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The discovery of a new charged structure in the K+ recoil-mass spectrum near the D;D*O/D;"D0
threshold, dubbed Z.5(3985), reinforce the idea that the structure of hadrons goes beyond the naive
qqq and the qq structures.
The existence of this state, with quark content ccsii, can be expected from the well-established Z.(3900)*
and Z.(4020) states using SU(3) flavor symmetry. The Z. structures have been explained using the chiral
constituent quark model in a coupled-channels calculation and, in this work, we undertake the study of
the Z.5(3985)~ using the same model.
We are able to reproduce the K* recoil-mass spectrum without any fine tuning of the model parameters.
The study of the analytical structure of the S-matrix allows us to conclude that the structure is due to
the presence of one virtual pole. A second state, the SU(3) flavor partner of the Z.(4020) is predicted at
~4110 MeV/c?. New states in the hidden bottom strange sector are also predicted.
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1. Introduction

Signals of non-conventional meson structures have appeared
in the so-called B-factories and other accelerator facilities in the
last years. Among them, the more significant ones are the me-
son charged structures, called collectively the Z structures, that
suggest a minimum contain of four quarks to describe the state.
Going back in time, ten years ago the Belle Collaboration [1]
announced the discovery the Z,(10610)* and the Z,(10650)F,
a pair of charged hidden-bottom resonances with I¢(JPC) =
1-(17) in the Y(5S) - w7~ Y(nS) reaction. They are close
to the BB* and B*B* thresholds, respectively. Later on, the BESIII
and Belle Collaborations discovered another charged state, dubbed
Zc(3900)* [2], in the w7~ J/¢ invariant mass spectrum of the
ete™ — mwtw~J/y process at /s =4.26 GeV. Its neutral partner
was also reported in Ref. [3]. Soon after all these experimental ac-
tivities, the BESIII Collaboration reported the discovery of another
charged state, the ZC(4020)i resonance, in the ete™ — w+tmw~h,
channel with a mass of M = (4022.9 + 0.8 +2.7) MeV/c? and a
width of ' = (7.9 + 2.7 &£ 2.6) MeV [4]. Its neutral partner was
found by the BESIII Collaboration in Ref. [5].
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More recently, the BESIII Collaboration has observed a new
signal, the Z;(3985)~, in the KT recoil-mass spectrum in the
process ete” — K+(DyD*® 4 Di~D%) at the center of mass
energy /s = 4.681 GeV [6]. Its pole mass and width were
determined with a mass dependent width Breit-Wigner line shape
as

Il
ME® — (3982.5%18 +£2.1) Mev/c?, 1)
e — (12.8+32 4 3.0) MeV, 2)

being the first uncertainties statistical and the second ones
systematic.

From the experimental analysis [6], the minimum quark contain
of the Z.(3985)~ is most likely ccsu. This new state has two
remarkable characteristics: It is close to the Dy D*0 and D~ DO
thresholds and its mass is about 100 MeV/c? larger than that
of the Z,(3900)*, which is the typical mass difference between
Dg*) and D® mesons. These two characteristics suggest, first, that
the Z5(3985)~ may have a significant molecular Dy D*? + D~ DO
component and, second, that it could be the SU(3) flavor partner
of the Z.(3900)*, where a u or d quark is replaced by a s quark
in its quark content.

This possibility has been explored in Refs. [7,8]. In Ref. [7],
using a toy model, although a more complete calculation is also
performed in the same reference, it is shown that the mass of the
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Zcs and a possible Z% can be deduced from the Z:(3900)* and
the Z; (4020)7 structures by applying SU(3)r symmetry. A similar
conclusion can be found in Ref. [8].

Shortly after the discovery of the Z.;(3985), several theoret-
ical works have proposed different explanations for its structure,
including QCD sum rules [9-15], one boson exchange models [16],
quarks models [17] and effective field theories [7,8,18]. Most of the
calculations reproduced the mass and, in some cases, the width
of the Zc5(3985) as a D; D*® + Dy~D° I(J”) = 3(17) molecular
state.

Besides its mass, it is interesting to look at the line shapes
of the KT recoil-mass spectrum, because either the Breit-Wigner
parametrization used by the experimental analysis could not cor-
respond to the S-matrix physical poles or a too-weak interaction
cannot be enough to generate a bound states or resonance, but
can generate a cusp structure in the Dy D*0 4+ D}~ D thresholds
sufficient to describe the experimental data. Fits to the line shapes
can be found in Refs. [7,19,20].

