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Abstract. We have solved the Faddeev equations forthl system and coupled channels resulting into the
dynamical generation of twi*, N*(1710) andN*(2100), and ong states/(1910), all of them with]® = 1/2*.
In addition, signatures for a neW* resonance witld® = 1/2* are found around at an energy of 1920 MeV.

1 Introduction the three-bodyl -matrix for thexzN system and its cou-
pled channels and search for peaks which could be identi-

The 7z and 7N systems have been extensively studied fied with N* resonances. In order to get tﬁ!‘ematrix for
[1-5] and dynamical generation of several resonances hadh€ three-body system we adopt the formalism developed

been found. For instance, th€600), thefy(980) and the N [7,9-11] which is based on the Faddeev equations [12].
20(980) resonances appear in the KK ands interac- In terms of the Faddeev partitiori&!, T2 andT?, the three-
tion [1, 2], while theN*(1535) state is observed in thé bodyT-matrix is written as

and coupled channel systems [3, 4]. All these states have T=TY4+T24+T3, (1)

an important hadron-hadron component in their respective

wave functions, which play an important role in describing In our formalism we rewrite these partitions as [7, 9]

their properties. Since the interaction betweerandzN i 3 _—
is attractive in some energy range, it is plausible to think T =t6°(k{ — ki) + Z Th, i=123 2
that the addition of one more particle, for example, a pion, j#i=1

could lead to new states with the three-body components of;ip, ki (k') being the initial (final) momentum of the par-
its wave function playing a dominant role in understand- ticle i Th'e.l.ij artitions include all the dierent contri-
ing the experimental data. There are in fact several reso'butioﬁs o thg t%ree—bo dy- matrix in which the last two
nances listed by the Particle Data Group (PDG) [6] which . . ; X .
interactions are given in terms of the two-bddmyatrices

can be expected to belong to this group, like, for example, i . . ;
the N*(1710), which has a large branching ratiosoN t' andt, respectively and satisfy the equatlor_13

(40-90%). Therefore, a study of thza_N system an_d cou- TF§2 = tlgt22 4 7G 121-|-F§1 + G 123TF§3
pled channels could lead to dynamical generation of the L |
tl\é*ri(slt?CISO) and, hence, a better understanding of its charac- TF}3 = thgt3 4 ¢ 61311—51 + GlszTF?z

With this motivation, we have studied th@N system Tél = g2 4 2 >G 212-|-F:QL2 + G213TR%3—

and coupled channels using the formalism developedin [7]
which leads to dynamical generation of all the low-lying
1/2*, S = -1 resonances listed in the PDG in the en-
ergy region 1500-1800 MeV. As we shall see in the next
sections, three resonances corresponding tdNtii&710),
N*(2100) and1(1910) are found and a neM resonance is
found around 1920 MeV, supporting the prediction of [8].

TF\%?’ — t2g23t3 + t2 G231TR31 + G232T§2 (3)

T3 = g3 4 13 G 32Ti2 GslsTR}a—

T3 = 3g%2%2 + 13 G 321721 | GsstRga—_

This means that the full three-bodymatrix can be related
to Ty through
2 Framework

3 3
T=)T=)tek - k)+Tr
In order to investigate the possibility of generating states i1 i1
which could have a strong coupling taN, we calculate 3 3
— =), )T @
& e-mail:amartine@ific.uv.es io1 jA=1
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of one of thezN pairs (1/S3) to make the plot we con-
sider the invariant mass associated to trepair, the peak
appears when the(600) resonance gets dynamically gen-
erated in therr interaction [1, 2]. Therefore, we can con-
clude that theN*(1710) has a largerN component with
thenr subsystem generating theresonance [9].

Although there is a clear evidence for thE&(1710),
this work fails to get any trace of the Roper resonance,
which means that considering th@N system in s-wave
interaction is not stlicient to generate the Roper resonance,
which is not surprising. Other works such as the Juelich
model [13], which successfully describes the dynamical
generation of the Roper resonance, contains additional in-
formation on therN, =4, pN coupled channels anaN
forces. Also, in [14] an important contribution of thef
channel andr final state interaction (with one of the pions
coming from the decay of thd resonance) to the Roper
resonance has been claimed. Such an information is not
present in our formalism. The situation igfdrent for the
case of theN*(1710) with its large empirical coupling to
B anN and weaker tarN and other coupled channels.

