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In this talk, we present a new interpretation for the recently observed Z(1820) resonance. We
recall that the chiral unitary approach for the interaction of pseudoscalar mesons with the baryons
of the decuplet predicts two states for the Z(1820) resonance, one with a narrow width and the
other one with a large width. We contrast this fact with the recent BESIII measurement of the
K~ A mass distribution in the i (3686) decay to K~ AE*, which demands a width much larger than
the average of the PDG, and show how the consideration of the two Z(1820) states provides a
natural explanation to this apparent contradiction.
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1. Introduction

We have now strong signatures that two pole structures indeed do exist. For that we mean two
distinct poles in the same Riemann sheet. One of the most well-known examples is the A(1405),
for which two states around 1385 MeV and 1420 MeV were predicted in Refs. [1, 2]. After some
time, these resonances found their place in the PDG [3]. Recently, the two-pole structure of the
A(1405) has also been observed by LQCD (for a pion mass around 200) [4, 5]. The first chiral
extrapolation to the physical point of these data has been conducted in [6]. Other examples are the
K1(1270) axial vector resonance, where also two states were found in Ref. [7], see also Ref. [8],
and the D*(2400) [9, 10], the Y (4260) resonance found by the BaBar collaboration [11, 12] into
two states Y (4230) and Y (4260) by the BESIII collaboration [13]. The generation of double pole
structures from the Weinberg-Tomozawa interaction has been discussed in [14]. See also [15].

In Refs. [16, 17], the interaction of the octet of pseudoscalar mesons with the octet of baryons
was studied and the two A(1405) states emerged. The study was extended to the interaction of the
octet of pseudoscalar mesons with the decuplet of baryons in Ref. [18]. There, many resonances
were generated that could be associated to well known %_ existing states. Indeed, two resonances,
one narrow and one with a large width, were predicted in Ref. [18] in the vicinity of £(1820). The
purpose of this work is to show that support for this idea is now provided by the recent BESIII
investigation of this resonance. Actually, in Ref. [19] the ¢ (3686) decay to K~ AZ" is investigated
and in the K~ A invariant mass two neat peaks, one for the £(1690) and another one for the Z(1820),
are observed. The surprising thing is that the width of the Z(1820) is reported as

T=(1500) = 73%% £ 9 MeV. (1)
This result is much bigger, and incompatible with that of the PDG [3] of

T2 (420 = 24710 MeV (PDG estimate); 24 + 5 MeV (PDG average). )

A solution to this problem is obtained with the acceptance of two states, as we show below.

2. Formalism

In Ref. [18], four coupled channels were considered, 2*K[1878], E*7[1669], Z*n[2078] and
QK [2165], where the threshold masses are written in brackets in units of MeV. As one can see,
only the E*7r channel is open for decaying at 1820 MeV and the width of a state depends on the
coupling to this channel. The transition potential obtained from the chiral Lagrangians is given by

1 0 70
Vij:_mcij(k +k'7), (3)
where k¥, k’0 are the energies of the initial and final mesons, and the coefficients C;j are given
in Table 1 of Ref. [20]. The scattering amplitude can be evaluated with the Bethe-Salpeter (BS)
equation,
T=[1-VG]'v. 4)

In this way, two poles were obtained in Ref. [18], one narrow and the other one wide, in the vicinity
of E(1820) resonance.
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B* B* > A
Figure 1: The resonant mechanism for the production of Z*K~A in the 1 (3686) decay.

Even though the channel K~ A, where the state is observed [19], is not any of the coupled
channels in the chiral unitary approach [18, 20], there is a way to make a transition to this state by
means of the mechanism depicted in Fig. 1, which is of the type [20],

t = > Ajéy - pzGi(PB)T; Cik* ~ ) Dij K&y - pz T, (5)
ij ij
where k is the momentum of the K~ in the K~A rest frame, G j are the loop functions of the
intermediate PB* states, regularized by means of a cutoff gmax [17], and A;, C;, D;; are unknown
coefficients that depend on the dynamics in Fig. 1. The invariant mass distribution can be written
as,

dr 11 e
= =k 1|, 6
M (KA) ~ (20)° M3 p=k 2, )l ©)

where psz is the momentum of the = in the ¥ (3686) rest frame, and k is the momentum of the kaon
in the c.m. reference system of the K™A, k=A12(M? m%(, mlz\)/2va. We obtain

inv’

dar B 3 -5 .
i~V PR 2P Tl -

being W an arbitrary weight.

