arXiv:1304.4458v1 [hep-ph] 16 Apr 2013

Hidden charmonium decays of Z_c in intermediate meson loops model

Gang Li^∗ Department of Physics, Qufu Normal University, Qufu 273165, China (Dated: April 17, 2013)

The BESIII collaboration reported an observation of a charged charmonium-like structure Z_c(3900) in the invariant mass spectrum of J/ψπ^± in e^+e^− → J/ψπ^+π^− at the center of mass 4.260 MeV, which could be an analogue of Z_b(10610) claimed by the Belle Collaboration. In this work, we investigate the hidden charmonium transitions of Z_c via intermediate D D^∗ meson loops. Our results show that the intermediate D D^∗ meson loops are crucial for driving the transitions of Z_c. We also make a predication for the hidden charmonium decays of Z_c’s partner (Z^′_c).

PACS numbers: 13.25.Gv,14.40.Pq,13.75.Lb

I. INTRODUCTION

Recently, a new charged state Z^±_c is observed in the J/ψπ^± invariant mass spectrum of Y (4260) → J/ψπ^+π^− decay by the BESIII Collaboration [1]. The reported mass and width are M_Z±_c = 3899.0 ± 3.6 ± 4.9MeV and Γ_Z±_c = 46 ± 11.3 ± 12.6MeV [1]. Belle Collaboration also observed a new charged charmonium-like structure in the J/ψπ^± invariant mass spectrum with 5.2σ significance, with mass M_Z±_c = 3894.5 ± 6.6 ± 4.5MeV and width Γ_Z±_c = 63 ± 24 ± 26MeV [2]. Differing from the other hidden charmonium-like states, such as X(3872), Y (4260) etc, Z_c is electric charged states. Such a state, if it exists, need at least four quarks as minimal constituents, which makes them ideal candidates for exotic hadrons beyond the conventional qq̄ mesons. On the one hand, this chain decay mode reminds us of the observations of Z_b(10610) and Z^′_b(10650) in ϒ(5S) → Z_b(Z^′_b)π → ϒ(nS)ππ [3, 4]. On the other hand, the mass of Z_c(3900) is in the vicinity of DD̄^∗ + c.c.. This similar phenomenon (mechanism) shows that Z_c(3900) may be an analogue of Z_b(10610) claimed by the Belle Collaboration. We also expect the experimental observation of Z^′_c and the neutral partners.

Recently, many investigations have been carried out to explain this exotic states [5–12]. The results of Ref. [5] show that it is necessary to include explicit Z_c(3900) poles, i.e. a resonance structure as an isovector partner of X(3872) in order for a more detailed description of the data. Applying heavy quark spin symmetry and heavy flavour symmetry the authors found a promising isovector 1^{+−} DD̄^∗ virtual state near threshold that might very well be identified with the newly discovered Z_c(3900) [1, 2]

The intermediate meson loop (IML) transitions, or known as final state interactions (FSI), have been one of the important non-perturbative transition mechanisms in many processes [13–27]. In the energy region of charmonium masses, with more and more data from Belle, BaBar, CLEO and BES-III, it is widely recognized that intermediate hadron loops may be closely related to a lot of non-perturbative phenomena observed in experiment [16–30], e.g. apparent OZI-rule violations, sizeable non-DD̄ decay branching ratios for ψ(3770), and the HSR violations in charmonium decays. Recently, the IML transitions are also applied to bottomnium decays [31–35]. By applying the on-shell approximation, the bottom meson loops were suggested to play an important role in the ϒ(5S) transitions to the lower ϒ states with the emission of two pions [31] or one η [32]. This mechanism seems to explain many unusual properties that make the ϒ(5S) different from ϒ(4S). Similar approach was also applied to the study of Z_b and Z^′_b by Liu et al. [33]. Within a nonrelativistic effective field theory, the decays of the Z_b(10610) and the Z_b(10650) to ϒ(nS)π and h_b(mP)π are investigated in Ref. [34]. The power counting analysis in Ref. [34] shows that the triangle transition Z_b → h_b(mP)π is not suppressed compared to Z_b → ϒ(nS)π, although the decay is via a P-wave. In Ref. [35], we investigated the transitions from the Z_b(10610) and Z_b(10650) to bottomonium states with emission of a pion via intermediate BB^∗ meson loops in the ELA. By investigating the α-dependence of

∗Electronic address: gli@mail.qfnu.edu.cn

partial decay widths and ratios between different decay channels, we show that the intermediate BB^∗ meson loops are crucial for driving the transitions of Z_b/Z^′_b → ϒ(nS)π with n = 1,2,3, and h_b(mP)π with m = 1 and 2.

