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We have studied the Q. — 7zt (z°,#)zE* and Q. — " (z°, 7)) KZ* decays, where the final zE* or KX*
comes from the decay of two resonances around the nominal Z(1820), which are generated from the
interaction of coupled channels made of a pseudoscalar and a baryon of the decuplet. The zE* mass
distributions obtained in the six different reactions studied are quite different, and we single out four of
them, which are free of a tree level contribution, showing more clearly the effect of the resonances. The
lower mass resonance is clearly seen as a sharp peak, but the higher mass resonance manifests itself through
an interference with the lower one that leads to a dip in the mass distribution around 1850 MeV. Such a
feature is similar to the dip observed in the S-wave 7z cross section around the 980 MeV coming from the
interference of the f(500) and f(980) resonances. Its observation in coming upgrades of present facilities
will shed light on the existence of these two resonances and their nature. On the other hand, when the

Q. — a7 (" n)KZ* reactions are studied, both peaks are observed.

DOI: 10.1103/PhysRevD.110.036005

I. INTRODUCTION

The issue of hadronic resonances corresponding to two
nearby states with the same quantum numbers has been
present for some time, since the challenging claim in
Refs. [1,2] that the A(1405) corresponded actually to
two physical states. In technical words, this means two
nearby poles in the same Riemann sheet, not the shadow
poles encountered in different Riemann sheets correspond-
ing to the same physical state. This issue was controversial
at that time, but evidence from many theoretical calculations
and different experiments opened the doors of the PDG [3]
to the existence of two A(1405) states, and in the 2020
edition of the PDG [4] two A(1405) states were officially
admitted (see review paper on this issue [5] on the PDG [3]).

The case of the two A(1405) states opened the gates to the
appearance of many other similar cases, one of them the two
K(1270) axial vector resonances, which were found in
Ref. [6], and were supported experimentally as discussed in
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Ref. [7]. New cases were found for two D{(2400)[now
D§(2300)] states in Refs. [8,9], and, in the study of the 3/2~
baryons coming from the interaction of pseudoscalar mesons
with baryons of the 3/2% decuplet [10,11], two states also
emerged for the E(1820) resonance [11]. There are also
cases found from experimental analyses, as the splitting of
the Y(4240) resonance reported by BABAR [12,13] into
two states ¥(4230) and Y(4260), suggested by the BESIII
Collaboration [14]. In a recent paper [15] the authors show
that the use of the Weinberg-Tomozawa interaction as the
leading term of the chiral potentials gives rise to a double
pole structure of some states. A global view on the issue of
the double poles in hadronic resonances is presented
in Ref. [16].

Recently the BESII Collaboration reported on the
reaction y(3686) — E*K~A [17], where an inspection of
the K~ A mass distribution showed two distinct peaks, one
corresponding to the E(1690) resonance and another one
associated with the Z(1820), yet with a width (~73 MeV)
about 3 times bigger than the average width reported by the
PDG [3] (~24 MeV). This apparent contradiction prompted
a theoretical work [18], where it was found that the apparent
large width was a consequence of the contribution of the
two E(1820) resonances. Updating the work of Ref. [11],
two poles were found in Ref. [18], one at 1824 MeV with a
width of 62 MeV, and a second one at 1875 MeV with a
large width of 260 MeV, and, with the contribution of the
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two states, a good reproduction of the BESIII mass
distribution could be achieved.

In the present work, we look for alternative reactions
that can give information on the two Z(1820) states. The
reactions are based on the weak decay of the Q¥ state and
several decay channels are considered. On the one hand,
we have

Q0 - 7tE(1820) — 222 (2~ EY),
Q0 = 292(1820) — 2072 TE* (202),

Q0 - »=E(1820) - natE(a92). (1)
On the other hand, we have

Q0 — 7tE(1820) — 7+ KO~ (K~£0),
Q0 — 792(1820) — "KL O(K-3),
Q0 — yE(1820) — nKOTO(K-). (2)

In the case of Eq. (1), we find a clear contribution of the two
states in all these reactions, but showing in a peculiar way,
through a destructive interference that leads to a pronounced
dip in the #E* mass distribution around 1850 MeV. This
situation reminds one of the same features seen in the 7z
isospin I = 0, S-wave scattering, where the cross section
has a broad peak corresponding to the f;(500) resonance
and a dip corresponding to the f(980) [19,20] (see also this
dip in the 0**2%2° mode in J/y radiative decay to two
pions [21]).