The LHCb Collaboration, very recently, has also announced
the observation of ccuS exotic states decaying to J/¥ K™ final
channels, in the reaction BT — J/¥¢K™ [21]. They have reported
the discovery of two Z.s JP =17 states: The so-called Zs(4000)*
resonance, with a mass of 4003 + 67, MeV/c?> and a width
of 131 £ 15 £ 26 MeV, and the Z.5(4220)", with a mass of
4216 £ 24733 MeV/c? and a width of 233 + 527 MeV. Based
on their experimental analysis, the authors find no evidence that
the Z.s(4000)" is the same as the Z.;(3985)~ observed by BESIII,
though their energy proximity suggest a relation between both
structures which is worth exploring. Indeed, in a recent added
note, Ref. [7] points to the possibility that both structures are the
same, but their masses and widths may not be consistent due to
experimental resolution and/or coupled-channels effects.

In this work we investigate the structure of the Z.;(3985)~ to
test the hypothesis that it is the SU(3)f partner of the Z:(3900)*
and analyze in what extent this symmetry is fulfilled, because the
predictions of symmetries can be slightly modified depending on
the relative position of the thresholds and the coupling between
the different channels involved [22].

The Z:(3900)* structure has been analyzed in a coupled-
channels scheme based on the chiral constituent quark model [23]
(see Refs. [24,25] for a review of the model). The calculation was
done for the I¢(JPC) =1+(1%7) sector and included the 7 J/v/
(3234.19 MeV/c?), pnc (3755.79 MeV/c?), DD* (3875.85 MeV/c?),
D*D* (4017.24 MeV/c2) channels, that takes into account the most
relevant decays and closest thresholds to the experimental masses
of the Z,(3900)* and Z.(4020) hadrons, whose masses are shown
in parentheses. The main conclusion of the calculation of Ref. [23]
is that the line shapes of the DD*, m J/y and D*D* invariant-
mass distributions are well reproduced without any fine-tuning
of the model parameters. The peculiar characteristic of the result
is that the diagonal interaction D*D* is suppressed in the I =1
state, being the non-diagonal interaction, due to the coupling with
the other channels, responsible for the structures appeared in the
line shapes. Then, a coupled-channels calculation is mandatory.
Following this idea, in order to describe the Z.s(3985)~ we use the
same chiral constituent quark model (CQM) including the following
channels: D*°D;, D°Di~, D**D:~, J/¥K*~(892), n.K*~(892)
and J/¢yK™.

The structure of the present manuscript is organized in the
following way: In Sec. 2 the theoretical framework is briefly
presented and discussed, Sec. 3 is devoted to the analysis and
discussion on the obtained results and we summarize and give
some conclusions in Sec. 4.
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2. Theoretical formalism
2.1. Chiral constituent quark model

Chiral symmetry is one of the cornerstones of the Hadron
Physics. The QCD Lagrangian with massless quark is invariant
under chiral rotations. However, this symmetry does not appear in
nature (e.g. the mass splitting between the p meson and its chiral
partner the a; meson is about 300 MeV/c?). As a consequence,
a dynamical momentum dependent quark mass M = M(q%) and
M(q? — o0) = my is developed, and a Goldstone-boson exchange
interaction emerges between the light quarks. Let us precise
what we understand by light quarks. Historically, the successful
prediction of the ©~ baryon taught us the importance of the
SU3)r symmetry, which means that the u, d and s quarks are
treated as light quarks. Obviously, SU(3)r symmetry is not exact
and we expect that it can be violated in some extent, but these
effects can be hidden in the model parametrization.

The Lagrangian of our model tries to mimic the previous
phenomena based on the following effective Lagrangian at low-
energy [26]

L=vy{d—M@HUu”) v, (3)

being U”s = el*?'¥s/fx the matrix of Goldstone-boson fields,
where f; is the pion decay constant, A are the SU(3) color
matrices and ¢® denotes the pseudoscalar fields (7, K;, ng), with
i=1,...,4

This matrix of Goldstone-boson fields can be expanded as

1
2f2

The constituent quark mass is obtained from the first term, the
second one describes the pseudoscalar meson-exchange interaction
among quarks and the main contribution of the third term comes
from the two-pion exchange, which is modeled by means of a
scalar-meson exchange potential.

