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Abstract The generation of dressed meson–nucleon scat-
tering-matrix poles is presented. A possible scenario for
the interrelation of bare and dressed baryon poles is shown
by using a particular version of coupled-channel Dyson–
Schwinger type model. These findings are then applied to
the Roper resonance, and the conclusion is drawn that it is
dynamic in nature. A possible correlation between bare and
dressed propagator poles on one side and the quantities of
constituent quark-model calculations on the other side are
discussed.

PACS 14.20.Gk · 12.38.-t · 13.75.-n · 25.80.Ek · 13.85.Fb ·
14.40.Aq

1 Introduction

Establishing a well defined point of comparison between
experimental results and quark-model predictions has for
decades been one of the main issues in hadron spectroscopy;
yet the present status is still not satisfactory. Experimental
results, via partial-wave and amplitude analysis, give reli-
able information on dressed propagator singularities (“mea-
sured” scattering-matrix poles) [1–5], while quark-model
calculations usually give information on the three-quark ex-
cited states spectrum in the first-order impulse approxima-
tion (bare/quenched mass spectrum). It seems obvious that
there is no particular reason for these two quantities to be di-
rectly compared. Up to now, in the absence of a better recipe,
quenched quark-model states have indeed been compared
only with the dressed poles’ spectrum [6], but the aware-
ness has ripened that a clear distinction between the two has
to be made. One either has to perform “un-quenching” (to
“dress” quenched quark-model excited states) and compare
the outcome to the scattering-matrix poles, or try to take
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into account all self-energy contributions which are implic-
itly included in the “measured” scattering-matrix pole pa-
rameters, make a model independent undressing procedure
and compare the “bare” outcome to the impulse approxima-
tion quark-model calculations. The first approach seems to
be feasible but highly involved [7]. The latter one, however,
seems to be impossible [8] due to very general field-theory
considerations [9–15]. The present recommendation given
at the BRAG2007 workshop [16] is that

“. . . dressed scattering-matrix singularities are the
best, model independent meeting point between
quark-model predictions and experiments, and bare
quantities in coupled-channel models remain as legit-
imate quantities to be extracted only within a frame-
work of a well defined model. To understand and in-
terpret them correctly, one has to keep track of the
existence of the hadronic mass shifts produced by
off-shell-ambiguities, and take them fully into ac-
count. . . ”.

In this paper, we focus on exploring the detailed proper-
ties of both, dressed and bare scattering-matrix parameters
in coupled-channel models, and investigate their layout and
interdependence. The main purpose of this article is twofold:
(i) to study the causal connection between bare and dressed
poles and correlate it with the phenomenon of dynamically
generated resonant states [17–22], and (ii) to analyze the
spectrum of bare propagator poles and to make a connec-
tion between bare propagator poles and quark-model states.
The design of coupled-channel Dyson–Schwinger models is
very convenient for tackling both of these issues, so we shall
use it throughout this paper.

Within all coupled-channel formalisms dressed and bare
propagator poles are automatically distinguished, but still
directly connected. The same type of Dyson–Schwinger
equation is always solved, but the treatment of a channel-
resonance vertex interaction varies from phenomenological
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to microscopic [23]. The resolvent equation formalism gen-
erates self-energy correction terms; self-energy terms shift
the initially real-value bare propagator poles into the com-
plex energy plane; and eventually, dressed propagator poles
are generated. The obtained full scattering-matrix poles are
(at least in principle) experimentally identifiable, but it is
clear that the whole chain of self-energy contributions lies
between them and the basic microscopic interaction struc-
tures.

A direct interrelation of bare and dressed propagator
poles offers new insight into the genesis of dressed resonant
states. In the coupled-channel formalisms it turns out that
dressed scattering-matrix poles can be generated in two very
different scenarios. In both cases they are produced when the
bare propagator poles are shifted from the real axes into the
complex energy plane by a self-energy term produced by an
intermediate state excitation of all virtual two-body states. In
the first case, the self-energy term is small, so we can readily
identify the actual, directly responsible nearby bare propa-
gator pole. In the second case, the self-energy term is large,
and a nearby bare term responsible for the dressed pole cre-
ation cannot be identified. This offers a simple mechanism
to distinguish between genuine resonances, defined as states
produced by a nearby bare propagator pole, and dynamic
ones for which such a nearby bare pole does not exist.