We shall also see different shapes of the mass distribu-
tions for these reactions reflecting the presence of more
than one resonance. This was one of the experimental
arguments used in favor of the two A(1405) states by
comparing the different shapes of the zX mass distribution
in the 77 p — K°z% [22] and K~ p — 7°72°20 [23] (see the
discussion on this issue in Ref. [24]). On the other hand, we
will see that, in the reactions of Q¥ — 77 (7%, 1)KZ* both
peaks are observed.

II. FORMALISM
A. The two E*(1820) states

In Ref. [11], the coupled channels of pseudoscalar
meson-baryon (3/27") leading to baryons with strangeness
S = —2 were considered, and with the interaction borrowed
from chiral Lagrangians and a unitary scheme, two Z*
states with 3/27 emerged. An update of the approach is
done in Ref. [18] and the amplitudes obtained there are
used here. The coupled channels are

K%+, K°Q-,

(3)

K320 0=, nE*", 7 50,

with charge Q = —1, and

I_(OZ*O, K_Z*+, OE*O, I’]E*O, K+Q_,

(4)

AR

with charge Q = 0. The interaction (potential) is given by

1
vijz—ﬁc (KO+k°);  f=128f,. f,=93MeV,

(5)

ij

with k0, k" the energies of the pseudoscalar mesons, and
C;; the coefficients given in Tables A.4.2 and A.4.3 of
Ref. [11]. The scattering matrix is obtained via the Bethe-
Salpeter equation in matrix form

T=[1-VG] v, (6)

with G the meson-baryon loop function, regularized with a
cutoff g, = 830 MeV, to get a good reproduction of the
BESIII data [17,18].

Below, we show the details for the calculation of the
#2* and KX* invariant mass distributions of the reactions
Q0 — 2t (2°% n)xE* and Q0 — xt (2", n)KZ*.

B. The Q! decay to z* (n° 5)nE*

The process that we study is single Cabibbo suppressed.
We consider the dominant external emission mechanism.
At the quark level, we have two topologies that can lead to
the desired final state depicted in Figs. 1(a) and 1(b). To
obtain two mesons in the final state, we have to hadronize
the 5u and du components. This is done by writing the
matrix gq in terms of physical mesons, P,

2 + +
ity T K
P=| o -Z+E K| (7)
— 70 _i
K K -

where the n-17' standard mixing of Ref. [25] is used and the
17, not playing a role in the energy region of relevance, is
omitted. Then,

us — Zu(_]i%@ = PPy = (P?)3
i

0 1
= (” 1 >K++7T+K0——K+ﬂ. (8)

VRV V3

It might look like the K component cancels, but this is
not the case, as we see below, because the order matters:
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S
u
C g S
0 s > s Q-
S > S
(a)
FIG. 1.

ud — Z“éi‘]ia = PiPp = (P?);
i

Once again, the 7%z component does not cancel, but the
nat does, as we see below.

The coupling of W to the meson-meson component has
the structure of ([P, 9, PJWHT_), with T_ a matrix related to
the Kobayashi-Maskawa elements [26,27]. The csW vertex
is of the type y#(1 —ys), and the resulting weak transition
operator at the quark level is (p; — p,),r*(1 —7s) with
P1, P> the momenta of the first, second mesons. But we
have to make a transition from a spin 1/2% state (Q9)
to a 3/2% state Q™ or E*7(1530), which requires a spin
operator at the quark level, and we need then the term
(p1 = P2)''ys = o'(py — p,)'. This operator at the macro-
scopic level between the Q0 and the Q~, Z*~ states has the

type
(Q (2 (1530)[S" - (B, - 2)|Q0),  (10)

where ST is the spin transition operator from spin 1/2 to
spin 3/2, which has the property in Cartesian basis

2 i
E:Si|1"1><1"1|5j+ =30ij = 3 €ijkO%- (11)
M

From this perspective, we see that the 7K and —K 7 terms
in Eq. (8) give the same contribution, and so do the 7%z
and —z*7° of Eq. (9), while the terms 7" and 7%y of
Eq. (9) cancel.