Beyond the chiral-symmetry breaking scale, QCD perturbative
effects appears. We take them into account through the one-gluon
exchange potential derived from the following vertex Lagrangian
term

Laqgg =iv4mas ¥y, Ga 2y, (5)

where «; is the strong coupling constant and G%* is the gluon field.
The strong coupling constant, o, has a scale dependence which
allows a consistent description of light, strange and heavy mesons.
Its explicit expression can be found, e.g., in Ref. [27].

Multigluon exchanges between quarks, which are supposed
to be responsible of avoiding colored hadrons, are implemented
phenomenologically as a confining interaction. In our CQM, the
confinement is represented as a linear potential, due to multi-
gluon exchanges between quarks, that is screened at large inter-
quark distances as a consequence of sea quarks [28]:

$ad” + ... (4)

U =14 —y5ra¢”
f

Veon () = [—ac(1 —e ") + AT (i - 29). (6)

Here, a, and w. are model parameters. One can see that the
potential is linear at short inter-quark distances with an effective
confinement strength o = —ac e (A] - Aj), while it becomes
constant at large distances.

Besides the direct interaction, quarks and antiquarks can
interact through annihilation processes. In the case of the ccsu
quark content, the annihilation proceeds through the one-gluon
and one-kaon exchanges for the cc and su pairs, respectively (see
Fig. 1).
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Fig. 1. Different type of interactions considered in this work: a) Direct exchange
of Goldstone bosons, b) annihilation diagram through a gluon, c) annihilation
diagram through a kaon and d) quark rearrangement diagrams, where the gray
band represents the sum of interactions between quarks of different clusters (see
Eq. (10)).

A detailed physical background of the quark model can be
found in Refs. [27,29,30]. The model parameters and explicit
expressions for the potentials can be also found therein. We want
to highlight here that the interaction terms between light-light,
light-heavy and heavy-heavy quarks are not the same in our
formalism, i.e. while Goldstone-boson exchanges are considered
when the two quarks are light, they do not appear in the other two
configurations: light-heavy and heavy-heavy. However, the one-
gluon exchange and confining potentials are flavor-blind.

2.2. Resonating group method and Lippmann-Schwinger equation

The aforementioned CQM specifies the microscopic interaction
among constituent quarks. In order to describe the interaction at
the meson level, we employ the Resonating Group Method [31],
where mesons are considered as quark-antiquark clusters and an
effective cluster-cluster interaction emerges from the underlying qq
dynamics.

We assume that the wave function of a system composed of
two mesons A and B with distinguishable quarks can be written
as!

(PaPBPPem V) = ¢pa(Pa)ps (Bp) Xe(P), (7)

where ¢c(pc) is the wave function of a general meson C with p¢
the relative momentum between the quark and antiquark of the
meson C. The wave function which takes into account the relative
motion of the two mesons is xq (P).

The projected Schrodinger equation for the relative wave
function can be written as follows:

P2 . L
(m - E) Xa(P)+) / {RGMvg“ (P, P+
a/

+ReMy e’ (b7, ﬁi)i|Xa’(13i)d13i =0, (8)

1 Note that, for simplicity of the discussion presented herein, we have dropped
off the spin-isospin wave function, the product of the two color singlets and the
wave function that describes the center-of-mass motion.
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where E is the energy of the system. The direct potential
RGMyao’ (B’ Py can be written as

ReMy g’ (B Py= Y /dﬁA/dﬁB’dﬁAdﬁBX
icA,jeB
X 4 (Ba)dy(Be)VEY (P’ Pi)pa (Ba)ps (BB) - 9)

The quark rearrangement potential RGMV,‘Q‘“/(T”, P;) represents a
natural way to connect meson-meson channels with different
quark content, such as J/¥ K~ and D*OD; (see Fig. 1(d)), and it
is given by

RGM .
VRY (P, Py = E
i€A,jeB

x 93 (Pa V™ (B, P)Pun [ (Ba)pw Bp)s® (P~ Pp] . (10)

/ dpwdpydpadpdPes (5a)x

where Py, is the operator that exchanges quarks between clusters.

The meson eigenstates ¢c(pc) are calculated by means of
the two-body Schrédinger equation, using the Gaussian Expansion
Method [32]. This method provides enough accuracy and simplifies
the subsequent evaluation of the needed matrix elements. With
the aim of optimizing the Gaussian ranges employing a reduced
number of free parameters, we use Gaussian trial functions whose
ranges are given by a geometrical progression [32]. This choice
produces a dense distribution at short distances enabling better
description of the dynamics mediated by short range potentials.

