channels.

This sector also contains a puzzle, which is the Fags(1750) state reported in
Ref. [19]. The lowest lying model state in this sector is the [A§+] 1 state at 1910
MeV. On the basis of our calculated Nx, Ax, and Np amplitudes, this state
corresponds most closely to Fas(1905). The three-quark spectrum therefore can
not easily accomodate the state Fas{(1750}, unless all of the J¥ = §+ A’s are
reassigned. This is also problematic since there are just two states in the N = 2
band in the nonrelativistic quark model, and one of these three states would have
to be reassigned to the N = 4 band, for which it is significantly too light.

As is the case with the nucleons in these bands, the couplings of the A’s to
the A(1600)r and N(1440)x channels are all snall, with the largest partial width
into one of these channels being around 16 MeV.
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C. N* Resonances in the N = 3 Band

The number of widths extracted from the data with which we can compare our
model diminishes significantly as we increase the masses of the baryon resonances
we consider, and this begins to be apparent in this band. There are few extracted
widths for these nucleons in the Ax and Np channels (Table VI) and none in the
Ny, Ny and Nw channels (Table V}. In the Ax and Np channels, the agreement
of the model with the partial-wave analysis of Manley and Saleski is comparable
io that obtained in other sectors. Discrepancies occur in the description of the
N p partial amplitudes of 51;(2090), and in the signs of the amplitudes of the Ax
and Np amplitudes of the D,3(2080), although in both cases the total widths are
in reasonable agreement with experiment.

Many of the as-yet-unseen siates couple strongly to the Ax and Np channels
(Table V1). The most noticeable of these is the predicted state [N 1™ ]5(2070)

which has a Ax amplitude in excess of 13 MeV%. Thus, these channels offer
good opportunities for discovery of many of these missing resonances.

In the Ny, N7’ and Nw channels (Table V), some undiscovered states have ap-
preciable couplings, but few of these will be likely to yield what may be termed
‘smoking-gun’ signals, with the possible exceptions of the states [N 17 ]5(2070)

and [N} 12(2205) in the Nw channel. Our results (Table VII) indicate that
weak evidence for the existence of the lowest-lying ¥ = 3 band resonances
N17(2090)5),, N3 (2080)Dy3, and N3~ (2200) D5 could be strengthened with
A(1600)x or N(1440)x experiments in this mass range. In the A(1600)x
channel, a few undiscovered states have appreciable couplings, most noticeably
[N 37 1s(2096), [N 37 ]2(2080) and [N ]4(2055). In the N(1440)x channel, only

the model states [N 37 )5(2070) and [N 3]5 (2095) have appreciable couplings.

D. A Resonances in the N > 3 Bands

In this sector, there is general agreement between our model and the partial-
wave analyses in the Ax channel (‘Table VIII), although there are few extracted
widths with which to compare. However, the Np couplings (Table IX) of
S31(1900) are not well reproduced. Most of the states in this sector may be classi-
fied as undiscovered, and most of these have sizeable partial widihs in the Ax and
Np chamnels. These channels should, therefore, allow for the discovery of many
new baryon states. In the A(1600)x channel (Table X), only the [A27}3(2145)
offers a good possibility for discovery, although it should be possible to con-
firm the existence of the state A%“(IQOO)SM, and the weakly-established states
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A%_(1940)D33 and A%+(2390)F37 which appear in the N analyses [20]. In the -
N(1440)x channel, we predict no real possibilities for discovering new baryons,

although confirmation of the tentatively established states A%_(2150)531 and
A%+(2390)F37 should be possible.

E. N* resonances in the N > 4 Bands

Very few of this group of states predicted by the quark model have been seen;
our results (Table XII) indicate that many of these states should be discovered
in the Ax and Np channels. Partial widths into the N5, N7’ and Nw channels
{Table XI) are generally small. The two lightest N = 4 band N%+ states both
have sizeable couplings to the A(1600)r channel (Table XIII}; we have assigned

the lightest of these to the tentative state N %+(2100)P1 1 from the Nx analy-
ses. Verification of the existence of this state, and discovery of the second state
([N%+]7(2210) in our model) appear to be possible in this channel. None of the

states we have considered in this sector, with the exception of the N%+(2100)Pu,
have appreciable couplings to N(1440)x.

IV. CONCLUSIONS AND OUTLOOK

QOur results indicate that many of the baryon states predicted by the quark
model but as yet unseen in the partial-wave analyses should appear first in anal-
yses of decays to the Naw channel through the Ar and Np quasi-two-body
channels. The rough agreement of the signs and magnitudes of our predicted
amplitudes with the majority of the existing daia in these channels also suggests
that our predictions can act as a rough guide to the specific channel, partial wave,
and mass range in which to look for these new states. The same is also true for
the lighter missing and undiscovered N (I = }) states in the Ny, N/, and Nw
channels. These amplitudes tend to be quite small for the higher-mass states
studied here.