As a result, we got a better insight into an unresolved is-
sue which has for quite some time been troubling the physics
community: understanding the nature of the Roper reso-
nance.

There is a prevailing belief that the Roper resonance dif-
fers significantly from other resonances (most recently re-
capitulated in [24]), but a fully convincing argument that it
is indeed so has never been given. Possible explanations of
the phenomenon have been ranging from understanding the
Roper resonance as being a hybrid state with excited glue
[25–27], to understanding it as a five-quark state, qqqqq̄ ,
which produces a scattering-matrix resonant behavior with-
out a standard three-quark pole term [21] (dynamic reso-
nance). The Roper resonance has strongly attracted our at-
tention in the coupled-channel approach, so we have made a
special effort to analyze it in the context of the role of bare
propagator poles.

As we have said before, non-trivial analytical properties
of the self-energy function result in two kinds of dressed
propagator poles: those in relative proximity of bare masses,
and those that are far from them. It came as a surprise to
see that all but one of the dressed poles located in the N∗
energy range are of the first kind, and all but one poles of
the second kind are lying far outside the resonant region
(region of model applicability), having no influence on the
scattering observables whatsoever. And the remaining sin-
gular case is the Roper resonance. Hence, the mechanism
defined before to distinguish between genuine and dynamic

dressed scattering-matrix singularities offers us the opportu-
nity to characterize the Roper resonance as being dynamic
in nature.

All efforts to understand the relation of bare propaga-
tor poles and quark-model quantities have created an on-
going controversy. Some colleagues attempt to relate them
directly. In [28–31] the possibility has been opened that
γN → Δ helicity amplitudes and transition form factors
of the constituent quark models should be compared to the
bare coupled-channel functions, and in [32] a simple well
defined model is devised for understanding the Roper and
Δ resonances in terms of cloudy bag model form factors
[33], and in [34, 35] this idea is used for understanding
charmed/strange resonant states in the meson–meson scat-
tering sector. Other, more cautious ones give them in a cer-
tain measure physical importance, but strongly refrain from
giving them such a tempting physical meaning. The main
reason for such a disagreement lies in the fact that the poles
of the interaction potential do arise only from the model
assumed, and as such do not reveal much dynamics of the
interaction [8, 16, 36]. However, the possibility that within
a well defined model a link might be established between
the bare poles and quark-model resonant states is still quite
appealing. In order to establish some connection between
theory and experiment, we pursue the hypothesis that the
bare poles are, if not equivalent, then yet much closer to the
quark-model structures than the directly measurable quanti-
ties. They should, at least, reflect the quark-model pattern of
behavior.

We try to relate bare propagator poles and parameters of
the quark model of [6]. However, as the parameters in that
publication were adjusted according to baryon spectroscopy
data, some quark-model resonant states of that model al-
ready incorporate loop effects to a certain, but yet unclear
extent. Nevertheless, since no channel-resonance coupling
(responsible for the dressing effect) is present in that model,
we assume that the quark-model states of [6] should still
correspond to our bare states.

At this point let us observe that the structure of the
Carnegie–Melon–Berkeley (CMB) type model [37] used by
the Zagreb group [38, 39] is very similar to the structure of
the dynamical coupled-channel model of [28, 29] where a
tempting direct interrelation between bare parameters and
quark-model states was first proposed. As the major differ-
ence between the two (the intricate Hamiltonian-based de-
scription of the reaction mechanism in [28, 29, 31] is in
[38, 39] replaced with a phenomenological representation)
by no means affects the considerations regarding the inter-
pretation of bare quantities. In this paper we use the CMB
type model in order to investigate the aspects discussed be-
fore of the bare and dressed propagator poles.

The result of our three-channel CMB type model fitted
to πN elastic and πN → ηN partial-wave data concur with
the conclusions that the Roper resonance is a dynamic state.
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We also, for several lowest partial waves, find a reason-
able correspondence between the bare propagator pole para-
meters and the quark-model states of [6], as well as between
the dressed propagator pole parameters and the experimental
N∗ parameters of [40].