The mechanisms of Figs. 1(a) and 1(b) share the same
Cabibbo strength factor cos @, sin 6., but the matrix ele-
ments are different. Indeed, we have for the mechanism of
Fig. 1(a)

(sssys|o - (p1 — Pa)es|essyms) = (xsl6 - (P1 = P2)lxums)-
(12)

while for Fig. 1(b) we have

d
u
c > & > d
0
> *—
Qc S > S =
S > S

The two topological structures with external emission that lead to Q~ (a) and Z*~ (b) in the final state.

1 o s o
<7§ (dss + sds + ssd)ys|o - (p) — p2)cd CSS)(MS>
1 o s o
= 7§<)(s|0' (Pr = P2)lxms). (13)

where yg and y,g are the spin symmetric and mixed
symmetric wave functions. Hence we see that the two
matrix elements have the same spin structure, but the flavor

structure gives an extra factor - for the mechanism of

V3
Fig. 1(b). Note that we take the cssy ¢ structure for the Q0
state, singling out the ¢ quark, following Refs. [28,29].
To generate the Z(1820) resonance in the final state, we
have to allow one of the mesons to interact with the ©~ or

E*~, and this leads to the picture of Fig. 2. The structure of
Fig. 2 corresponds to an amplitude of the type

d’p, St (3 =
QIS - (P — P2)|Q0)
/ﬁz<qmax (277:)3
1 mpg 1
20(p,) Ep(p2) Miny — @(p2) — Eg(p2) + ie
vz (Miny(MET)), (14)

where (pa) = /73 + miy,. Ex(p2) = /73 + m}. with

M,, B the intermediate meson, baryon states in the loop,
and 1y, p= the transition scattering matrix from M, B to

M;E;. Since fy,p =z is constructed with the S-wave
potential of Eq. (5), the term with p, in Eq. (14) does
not contribute, hence, only the St D1, corresponding to

M, (p;)

M, M;(q:)

O, =+ =i

FIG. 2. Final state interaction of a meson with the baryon of the
decuplet 3/2%. The dot indicates the transition matrix element
from M,Q™(E*") to a final M,E; state.

036005-3



LIANG, MOLINA, and OSET

PHYS. REV. D 110, 036005 (2024)

the external meson in the weak vertex, contributes.
Then the spin matrix element of Eq. (14) factorizes out
of the integral and so does 7, BME:- We should recall that
in the mechanism of Fig. 2 the dynamics of the weak decay
selected the channels M,Q~ and M,E*" in the loop, and we
chose the final states M;E; which are open for decay of the
E(1820) resonances. However, in the transition matrices
My M= and fy,z- Mz We have the contribution of all
the channels, via the Bethe-Salpeter equation in coupled
channels, Eq. (6), used to generate these amplitudes.

All this said, we have six possible reactions written
below, where the first meson corresponds to the external
one of the weak vertex and the second one to the final state.
The corresponding amplitudes are written for each case.
First we look at the terms originating from Fig. 1(a), with
an Q7 in the intermediate state,

1) Q- 2t2%5

f=C(QIS"- 5101,
tll = GKOQ‘ (Minv(”OE*_)) : tKOQ‘,;zOE*‘ (Minv (”OE*_));

() QO - ztz50

fh=C(Q[S" 5 Q) 5,
lJZ = GKOQ‘ (Minv (”_E‘*O)) RO g0 (Minv (”_E‘*O>);

3) Q- 27 tE*

t5=C(Q[S" - Q).
1 o
ty = —=Ggrg (M (77E"7))