As mentioned above, our model tends to predict small amplitudes for the
lighter (N < 2) baryons to decay to N{1440)# and A(1600)x. This can be traced
back to the node in the radial part of the momentum-space wavefunctions of
these final baryon states, which are described as radial excitations in our model.
We expect that this aspect of our model, which disagrees with some of Manley
and Saleski’s results [19], will be affected by including decay-channel couplings
into the spectrum and wavefunctions (note that N(1440) is an exceptionally broad
state in our model and in the recent analyses). We intend to address this problem

13



in a Jater study. We have, however, displayed some results from our calculation
for decays of heavier baryons into these final states, as in this case there can be
appreciable amplitudes; it is possible that, the larger amplitudes will remain large
alter the necessary corrections are applied.
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TABLES

TABLE I. Results for nucleons in the N =1 and N = 2 bands in the Nr, Nn, N, and Nw channels. Notation
for model states is [J¥]n(mass[MeV]), where J© is the spin/parity of the state and n its principal quantum number.
The first row gives our model results, while the second row lists the corresponding numbers obtained by Manley and
Saleski in their partial-wave analysis, as well as the Particle Data Group name, Nr partial wave, star rating, and Nx

amplitude for the state.

model state Nr Ny Nq! Nw Nuw Nuw VI
Nr= state/rating
[N171h{1460) 14.7£ 05 +14.6%01
N{(1535)8;, === 80+28  +8.1+038
[NiT]2(1535) 12.2£0.8 -7.8%03
N(1650)8;1*="= 87+18 2416
2 2 2
[N$7T1(1495) 8.6£0.3 +0.413%
N(1520)Dyy""* 8.3%0.9
[N$7)(1625) 58+06 —02+0.1 0.0%3% 0.0%32, 00133 00182
N(1700)Dy3*=* 3.2+13
[N2711(1630) 53%01 -2.5£0.2
2
N(1675)Dys™="" 7.7£0.7
P P3
2 2
iV1¥1a(1540) 20.3%33 +0.0%138
N(1440)Py ™™** 199 3.0°
Vit (1770) 42+£01 457103 00792 0.09:0 0.0¥22
N(1710)Py === 47£1.2
[N 47 14(1880) 27ils  -aTE +0ofRl —astlt -uety) 4613
N E¥15(1975) 20193 +0.1%57 -31*ll -osxou 31103
P1 P3 fa
2 2 2
W3*Ti(1795) 141201  +5.7+03 0.0139 0.0t}2 00734 o.0*i3
N(1720)Py3*™" 5.5%16
(N3t1;(1870) 61798 _46103  +00%00 00 +44%l? jo6tl? st
114+ 1.8°
(WE¥1:(1910) 1013t -oexonr  -02¥32  _s5atds +5.713  -0.57%4  satld
(VE¥14(1950) 41394 0.0 0.0 —5.4%%2 -3283 407339 63t
(VN 2+1s(2030) 1.8£0.2  4+04x01 402300  _16%02 29133 407338 aatdsd
f1 P3 fa
2 2 2

IN3*1:(1770) 66+£02 +0.6+0.1 0.0



N(1680)F)gem»=
{V§ Iz (19%0))
(N§ ¥ a(1995))
N(2000)F;5**

(N1*]:(1980))
N{1990) F; ==

8.7+ 0.9
1.3+0.3
09+0.2
20+1.2

24+ 04
46+ 1.9

-08+0.2
+1.9+ 0.8

+0.6
=2.27,%

+0.1
=0.1757

0.6
+0.213%

+0.2
=0.27,%

+2.13}3 17803 108
+0. +0.5 1.1
-0.3153 #3155 -1etl!
fi .fg h’i

2 2. 2

+0.4 +0.9 +0.0
-0.8%3% +1.4103 0.0153

+1.3
297,93

+1.3
3.5T5%

16453

a From Ref. [25]

b Second Pi3 found in Ref. [19].




TABLE TI. Results for nucieons in the N = 1 and N = 2 bands in the Ax, and Np channels. Notation for model

states is [J¥)n(massfMeV]), where JF is the spin/parity of the state and n its principal quantum number. The first

row gives our model results, while the second row lists the numbers obtained by Manley and Saleski in their analysis,

as well as the Particle Data Group name, N partial wave, and star rating for the state.

model state AT A Vg No Np Np VT
N state/rating
d L3R dy
PP 2 2
[N17]1(2460) +1.4£0.3 14%03 =-07201 +0.4+0.1 0.8+32
N(1535)51 =" 0.0 0.0 -1.7%+08 -14%07 2.2+0.6
(VLT12(1535) +5.6458 3.6%04 +0.9133  +0u4zo01 1.0%93
N{1850)Sy;****  +1.7:0.6 1.7£06 00 +22%09 2.2+09
s d dy 33 ds
2 2 2
(N3711(1495) -5 -1.5%32 5.9%3% -0.1%2} 24119 ~03%9% 25783
N(1520)Dy3**"* -25+08 —42%06 50106 -5.1+086 51106
{N3712(1625) 275+ 1.6 +48%1%  27aetly 00 +01x00 -09%3% 0.9%5¢
N(1700) D3> +3.5£36 +14.1+£56 145%55 ~5.6%5.7 5.6%5.7
d g dl da g_;-
2 2 2
[N£71:(1830) +5.7+0.4 00 574204 402200 -04£00 0.0 05%00
N{1675)Dys****  49.2+0.3 9.2+ 0.3 0.8+ 0.4 ~0.5£0.5 1.0£04
P Py Pa
2 2
(V1¥12(1540) +3.3423 3313 -0a3tdd -0.5%%2 06133
N{1440)P;1****  +9.4+0.8 9.4+ 0.8
N1t (770) -139+ 1.5 139+1.5  +0.3+0.1 -3.74%3 3.7l
N(IT10)P,***  -15.3%3.6 15.3£3.6
(N1t (1880) -g. 70 8.7+04 +2.310 7 +0.3%30 23417
[N1*1s(1975) —4.6704 46123 +0.7431 -2.4+50 2.51%4
P f P1 P3 fa
2 b i
(N3*]y(1798) ~1.7£02 -10%92  20x03  -26%07 +1.8%3% o723 33l
N(1720)P;3™==* +18.2+ 4.6 18.2+ 4.6
(N3 ]:(1870) +3.3:£0.5 -22%132 4.4%13 -14%3%  -10x06  +0.2733 1.8%!2
N(1880)Py3* -14.7£29 14.7£2.9
(N3*1a(1910) +16.8752 +29%1%  q470%9%  Las+13 -22%1%  +0.5108 3.3*13
{N3*1i(1950) -5.9137 +5.143% 7.8%%7 +1.0%54 +36%1% #1210 39118
[V 1¥15(2030) -6.8+£0.4 425717 7atll zoafdl yesxor 4osidd 2s:os
P ! fL P3 f3
Z 2 2
[N$*11(1770) +15+01  4$0.5+01 L7E01  -0.2%00 -3.013% -03z%01 30132
N(1680)F1s****  -3.5%06 +1.0%05 3706 -2.8+07 -17+06 3307