2 Formalism

We shall not repeat the details of the technically involved
formalism given extensively in [38, 39], but, for the conve-
nience of the reader, we shall recapitulate the essence.

We use the Carnegie–Melon–Berkeley (CMB) fully an-
alytic, manifestly unitary multi-channel approach of [37].
The model has two main ingredients: the bare resonant
propagator G0(s)—the diagonal real matrix in resonant in-
dices incorporating real first-order poles and the channel-
propagator Φ(s)—the diagonal complex matrix in chan-
nel indices with matrix elements φ(s), which takes care of
other non-pole singularities. The solution of the problem,
the dressed resonant propagator G(s), for each partial wave
contains a mixture of all resonant and background contri-
butions. Resonant contributions are generated by “dressing”
bare propagator poles from the N∗ energy domain with self-
energy terms. One attractive and one (occasionally two) re-
pulsive subthreshold terms coupled to the elastic channel
have been used to simulate extra contributions to the left-
hand cut and background terms. One (sometimes two) ad-
ditional “background” resonances which had their si val-
ues fixed at arbitrary chosen large values above the data re-
gion have as well been allowed. The dressed resonant prop-
agator G(s) is obtained by explicitly solving the Dyson–
Schwinger equation G(s) = G0(s)−G0(s) Σ(s) G(s). The
graphical illustration of the equation is given in Fig. 1a.
The self-energy term Σ(s), as shown in Fig. 1b, is effec-
tively represented with the chosen analytic channel propa-
gators and channel-resonance coupling matrix γ as Σ(s) =
γ T Φ(s)γ , and the model manifestly satisfies unitarity. The
unitary-normalized partial-wave T matrix is obtained from
the dressed propagator matrix G and (to keep the S matrix
unitary) the square root of the real matrix function ImΦ as
T (s) = √

ImΦ(s)γG(s)γ T
√

ImΦ(s).
The model contains NC channels, NP bare propaga-

tor poles s0 (NR resonant and two background ones), and
all channel-to-resonance mixing matrix real parameters γ .
Once the number of channels NC, and the number of bare
propagator poles NP are chosen, the model contains a to-
tal of NP + (NP × NC) free parameters per partial wave.
All parameters of the model, the non-square parameter ma-
trix γ and the values of the real bare propagator poles s0,
are concurrently obtained from the least-square fit of the
CMB model T (s) to the experimentally obtained partial-
wave data.

Fig. 1 Resolvent Dyson–Schwinger equation and self-energy term

When fitting, we start with a minimal set of poles: NR =
1 resonant ones, and two (one attractive, one repulsive) sub-
threshold ones for the background, with the exception of the
P11 partial wave where we have added the second (repul-
sive) subthreshold term representing the nucleon pole. Then
we increase the number of above-threshold poles until a sat-
isfactory fit is achieved, i.e. until the quality of the fit, mea-
sured by the lowest reduced χ2 value, cannot be further re-
duced. In addition, visual resemblance of the fitting curve to
the data set as a whole is used as a rule of thumb: we reject
all those solutions which have a tendency to accommodate
for the rapidly varying data points regardless of the χ2 value.
Unsurprisingly, we usually do not obtain a unique solution
due to the poor quality of the available data set. However,
some poles (usually the lower ones) are quite stable, while
the higher ones, exactly where the data are scarce and the
need is pronounced for having much more inelastic chan-
nels at one’s disposal, are “traveling around”, producing op-
tically similar partial waves in the fitted channels. We have
also allowed for background poles lying high above the data-
region energy (we did not restrict the above-threshold pole
energy range), but our criteria (lowest reduced χ2 value, vi-
sual resemblance) did not require these terms. We are con-
fident that the better stability will be achieved by improving
the quality of the data in presently measured channels, but
much more so by increasing the number of channels mea-
sured.

So we can safely say that even at this level the singulari-
ties of the finally obtained T matrix, the dressed scattering-
matrix poles, are the quantities which are constrained di-
rectly by experiment.

