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Abstract. We study the stability of resonance poles7N Py; partial wave, particularly the
Roper resonance, by varying parameters significantly witie EBAC dynamical coupled-channels
model, keeping a good fit to the empirical amplitude. We firad thvo Roper poles are stable against
the variation. However, for higher energies, the numbemdépcan change depending on how the
parameters are fitted within error bars. We also developeddehwith a bare nucleon which forms
the physical nucleon by being dressed by the meson-cloudtiiMind a good stability of the Roper
poles.
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INTRODUCTION

For extractingN* information, first, one needs to construct a reaction mda&ugh

a comprehensive analysis of data. Then, pole positions angx form factors are
extracted from the model with the use of the analytic coratirmn. Therefore, thé&\*
information extracted in this manner is inevitably modepdndent. Thus, commonly
asked guestions are how much model-dependent the extrasttance parameters are,
and how precise data have to be for a stable resonance extradtese are the questions
we address at Excited Baryon Analysis Center (EBAC) at JUakfithin a dynamical
coupled-channels model (EBAC-DCC) [2]. We focus on#ihePy; partial wave and the
stability of its pole positions, particularly those copesding to the Roper resonance.
In the region near Rope¥ (1440, two poles close to thaA threshold were found in
our recent extraction [3] from the JLMS model [4] (JLMS is arfé&eBAC-DCC model),
while only one pole in the similar energy region was repoitexbme other analyses. We
examine the stability of this two-pole structure againstfitilowing variation, keeping
a good reproduction of SAID single-energy (SAID-SES) solu{5].

« Large variation of the parameters of the meson-baryon arelNfaparameters of

the EBAC-DCC model.

« Inclusion of a bare nucleon state: The analytic structurénisfmodel is different
from the EBAC-DCC model in the region near the nucleon poje.[6
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DYNAMICAL COUPLED-CHANNELSMODELS

Here, we briefly describe the EBAC-DCC model and the bareemmncimodel. The
EBAC-DCC model containgiN, nN and ;N channels and therriN channel has
A, pN andoN components. These meson-baryon (MB) channels are connette
each other by meson-baryon interactionggwg ), or excited to bareN* states by
vertex interactionsl{yvg.n+). With these interactions, The partial-wave amplitude for
the M(K) + B(—k) — M’(K') + B'(—K/) reaction can be conveniently decomposed into
two parts asTyg we (KK, E) = tugwe (k.K,E) +t,§B we (K.K,E). The first term is
obtained by solving the coupled-channels Lippmanh-ch&\mequation withvyg mre
only. The second term is associated with the INitstates, and given by

thewe (KK.E) = 5 Tuson: (K E)DE) T sme (K, E), (1)
1]

where the dressed vertex functiﬁnf _we (k E) is calculated by convoluting the bare

vertexl’NPM/B/(k) with the amplitudesyg we (k. K',E). The inverse of the propagator
of dressedN* states in Eq. (1) is

D HE)ij = (E~my)d,; — i j(E), @)

Wherem,% is the bare mass of theh N* state, and th&l* self-energy is defined by

Z(E)= Y || adalyue(0 E)Cus(@ B ey (GE) ()
Cwms

whereGyg is the meson-baryon propagator, &g is the integration contour in the
complexg plane used for the channélB.

To examine further the model dependence of resonance gatracit is useful to
also perform analysis using models with a bare nucleon, aslojged in Ref. [8].
Within the formulation of EBAC-DCC model, such a model camb¢ained by adding
a bare nucleonlp) state with masmﬂ andNy — MB vertices and removing the direct
MB — N — M’B’ in the meson-baryon interactiongg wg . All numerical procedures
for this model are identical to that used for the EBAC-DCC mlo@xcept that the
resulting amplitude must satisfy the nucleon pole conditio

[':nNN(kgn)]2

CE—-md —3(my)’

(4)

thn.an (K = Kon, K= Kon, E — my) =

with
my=ml+3(my)  and  Faun(kon) = F (Kon) - (5)
Here we have used the on-shell momentum definel by \/mg + k2, + /M2 + k2.

Also, i(mN) is the self-energy for the nucleon. More details for the waltonal proce-
dure following Afnan and Pearce is found in Refs. [1, 8].



RESULTS

Now we show our numerical results to examine the stabilityhef;; poles. We present
results from various fits by varying the dynamical contenthef EBAC-DCC model,

and by using a model with a bare nucleon. We show in figuresuhéty of fits of these

models, and in Table 1 the pole positions from the models disasg? per data point
(xgd). We find the poles with the method of analytic continuatiestdssed in detail in
Refs. [3, 9]. In Table 1, we also present pole positions friukS[4] and SAID-EDS

(energy-dependent)[5].