V2

“IgrQ atE- (Minv(ﬂ+5*_)); (17)
4) Q) - 22920

ty = C(Q7|S" - B0l Q)1

, 1
t4:_
V2

g, oz (Miny (79279)); (18)

Gia- (M inv (”05*0))

(5) Q0 - patE-

ts = C(Q7|ST - 5,|Q0)1%,
2
ts = —=Ggrg (M (n7E))

V3

g e (Miny (77 E)); (19)

6) Q0 — na’=*0

te = CLQ|ST - p,|Q0)1%,
2
t/G =—Ggqo (M (”OE*O))

V3

gm0 (Miny (7°27)); (20)

where C is a normalization constant, common to
all terms.
Next we look at the amplitudes stemming from Fig. 1(b),

leading to a Z*~ in the intermediate state. We have

(7) Q0 — a2z
t; = C(B|S" - b, |QO)7,
/ 2 O rs—
t7 = - 3[1 + G”OE*— (Minv(” = ))
'tﬂoE*’,noE*’ (MinV(ﬂOE*_))]; (21)
8) Q- gtz =0
ts = C(EZ[ST - p- Q) 2,,

2
= —\/;G,,OE*_ (M (77 E%0))
20 (Mipy (27 E%)); (22)

: tﬂoE*’, T

9) Q- 7OztE

to = C(E|ST - | Q)15

2
t{) = g[l + Grz*E*’ (Minv(ﬂ+a*_))
Tt prEe (Minv(”+E*_))]; (23)

(10) Q2 - z°2°E°

tio = C(E[ST - P Q)7
2 0=x0
§G7t+5*'(Minv(” = ))

' tﬂ+3*_.7[03*0 (Minv (ﬂOH*O))' (24)

/ —
=

[x

The cases (7)—-(10) in Egs. (21)—(24) correspond to the
same final state than for the cases (1)-(4) and have to be
added coherently. In the amplitudes of Egs. (21) and (23)
for cases (7) and (9), we have also added the tree level

contribution. For these terms the contribution of p, in S
(p1 — P») should also be kept, but in the region of invariant
masses of M,B that we are interested, it is easy to see that
|p1| is more than an order of magnitude bigger than |p,],
and we disregard p,, which makes the formalism more
compact.

036005-4
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Summing coherently the amplitudes for the mechanisms
of Figs. 1(a) and 1(b), we arrive at the final formula for the
different reactions

1 = C(E°(3/2%)|S" - BT, (25)
with

L =1+, =141,

h=fth L=t

;5 - 1/5, ;6 — tIG‘ (26)

In Eq. (25), the baryon E*(3/27) should be the baryon B of
the loop, but since the 7)/,5 )=+ is spin independent, the
spin of the intermediate B baryon is transferred to the final

E* state, resulting in the formula of Eq. (25).
Finally, once the ¢; matrices have been constructed, the

mass distribution for the final M=} pair is given by

dr; 1
d[winv(juiaj)_(2 )34M2 pquZ|t|2 1_1N6)

(27)

where p; is the momentum of the external meson in the
weak vertex in the QU rest frame and §, is the momentum of
the meson M; of the final M;E} pair in the rest frame of that
pair. The magnitude ¥, |?, taking into account Eq. (11), is
then given by

2 e (28)

>3 =

We take C2 = 1 in our calculations.

C. The Q! decay to z* (n°,7)KX*

The choice of the final zZ* states in the former subsection
is motivated because the threshold mass of this system is
1670 MeV, far below the 1820 and 1875 MeV of the two
E(1820) resonances. Hence, the decay of the =(1820) states
in the zZ* channels is guaranteed, and we could observe the
effect of the two resonances. The other possible decay
channel is KT*, but the threshold of this channel is
1878 MeV, which technically would allow the observation
of the E(1875) but not the lower mass state Z(1820).
However, due to the width of the X*, I'ss = 37.2 MeV,
we can go below that threshold and still see the effect of the
lower E(1820) state. Yet, we can anticipate that the
contribution of this state will be much suppressed, and
hence the effect of the high mass E(1875) state will be
relatively magnified. In this case, the information obtained
from the decay of Q¥ to the M,Z(1820) with the two
E(1820) resonances decaying into KX* should bring very

valuable complementary information concerning the exist-
ence of these two states.