3 Analysis

To investigate the link between bare and dressed poles, it is
important to accentuate three very important features of the
CMB type approach:
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(1) The causal connection between bare and dressed scat-
tering-matrix singularities is directly built into the for-
malism

(2) Each dressed scattering-matrix pole is produced by only
one bare propagator pole, and

(3) This connection is completely determined by the val-
ues of the non-vanishing coefficients of the channel-
resonance mixing matrix γ obtained directly as a result
of the fit

It is technically very simple to make operational the de-
sired correspondence between bare and dressed scattering-
matrix singularities. First we fit the data and obtain the set
of bare poles and the parameter values for the channel-
resonance mixing matrix γ . Then we establish the exis-
tence and location of dressed scattering-matrix poles us-
ing one of the proper pole-search methods [41, 42]. Since
the Dyson–Schwinger relation in the CMB model mixes all
resonances in a partial wave making the self-energy matrix
non-diagonal and energy dependent, it seems logical to as-
sume that a simple relation between dressed and bare poles
is lost. However, the anticipated and desired link is conve-
niently established by gradually reducing the values of the
mixing parameter matrix from their realistic values to zero
by taking the limit γ → 0 (we are gradually sliding into the
“world without interaction”). The self-energy contribution
eventually vanishes, and the values we reach uniquely de-
fine which bare poles are responsible for creating the partic-
ular dressed ones when the γ matrix is “switched back on”
(going back to the “world with interaction”).

Consequently, it is straightforward to see which dressed
pole is produced by a particular bare one merely by numeri-
cally decreasing the values of the γ matrix mixing parame-
ters from their realistic values obtained in the fit to zero.

This causal correspondence between dressed and bare
poles is a mathematical necessity, but it is not at all self-
evident that

(1) All physically observable dressed singularities must be
created by nearby bare ones, and neither is it clear that

(2) All bare singularities must remain near the physical axes
and create physically observable dressed ones

In our model we have found counter-examples for both.
As a corollary of (1), our model offers us a possibility to

define two types of dressed scattering-matrix poles: (a) the
genuine resonant state as a state which is produced by a
nearby bare propagator pole, and (b) the dynamic resonant
state as a state which is created out of a distant bare propa-
gator pole through the interaction mechanism. The naming
dynamic resonance is used in analogy to [21].

As a corollary of (2) we perceive that some of the bare
propagator poles might de facto “get lost”. Namely, the res-
onance mixing, as well as other self-energy features might
shift the bare poles from the real axis far enough into the un-

physical range so that they lose their possible physical inter-
pretation. In order to shift a bare pole far enough in the com-
plex plane so that we may find it missing, the dressing has
to be fairly strong. The poles are either shifted far away into
the complex direction so that their influence upon the T ma-
trices on the real axes is smooth, or they are pushed outside
the analyzed energy range. In both cases they evade identifi-
cation. The easiest way to achieve this would be to make the
coupling constants unrealistically large. Nevertheless, as we
shall show later, in the case of N(1440), there are other pos-
sibilities as well. The way in which the self-energy is created
(matrix multiplication of resonant and background terms) as
well as their non-linear and non-trivial energy dependence
drastically change the position of dressed T matrix poles
producing fairly large shifts. Moreover, as shown in [43],
even substantially large coupling constants do not have to
be considered entirely unrealistic. Therefore, the number of
bare poles may be different from the number of dressed ones
in the measurable energy region (i.e. experimentally ob-
served resonances). Hence, if we manage to link bare poles
and quark-model states, we have found another mechanism
how to understand the “missing resonance” problem.

Possible interpretation of bare propagator pole spectrum
in terms of quenched quark-model states is altogether an-
other affair.

Similarly to the approach presented in [28, 29, 31], we
are also unable to prove that bare propagator parameters di-
rectly correspond to quenched quark-model states. Such a
task would demand a full understanding of how quark mod-
els build up the meson–baryon interaction on the hadronic
level, and this is unfortunately still beyond our capabilities.
For now, we put forth the hypothesis that some correlation
between the two should exist, and we try to see where it
might take us. We relate real valued bare poles and quenched
quark-model states, and imaginary parts of the dressed poles
(produced when a complex self-energy Σ(s) pushes quark-
model states into the complex energy plane) and the decay
width. Let us observe that, in addition to creating the imagi-
nary part, bare propagator poles (quark-model state masses)
are shifted as well.