[N$¥12(1980)] +15.0%01 +3.7507 1s5+05  —18tld tos+o0l 4o8tld 2.9+09

—-0.8 —-0.4 —-i.0
[N2¥13(1995)] +7.8%94 -5.8%34 9.8+3% _04x03 ~-78%31  -—02+01 78121
N (2000) Fy5=* +7.7£58 +14£92 T9xS59 -17.2%62 +85+58 19.2x6.1
f h fl fi hi
2 2 2
[(¥1¥]1(1980)] +5.0%39 0.0 50729 . ;06x03 -1.013% 0.0 12434
N(1990) Fy7"*

a Second Pj3 found in Ref. [19].




TABLE 1II. Results for A states in the N =0, N = 1, and N = 2 bands in the N= and Ar channels. Notation
as in Table L
model state Nr Ar Am \/Iﬁ
Nr state/rating
P
[A%711(15585) 5.1£0.7 -4.2313 4.2%18
A(1620) 83, **** 6.5+ 1.0 -9.7+13 9.7+1.3
s d
[AE7]:(1620) 49407 +15.4199 +5.072 16.2417
A(1700) D3z **=~ 6.5+ 2.0 +211 £ 4.7 +5.1%2.2 7146
P ‘
falt)i(183s) 3.94%4 +14.1197 141407
A(1740) Py, 49£13
[aL*],(1875) 9.4+0.4 -8.4%33 8.4%21
A(1910) Py ==** 6.6+ 1.6
? f
[A2¥1:(1230) 104+ 0.1
A(1232)Py3=*"* 107403
(a3*12(1795) 8.7£0.2 +8.413% 0.0 8.4*3¢
A(1600)Py3*** 7.6+ 2.3 170186 17.0+1.6
1a2*13(1915) 42403 -8.9123 +4.4108 10.0£0.5
A(1920)Py*=* 77423 112+ 1.7 11.2£1.7
[a3¥1i(1985) 33108 -9.2%52 —3.2%14 9.7+14
» f
[a$%);(1910) 3.4£03 -1.5£0.0 +4.7+0.6 49134
A(1750) F3s® 20£0.8 8436 +11.0+ 2.9 13.9 £3.2
A(1905) Fys**== 5.5+ 2.7 ~20%25 +lax1.4 244 2.2
[45%12(1990) 1.2£0.3 -14.01}8 +1.5118 141194
A(2000) F3s™* 53423
f A
[aZ*]1(1940)] 71401 +4.8+0.2 0.0 4.8+0.2
A(1950) Fagp™*** 9.8+ 2.7 +7.4%£0.7 7T4+07

a First Pj; state found in Ref. [19].
b Ref. [19] finds two Fis states; this one and A(1905)F)s.




TABLE [V. Results for A states in the N = o, N

Table [I.

=1, and N = 2 bands in the Np channel.

Notation as in

model state Np N Np \ /l":;"p
N state/rating
51 d3
2 2
[A17]i(1555) -3.6%57 -0.313:1 3.6113
A(1620) 85 **** +6.2+09 -2440.2 6.6+0.8
dy 53 da
z 5 z
(43711 (1620) ~1.2%93 +3.4113 +0.5%93 3.6tly
A(1700}Dgg™=** +6.8+ 2.3 6.8+ 2.3
Py P3
2 2
{ai¥](1835) ~6.5%1¢ +4.7121 g.ots!
A(1740) Py -138+19 13.8% 1.9
[81%12(1875) +3.6%0% +2.6154 6.1439
A(1810) Py **== +49£ 1.1 49%1.1
Py Pa fa
2 2 2
[a$*]1(1230)
A(1232) Pyg**=
[a3¥]3(1795) +0.4%37 -0.9%04 0.0 10¥5¢
A(1600) Py3***
[A2*)a(1915) +5.3%13 +6.64148 -0.7%92 8.5+29
A(lQZU)P‘;a -
(2§71, (1985) -6.343¢ +3.210% 22413 7413
f1 Pa Ia
2 2 2
at*] (1910 -0.7+0.2 +6.3102 —0,7401 g.4+0.8
2 0.4 0.2 0.4
A(1750) Fpg® -74%1.9 T4%1.9
A(1905) Fyg™ee= +168+ 1.3 168+1.3
[a£*1;(1990) +2.6134 +3.1%1.2 ~3.1424 51742
A(2000) Fyg*=
1 fa hy
2 2 2
[a1*1 (1940 F1.3+0. ~2.34+0.2 0.0 2.6+ 0.2
A(1950) Fyp*=n» +11.4%05 11.4£0.5

a First Py state found in Ref, [19].