In view of that we evaluate here the KX* mass distri-
butions for the reactions Q0 — ztK0Z*~, zTK~-X*0,
K030, 29K—3*F, yK°Z*, and nK~X**. The formalism
is similar to the one described in Sec. II B. The th)(i e
1,2,...,10) amplitudes are formally the same with the
substitution

IkQ-mz = IKQ-,ka; ,

Loz mm; = Loz K30 (29)
but in th) and th) there is no tree level [term 1 in Egs. (21)
and (23)]. More concretely the changes of the K jZ;‘» final

states, in t, ..., 1o, are

1} 7% Igoq- p0m- = Igog- ko>

IgK)Z TKoQ- 7~5:0 = TKoQ- k-0,

ng)I Ik+Q- pre- — tK*Q‘,I_(OZ*“’

l‘gK); tgro- 050 = txrq- k-5,

LR N -

téK): Igrq- 2020 = txto- ks,

ng): lﬂoa*f’ﬂfam = [0g- k-5,

th)Z l‘ﬂ+5*—’ﬂ+5*— - tﬂ+E*_.]_(02*0’

lglg): Lptge- 050 = Lpige g-sor. (30)

The rest of the equations follow as in the former subsection,
but since the KZ* threshold is so close to the energies of the
two E(1820) states, we take into account explicitly the
mass distribution of the £* through its spectral function

1 1
— ——Im : . 31
“My T iy (M2 OV

% ME* i)lt 3
FZ*(MinV(Z )) = FZ*,onm <~ > s (32)

with My = 1384.6 MeV and Iy, = 37.2 MeV being
the average mass and width of £*, and we consider p, the
momentum of the 7 in the decay of X* with mass M, (X*)
to zA (the decay mode accounting by 87% of the £* decay
width), and p, ,, the same magnitude for the nominal mass
of the 2*. We consider that the 2* will be measured in the
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20 T T T T T
- == Q% 0=

1700 1800 1900 2000 2100
Minv(Mi E:) [I\/IQV]

2200

FIG. 3. M,,,(M,E}) invariant mass distributions for the Q0 —

M M;E; decays.
zA\ decay mode and then Eq. (27) will be substituted by

dr,
dMinv (I_(Z* )dMinv (Z*)

F 3 *
= % : SZ* (1Minv<Z ))
X*.on

1
X3 (2 )3 4M2 plqlz Z |t (33)
where
MR,y M3 (RE)
Pi= 2Mo, ’
MM (KE), my, M3, (27))
qi = " ) (34)
2Minv<KZ )
with  A(x,y,z) = x> +y* + 722 —2xy —2xz — 2yz  the

Killén function, and we will integrate over dM;,,(X*) to
obtain dI';/dM,,,(KX*).

III. RESULTS

First, we show the results for the Q0 — 7zt (z%,5)2=E*
reactions.

In Fig. 3 we show the mass distribution of the final pair
for the six reactions that we have studied. As we can see, the
shapes of the M,,,(M;E}) distributions for the reactions are
different from each other, but they share something in
common: there is a dip in the mass distribution around
1850 MeV, which is even a zero in all but two of the
distributions. This is due to the destructive interference of
the two resonances, a reminiscence of what happens with
the f(500) and f,(980) resonances in S-wave zx scatter-
ing, where the f;(980) shows up in the cross section as a
dip, not as a peak. This feature does not preclude that the