At this moment, we feel compelled to emphasize that
putting forth such a hypothesis calls for a substantial amount
of caution, because not all things are going that favorably. As
has recently been pointed out [8, 16], the self-energy term,
containing off-shell effects, seems to be explicitly model
dependent. It is very likely that the well-known invariance
of the scattering matrix with respect to the field transfor-
mation of the effective Lagrangian [10–15] makes off-shell
effects and the contact terms mutually inter-transformable
at the level of the same power counting diagrams, and the
self-energy term becomes defined up to a model depen-
dent hadronic shift only. Its absolute value, hence, becomes
strictly linked to the choice of the model, and the unique-
ness of separating dressed pole into the bare and self-energy
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contributions disappears. Consequently, it is to be expected
that the absolute scale must cease to be well defined. Bear-
ing that in mind, we are strongly interested to see whether,
if absolute values of bare poles and quark-model states are
not directly related, then at least their grouping remains pre-
served. To achieve this, we primarily look for the correla-
tions in the number of states (bare poles versus quark-model
states) and their relative separation. Absolute positions are
to be taken with reserve.

By accepting the hypothesis of linked bare poles and
quenched quark-model states quite a number of issues is
put into order: dressed poles are through bare poles directly
linked to the quark-model states; the nearest quark-model
state responsible for a specific scattering-matrix pole can be
identified; it is seen how the interaction can push the “rea-
sonable” quark-model state into the complex energy domain
not accessible to present experiments (the state “gets lost”);
the mechanism is revealed by which the scattering-matrix
poles can be created not from quark-model states, but other-
wise.

As we are dealing with effective interaction theories
where all unknowns are just represented by the free para-
meters of the model, we do not expect the identification to
be ideal. The incompleteness of the channel basis is an im-
portant issue that will reduce the predictability of the CMB
model. What we hope is to get a glimpse of the mechanism
how the dressing mechanism shifts the initial pole values,
and to get a feeling for its significance. We wonder how large
the shift actually is, and if it is present at all.

Furthermore, a sensitive question is the stability of the
Zagreb CMB model. In this paper the notion of stability
can only be discussed in the context of the stability of the
resonant-parameter extraction from the chosen particular

partial-wave data set, and not at all in the sense of a sta-
bility of the result with respect to a possible change of in-
put. For the Zagreb CMB model, being based on the BA-
TINIC 95 formalism which is accepted and quoted as one
of the recognized results in all PDG-RPP issues since 1998,
such a stability is (similarly to all other partial-wave analy-
ses in PDG [40]) better for lower (lighter) resonances than
for higher (heavier) ones. As the role of the input data set for
the stability of the solution is a complex problem right now
under study by the Zagreb group, we hope to present the
whole discussion in a more coherent way in a forthcoming
publication.

4 Results and discussion

We use a model with three channels: two physical two-body
channels πN and ηN , while the third, effective channel rep-
resents all remaining two- and three-body processes in a
form of a two-body process.

For the πN elastic partial waves we used the VPI/GWU
single-energy solutions [45, 46].

For the πN → ηN partial-wave data we used the
coupled-channel amplitudes from Batinić et al. [38, 39], but
instead of using smooth theoretical curves, we constructed
the data points by normally distributing the model input (as
in [47]).

The fitting strategy was taken from [47].
The obtained curves correctly reproduce all input partial-

wave data and are given in Figs. 2 and 3 for the πN elastic
and πN → ηN process.

The first four partial waves in the I = 1/2 channel (S11,
P11, P13 and D13) were analyzed.

Fig. 2 The obtained curves for
πN elastic scattering. Empty
squares and red lines denote the
real part of the scattering matrix
and full squares and blue lines
denote the imaginary one
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Fig. 3 The curves obtained for
the πN → ηN process. The
notation is the same as in Fig. 2

Table 1 Bare propagator and scattering-matrix poles. Stable poles are given in boldface, and non-stable ones in grey. An asterisk in P13 value
from [40] indicates that the Breit–Wigner mass and width are given instead of the pole position

Partial Bare propagator poles w = √
s0 Scattering-matrix poles—our model

wave quark model masses [48] scattering-matrix poles [40]
(GeV) (GeV)

No. 1 No. 2 No. 3 No. 4 . . . No. 1 No. 2 No. 3 No. 4 No. 5
(w) (w) (w) (w)