b Ref. [19] finds two Fiy states; this one and A(1905) Fax.
—_—




TABLE V. Results for the lightest few negative-parity nucleon resonances of each J in the N=3 band in the N'x,
Nn, and Nw channeis. Notation as in Table [,

model state Nr Nn Nny' Nw Nw Nw  /T%
N state/rating
2 da
3 b
[N17]s(1945) 5.740% 42.4%ld _3stdd 09138 _setld 5.7+£1.3
N17(2090)5;," T9+338
1= 9.5 1.5 . . .
[N 47 e(2030) 3.7+ -10t% 41313 -oat?y  —patll 2.8
(N 171s(2070) 21392 +0.1153 -1.0%3% 14438 -6.3124 65112
(N1 Ts(2145) C4+01 -0.410%  +06+06 +02£00  -08%22 0812
[MiT]7(2195) 0.1£0.1 -0.9%%3 +0.5708 403104 -0.2¥%1 0.4%0%
dl_ 33 dl
2 2 o
IN271a(1960) 82807  +a0ko02z  423F]] -43h)l -—e2#ll —aetlt satl?
N27(2080)Dy3** 5.0£25
2
[N$7]4(2055) 62108  +04¥3)  +oazor  #20%05 3t _agtll getd0
(N37 s (2098) 02103  -02t])  ~oa2xo1  -32t)i +19tld pasttd 5atld
[N27)s(2165) 1530%  -24%01 -1679Y  -10%)7  to3x00  -patd3 15433
[N27]p(2180) LTl —nrxox 13308 9303 0.0 -18%34 %02
-0, —0. -0 a1 C-0.6
dy dy 93
2 2 2
[N% 7 J2(2080) SA35T #3504 +3u20] -22800 0 -0atdt g20tlY 2gtle
2= 3.4 0.4 . . . .
[N£7]3(2095) 5238 400107 —oz2xoa -aarld 43at07 postd? 46tdS
N%7(2200) D™ 4.5+£23
2
5= +0.1 0. - . . .
[N3714(2180) 19753 -11x00  -0.8%31 -1.3133 -1.8%504 +1.0127 2.4133
[N27]5(2235) 20833 +0613)  woatll 425330 4aatll poetds 4ats?
(V37 )s(2260) 0401 40133 0o 420709 15337 r0fd8 2.7%02
[N$ " 1r(2295) 0.2£01  -1.6333 -1.5%07  +01+00  -15%57  jo4xo02 1610
[N$71s(2305) 0.3+01  -081)5  -061)7  +1533%  -0s5f3l  josio4 18102
9L da g3
2, 2
[N 171 (2090) 8.9%1.3 +25+0.7  +0.6%3% 15188 -arhyy -urtdl 44xo08
NIT(2190)G;™™** 7.0+3.0
[NI7]2(2205) 40+1.1 -0.1200 0.0  -0.2¥33  -satl?  jo3x02 51192
[N171a(2255) 08402 0.0 0.0 +1.8111  _o3ztoa -1.6%3% 25108
[N% " 1a(2305) 04201 -~08£03 -03%02 +06203 —14+01 +0.6£0.3 1.6+03

-0.2



[NE71s(2355)

[N27]i(2215)
N27(2250)Gg=mm"

1.1+0.3

2503
59+19

+0.4 £ 0.1

-2.1 £0.4

+0.2£0.1  +01+00  -pa¥d!
91 g3 i3

i 2 2
-07T£03 -1.0£03 +1.7£05

+0.2
-0.60,%

0.0

1.0£0.2

20+086



TABLE V. Results for the lightest few negative-parity nucleon resonances of each J in the N=3 band in the N,

N7, and Nw channels. Notation as in Table I.

model state Nr Nn Ny Nuw Nw Nu /T,
N state/rating
31 da
2 2
[N171a(1945) 5.750%  +24t)y -3efid -09tl) setl? 5.7+1.3
N17(2090)5y,* 7.9+338
{N}714(2030) a7ty —woill +13zr3 w0af?t 28t 28558
INL71s(2070) 21108 +0aifd -10%d8 14l et 6.5737
(V17 le(2145) 0401  -0.4%3%  +06%06 +02x00  -03%032 0.8%3%
[N17]7(2195) 0.1%0.1  -09%3%  +os5tld +03¥%! -02%0) 0.4%53
d) 13 d
2 z g'_
1~ +0.7 . .
[N$7Ta(1960) 8.2*77  +40x02  423%13 —43t 02Xk -7l 63t
N27(2080) Dya** 5.0+ 2.5
[V3714(2055) 82105 +04%0%  toaor 420735 -n3tll ardll g6td0
(V37 ]s(2095) 0.2+31 -0.2%38  -0.2%041 -3.2%31 +1.9113 438t 53713
(V27 ]s(2168) 15351 -24zo01  -16307  -10%3? 40300 -11¥93 15%01
3 - a.i a. . B
(N3 7}r(2180) L7H, -L7x0a 1310 -19%33 00  -18%% 26103
dy d3 g3
2 7 2
- Q.
[N£7]2(2080) 51307 +35+04  4aaff] 22337 ~03#%t 4207l 2.9118
5™ Q.4 0.
[N 13(2095) 5.23%8 +0.0%33 0200 -3a%l9 +33132  +os¥d 46795
N£7T(2200) D" 4.5+23
i
[N$7]4(2180) 19533 -11£00  —08¥J4 13133 -patdt 410%0T 24193
[N27]5(2235) 20805 +06f0)  +oafdi #2510 saatll Lo 4792
[N$ " )s(2260) 04%01  40a13} 0.0  +2013%  -15*37 410108 27403
5= E .
[N£7]7(2295) 0.2x01  -16¥F  -1s¥) 4oaxo0o  -15%22 jo4zo02 1610
{N$7]s(2305) 03£01  -06¥07 06107  +15%0%  -05*)l  ros:o4  1.8%92
91 d3
: 3 s
(V27 ]1(2090) 69%13 +25+07  +0.8%3% 15335 3Tt —uttdl sazos
NI7(2190)Gy1**"* T0+3.0
(N £71a(2208) 4011 -01%00 00  -02fll  -sat) +03x02 5092
[NI7)a(2255) 0.8%0.2 0.0 00  +18%))  -03%00 16308 25t
[N Z71a(2305) 0.4%0.1 ~-08%03 -03+02 +06+03 -14+01 4+06zx03 16133



TABLE VI,

and Np channels. Notation as in Table II.