Since the Z_c(3900) is very close to the DD̄^∗ threshold, the IML should be an possible mechanism in its decays. In this work, we will investigate the decays of Z^{(′)}_c → J/ψπ, ψ^′π and h_cπ via intermediate D-meson loops in an effective Lagrangian approach (ELA) with quantum numbers I^G(J^{PC}) = 1^+(1^{+−}) for the Z_c/Z^′_c. The paper is organized as follows. In Sec. II, we will introduce the formulae for the ELA. In Sec. III, the numerical results are presented. The Summary will be given in Sec. IV.

FIG. 1: The hadron-level diagrams for Z^+_c → ψπ^+ with D^{(∗)}D^{(∗)} as the intermediate states. Similar diagrams for Z^−_c and Z^0_c states decays.

FIG. 2: The hadron-level diagrams for Z^+_c → h_cπ^+ with D^{(∗)}D^{(∗)} as the intermediate states. Similar diagrams for Z^−_c and Z^0_c states decays.

II. TRANSITION AMPLITUDE

In order to calculate the leading contributions from the bottomed meson loops, we need the leading order effective Lagrangians for the couplings. Based on the heavy quark symmetry and chiral symmetry [36, 37], the relevant effective Lagrangians used in this work are as follows,

L_{ψD}(∗)_D(∗) = ig_{ψDD}ψ_μ(∂^μDD̄ − D∂^μD̄) − g_{ψD}∗_Dε^{μναβ}∂_μψ_ν(∂_αD^∗_βD̄ + D∂_αD̄^∗_β) −ig_{ψD}∗_D∗ { ψ^μ(∂_μD^{∗ν}D̄^∗_ν − D^{∗ν}∂_μD̄^∗_ν) + (∂_μψ_νD^{∗ν} − ψ_ν∂_μD^{∗ν})D̄^{∗μ} + D^{∗μ}(ψ^ν∂_μD̄^∗_ν − ∂_μψ^νD̄^∗_ν) } ,(1) L_{hcD}(∗)_D(∗) = g_{hcD}∗_Dh^μ_c(DD̄^∗_μ + D^∗_μD̄) + ig_{hcD}∗_D∗ ε^{μναβ}∂_μh_{cν}D^∗_αD̄^∗_β , (2)

L_D∗_D(∗)_π = −ig_D∗_{Dπ}(D_i∂_μP_{i j}D̄^{∗μ}_j − D^{∗μ}_i ∂_μP_{i j}D̄_j) + 1 2 g_D∗_D∗_πε^{μναβ}D^∗_{iμ}∂_νP_{i j} ←→ ∂_αD̄^∗_{jβ}, (3)

L_Z(′)_{c D(∗)D(∗)} = g_Z(′)_{c DD∗D}Z^{(′)μ}c (DD̄^∗_μ + D^∗_μD̄) + ig_Z(′)_{c D∗D∗} ε^{μναβ}∂_μZ^{(′)}_{cν} D^∗_αD̄^∗_β , (4)

where D^{(∗)} = ( D^{(∗)+},D^{(∗)0} ) and D̄^{(∗)T} = ( D^{(∗)−},D̄^{(∗)0} ) correspond to the charmed meson isodoublets. The coupling constants will be determined in the following.

The loop transition amplitudes for the transitions in Figs. 1 and 2 can be expressed in a general form in the effective Lagrangian approach as follows:

M_{f i} =

∫ d4q 2 (2π)^4 ∑_{D∗} pol.

T_1T_2T_3 a_1a_2a_3 ∏_i

F_i(m_i,q^2_i ) (5) where T_i (i = 1,2,3) are the vertex functions; a_i = q^2_i − m^2_i (i = 1,2,3) are the denominators of the intermediate meson propagators. We adopt the form factor, ∏_i F_i(m_i,q^2_i ), which is a product of monopole form factors for each internal mesons, i.e.