( Rew
−2 Imw

) ( Rew
−2 Imw

) ( Rew
−2 Imw

) ( Rew
−2 Imw

) ( Rew
−2 Imw

)

S−
11 1.518 1.651 1.912 –

(1.51
0.10

) (1.65
0.14

) (1.91
0.95

)
– –

1.460 1.535 1.945 2.030, . . .
(1.51

0.10

) (1.65
0.14

) (2.15
0.35

)
– –

D−
13 1.477 1.663 1.934 –

(1.40
0.15

) (1.51
0.11

) (1.82
0.16

)
– –

1.495 1.625 1.960 2.055, . . .
(1.51

0.11

) (1.68
0.10

) (1.88−2.05
0.16−0.20

)
– –

P +
13 1.909 2.484 – –

(1.65
0.36

) (2.47
0.18

)
– – –

1.795 1.870 1.910 1.950, . . .
(1.66−1.69

0.12−0.28

) (1.90
0.50

)∗
– – –

P +
11 0. 960 1.854 2.018 2.759

(1.10
0.00

) (1.35
0.16

) (1.70
0.10

) (2.00
0.60

)
–

0. 960 1.540 1.770 1.880, . . . –
(1.37

0.19

) (1.72
0.23

) (2.12
0.24

)
–

The obtained bare propagator and scattering-matrix poles
are collected in Table 1.

However, even before opening the discussion, it is im-
portant to warn the reader that the simplicity of the model,
i.e. the fact that we are using only three out of at least seven
open, and potentially important channels, will produce only
qualitative results. The complexity of the coupled-channel
model (simultaneous mixing of all channels) requires con-
siderably larger number of fitting parameters. The absence
of constraining data in more than only a few channels will
necessarily produce incomplete solutions. However, includ-
ing more channels unconstrained by the data would, in this
model, produce numerical instabilities in the fitting results
obtained. To avoid such an undesirable scenario, it is impor-
tant to get hold of as many constraining data, in as many

channels, as possible [44]. The quality of the data is of im-
portance, but the abundance of the constraining channels is
what counts.

4.1 Correlation of bare and dressed propagator poles

The first goal of this research, to see the influence of the in-
teraction onto the bare propagator poles, and their “journey”
from the initial bare to the final dressed positions, is symbol-
ically visualized in Figs. 4 and 5. In the world without inter-
action the γ matrices vanish, and the scattering-matrix poles
get “undressed”, and become equal to bare poles. In the real
world, the γ matrices are non-vanishing, and they are ob-
tained by fitting the partial-wave data. Arrows illustrate the
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Fig. 4 Scattering-matrix
singularities and bare
propagator pole positions for the
two lowest negative-parity
states. Full dots denote bare
propagator pole positions,
triangle arrows denote the few
lowest quark-model resonant
state masses of [48]. Boxes
represent RPP estimates for
dressed pole positions [40]

Fig. 5 Scattering-matrix
singularities and bare
propagator pole positions for the
two lowest positive-parity states

way how bare poles travel from the real axis (γ = 0) towards
their final positions in the complex energy plane (γ �= 0).

A very interesting conclusion emerges when looking at
the results given in Figs. 4 and 5.

All but one identified resonant states for the four lowest
partial waves seem to be genuine, i.e. there always exists
a well defined bare pole which is shifted by the interaction
from the real axis into the complex dressed pole. The ex-
ception is N(1440) in the P11 partial wave, the (in)famous
Roper resonance. It is generated differently—as a collective
effect of intermediate-state excitations of all virtual two-
body states which brings a distant bare background pole
back into the N∗ energy range. Hence, concerning the of-
ten expressed belief that the Roper resonance differs signif-
icantly from other resonances, we agree with the view that
it might not be a genuine nucleon resonance at all [21]. In
the model used here (a CMB-like multi-resonant model with
three channels) the Roper resonance turns out to be a dy-
namic resonance.

The advantage of the model we use with respect to
the approach of Krehl et al. [21] is that we do not have
to go through a cumbersome procedure of adding an ex-
tra pole term to the full K matrix coupled-channel effec-
tive Lagrange model and demonstrate its superfluousness.
Our straightforward criteria—the presence or absence of a
nearby bare propagator pole—gives us immediately the de-
cisive answer. Similarly to [21], we in our model do find a
scattering-matrix pole in the correct energy regime, but that
singularity is not produced by a nearby bare propagator pole,

but by a distant background one. In other words, we have no
need for a quark-model state corresponding to a Roper res-
onance.