Results for the lightest few negative-parity nucleon resonances of each J in the N=3 band in the Ax

model state A Ar \/[ﬁ Nop Np Np \/I'T":,
N~ state/rating
d L5 dy
2
(N1 1a(1945) N 67715  +23x06  -179t]3 18.14373
N17(2090)5;,* -5.1%59 51%+59 +142£43 0.0+ 2.0 14.2+43
V£ 1a(2030) -5.7%01 57413 -05+02 -09x03 1.1£0.4
[NL7]s(2070) +13.1433 13.0333 +3.6%53 -6.9%33 7.8t 7
(N1 ]s(2145) +1.0+0.2 1.0£0.2 -0.1%39 +2.3%5% 2.3%0%
[NL7]r(2195) +2.1%0.1 2101 -0.4191 +3.5120 3.5%%9
3 d dy a3 d3
2 2 2
N2 7]3(1960) -14193 53103 5.5%12 -44h? —62x24  -nattd 136t3]
N7 (2080) Dys™* -39+40 4+9.7+42 10.5+4.2 -10.7+£3.5 10.74+3.5
(V32 71« (2085) +29£07  +10.7837 110138 -5.1%2%7 -224% 5337 7.7l
[N47]s(2095) -61*0 43313 6.9%17 +2140%  +roxo02 -28fll 3.6198
[N27Je{2165) -03+01  -3a%)] 3.1%3% +1.3457  +02x01 41.1%08 17133
[NE7]r(2180) +0.1+01  -s0tid 5.0%11 +0.735%  401x00 415708 16433
d g dy dy g2
2 2 2
[N3712(2080) -42£04 421323 a7 s -3.9%99 +5.9%3, 453133 8.8%%3
[N£ 7 15(2095) +78tll L09tdd 79112 -0.8%33 +0.8%0% 42122 2.3%24
N£7(2200)Dy5*"
¥4 (2150) —satid wa¥ly eathl soarSl 42atil seat? 22
[N£7]5(2235) +1.8503% -ertid 70%31 -3.5%97 -0.513)  +n7iE0 4.07%4
[N§71s(2260) -6.7tl3  -2.5t)2 Tt -2.213% +1.8%37  -0.3t92 29111
[N$7]r(2295) ~4.8%00  +0.9%38 4.9%19 +1.245%  —o4xo01 25113 2.8tl7
(27 ]s{2308) -4.4%0%  -28%13 5.2t -1.4%3% +06tdi  -009783 1.8+3¢€
d g 91 ds 93
2 2 2
[NE7]1(2090) -13+02 -2.6%97 29113 -19%l  -matyy -arrld 1zaftd
N17(2190)Gy7™*** -12.5% 1.2 12.5+1.2
[V L7 ]2(2208) =375 454143 8.5731 -1.1%93 19803 .2l 3.2+33
[N Ta(2255) +n8lyy  Hall wetis -20fl) -2l s0stlt 24l
[V "ls(2305) ~-03£01 #4318 43l —oaxoa  +19%33 o302 20333
NI 1s(2355) +09£01  -01%3?  os9xol -1.0%0%  -20%05  -0.8703 2470
d ' :> s
(NET]i(2215) +6.3133 0.0 6.3%%2 +0.9%93 -1.5%28 0.0 18419

N7 (2250)Grp™™>"




TABLE VIL. Results for nucleons in the N

Table II.

= 3 band in the A(1600)r, and N{1440)7 channels. Notation as in

model state A{1600)r \ /F:;o(‘lsou);r N{1440)7

Nr state/rating

[N%-]3(1945) 6.4137: 29404

N%—(ZOQO)SH' -11.1+ 4.4

[N17)u(2030) 4.2¥23 26%53

[V 1~]5(2070) 1.2+31 ~54+0.2

(N 17]s(2145) 0.1+ 0.0 ~0.3 £0.0

[N L7 1(2195) 2.4%}% 0.4%01
d

[N2")s(1960) 59133 70133 -6.3%13

N'27(2080)Dy5**

[V371a(2055) -33% 1.3 5.6179 243290

[N 75 (2005) ~4.623% 9.0%13 -4221%

(V3" js(2165) 0.2%33 0.6+ 0.1 ~03£0.0

[N27]7(2180) 1.84 0.6 1.9+ 0.6 -0.6131
7

[N$~]2(2080) -0.6137 50134 ~1.119¢

[N$7Is(2005) -03133 6437 3743,

N7 (2200)D,5**

2

(V371 (2180) -0.7158 2408 -0.3%02

[N$7]s(2235) 20113 26113 ~0.4433

[V$~ls(2260) 0.8%9 3% 3.3t33 -L7hs

[N$™1r(2295) ~0.3%91 2627 0.4£01

[V$7]s(2305) 0.8433 09153 -0.1%34
El

N2 71 (2000) 0.8¥34 08704 -2.5%02

NEZ7(2190)Gy ===

(N1 Tx(2205) ~16209 175y 14498

INL7)3(2255) ~0.3+0.2 1.8%32 -03+0.1

NI 714 (2305) ~1.2%28 121928 -0.1%0.1

(N17]s(2385) 0.0 £0.0 0.2+0.1 ~0.4%31
T

(N2~ ]1(2215) 0.0 £0.0 19157 ~1.0£0.3

N37(2250)G g ™mn>




TABLE VHI. Results in the Nx and Ax channels for the lightest few negative-parity A resonances of each J in

the N=3 band, and for the lightest few A resonances for JF values which first appear in the N=4, 5 and 6 bands.