The solution of the coupled-channels RGM equations is per-
formed deriving from Eq. (8) a set of coupled Lippmann-Schwinger
equations of the form

TE(E:p . p=VE@.p)+). / dp” p"? V& (p'.p")
a/!

1

— TY(E:;p",p), 11
X E ) o (Esp",p) (11)

where « labels the set of quantum numbers needed to uniquely
define a certain partial wave, vg’ (p’, p) is the projected potential
that contains the direct and rearrangement potentials, and &, (p”)
is the energy corresponding to a momentum p”, written in the
nonrelativistic case as:

2

2

Ea(p) = + AMy . (12)

Here, ity is the reduced mass of the AB system corresponding
to the channel «, and AM, is the difference between the
threshold of the AB system and the one we take as a reference.

We solve the coupled-channels Lippmann-Schwinger equation
using the matrix-inversion method proposed in Ref. [33], general-
ized in order to include channels with different thresholds. Once
the T-matrix is calculated, we determine the on-shell part which
is directly related to the scattering matrix (in the case of nonrela-
tivistic kinematics):

SY =1 - 271\ g tarkake TS (E + 0% ko ko) | (13)

with ky the on-shell momentum for channel c.

Our aim is to explore the existence of states above and
below thresholds within the same formalism. Thus, we have to
analytically continue all the potentials and kernels for complex
momenta in order to find the poles of the T-matrix in any possible
Riemann sheet.
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2.3. Line shapes calculation

In order to describe the line shapes of the Z.;(3985)~ structure
we follow the same procedure as in Ref. [23], which is briefly
described here for the experimental analysis of BESIII [G], though
the same formalism can be used for the analysis of the LHCb
Collaboration [21]. The Z.(3985)~ has been spotted in the
K™ recoil-mass spectrum of the ete™ — K*+(D;D*0 4- D~ D)
process at center of mass energy ranging from 4.628 to 4.698
GeV [6]. The line shape of a ete™ — K*Z reaction from a
point-like vertex at a given +/s and the subsequent Z;; — AB is
expressed as
dFch—>AB _ 1 kABkKZCS 8 2

ims @n)3  4s |MP(map)|”, (14)
with B the quantum numbers of the channel AB, map is the
invariant mass of the AB meson pair and where kgz and kap
are the on-shell momentum of the KZ.; and AB pair, respectively,
given by

AM2(s, mag, mk)

k = , 15
K Zes WG (15)
)\41/2
kng = (mapg, ma, ms), (16)
ZmAB

where A(M, my, m) = [(M? —m?)(M? —m?2)], with my = m; £m;.
The Lorentz-invariant production amplitude, M, describes the
Zcs — AB production and can be written as

tF'P(p, kP, E)
p2/2u —E—i0

Mﬂ(mAB): Aﬁeigﬂ _ZAﬂ’eié‘ﬂ//d3p ,
ﬁ’
(17)

where A? and Op are parameters that describe the production
amplitude and phase of the (AB)g channel from the ete™ vertex.

Experimentally, discrete events are measured in the o (ete™ —
K*ZZ7) x B(Z; — Dy D*® + Df~DO% process and, hence, to
describe the data we need to add a normalization factor to
translate the decay rate into events:

dTz. a8

N(map) = Nap x 1
mag

(18)
This normalization encodes other relevant process details such as
the value of o (ete™ — K+ Zy).

The set of {Aap, 04, Nap} parameters (for AB the channels
involved in the calculation) are, then, fitted by means of a
global x? function minimization procedure using the available
experimental data on D D*® 4 D~ D?:

Nthe 1) — NP (x; 2
x2<{A,9,N}>=Z< W (X)) , (19)

- o;
i 1
where the uncertainty of the parameters {A, 0, N} are estimated
from the Hessian.