Another possible explanation why we, in this publica-
tion, find a deficit of bare poles with respect to quark-model
states, is that only pion- and eta-nucleon channels are con-
sidered. It is not at all unreasonable to assume that some
quark-model states couple to channels other than these two.
Consequently, they should be seen elsewhere [44]. This
statement is strongly supported by the fact that a number
of new resonances is recently reported when analyzing other
channels (the photo-production channel in particular). Let us
only mention that, in recent years, quite a number of authors
have put forward the need for new resonances in S11, D13,
and D15 partial waves between 1.73 and 2.1 GeV [49–57],
and that their existence cannot be established when using
our limited input data set.

4.2 Spectrum of bare propagator poles

The tempting idea has been introduced by Sato and Lee
[28, 29, 31] that there exists a direct correspondence be-
tween bare poles and quenched quark-model states.

We accept this idea with a grain of salt because of the
potentially unpleasant model dependence issue. Bare para-
meters (bare resonant masses, in this particular case) are in-
herently model dependent, and this naturally led many au-
thors to draw the simple and natural conclusion: there is
no need to investigate anything related to bare propagators
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[8, 16]. Nevertheless, we have decided to further investi-
gate the correlation between the spectrum of bare poles and
quark-model states in the Zagreb coupled-channel model.
However, taking the warnings seriously into account, we do
not look for the direct identification of bare propagator poles
and quark-model states, we only look for the same pattern
of behavior of both. We study the absolute number of each,
and their relative distance. The absolute scale is taken with
utter reserve.

Regarding the distribution of the bare-pole positions, we
present our results for the four lowest partial waves bear-
ing in mind the afore-mentioned ambiguity of the hadronic
shift in macroscopic models. Two groups of results are given
in Table 1: two lowest negative- and two lowest positive-
parity partial waves. The first column contains bare propaga-
tor poles produced by the Zagreb CMB model (normal text)
and one out of several available sets of quark-model masses
(italics) [48]. The second column contains scattering-matrix
poles produced by the Zagreb CMB model from this pa-
per (normal text) and their standard values from PDG (ital-
ics) [40].

First group of results for the two lowest negative-parity
partial waves S11 and D13 show a reasonable amount of
agreement. The number of bare poles needed by the input
data, and the number of lowest lying quark-model states
from [48] is identical for both partial waves. As can be seen
in Table 1 and in Fig. 4, all three bare poles for both of them
can be naturally identified with the lowest three-quark states
of [48]. There are some discrepancies in the mass position,
but each required bare propagator pole does qualitatively
correspond to a particular three-quark state, and all lowest
ones have found their bare propagator counterpartners.

The obtained scattering-matrix pole positions corre-
spond reasonably well to the “experimental” values reported
in [40]. The only disagreement, the unexpected position of
the third dressed pole of the S11 partial wave (too far in
the complex energy plane), is most probably a consequence
of the fact that we fit the data from only two processes. It
is expected to disappear on including additional channels.
All three experimentally detected dressed poles for the D13

partial wave are reproduced, but only the second one, at
1.51 GeV, is stable. The used data seem to be insufficient, so
either the lowest two states are somewhat shifted in mass, or
we predict an extra, yet unseen state at 1.4 GeV, and do not
see an experimentally confirmed state at 1.68 GeV.

The next group of results is for the two lowest positive-
parity partial waves: P11 and P13. The P13 wave is not in-
consistent with the hypothesis of the article, but quite some
problems occur in the P11 case.

In the case of P13 partial wave, as can be seen in Table 1
and in Fig. 5, only one out of the five three-quark states
of [48] is identified with the bare propagator pole, while
the other states remain uncorrelated. The shape of the P13

wave looks relatively simple, so fits usually do not demand
for additional resonances (poles). As discussed before, the
positions of higher poles tend to be not too precisely de-
fined due to the incompleteness of the data set, so the sec-
ond bare propagator pole should either be identified with
one of the higher lying quark-model states, or its position
could be shifted downwards after including more channels.
Of course, such a disagreement might also mean something
completely different, like, for instance, it may indicate that
our analysis disproves some quark models. However, fitting
more channels concurrently should remedy this, since many
predicted (yet unobserved) three-quark states are expected
to couple much more strongly to channels presently omitted
(the famous missing resonance problem).