First we varied both the parameters for the meson-baryenaations g m/g’) and
parameters associated with baNé states |(nR,*, N+ mB) Within EBAC-DCC model.
The obtained meson-baryon interactions are quite difteiremn those of JLMS. We
obtained several fits which are different in how the osa@latbehavior of SAID-SES
amplitude for higheW is fitted. The results from the\#'-3p (dotted curves) and\Z-4p
(dashed curves) fits are compared with the JLMS fit (solidesirin Fig. 1. The resulting
resonance poles are listed in the 3th and 4th rows of Tablede e see the first two
poles near thetA threshold from both fits agree well with the poles from the B.M.
This seems to further support the conjecture that these tlesare mainly sensitive
to the data beloWV ~ 1.5 GeV where the SAID-SES has rather small errors. However,
the 2N*-4p fit has one more pole dMr = 1630—i45 MeV. This is perhaps related to
its oscillating structure ne&d/ ~ 1.6 GeV (dashed curves), as shown in the Figs. 1. On
the other hand, this resonance pole could be fictitious shecét 2N*-3p (dotted curve)
with only three poles are equally acceptable within the flatihg experimental errors.
Our result suggests that it is important to have more acewfaia in the highV region
for a high precision resonance extraction.

Next, we show our results obtained with the bare nucleon meade then address
the question whether difference in the analytic structditb@ N amplitude belowtN
threshold strongly affects the resonance extractionsbéne nucleon model is fitted to
SAID-SES, and at the same time, to the nucleon pole conditiap (5). Meanwhile, the
original EBAC-DCC model has different singular structustdow theriN threshold. The
question is whether such differences can lead to very difteresonance poles. Our fit

TABLE 1. The resonance pole positioMg for Pp; [listed as (ReM, —ImMR) in
the unit of MeV] extracted from various parameter sets. Tdwation of the pole is
specified by, €.9.(Sm, SN, SN, Sma; SN, SoN) = (Upuupp), wherep andu denote
the physical and unphysical sheets for a given reactionrtfkiarespectivelw(gd is x?
per data point.

Model upuupp upuppp uuuupp uuuuup ng
SAID-EDS  (1359,81) (1388, 83) — — 2.94

JLMS (1357,76) (1364, 105) — (1820,248) 355

2N*-3p (1368,82) (1375, 110) — (1810,82)  3.28

2N*-4p (1372,80)  (1385,114) (1636,67) (1960,215) 3.36
INoIN*-3p  (1363,81)  (1377,128) — (1764,137) 251
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FIGURE 1. The real (left) and imaginary (right) parts of the on-stligll amplitudes as a function of
the N invariant mas$V (MeV). Ais unitless in the convention of Ref. [5].

of the bare nucleon model agree very well with JLMS beWw= 1.5 GeV, while their
differences are significant in the higt region. The corresponding resonance poles are
given in Table 1. We also see here that the first two poles hear/t threshold are close

to those of JLMS. Our results seem to indicate that these blesgare rather insensitive
to the analytic structure of the amplitude in the region faelN threshold, and are
mainly determined by the data in the regiog + m; <W < 1.6 GeVW.

ACKNOWLEDGMENTS

The author would like to thank H. Kamano, T.-S. H. Lee and ToSar their collab-
orations at EBAC. This work is supported by the U.S. Depantnté Energy, Office
of Nuclear Physics Division, under Contract No. DE-AC0320%23177 under which
Jefferson Science Associates operates Jefferson Lab.

REFERENCES

H. Kamano, S. X. Nakamura, T.-S. H. Lee, and T. SBhys. Rev. C 81, 065207 (2010).

A. Matsuyama, T. Sato, and T.-S. H. L&#ys. Rep. 439, 193 (2007).

N. Suzuki, B. Julia-Diaz, H. Kamano, T.-S. H. Lee, A. Mai@ma, and T. Sat®hys. Rev. Lett. 104,
042302 (2010).

B. Julia-Diaz, T.-S. H. Lee, A. Matsuyama, and T. SBtys. Rev. C 76, 065201 (2007).

R. A. Arndt, W. J. Briscoe, I. |. Strakovsky, and R. L. WorkmPhys. Rev. C 74, 045205 (2006).

B. Julid-Diaz, H. Kamano, T.-S. H. Lee, A. Matsuyama, ToSand N. SuzukiChin. J. Phys. 47,
142 (2009).

R. E. Cutkosky, and S. WanBhys. Rev. D 42, 235 (1990).

B. C. Pearce, and I. R. AfnaRhys. Rev. C 34, 991 (1986)Phys. Rev. C 40, 220 (1989).

N. Suzuki, T. Sato, and T.-S. H. Ldehys. Rev. C 79, 025205 (2009); arXiv:1006.2196[nucl-th].

oo~ whpE

©o~N



