PROCEEDINGS

OF SCIENCE

Narrow or Wide Resonance?

T. Mart*
Departemen Fisika, FMIPA, Universitas Indonesia, Depok 16424, Indonesia
E-mail: fmart @i si ka. ui . ac.id

We have investigated the existence of te= 1/2* (P1;) narrow resonance predicted by the
chiral soliton model. For this purpose we used an isobar hamleloped for explaining the kaon
photoproduction process. It was found that the most passihtrow resonance has a mass of
1650 MeV and a width of 5 MeV. This finding is, however, diffetérom that obtained in thg
photoproduction off a neutron, where the extracted masswditth are relatively larger, i.e. 1680
and 30 MeV, respectively. We have revisited the calculabigrconsidering a wider resonance
width and using the latest covariant isobar model. The tesililindicates the existence of the
narrow resonance with the mass of 1650 MeV, but the best agnetebetween experimental data
and model prediction could be achieved by using the res@enarass and width of 1690 and 75
MeV, respectively. However, the possibly smisli(1710P;; coupling constant would constrain
the mass and width to bg 1680 and< 35 MeV, respectively.
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1. Introduction

The nonstrang®;; resonance plays a decisive role in the calculation of the masses of all an-
tidecuplet baryon members predicted by the chiral quark soliton mg@$M) [d]. For instance,
in estimating the pentaquark mass, Diakombel [fl] assigned the non-strandfe; resonance to
theN*(1710Py4 listed by the Particle Data Group (PD@) [2], because at the time the PDGedpor
the resonance partial decay widths similar to those predicted byQ&M.

By using the masses of exotic baryons as inputs they reevaluated the nthaissreSonance
and found that it should be either 1647 or 1690 MeV, depending whetheot the mixing with
lower-lying nucleonlike octet is excludefd [3]. By definition, the resoreanas expected to have a
small total width, namely it must be a narrow resonance. This was also thenrézat the small
bump found in then photoproduction off a free neutron was suspected as an evidencés of th
resonance]4]. Lately, it is listed by the PDG as a new state with one-stas Btahe 2012 Review
of Particle Physicq]5] as thé*(1685), despite its spin and parity are still undetermined.

In this paper we report on some progress made in the investigation of thisvn@sonance.
Our discussion will be mainly based on our recent works published etsevi$,[}].

2. Isobar Models

In the first analysis we used the isobar model consisting of the stasdargd andt-channel
Born terms [B[]8]. Except for the nucleon resonances and contaas téine corresponding Feyn-
man diagrams are shown in Fig. 1. For the resonance terms the model exgdi=ethWigner
multipole parameterization. The model was fitted to the low energy, near thdedhata. Detailed
information on this model can be found in Refd.[[6, 8].

In the second analysis we used the fully covariant isobar m¢jdel [9]. mbiel consists of
the standard-, u-, andt-channel Born terms as well as tK&é*(892), K;(1270 vector mesons
and theA*(1800 1, A*(1810 Py hyperon resonance. In tleechannel the model includes the
N*(1650S;1, N*(1700D13, N*(1710Py1, N* (1720 P13, N* (1840 P11, N* (1900 Py 3, N* (2080 D13,
N*(2090S;1, andN*(2100 P11 nucleon resonances. These nucleon resonances are found to be
consistent with the 2012 PDG listinf] [5]. The unitarity corrections are aqymated by using the
energy-dependent widths along with the appropriate partial branchaesgdns in the resonance
propagators[[10]. Since hadrons are composite objects, hadronicféators are considered in
hadronic vertices, where the gauge invariance of the amplitude after rineféotor inclusion is

p, N*
(@

(d)

Figure 1. Feynman diagrams for the isobar model. Note that the diagdancalled the contact or seagull
diagram, is included to maintain gauge invariance of theldange after the inclusion of hadronic form

factors [1]1].
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Figure 2: Changes of thg? in the fit of the kaon photoproduction data due to the inclusiba narrowPy;
resonance. The negative value/g{? indicates an improvement. The vertical lines locate thétjons of
my+ = 1650, 1700 and 1720 MeV.

restored by adding the contact term shown in fig. 1 (d) and using thertaty@rescription[[TJ1].
The model was fitted to the lateikt™A photoproduction data, which consist of nearly 3500 data
points. Two different models were proposed. Both models use the saoreaneg configuration
as described above, but in model A [B] the mass and width oNH@080)D13 [N*(1900P;3]
resonance were considered as free parameters. A more detailedidisafdboth models can be
found in Ref. [P]. In the present discussion we use model A, since ithésexperimental data
better than model B.