In Eq.(3),4'"'s correspond to the three-body Green’s func-  Wiith the present formalism, we do not find the other
tion of the system an&'¥ to a loop function of three- 1/2* states listed in the PDG [6N*(2100),4(1750) and
particles (for their definitions see [7, 9-11]). We always 4(1910). This can be due to the fact that the chifdlam-
work with S wave interactions, therefore, all the matri- plitude which we use reproduces th&(1535) state but
ces in Eq.(3) are projected in S -wave, thus giving total not theN*(1650) resonance. Thus, if by chance any of the
J* = 1/2*. In order to identify possible three-body states, states mentioned above coupleste*(1650) we would
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Fig. 1. The squared amplitude for therN system in isospin/2
configuration as a function of/s and /s;z.

we have to project th&g-matrix (Eq. (4)) on the isospin
base. We choose the base in which the states are defined i
terms of the total isospin of the three body systénand

the total isospin of two piond,,, i.e.,|l, I) [9]. Since
neitherzlet'63(ki'—ki) nort'g''t! can give any three-body

not find them.

N One step further in the model should be to use a
more realisticxN t-matrix which includes both states,
the N*(1535) and theN*(1650). As it has been shown
in[7,9,10], our formalism does not depend on tlieshell

resonance structure because there are no three-body loopsarts of thet-matrices, then, we can use the experimental
|nC|Uded, we can restrict ourself to the Study of the proper- phase space and inelasticities fdt Scattering [15] in or-

ties of

(5)

Th=Tr- i i t'glt!

i=1 j#i=1

3 The N*(1710)as a nxN resonance

We solve Eq. (4) consideringtN, 7KX, 71KA andznN as
coupled channels for total charge zero and using the uni-
tary chiral approach of [1-3] to calculate the andzN
t-matrices. The #ect of therKX', nKA andznN channels
around 1700 MeV is found to be negligible and, thus, we
present the formalism in the simplest way, i.e., taking only
thennN channels in total charge zero into accourfi’n,
atan, n-atn, 2% p, 7~ 7%p. We label these particles as
1, 2, 3 according to the order in which they are written.

We show the s-wave squargégd amplitude for therrN
system in Fig. 1, projected on the isospin basd ;) =|
1/2,0) [9]. We obtain a peak atys = 1704 MeV, with
a full width at half maximum of 375 MeV which is in
good agreement with the characteristics of Mig1710)

der to calculate th@N t-matrix and then use this one to
solve Eq. (4) [10]. We discuss this issue in the next sec-
tion.

4 Dynamically generation of the N*(2100)
and the 4(1910)

In this section we use the experimenitak 0 phase shifts
(6) and inelasticitiesrf) [15] for thexN system and calcu-
late from them therN amplitudes [10] whenever we are
above its threshold. TheN interaction below its thresh-
old is determined using the model of [3]. In this way,
we extend the calculations of section 3 to higher energies
by using arN t-matrix which contains thé&*(1535) and
N*(1650) resonances and search for the other three-body
isospin 12 and 32 states withJ® = 1/2* listed by the
PDG. For therr interaction we continue using the chiral
amplitude [2], which reproduces quite well the experimen-
tal results of therr scattering.

We first check that with the new input we generate the
N*(1710) exactly with the same properties as before. After
that, with the same fivexN channels listed in section 3

[6]. Hence, we relate this peak with thN(17210). It is in- we solve Eq. (4) for higher energies. Later, we project our
teresting to note that if instead of using the invariant mass T}, -matrix in the isospin base in which the subsystem of

03009-p.2
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Fig. 2. The N*(2100) in therzN system with five coupled chan- Fig. 3. The4(1910) in therKA.

nels.

) ) ) . changes in the results can be easily understood by notic-
particles 2 and 3, i.e., pion nucleon (and its coupled chan-ing that after adding the rest of coupled channels the wave
nels) is ¥2 in the initial as well as the final state and the fnction of the resonance contains extra components which
total isospin of the system ig/2. have smaller phase space in the decay of the resonance. At

the same time, thexrN component becomes smaller due
to the normalization of the wave function and, hence, the

The squared ; amplitude for such a case is shown In  decay intarzN is also reduced.

Fig. 2 as a function of the total energy of the three-body We also find a peak in theKA amplitude for total
system and the invariant mass of the meson-baryon subsysisospin|=3/2 at an energy of 2126 MeV with a width

tem formed by the second and third particl&lfz A peak  of ~ 42 MeV with isospinlk, = 1/2 in the initial as well
close to an energy of 2100 MeV with a width 6250  as in the final state [10]. This peak can be identified with
MeV appears when/Sy is around 1670 MeV, thus hav-  the 4(1910) listed in [6], whose position, given byfidir-

ing axN*(1650) structure. The peak position, its width, the ent partial wave analyses, ranges up to 2070 MeV and the
spin-parity and the isospin are compatible with those of the width varies from 190-500 MeV.

N*(2100). Thus we identify this peak with tiN#(2100).
Since this peak appears when one of#thepairs rear-
ranges itself as thBl* (1650) and has been obtained only
by using arN t-matrix which contains the information on
theN*(1650), as well as on the*(1535), we conclude that
the inclusion of théN*(1650) in therN subsystem is essen-

tial to generate this resonance .

Considering onlyrrN channels and using the new
input, we do not find evidence for any resonance in the
isospin 32 configuration. However, the situation changes
when we introduce the coupled channels.