12 e T T T T T
7\ - — - with Tree level
10l D —-—- without Tree level |
1 \ N
I \ II \\
— L ! \ i
[ A
(1] ! v, AN
< ! 1 \
S|k 8F v ! N -
E ] ;! \
g / Ay RN
~3 4+ / ,/ ' ‘, ’/'< \ —
/ [ e \
! F ! /,/ \ |
1 ) “_l L \ N
21 ! L 0 \ N, -
! / Vo | R
v Vi ' ]
[.—fr/ 1 I | 1 1 b e i it =
1700 1800 1900 2000 2100 2200 2300

Miny (7°2%7) [MeV]
FIG. 4 M, (z°Z*7) invariant mass distribution for the Q0 —
T 2’2 decay.

f0(980) can show up as a peak in many other reactions [30],
which means that the two Z(1820) states can show up also
in a different way, as is the case of the y(3686) — K~AE*
BESIII reaction [17]. The two reactions where the mass
distribution does not go to zero are those where the tree level
is present.

The mass distributions show two peaks, and it is
important not to misidentify them. They do not correspond
to the two resonances that we are discussing. They come
from the interference of the two resonance contributions. It
is important to notice that the two reactions that contain the
tree level contribution, Q0 — 7°z+tZ* and Q¥ — #7292,
have the two peaks more pronounced, and the width of the
peaks also do not reflect the widths of the states that we
have. To clarify what happens we show in Fig. 4 the mass
distribution for the Q¥ — z+t7%2* reaction removing the
tree level contribution. The peak to the left certainly reflects
our first state at 1824 MeV, with an apparent width of
around 40 MeV, even smaller than the one we get from the
pole position, 62 MeV, due to the interference with the
second resonance. The shape of the second resonance, with
a width of 260 MeV from the pole position, cannot be
distinguished due again to the destructive interference with
the first peak, but one can guess that it is a broad resonance;
otherwise, one could still see a sharper structure than the one
we obtain around 1900-2000 MeV. It is interesting to see
that around 2150 MeV there is another peak. This corre-
sponds to a third resonance obtained in Ref. [18] and also
Ref. [11] around that energy.

After this discussion it becomes clear that the reactions
free of tree level contribution show more clearly the
resonance structure. Coming back to Fig. 3, these are the
reactions: Q) — 7tz 20, Q) — 797920, QO — yatE,
and Q0 — nﬂo:*o. The ﬁrst peak correspondlng to the lower
E(1820) resonance is clearly seen, and the interference

036005-6
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T T T T

161 R e
R Q0 — KR

. —— Q0 o OROE

Polems Q0 AOK T

= QY = pRO%0

- Q0 = KR

1900 2000 2100 2200 2300
va K E [l\IeV]

FIG. 5. M, (K;X}) invariant mass distributions for the Q0 —
M\ K;Z; decays.

pattern is very similar in all the reactions. The peak
corresponding to a third resonance around 2150 MeV is
better seen in the Q0 — 7+ 7~ E*0 reaction.

One word of caution should be said here. If we have the
QY — 7972920 reaction, we should have symmetrized our
amplitude with respect to the two z° identical states. We
have not done it because the kinematics of these two 7° are
very different and one can clearly distinguish them. One
can see that the external 7° coming from the weak vertex
has a momentum around 770 MeV while the z° from the
720 resonance state has about 50 MeV. They are easily
distinguished experimentally as shown in Ref. [31]. This
argument also holds to distinguish the two pions in other
reactions into the one coming from the weak vertex and the
one belonging to the resonance.

We show next the results of the mass distributions with
K¥* in the final state. The results obtained are shown in
Figs. 5 and 6.

In Fig. 5, we observe that the Q, — 7°K~2*" and Q, —
7T K~2*0 decays have the biggest strength, followed by the
Q. — 7" K°Z*. The structure of the line shape is very
instructive. The consideration of the width of the * allows
us to go below the nominal KX threshold and still see a
contribution from the lower mass Z(1820) state. Yet,
unlike in the case of the y(3686) decay in the BESIII
experiment [17], where the contribution of the lower mass
state was dominant, this is not the case here, and we have a
large contribution of the second state around 1900 MeV,
mostly visible in the two reactions with the largest
strength. It is interesting to note that we also observe a
peak around 2110 MeV that corresponds to another E
resonance obtained in Ref. [11]. Some indication of the
existence of this resonance was already observed in the
data of the BESIII experiment [17].