∏_i^Fi^{(m}i^{,q2}i^{) ≡ F}1^{(m}1^{,q2}1^{)F}2^{(m}2^{,q2}^{)F}3^{(m}3^{,q2}3^{) , (6)}

with

F_i(m_i,q^2_i ) ≡ ( Λ^2_i − m^2_i Λ^2_i − q^2_i ) , (7)

where Λ_i ≡ m_i +αΛ_{QCD} and the QCD energy scale Λ_{QCD} = 220 MeV. This form factor is supposed to parameterize the non-local effects of the vertex functions and remove the loop integral divergence.

The explicit transition amplitudes for Z_c(p_i) → D^{(∗)}(q_1)D^{(∗)}(q_3)[D^{(∗)}(q_2)] → ψ(p_f )π(p_π) via those triangle loops are given as follows:

M_{DD}∗_{[D]} = (i)^3

∫ d4q 2 (2π)^4

[g_{ZbD}∗_Dε_{iμ}][g_{ψDD}ε^{∗ρ}_f (q_1 − q_2)_ρ][g_D∗_{Dπ} p_{πθ}] i q^2_1 − m^2_1 i q^2 − m^2 i(−g^{μθ} + q^μ_3q^θ_3/m^2_3) q^2_3 − m^2_3 ∏_i

F_i(m_i,q^2_i ) (8)

M_{DD}∗_{[D}∗_] = (i)^3

∫ d4q 2 (2π)^4

[g_{ZcD}∗_Dε_{iμ}][g_{ψD}∗_Dε_{ρσξτ} p^ρ_f ε^{∗σ}_f q^ξ_2][−g_D∗_D∗_πε_{θϕκλ} p^κ_πq^λ_2] × i q^2_1 − m^2_1 i(−g^{τθ} + q^τ_2q^θ_2/m^2) q^2 − m^2 i(−g^{μϕ} + q^μ_3q^ϕ_3/m^2_3) q^2_3 − m^2_3 ∏_i

F_i(m_i,q^2_i ) (9)

M_D∗_{D[D}∗_] = (i)^3

∫ d4q 2 (2π)^4

[g_{ZcD}∗_Dε_{iμ}][g_{ψD}∗_D∗ (g_{ρσ}g_{ξτ} − g_{ρτ}g_{σξ} + g_{ρξ}g_{στ})ε^{∗ρ}_f (q_1 + q_2)^τ][−g_B∗_{Bπ} p_{πθ}] × i(−g^{μξ} + q^μ_1q^ξ_1/m^2_1) q^2_1 − m^2_1 i(−g^{σθ} + q^σ_2 q^θ_2/m^2) q^2 − m^2 i q^2_3 − m^2_3 ∏_i

F_i(m_i,q^2_i ) (10)

M_D∗_D∗_{[D]} = (i)^3

∫ d4q 2 (2π)^4

[g_{ZcD}∗_D∗ ε_{μναβ}q^μ_i ε^ν_i ][g_{ψD}∗_Dε_{ρσξτ} p^ρ_f ε^{∗σ}_f q^ξ_1][g_D∗_{Dπ} p_{πθ}] × i(−g^{ατ} + q^α_1 q^τ_1/m^2_1) q^2_1 − m^2_1 i q^2 − m^2 i(−g^{βθ} + q^β_3q^θ_3/m^2_3) q^2_3 − m^2_3 ∏_i

F_i(m_i,q^2_i ) (11)

M_D∗_D∗_{[D}∗_] = (i)^3

∫ d4q 2 (2π)^4

[g_{ZcD}∗_D∗ ε_{μναβ} p^μ_i ε^ν_i ][g_{ψD}∗_D∗ (g_{ρσ}g_{ξτ} − g_{ρτ}g_{σξ} + g_{ρξ}g_{στ})ε^{∗ρ}_f (q_1 + q_2)^τ][−g_D∗_D∗_πε_{θϕκλ} p^κ_πq^λ_2] × i(−g^{αξ} + q^α_1 q^ξ_1/m^2_1) q^2_1 − m^2_1 i(−g^{σθ} + q^σ_2 q^θ_2/m^2) q^2 − m^2 i(−g^{βϕ} + q^β_3q^ϕ_3/m^2_3)

q^2_3 − m^2_3 ∏_i

F_i(m_i,q^2_i ) . (12)

Also, the explicit transition amplitudes for Z_c(p_i) → D^{(∗)}(q_1)D^{(∗)}(q_3)[D^{(∗)}(q_2)] → h_c(p_f )π(p_π) via those triangle