We now take into account 14 coupled channels: the five
N channels with total charge zero, i.&%7°n, 2% p,
antn, 7~ %, 7*7~n and the correspondingKX, 7KA
andrKn channelsg®K+ X, n9K°20, z°K%A, n%n, KO-,

, mK*X0, KO+, 7~K*A and # np. Again, we label _
them as particles 1, 2 and 3 in the order in which they are © Signatures for a new N* state around

written above and solve Egs. (4). As there are no data for1920 MeV

K2 — KX, KA — KA, etc., we take the model of [3] to

calculate the corresponding amplitudes. So far, we have investigated possible resonant states in

The introduction of the coupled channels modifies the thexzN system and its coupled channels which have been
peak in Fig. (2), which now appears at an energy of 2080 obtained adding a pion to those pseudoscalar-baryon sys-
MeV with a width of 54 MeV for a/S;3 near 1570 MeV ~ tems which couple strongly id" = 1/2” and isospin 12
andwith a bigger magnitude [10] . Therefore, the inclusion configuration, i.e.7N, KX, KA andyN . The invariant
of thenKX, rKA andznN channels makes the resonance mass of this pseudoscalar-baryon subsystem has been var-
shown in Fig. (2) more pronounced (by an order of magni- ied around 1530-1650 MeV, thus, treating the three-body
tude in the squaret@’-matrix) and much narrower. These system as arN* system, although within the three-body

It is rewarding to note that we get smaller widths than
the experimental ones. In our approach this fact is normal
since we do not consider theN decay channels and they
should contribute to increase the widths. Note that this can
be done even with a small coupling to thid components,
as implicitly assumed here, since there is more phase space
for decay into therN channel (see [7,9, 10] for more dis-
cussion).

We do not find any evidence of th§(1750), which
could indicate a dierent structure for this state than the
one studied in this work.
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of aN* around 1920 MeV and further tests are proposed in
order to clarify theJ” assignment for this state [11].

The peak at 1920 MeV is also observed if instead of
considering th&KK subsystem in isospin one we put it in
isospin zero, i.e., considering tiNf,(980) component of
the NKK channel [10].

[T'rI% (10°MeV)
25 —

20 —
15 —

10 —

6 Conclusions

We have studied thexrN system and coupled channels,
= first, using the chiral amplitude to describe tt¢ interac-
1020 - 1960 2000 tion, and later, using experimental phase shifts and inelas-
Ys (Mev) ticities in order to calculate theN t-matrix. In this way,
for the latter case, we ensure the presence oNtli{@535)
as well as theN*(1650), which is not generated in the chi-
ral model of [3], in therN t-matrix used as input to solve
the Faddeev equations. We find evidence for the dynami-
cal generation of th&l*(1710), theN*(2100), and also for
Faddeev equations. However, there are other possible conthe 1/2* 4(1910) resonance. We have also investigated the
figurations of this three-body system, likeN,fo(980) or NKK, Nzzr andNzn channels where th€K — 7 subsys-
Nap(980) which until now we have not discussed. tem rearranges itself asf@980) resonance, whiléK —zn

In the chiral models, théy(980) and theay(980) res- acts like theag(980). We obtain a new peak-atl924 MeV
onances get dynamically generated in #re KK andnn, with a strong coupling ttNap(980) andN fy(980).
KK systems [1,2], respectively. Thus, in order to study sys-
tems made of a nucleon and one of these resonances, we
consider, for total charge zero, the following set of cou-
pled channelsar®z®, pr°z~, nn®, ne*a~, ne=n*, pnn®,
pr~n, NK*K~, nK°K®, pK°K~. We label the particles as 1,
2, 3 in the order in which they are written above. We solve
Eq. (4) considering these channels and make isospin com-This work is partly supported by DGICYT contract num-
binations of theNKK channelsin orderto identify possible per EIS2006-03438 and the JSPS-CSIC collaboration
states in the correspondifigmatrix. agreement no. 2005JP0002, and Grant for Scientific Re-

The NKK amplitude shows a peak around 2080 MeV, search of JSPS N0.188661. One of the authors (A. M. T.)
with a width of 51 MeV (which we do not show here) for is supported by a FPU grant of the Ministerio de Cien-
the configuration in which the total isospin of tiKK cia e Innovacion. K. P. K thanks the support by the
system is equal to /R with the isospin of theKK sub-  Fundacao para a Ciéncia e a Tecnologia of the Ministério
system equal to one. This peak can be identified as theda Ciéncia, Tecnologia e Ensino Superior of Portugal
Nap(980) partner of the peak shown in Fig. 2. Therefore (SFRHBPD/403092007).
the peak corresponding to tihN(2100) has been seen in
N system as well as in tieKK system.

Interestingly, along with thisl*(2100) state, the T ma-
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Fig. 4. A possibleN* in the NKK channel around 1920 MeV.
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