Figure 6 is a blowup of the results for the reactions
with smaller strengths. In Fig. 6, we have similar features
as in Fig. 5, but the strength is smaller. The Q. —

020 | —— 0 5 K% A
- = Q0 — K%
- Q0 KEt
i)
s

1900 2000 2100 2200 2300
Mine (Ki35) [MeV]

FIG. 6. M;,,(K;Z¥) invariant mass distributions for the Q0 —
M, KX} decays.

K% nK-=**+ decays have a mass distribution similar
to that obtained for the other channels but with smaller
strengths. The Q, — 7°K%Z*0 decay has a peculiar shape
because one finds a destructive interference between the
E(1875) and the E resonances at 2100 MeV, resulting in
a dip, rather than a peak at 2100-2150 MeV. It is also
worth noting that due to this interference, the contri-
bution of the lower mass E(1820) state is now stressed,
and a clean peak corresponding to this resonance
shows up, with bigger strength than that of the higher
mass state.

All these features tell us that the measurement of these
decays and their mass distributions will shed much light on
the existence of the two E(1820) resonances and the
additional one around 2100-2150 MeV.

IV. CONCLUSIONS

In this work we have studied several reactions coming
from the single Cabibbo suppressed weak decay of the Q2
state into two pseudoscalars and a Z* state. One of the
pseudoscalars interacts with the Z* state to produce two
resonances around 1820 MeV that were predicted in
Ref. [11] and reconfirmed in Ref. [18]. These resonances
played an important role describing the peak seen in the
K~ A mass distribution in the y(3686) decay to K~ AZ** of
the BESIII experiment [17].

In this work we study six reactions: Q0 — 7zt 705",
QO N ”+ﬂ—:*o’ QO N ﬂ.Oﬂ.JrH*—’ QO — 71.071.0'—*0’ Q? N
natE2, and Q0 — ya°Z2*0, where the first meson is
produced at the weak vertex and the second meson comes
from the decay of the resonances. We obtained mass
distribution for the final pair which differed from each
other in the different reactions. In particular, the shapes of
the Q0 — 772~ and Q¥ — 7°z+E*~ were very differ-
ent from the other ones, and this was traced back to
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the contribution of the tree level mechanism to the reaction.
The other four reactions did not have tree level contribution
and required rescattering of meson-baryon where the
resonances are produced. The shapes of these four reactions
resembled each other and had as a distinct feature, very
different from the one observed in the y(3686) decay to
K~AZE**, which is a dip of the mass distribution around
1850 MeV, that was due to a destructive interference
between the two E(1820) states. This pattern reminds
one of the same thing happening in the S-wave 7z cross
section around 980 MeV, where a dip is also observed as a
consequence of the destructive interference between the
f0(500) and the f(980) resonances.

We have also studied six more decay modes:
Q) — gtKOT, K20, 2OKOE0, 20K-2F nKOZHO,
nK~Z*"; and from them we found very different mass
distributions from the former ones. The larger mass of
KX* versus 72" reduces the phase space for the decay of
the lower mass E(1820) resonance and thus magnifies the
relative importance of the E(1875). In addition, in several
cases one observes a clear peak for the excitation of another
= resonance around 2100-2150 MeV already hinted in the
BESIII experiment [17], while in the Q0 — zK°Z*0 it
appears as a dip, as a consequence of a destructive
interference. It is clear that the observation of all these
reactions should give us much information on the two
E(1820) states and in addition the new E resonance around
2100-2150 MeV.

At present many Cabibbo favored QC decays into
strangeness S = —3 states have been reported in the

PDG [3], but updates of Belle and LHCb will open the
door to the observation of single Cabibbo decay modes, as
the one reported here. We are looking forward to these
updates, encouraging the performance of the suggested
experiments which will shed light on the existence of two
close by Z(1820) states, and related to it, on the nature of
such states.
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