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1. Introduction

The year of 2013 might be remembered as the year that charmonium charged states were
finally confirmed. The Z (3900) was first observed by the BESIII collaboration in the M(n%J /)
mass spectrum of the ¥ (4260) — J/wn™ ™~ decay channel [1]. This structure, was also observed
at the same time by BELLE [2] and was confirmed by the authors of ref. [3] using CLEO-c data.

Up to now there are some experimental evidence for seven charged states, although not all
of them may be independent or even exist. The first reported charmonium charged state, the
Z7(4430), was observed by Belle Collaboration in 2005, produced in BY — Ky'n™ [4]. Babar
Collaboration [5] also searched the Z~(4430) signature in four decay modes: B — yn~ K, where
yv=J/yory and K = Kg or K. They concluded that there is no significant evidence for a signal
peak in any of these processes. However, very recently the Belle Collaboration has confirmed the
Z1(4430) observation and has determined the preferred assignment of the quantum numbers to be
JP =17 [6]. There are no reports of a Z* signal in the J/ w7+ decay channel.

Following the Z* (4430) observation the Belle Collaboration reported the observation of two
resonance-like structures, called Z;(4050) and Z; (4250), in the exclusive process B — K~ x,1,
in the 7" ). mass distribution [7]. Also in this case the BaBar colaboration has not confirmed these
observations [8].

After these non confirmations, it was with great excitement that the hadron community heard
about the observation of the Z;(3900), mentioned above, that has been confirmed by three collab-
orations. Soon after the Z(3900) observation, the BESIII related the observation of other three
charges states:

e the Z(4025), observed in the process ete™ — (D*D*)* 1T, at center of mass energy of 4.26
GeV [9],

e the Z(4020), observed in the process e"e™ — T~ h,, at center of mass energies from
3.90 GeV to 4.42 GeV, in the ©*h, mass spectrum [10],

e the Z(3885), observed in the process eTe™ — (DD*)* ¥, at center of mass energy of 4.26
GeV [11].

Up to now it is not clear if the states Z(3900)-Z1(3885) and the states Z. (4025)-Z1 (4020)
are the same states seen in different decay channels, or if they are independent states. The only
comment from the experimental side is that if the Z (3900) and Z; (3885) are the same state, then

the ratio B
I'(Z.(3885) — DD*)

=62+1.1£2.7 1.1
['(Z.(3900) — nJ /) (4.

is determined [11].

All of these charged states can not be c¢ states and they are natural candidates for molecular or
tetraquark states. These exotic states are allowed by the strong interactions, both at the fundamental
level and at the effective level, and their absence in the experimentally measured spectrum has
always been a mystery. The theoretical tools to address these questions are lattice QCD, chiral
perturbation theory, QCD sum rules (QCDSR) and quark models. Here we discuss some of these
new states using the QCDSR approach.
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The idea of the QCDSR formalism is to approach the bound state problem in QCD from short
distances, where the dynamics is essentially perturbative, and move to larger distances including
non-perturbative effects “step by step”, using some approximate procedure to extract information
on hadronic properties. It is based on identities between two and three-point Green functions,
which connect hadronic observables with QCD fundamental parameters, such as quark masses, the
strong coupling constant and quantities which characterize the QCD vacuum, the condensates.

In what follows we present some results of the QCDSR calculations on the new charmonium
states, which we assume to be composed by four quarks either in a molecular or in a tetraquark
configuration. For more details we refer the reader to ref. [12].

2. Z(3900)

The fisrt QCDSR calculation for the mass of the X (3872) considered as a I¢(JF€) = 0 (1)
tetraquark state was done in ref. [13], and a good agreement with the experimental mass was ob-
tained. The Z.(3900) is interpreted here as the isospin 1 partner of the X (3872). As in [14] we
assume the quantum numbers for the neutral state in the isospin multiplet to be I (JP€) = 1F(177).
Therefore, the interpolating field for Z(3900) is given by:

]. o €abcEdec
o=
V2

where a, b, c, ... are color indices, and C is the charge conjugation matrix. Considering SU(2)

[(u) Cysep) (davaCel ) — (ul Cracy) (davsCal)] 2.1)

symmetry, the mass obtained in QCDSR for the Z. state is exactly the same one obtained for
the X (3872), as it happens in the case of p and ® states. The mass obtained in [13] was M =
(3.92+0.13) GeV, in a very good agreement with the Z1(3900) mass.