The notoriously problematic P11 partial wave, however,
remains troublesome as in the majority of theoretical con-
siderations. The important difference is the existence of a
well defined subthreshold pole—the nucleon pole. Follow-
ing the hypothesis of this paper that we should try to identify
bare propagator poles with all quark-model states (resonant
and bound), we have added an extra subthreshold pole to
the standard non-resonant background, and fixed its value
at 0.96 GeV (the mass of the quark-model subthreshold nu-
cleon pole of [48]). Then, we have left the remaining three
poles unconstrained. As shown in Table 1, all known above-
threshold dressed poles [40] are reproduced. The first con-
cern is that the dressing procedure shifted bare “nucleon”
pole from 0.96 to 1.1 GeV, nowhere near the physical nu-
cleon pole at 0.939 GeV. The fact that we do not obtain the
correct value for the nucleon pole might seem to be a prob-
lem. However, this we are not attributing things to the defi-
ciency of the model, but rather to the potential problems with
the chosen input data set for the P11 partial wave (VPI/SAID
single-energy solutions for the πN elastic channel). Just to
give a clue as to what might be happening: our original so-
lution [38, 39], which has used KH80 for describing the πN

elastic channel, has one bare background pole at 1.04 GeV,
but a dressed nucleon pole turns out to be at the correct value
of 0.94 GeV. Unfortunately, these values have still not been
published, as their importance has until recently evaded us
entirely.

Real problems began when the identification of quark-
model resonant states with bare propagator pole positions
was attempted. In [47] we have demonstrated that the pres-
ence of inelastic channels directly produces the N(1710)

P11 pole, and in Fig. 5 we show that it is generated by dress-
ing the 1.854 GeV bare propagator pole. This pole can be di-
rectly associated with one of the quark-model states of [48],
either 1.770 or 1.880. The nucleon state is producing an
insignificant, subthreshold and experimentally inaccessible
pole at 1.100 GeV. The remaining two bare poles at 2.018
and 2.759 produce the dressed pole at 2.200 GeV which can
be identified with the poorly determined N(2100) P11, and
an experimentally not yet established state around 2 GeV.
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The model used, with constraining data in only two chan-
nels, shows two very interesting features for the P11 partial
wave:

(1) One of the experimentally confirmed dressed poles,
namely the N(1440) P11 state—a Roper resonance—
is not produced by any nearby bare pole as was the case
for all other ones.

(2) No bare propagator pole which would correspond to the
1.540 GeV quark-model state is needed.

5 Conclusions

The correlation between bare and dressed poles, and the
idea that the quenched quark-model resonant states are to
be identified with a set of bare poles obtained in a fit (quark-
model states ⇔ bare propagator poles) [28, 29, 31] is tested
on a three-channel CMB type model.

For the first few partial waves we show the following.
The N(1440) P11 resonance (Roper resonance) is a

scattering-matrix pole not produced by a nearby bare prop-
agator pole. It is a dynamic resonant state, created as a col-
lective effect of intermediate state excitations of all virtual
two-body states which brings a distant bare pole back into
the N∗ energy range. Thus, it does not seem to be a genuine
excited state.

The bare propagator pole distribution nicely corresponds
to the spectrum of low-lying negative-parity quark-model
states.

The number of bare propagator poles needed to explain
the data is, for the low-lying positive-parity states, much
lower than the number of corresponding quenched quark-
model resonant states. The bare propagator poles needed to
explain the “missing resonant states” are to be looked for by
including other channels.

The N(1710) P11 resonance is a genuine resonance pro-
duced by a nearby bare propagator pole which can be identi-
fied with a quark-model state. However, its final positioning
awaits new data in other inelastic channels.

The bare propagator pole corresponding to the lowest
P11 quark-model state of [48] could not be identified when
only πN elastic and πN → ηN experimental data are used,
so we wonder what data and from what processes (πN →
ππN ?) could confirm its existence.
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