Notation as in Table I.

model state N= Amr Ar VIR
N state/rating
d
[AL7)z(2035) 1202 +8.240¢ 8.21%%
A17(1900)53,*** 4.1+2.2 +6.4+1.9 6419
(417 ]a(2140) 3119 -1.4%2% 4.4137
A%7(2150)83," 4.0£1.5
3 d
[A3 7 )z(2080) 2.2%33 +3.1£07 +6.6%1% 7.4%1%
A27(1940)D35" 3.2+1.4 +55+63 +13.7£78 147+ 7.6
2
(837 13(2148) 2.2101 -34%08 +6.3419 7143
d g
[A57T1(2155) 5.2%0.1 +3.9£0.2 -0.7%0.1 4.0733
A2 7(1930) Dys*** 50+ 2.3
[A% T T2(2165) 064 0.1 +7.0%13 +4.1%32 8.1%31
{a$7]s(2265) 2.4%03 -5.41317 +3.6114 6.5+ 1.2
A27(2350)Das" 7753
A2 4 (2325) 0.1+0.1 -4.6134% +3.2+19 56718
{a171 (2230} 2.1£08 +6.9712 +3.8%31 78127
A 17 (2200)Gar* 52%1.9
(AL712(2295) 1.8+04 7.4t +4.41373 8.7t
g t
(42711 (2295) 48%09 +7.01314 0.0 70134
437 (2400)Gye*~ 41+2.1
f h
(aZ%]2(2370) 15108 +5.770 0.0 5.7494
al*(2390)F3, 49320
[AZ*)3(2460) 11£0.1 -39%11 +3.7723 54124
[a3*]y(2420) 1.2+33 -0.420.1 +2.6432 26122
A%*(2300)He*" 5.1+ 2.2
[ad*]2(2508) 0.4 £0.1 -6l +1.1433 7.6%94
h i
+ -
[a L™ (2450) 29407 +3.740 8 0.0 37he
ALl *(2420)H; 1, """ 674238
[a12%),(2880) 0.8+0.2 ~0.1%0.0 +2.8t11 2.8%01



[a L *];(2955)

a7 (2750)

)
3

AR T(2750) 5 15"

[a18¥], (2920)
&L}*(2950)K3 15"
[A %]5(3085)

02401

22%04
3.7+1.5

1.6+0.3
36115
0.44£0.1

-33%0.1 +0.5+0.2
i k

+0.9
+3.8422 0.0
i !

0.7
+2.8%07 0.0
+0.8 £ 0.2 0.0

34101

+0.9
3.8T0%

+0.7
2875

08+02




TABLE IX. Results in the Np channel for the lightest few negative-parity A resonances of each J in the N=3
band, and for the lightest few A resonances for J¥ values which first appear in the Nx=4, 5 and 6 bands. Notation as
in Tabie IT.

model state Np Npo Np /[‘:3;,

N state/rating

1 4
2 2
{a£712(2035) +2.5+06 +1.519% 2.9194
A17(1900)83,*** -3.5+2.7 -93£1.7 9.9+ 1.9
(Ai7)s(2140) -2.2+£086 +2.3+20 32112
A%—(215U)531’
d s d
: : :
[A37}2(2080) -3.8%23 +1.0+0.3 +1.473% 4.2127
A37(1940)D3,"
{837 1s(2145) +0.4%33 +2.5%0.7 -3.9%97 4718
dy d3 9
2 2 2
[a37)1(2155) +0.1£0.0 -2.910% -0.1439 2910%
A%-(193U}D35-"
[4§7a(2165) +6.2255 -1755% +11453 66133
(A2 71a(2265) +2.53390 +3.8%92 -2.8%32 5.3%98
A% 7(2350)D35*
2
[A27]4(2325) +1.5%31 +5.0%%3 -1.0%38 5.319%
. 5 3
(a3 71(2230) -2.8437 +3.0%5% +0.725% 42113
AZ7(2200)Gsr"
[aL7]2(2295) +1.473% +4.8477 -3.3%3 6.0%3%
1 3
(4271 (2295) +3.0%73 -4.9%31 0.0 57¢1%
A2 7 (2400)G3e ™"
Ji fa hy
2 Z 2
{aL*12(2370) +1.7£0.4 ~3.0+0.7 0.0 3.5%08
A%+(2390)F37'
[af*]s(2460) +2.9%949 +4.5401 -1.1%3¢ 5.4193
hy f3 hs
2 2z
+ . ‘ : i
[A%$7]1(2420) -0.6%3:4 #3111 -0.713% 3.2%3
a2+ (2300)Hye™
F]
[a$¥1x(2505) +2.9+ 1.0 +1.3£0.1 -28%1.0 42114

2 2




[a 1], (2450)
ALY (2420)Hy y =r

(& 27 ]2(2955)

[ % "1 (2880)
Al

(A% 7)1(2750)
A%-QTSO}[;; 13%"

(A7), (2020)
AL *(2950) K3 15"
(A L2 715(3085)

+0.4 1.0
+1.5%0% -2.4%,2 0.0
I h ;
3 3 13
+0.3
—0.8_5% +1.675% -0.8%04
1.8
+2.4%] 8 +0.6£0.2 ~2.2%190
i iz ky
2. 5 3
+1 3+0.5 20.{.0.5 2
g4 R 0.0
iL iz !
2. 2 %
+0.6
+1.4770% eR Bt 0.0
+0.5 £ 0.2 ~0.7+03 0.0

+0.7
287,

+1.0
1.97,%

+2.4
3.3T7%

+1.1
247,;

25453

08+04




TABLE X. Resultsin the A(1600)x,
the N = 3 band, and for the lightest few A resonances for JP

Notation as in Table |1.