In order to study the Z. decay width we need to calculate the three-point function of the vertex
of Z with the two other mesons in a given decay channel. As a result of the calculation we can
obtain the coupling constant in the vertex which allows the evaluation of the decay width in each
channel. In the framework of QCDSR this was done in ref. [15], where the Z. was assumed to be a
tetraquark described by the current in Eq. (2.1). The authors of ref. [15] have considered four decay
channels: Z;(3900) — J/yxt, ZF(3900) — n.p*, ZF (3900) — D*D** and Z (3900) — D°D**.
The obtained couplings, with the respective decay widths, are given in Table I.

Table I: Coupling constants and decay widths in different channels.

Vertex coupling constant (GeV) | decay width (MeV)
Z(3900)J/yrt 3.89+0.56 29.1+£8.2
Z(3900)n.p ™" 4.85+0.81 27.5+8.5
Z+(3900)D*D*° 25403 3.240.7
Z+(3900)D°D*+ 2.54+0.3 3.2+0.7

Considering these four decay channels the obtained total width is I" = (63.0+18.1) GeV for
Z.(3900) which is in a good agreement with the two experimental values: I = (46 +22) MeV from
BESIII [1], and I" = (63 - 35) MeV from BELLE [2]. From the results in Table I it is possible to

evaluate the ratio _
I'(Z.(3900) — DD*)

['(Z.(3900) — nJ /)

—=0.22+0.12, (2.2)
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which is completely different from the result in Eq. (1.1). Therefore, from a QCDSR calculation it
is possible to conclude that, if the ratio in Eq. (1.1) is confirmed, the states Z;(3900) and Z (3885)
are not the same states.

3. Z}(4025)

The Z}(4025) was observed in the (D*D*)" decay channel with a mass very close to the
D*D* threshold. Therefore, it might be explained as a (D*D*)* molecular state. A system of
two vector mesons can possess a total spin-parity 07, 17 or 2" when interacting in s-wave. The
0+ assignment is ruled out for Z.(4025) by spin-parity conservation for the ete~ — (D*D*)* 1~
process. A QCDSR study for the Z. (4025) considered as a (D*D*)* molecular state was done in
ref. [16]. To unambiguously separate the different spin-parity configurations of the D*D* systems,
the authors of ref. [16] have applyed the spin projectors developed in [17], for a general current
written in terms of two vector mesons.

The interpolating current corresponding to the D**D*+ molecular state is given by:

Juv (%) = [Ca(x) Yutta(x)] [di (x) s ()] 3.1)
where a, b denote the color indices. The two-point correlation function constructed with the current
in Eq. (3.1) is

v (@) =1 [ @501 T [juv()5(0)] 10). (32)
The 17 and 2% components of the correlation function written in Eq. (3.2) can be obtained using
the following projectors
) — 1 (AHOCAVB _AliﬁAWl) P2 — 1 (AHGAVﬁ —i—A”BAWX) _ EAMVAOCﬁ (3.3)
2 ' 2 3 ’ ’
where Ayy = —guv + quqv/ g*. With these projectors, the masses obtained in ref. [16] for the
JP =17 and 27 states are:

M5=! = (3950 £ 105) MeV, (3.4)
M5=% = (3946 + 104) MeV.

These results indicate that these two states have very similar masses. Within the error bars, one of
these could correspond to the recently observed Z.(4025) [9], although they could also correspond
to a state below the threshold, in agreement with predicitions from ref. [18]. Resonance generation
in the D*D* system has been studied within effective field theories [18, 19]. In ref. [19] the D*D*
system has been investigated with a formalism based on heavy quark symmetry and an isospin 1
resonance with J© = 17 and mass ranging between 3950-4017 MeV has been found as dynamically
generated. On the other hand, in the case of isospin 1, in ref. [18] only a state with J* = 2% and
mass 3900-3965 MeV has been found in the D*D* system. As can be seen from Eq. (3.4), the
results in 17 and 27 configurations are both in good agreement with those found in refs. [18, 19].
In particular, it was shown in ref. [22] that both assignments, a resonance with J* = 1+ or a bound
state with J¥ = 2F, are compatible with the data from ref. [9]. Besides, it was shown in ref. [22] that
the experimental data can also be explained with just a pure wave-D background. However, this
last possibility can be excluded with a study of the modification experienced by the D*D* invariant
mass spectrum when the center of mass energy is varied fromy/s = 4.26 GeV to 4.6 GeV.
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4. Final Comments

As a final remark, it is very important to find experimentally observable quantities which are
sensitive to the quark content of the resonances. In refs. [20, 21], Cho ef al. have suggest that
studying the production of these exotic states in relativistic heavy ion collisions offer a promis-
ing resolution to this problem as yields of exotic hadrons are expected to be strongly affected by
their structures. However, it might be very difficult to observe the new charmonium states dis-
cussed above in relativistic heavy ions collisions at LHC. Therefore, it is very important to find
out other experimentally observable quantities which could be sensitive to the quark content of the
resonances.
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