3. Results

In the first place, we have redone here the calculations of Ref. [18] corroborating them. We
have also checked that the results presented here are also stable by varying the parameters (f and
gmax)- We obtain two-poles, one with a small width and the other one broad. The best compromise
with the experimental data is obtained by slightly changing the f parameter in Eq. (3) to 1.28 f,,
and gmax = 830 MeV. The results are shown in Table 1, together with the couplings of the states to
the different channels, extracted from the behaviour at the pole, where the amplitude behaves like
T;j ~ gig;/(¥s — Mg). It is now clear why the two states have such a different width, since the
only decay channel is 72" and the width goes as the square of the coupling to that channel, which
is larger for the second state.

Secondly, we have evaluated the mechanism of Fig. 1 and compared with the experimental data.
The coefficients D;; in Eq. (7) are unknown. However, by looking at the strength of the different
T;; matrices, we find that the nZ* channel has a large diagonal 733 amplitude which shows evidence
of the broad resonance (this is in agreement with Fig. 7 of Ref. [18]). We take then this amplitude
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Table 1: Pole positions and couplings for gmax = 830 MeV. All quantities are given in units of MeV.

Poles lg:l gi channels
1824 — 31i 322 | 3.22-0.096i K>
1.71 1.55+0.73i nE*
2.61 2.58 —0.38i nE*
1.62 1.47 +0.67i KQ
1875 - 130i | 2.13 0.29 +2.11§ Kx*
3.04 | -2.07+2.23i nE*
2.20 1.11 4+ 1.90i nE*
303 | —1.77+2.45i KQ

characterizing the sum }}; ;i DijTji. Actually, we notice that the relevant 7;; matrix elements have
all a similar shape. Once this is done, we find a K~ A mass distribution as shown in Fig. 2. We add a
background that follows the phase space, C pz k, and adjust C and the strength to the experimental
data.

140 ]
[ e Exp.data 1
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inv
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Figure 2: Results of Eq. (7), in arbitrary units, with );; i DijTji substituted by 733, with the experimental

data taken from BESIII [19] and the background as explained in the text.

As we can see, the results obtained with the two resonances of Table 1, together with the
background, provide a fair description of the data. A second test is conducted by performing a fit to
the data, very similarly to what is usually done in experimental analyses. Thus, we take a coherent

sum of amplitudes
A B
 + T 3
Minv_MR1+17 Minv_MRz'i'lj

with R;, R; representing approximately the two resonances of Table 1, with Mg, = 1822 MeV,
I't = 45 MeV, Mg, = 1870 MeV, I'; = 200 MeV. We adjust A and B and the constant C for the
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Figure 3: Results obtained adjusting Eq. (8) to the data together with a small background. In the figure
we show the contribution of the background alone and the results obtained removing the contribution of the
second pole.

background. The coefficients A and B are found to have about the same strength. A good description
of the data, shown in Fig. 3, is obtained, and most of the strength at higher invariant masses is
provided by the contribution of the second resonance. We can see in Fig. 3 that the contribution
of the wider resonance plays an important role filling up the strength in the higher part of the mass
spectrum. Note that the background needed in Figs. 2 and 3 is practically the same. This means that
in Fig. 2 the upper part of the spectrum comes from the 733 amplitude, which contains information
of the two resonances, with the wide one responsible for the strength in this region.

Note also that around Mg -, = 2050 MeV there appears another peak also obtained in Ref. [18].
This peak is related to a pole coupling strongly to the K€ channel.

In conclusion, the chiral unitary approach for meson-baryon interaction, applied to the interac-
tion of pseudoscalar mesons with the baryon-decuplet, gives rise to two states around the E(1820),
one of them narrow and the other one wide. This feature remains if reasonable changes are done in
the strength of the interaction or the regulator of the loop functions, and is independent on whether
one uses dimensional regularization [18] or the cutoff method as done here. We have shown that
this scenario provides a satisfactory description of the experimental data in the 1/ (3686) — K~AZE*
decay, solving the puzzle presented by the recent BESIII experiment [19], which provides a larger
width for the E(1820) than the one reported in the PDG [3].
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