and N(1440)x channels for the lightest few Regative-parity A rescnances in
values that first appear in the N = 4,5 and 6 bands.

model state A(1600)x A(1600)w \ /F:;(‘IBW)" N(1440}r
N state/rating
d
[A17)2(2035) -4.0193 4.0%19 1.8+0.1
A3 7(1900) S5, -4.1£2.8
[a}7]a(2140) -1.4%92 L.4tl3 -51%07
A3 7(2150)55,
s d
[a£ ] (2080) -5.0%0.5 -3.3%L7 6.0%19 —2.0403
A27(1940)D;5*
fad7]a(2145) -3.615% 291311 4.7%30 L7H0
d g
fa$™);(2155) 0.6%932 02400 0.6%32 1.0£0.2
AZ7(1930)Dy5***
(45 7Ta(2185) -06403 -1.247% 131408 18407
(A% 7):(2265) 1.5393 -11433 1.8+0.3 —0.4%91
A37(2350)D;5*
[A37]4(2328) 0.7+ -0.9124 11433 -0.9+0.3
[AL17Ti(2230) -1.0+0.1 -1.1438 15398 -0.7¥93
AL7(2200)G5,"
[} ]2(2295) 1.0£00 ~1.3%06 17753 -0.6402
g i
[A27](2295) -2.1%0 0.0+ 0.0 21107 -1.9%9%
A37(2400)Gyo**
f A
[aZ¥1x(2370) -5.8%21 0.0£0.0 5.8%31 -5.0%14
aL*(2300)F,*
[aZ*)a(2460) 0.813¢ ~1.1%3¢ 1.4%92 ~0.4%0.0
[A2%];(2420) 0.1%00 ~0.8104 0.8%37 -0.3£0.2
A2%(2300) Hye=*
2
[a2*)2(2505) 1.3x0.1 -0.3431 1.3+0.1 -0.3%31
A J
[aLL*);(2450) -1.2}498 0.0£0.0 1.2437 ~1.2#04
ALY (2420)Hy )y *wee
[a12¥], (2880) 0.04 0.0 ~1.6¥37 1.6499 -0.6+92



[A 127 (2955) 12401 -0.3+9.1 1.240.1 -0.2£0.1

-0.2
i k
fa i) (2750) ~1.7+03 0.0£0.0 1.710¢ -1.5%34
AR T(2750) 05 13
J !
13+ 0. . .
[a %7 }1(2020) -LTI0 0.0%0.0 LTI -1.5403
ALY (2950) Ky 157
+
(45271 (3085) -0.6432 0.0£0.0 0.6%33 -0.5%2-2




TABLE XI. Results in the Nx, Ny, and Nw channels for the lightest few nucleon resonances for J7 values which

first appear in the N=4, 5 and 6 bands. Notation as in Table [.

model state Nr Nn Ny’ Nw Nuw Nw /T
Nr state/rating
PL P3
(M 1T1s(2065) 77E3 +11£11 0 -06x05 406131 —04t?? 0.743%
Nit(2100)P ;" 5.0+ 2.0
(vi*1r(2210) 03132 _p1%98 +0.6%0%  +21%18 -15+03 25111
fy f3 hy
2 2, 2
(V% *12(2390) 49101 f17x04 +13107  -0so0a 421197 jo0fl? 5ol
[NI¥13(2410) 04%37 w1119 ~11¥3%  -o7+0a1  413%0.1 0.0 15101
(N1*1i(2458) 0.5%01  -0.7%3} -0.5%97 417300 —03x00  407HYY 191372
hy f3 hg
Z 2 2
[N2¥1;(2345) 36137 +08zxo03 +0.2¥57  -0313) -29%)% -—oexo03 29108
N2Y(2220)H = 8.5+2.0
2
(N 2*12(2500) 0401  +1.3%3% +0.610%  ~1a0t 413709 —10f3f 10308
[N2¥13(2490) 06+02 +40.1%0.0 00  +14¥7 -01k00  -12%3% 19193
2 2
(V) (2490) 1.3£04  —1.31%4 -0.670% —07ild  41.2%08 0.0 14737
(N %1, (2600) 0.7£02 -05%+01 -03%-0.1 -03%01 +0.5+0.2 0.0 06%0.2
J! 93 !
2 e 2
[V 4 711 (2600) 33ty +t2idd +0.5480%  —07tdl -ty —1ofd! zaxos
N T(2600)0; 11" 45%1.5
2
[N (2670) 1.8+£05 -0.1£0.0 0.0 00 -18%07 +o1xo1  1.8%
{N L 7]3(2700) 0.3%0.1 0.0 0.0  +11¥53  -oa1xo00  —09%33  15%97
(VL] (2770) 0.2%01  -05357  ~03£01  +04¥)} -05x00  +04}327 08192
(V1L 7]5(2855) 06£01 +01£00  +0.1£00 401200 -034£00 =-02%0.1 04+0.1
! hs i3
2 2 2
(V¥ (2820) 2058 +06t3d 4028 _osfl  13R3  —osred  Latid
NEY2700)K; 13** 3.7+ 1.2
2
[N 12+];(2930) 0.2£0.1 407102 40402 05202 +05+00 -06%22 o9zros3
[(N12+13(2955) 02£01 -0.1£00 00  +1.03)% -o02i00 07132 1203
L i3 ks
2 2 2
(VL 7] (2715) L1£03  -1.0¥33 -05%3%  -06132 410xo04 00 1afd3
[N 12 712(2845) 02£01 =-03%01  -02401 -02%01 +03+0.1 0.0 04%01
i1 i3 {3
2 2 2
[V 42+);(2940) 0.7£01  -0.7333 0402 -05:02 +0.7%33 0.0 08%03
[N £%12(3008) 0.4£01 ~03%01  =02%01 -~02£01 +03+0.1 00 03%01