3. Results

Following our experience with the Z.(3900)*, we perform a
coupled channel calculation for the I(JP) = %(]*) for quark sector.
We include those channels, in 3S; partial wave, whose thresholds
are close to the experimental mass of the Z.(3985)~. Those are
the J/y K~ (3592 MeV/c?), n.K*~ (3877 MeV/c?), Dy D*0 (3976
MeV/c?), DD}~ (3979 MeV/c?), J/¥K*~ (3990 MeV/c?) and
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Fig. 2. Theoretical description (solid lines) of the experimental K* recoil-mass
spectra (black dots) measured by BESIII [6]. The red shadowed-area around the line
represents the 68% CL of the fit. The upper panel shows the calculation for model
a and the lower panel for model b. We remark here that the fit only affects the
production part from the e*e~ vertex, with no fine-tuning of the CQM parameters
in the description of the coupled-channels S-matrix.

D*9D*~ (4120 MeV/c?) channels, where the threshold energies are
shown in parentheses.

We make two different calculations: One without annihilation
diagrams (model a) an another including annihilation diagrams
(model b). The reason for these two alternative approaches is
that, without annihilation diagrams, non-diagonal D®D% are
decoupled and by comparing the two calculations one can evaluate
the importance of these couplings.

From the analysis of the S-matrix we find two poles below
the Dy D*? and D*°D¥~ thresholds in the second Riemann sheet
at 3970 MeV/c? and 4110 MeV/c? for the model a and (3961 —
3i) MeV/c? and (4106 — 5i) MeV/c? for the model b. The first
one would be responsible for the Z.(3985)~ peak, seen as an
enhancement above the Dy D*® + DD}~ thresholds, whereas the
second one would be an unseen Z;; state, denoted as Z.5(4110)~,
analog of the Z.(4020)* in the charm-strange sector, which
could give rise to the recent Z.s(4220)* structure discovered by
LHCb [21].

In our model, both the Z.(3985)~ and the predicted
Z.s(4110)~ are not resonances but virtual state and, therefore, a
direct comparison with the complex energy of the pole of a Breit-
Wigner parametrization of a resonance would be misleading. That
is the reason why the best way to confront our results with the
experimental data is through the description of the line shapes.

Our results for the K recoil-mass spectra are shown in
the upper (model a) and lower panel (model b) of Fig. 2. The
shaded area around the theoretical curve shows the statistical 68%-
confident level (CL) of the fit, obtained by propagating the errors
of the fitted parameters by means of the covariance matrix. The
values for the normalization factors and amplitudes are shown in
Table 1, the result on the x2/d.o.f. is also collected therein. In
order to describe the experimental measurement, the theoretical
line shapes have been convoluted with the detector resolution.
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Table 1

Normalization and amplitude factors for the Dy D*® + D~ DO (left) and J/y K~
(right) line shapes, which are fitted using Eq. (19). The minimum value of the
x2/d.o.f., calculated in the [3.9,4.2] GeV energy range, is also given. The 68%
uncertainty in the parameters, in parentheses, is obtained from the fit.

Parameters BESIII data LHCb data

Model a Model b Model a Model b
x2/d.o.f. 1.00 1.02 2.65 2.04
In (Np,p++pp2) 25.4(5) 24.6(6) - -
In (N7pk) - - 25.22(6) 25.43(8)
Ak 0.71(4) 1.0(9) 0.026(1) 0.028(2)
Apoicr 0.31(3) 0.33(2) 0.39(2) 0.35(3)
Ap,p* 0.028(2) 0.052(5) 0.140(4) 0.02(1)
Appy 0.030(2) 0.04(1) 0.00(2) 0.10(1)
Ak 0.01(1) 0.01(2) 0.9(1) 0.52(7)
Apsp: 0.17(5) 0.29(2) 0.143(4) 0.15(1)
01wk -1.42(3) -2.65(8) -2.43(2) -0.39(13)
Ok -0.53(5) -1.8(2) 1.43(4) -3.19(6)
Op,p* -233(7) 3.2(4) -3.19(3) -1.25(3)
Opps -2.39(7) 2.4(2) 1(6) -0.96(11)
01y K+ -1.1(9) -3(5) -0.4(1) 1.15(13)
Oprp2 -2.5(3) -2.7(2) 0.67(2) 2.80(11)

One can deduced from these pictures that both model a and
b provide a similar accuracy fit and, thus, the coupling among
Dg*)D(*) does not appear to be relevant to reproduce the exper-
imental data. The two peaks showed by the theoretical calculation
correspond with the two virtual states we mentioned before. Then,
our results reproduce the experimental data without any fine-
tuning of the model parameters used to describe the Z:(3900)*
and the Z.(4020)*, besides the unavoidable normalization and
amplitude factors that describe the inner details of the production
vertex, which involves further dynamics not relevant here.