3. Result for the Narrow Resonance

By using the first isobar model the existence of a narrow resonancemgatoproduction
was investigated by scanning the changes ofyth¢indicated by thehx?) after the inclusion of
this resonance in the energy range between 1620 and 1730 NleV [@&].ofhe results of this
scanning process is shown in Hiyj. 2, where in this case the total width isfrakerl to 10 MeV
(indicated by 10 almost overlapping lines) and kb total branching ratio is 0.2. Figu[¢ 2 clearly
shows that there are three possible narrow resonances locatgd-atL650, 1700, and 1720 MeV.
Nevertheless, the most convincing one seems to appeag-at 1650 MeV, where the lowest
Ax? is obtained fo - = 5 MeV. Clearly, this is not the same narrow resonance found imthe
photoproduction off a free neutrof] [4], where the correspondingsisas680 MeV. Nevertheless,
this finding corroborates the result of the topological soliton model of Wallise Kopeliovich
[[F] as well as that of thg QSM model of Diakonov and Petro [3].

We have investigated the origin of the minimumag = 1650 shown in Fid.]2 and found that
it comes from the recoiledl polarization as displayed in the left panel of Hig. 3. Comparison with
experimental data indicates that the minimum appears in all avaifabies. The existence of this
minimum creates a valley structure in the recoiled polarization if this observaptesented in a
three-dimensional plot as shown in the right panel of fig. 3. Despiteislgave clear structures
at 1650 MeV, the present experimental data have error bars thabemgacable to the structures
themselves. Therefore, it is obviously very important to refine these déte ifuture, especially
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Figure 3: (Left Panel) The recoiled\ polarization calculated from the models wittPg (solid line) and
an$S;; (dash-dotted line) narrow resonances compared to thabutithnarrow resonance (dashed line) and
experimental datd [13]. (Right Panel) Same as in the lefepéut presented in a three-dimensional plot.

atW around 1650 MeV. This could become an important agenda of the CryaflaC8llaboration
at MAMI, Mainz.
The possibility of other quantum states, i.e. #fe=1/2" (S1) and 32" (Pi3), is ruled out

by the fact that both states produce a clear structure in the total cragsmsadich is not observed
experimentally [[7].

4. Increasing the Resonance Width

The total width found in the previous Sectidny- = 5 MeV, provides an evidence that the
resonance is narrow. However, as discussed above, this regosasertainly different from that
observed by Kuznetsaat al. [f]] at my- = 1680 MeV. Based on this fact it is obviously interesting
to study the effect of extending the upper limit of the resonance width inrewiqus investigation
[A]- Moreover, in our previous study there is also a possibility for amasoe with a mass around
1680 MeV, although the corresponding signal is slightly weaker. Byrsogrihe total width up to
100 MeV we found an absolute minimum &§? as shown in the left panel of Fif]. f [7]. At this
point we obtainmy- = 1696 MeV and - = 76 MeV. Note that we still observe the minimum at
my+ = 1650 MeV, which corresponds to the narrow resonance found in évéoois study, although
we have used a fully covariant isobar mod¢l [9] to obtain this result. Istiaggy, the signal at 1650
MeV vanishes as we increase the width beyond 25 MeV.

In case off \+ > 25 MeV we can observe a single minimumz? for each values of y-.
Actually, this is seen in the left panel of Fig. 4. By plotting this minimum value asatfon of
the resonance width we arrive at the resonance mass and width relgticteden the right panel
of Fig.[4, where we have added the mass uncertainty obtained from the/IMidbde. Obviously,
the mass is bounded between 1675 and 1695 MeV, which is consistent wRDestimate[]5].
However, by considering the coupling constant value oNhgL710P;; resonance, which should
not exceed that of thM*(1650S;1, our finding suggests th&iy- < 35 MeV, which, according to
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Figure4: (Left Panel) Same asin Fiﬂ. 2, but obtained by using the ¢avbisobar mode[[9] and displayed
in three-dimensional plot as functions of the resonancesraad total width. (Right Panel) Relation between
the resonance mass and total widih [7].

the mass and width relation of Fif. 4, correspondsie < 1680 MeV [T]. This result is much

closer to the PDG estimate of th (1685 resonance]5].
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