TABLE XII. Results in the &Ax and Np channels for the lightest few nucleon resonances for J© values which first

appear in the N=4, 5 and 6 bands. Notation as in Table II.

model state Ar Ax VAo No Np \ /l"jf}:,
N state/rating
4 Pl ra
] 2
[V 4¥16(2085) ~1.9%19 19138 414l ys7k29 59438
~ni*(2100)Py "
[N1*)7(2210) —7.0t43 7oty ~20f)l 2612 33121
f R f1 fa
2 z
[V 1*12(2390) +0.1£00  -1.8709  18tl? _52¥21 44400 9.5t18
[NI*1a(2410) +4.9+£05 -02£0.1 4905 +07+01 —-1.4+0.2 1.6+0.3
(NIF1a(2455) -s5t12 _40tl% 68118 14102  +0.1%00 1.8£04
f . h hy f3
2 2
(V311 (2345) +0.4+01 405133 07?3 10%03 54713 5.8134
N2¥(2220)Hyo===>
N2+12(2500 -06+£00  ~7.4%1372 74237 +01%01  -43+02 4303
2 =3.8 =3.1
[N2¥]5(2490) +9.5%3%  +ostoz  9s5t0% 18P0l 1001 2.2%9¢
A 3 hy ha
Z 2
(V11 +]; (2490) +5.21258 00 52%23%  #0.7t33  -11%o04 1.4£05
[N 3L %15(2600) +2.4£0.9 00 24209  +04393 0619 0.7483
g H iy g3
2 2
11 =7 0 4+0-1 _1 2405 +08 +0.5 +0.3 +1.8
[N 1L 711 (2600) 0.4%21 L2fds 1afd% st 59103 6.6118
NLL7(2600) 1y 13"
[N HT12(2670) ~1.0%3%  448tl? 47t 09%03 09z 2.0%52
[NV Ts(2700) +6.8131  +05+02 68701  -13%3% 0413 14114
(N1 7)4(2770) +03+00  +33%)7 331l _0u*lY ja10#d2 10723
(N4 7]s(2855) +0.5739  +ost3? 07HY) -0633 08702 1.1%3%
h j 7y ki
2 P
13+ +0.2 +0.2 +0.4 Q.8 .
(Ni27):(2820) +0.2+00  +0.3%93 0.4%532 -1.0%33 -3.2%09 3.7313
N7 (2700)K) 15
(N 12*]2(2930) -01%00  -423  42tl% ~orzoar  -2.2%9¢ 2.3%0.7
[Néia—*']a(zgss) +44£0.1 +09+03 4402 -15%37 <o zoa 1612
i k iy iy
2 2
N2 (2718) +4.6712 00 46!t +0.619% -0.9%33 11428
[N 127 ]2(2845) +1.3+0.4 00 13+04 +02£01 -0.31%) 031212
b L J'% iz
2
(N3], (2940) +3.3%12 00 337 oetdl  -09%94 11432
15+ 0.5 0. . .
[N 127];(3005) +1.413% 00 4% +03x02  -0.5192 0.6394




TABLE XIII. Resuits in the A{1600)x and N(1440)r channels for the lightest few nucleon resonances for J*

values which first appear in the N=4, § and 6 bands. Notation as in Table II.

model state A{1600)7 A(1600)7 \/rf;;mo), N(1440)r

Nr state/rating
P

L*15(2065 a1t a1tl 7.9+ 0.4

N1*]s(206 p.1*le T *

N1*(2100) Py, |

(N 1*1r(2210) 8.1%05 8.1+£0.5 21733
! h |

1*12¢2390 ~0.1:£0. 0.5+ 0613 -1.6%0.1

Ni* 0.0 s a3 %

(V1*]a(2410) —4.4%13 ' 0.1+ 0.0 a.4t1) -0.4 £0.0

(N 1¥1c(2455) 1.8193 13499 22107 -0.240.1
i h

[N§-+]1(2345) -01£00 -0.2£0.1 0.2+ 0.1 -1.3‘:3;3

NE¥(2220)Hyo* "

(Vg ]2(2500) 0.1£0.0 2.3%1% 2343 -0.4%%1

[(N$¥1a(2490) -1.6+0.1 -0.2+0.1 1.6+0.1 -0.4+0.2
h ]

(4441, 2490) L7 00£00 LTt} ~04x02

[V L1 ¥12(2600) -0.8%3 0.0 £ 0.0 08493 -0.7£0.3
g 3

N4 T )1(2600) 0.1:£0.0 0.5733 05+33 -2.4712

N%-(ZGOO)ﬁ 1

[N Y T];(2670) 0.2+00 -1.9%9% 191)2 -1.37%3

[N &L 75 (2700) -1.7£0.1 -0.2£0.1 1.7+0.1 -0.2%0.1

[NY Ty (2770) 0.0£0.0 -1.5%38 15122 -0.1£0.0

[N 475 (2855) -0.2+0.0 —0.2 0.1 03+0.1 -0.4%31
h j

[N 271, (2820) -0.1% 0.0 0.2+ 0.1 0.24£0.1 -1.7¥93

N &Y (2700)K) 15

(N 32%12(2930) 0.0+ 0.0 2.5t 25114 -0.5 £0.2

(N 12F15(2955) -1.50.1 ~06%32 16402 -0.3%31
1 k

(N127),(2715) -2.0%%3 0.0£0.0 20753 -0.9%%3

(N2 7];(2845) ~0.7¥%:3 0.0+0.0 07434 -0.14£0.0
j i

[N12+];(2940) -2.0108 0.0£00 2.0%11 ~0.5+0.2

[V 42 *12(3005) -0.9%34 00%00 0.9%5% -0.6%33