The same structures are able to reproduce the LHCb data on
J/¥ K~ invariant mass spectrum. As the reaction involved in BESIII
and LHCb are of different nature (eTe~ vs pp collisions) and the
center of mass energy is not the same, we do not expect that
the same parameters that reproduce the KT recoil-mass events
from BESIII hold in the J/¥K~ data from LHCb. That is why
we have performed a second fit on LHCb data, whose results
are shown in the upper (model a) and lower panel (model b)
of Fig. 3. Both models are able to reproduce the experimental
data, with equivalent accuracy, but model b gives a slightly better
x2/d.o.f., shown in Table 1. It is worth noticing that, besides the
different production weights involved in both reactions, which can
be different, it is the pole structure of the S-matrix that gives
the corresponding peaks that appear in the experimental data.
Thus, our results support the hypothesis that the Z.5(3985)~ and
the Z.(4000)" are the same state, and that the Z.(4220)T is
an effect of an event dip around the D*°D3~ threshold, which
emerges as a second peak in the D;D*0 + D;*’DO line shape,
around the same energy.

In addition, we can exploit the same framework to predict
states in the hidden bottom strange sector within the same
procedure we have used in this calculation, except the obvious
change of the charm quark mass for the bottom quark mass. The
main channels involved in the calculation are B*~BY, B~ B and
B*~ B2 This time we obtain two poles in the second Riemann
sheet below the B*~BY and B*~B}° thresholds, corresponding
to two virtual Zp states at 10691 MeV/c? and 10739 MeV/c?,
respectively. These states should be identified as the SUQ3)f

2 The analogous hidden-bottom channels Y(1S)K®*~) and »,(1S)K*~ are too far
away to affect the pole determination, though they are relevant to describe the
lineshapes and decays.
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Fig. 3. Theoretical description (solid) of the experimental J/v¥ K~ invariant mass
spectrum (black dots) measured by LHCb [21]. Same legend as in Fig. 2.

partners of the Z,(10610)* and the Z,(10650)%, heavy partners
of the Z.5(3985)~ and Z.(4110)~, and could be detected in the
Y(1S)K~ and B*~B? + B~ B} channels.

4. Summary

The Z.5(3985)~ is a new signal which confirms that we need
to go beyond the naive qq structures to describe meson states and
consider more complex structures. The proximity of the D D
thresholds suggests that this state may be the corresponding
partner of the Z,(3900)* in a SU(3)r scheme.

To explore its structure, we have performed a coupled-channels
calculation for the I(JP) = %(ﬁ) four-quark sector in the frame-
work of the chiral constituent quark model. We included the most
relevant meson-meson channels with mass thresholds close to the
experimental Z:(3985)~ mass. The calculation is done using the
standard set of parameters of Ref. [27], which also reproduced the
Z:(3900)* and Z.(4020)* line shapes [23]. In that sense, the cal-
culation of the poles is parameter-free.

The experimental K+ recoil-mass spectra are well reproduced
whether the full coupling with Dé*)D<*) is included or not through
annihilation interactions, pointing to the importance to couple
with hidden-charm channels such as J/¥K® and n.K*, as it
was the case for the original calculation of Z.(3900)* [23]. In
this respect, the dynamics involved in the description of the
Zcs(3985)~ is similar to the one of the Z.(3900)*, but in the
latter pion-exchange interactions were important, which we do not
have in this sector. The analysis of the S-matrix poles allows us to
conclude that the structures of the line shape emerge due to the
presence of two virtual states that produce two distinct cusps at
the Dy D*0 + D~ DO and the D~ D*? thresholds. Moreover, our
calculation predicts a new SU(3)f partner of the Z.(4020)%, called
Zcs(4110)~. These results support the line shapes fit of Ref. [20]
and the conclusion of Ref. [7] about the virtual nature of the
Z5(3985)~ structure. Besides, we are able to reproduce the recent
LHCb data [21], reinforcing the hypothesis that the Z.(3985)~
and the Z.s(4000)T are the same state measured in different final
channels.
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As an additional result, we found two virtual states at 10691
MeV/c? and 10739 MeV/c? in the bottom-strange sector which
could be the partners of the well established Z,(10610)* and the
Z,(10650)F states.

Looking for these states together with further searches of the
Zcs(4110)~, which could be the recent Z.5(4220)" announced by
LHCb, would be an interesting topic for future experiments.
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