FIG. 3: (a) The α-dependence of the partial widths of Z^+_c → J/ψπ^+ (solid line) and ψ^′π^+ (dashed line). (b) The α-dependence of the partial widths of Z^{′+}_c → J/ψπ^+ (solid line), ψ^′π^+ (dashed line). The mass of Z^′_c is fixed to be 4040 MeV.

loops are given as follows:

M_{DD}∗_{[D}∗_] = (i)^3

∫ d4q 2 (2π)^4

[g_{ZcD}∗_Dε_{iμ}][g_{hcD}∗_Dε^∗_{f ρ}][−g_D∗_D∗_πε_{θϕκλ} p^κ_πq^λ_2] × i q^2_1 − m^2_1 i(−g^{ρθ} + q^ρ_2q^θ_2/m^2) q^2 − m^2 i(−g^{μϕ} + q^μ_3q^ϕ_3/m^2_3) q^2_3 − m^2_3 ∏_i

F_i(m_i,q^2_i ) (13)

M_D∗_{D[D}∗_] = (i)^3

∫ d4q 2 (2π)^4

[g_{ZcD}∗_Dε_{iμ}][g_{hcD}∗_D∗ ε_{ρσξτ} p^ρ_f ε^{∗σ}_f ][−g_D∗_{Dπ} p_{πθ}] × i(−g^{μξ} + q^μ_1q^ξ_1/m^2_1) q^2_1 − m^2_1 i(−g^{τθ} + q^τ_2q^θ_2/m^2) q^2 − m^2 i q^2_3 − m^2_3 ∏_i

F_i(m_i,q^2_i ) (14)

M_D∗_D∗_{[D]} = (i)^3

∫ d4q 2 (2π)^4

[g_{ZcD}∗_D∗ ε_{μναβ} p^μ_i ε^ν_0][g_{hcD}∗_Dε^∗_{f ρ}][g_D∗_{Dπ} p_{πθ}] × i(−g^{αρ} + q^α_1 q^ρ_1/m^2_1) q^2_1 − m^2_1 i q^2 − m^2 i(−g^{βθ} + q^β_3q^θ_3/m^2_3) q^2_3 − m^2_3 ∏_i

F_i(m_i,q^2_i ) (15)

M_D∗_D∗_{[D}∗_] = (i)^3

∫ d4q 2 (2π)^4

[g_{ZcD}∗_D∗ ε_{μναβ} p^μ_i ε^ν_i ][g_{hcD}∗_D∗ ε_{ρσξτ} p^ρ_f ε^{∗σ}_f ][−g_D∗_D∗_πε_{θϕκλ} p^κ_πq^λ_2] × i(−g^{αξ} + q^α_1 q^ξ_1/m^2_1) q^2_1 − m^2_1 i(−g^{τθ} + q^τ_2q^θ_2/m^2) q^2 − m^2 i(−g^{βϕ} + q^β_3q^ϕ_3/m^2_3)

q^2_3 − m^2_3 ∏_i

F_i(m_i,q^2_i ), (16)

where p_i, p_f , p_π are the four-vector momenta of the initial Z_c, final state charmonium and pion, respectively, and q_1, q_2, and q_3 are the four-vector momenta of the intermediate charmed mesons as defined in Figs. 1 and 2.

III. RESULTS

Before proceeding to the numerical results, we first discuss the parameters, such as the coupling constants, in the formulation given in Section. II. In Eq. (1), the following couplings are adopted in the numerical calculations,

g_{ψDD} = 2g_2 √ m_ψm_D , g_{ψD}∗_D = g_{ψDD} √ m_Dm_D∗

, g_{ψD}∗_D∗ = g_{ψD}∗_D √ m_D∗ m_D m_D∗ , (17)

In principle, couplings g_2 must be computed by nonperturbative methods. It shows that vector meson dominance (VMD) would provide an estimate of these quantities [36]. The coupling g_2 can be related to the J/ψ leptonic

FIG. 4: (a) The α-dependence of the partial widths of Z^+_c → h_cπ^+. (b) The α-dependence of the partial widths of Z^{′+}_c → h_cπ^+. The mass of Z^′_c is fixed to be 4040 MeV.

FIG. 5: (a) The partial widths of Z^+_c → J/ψπ^+ (solid line) and ψ^′π^+ (dashed line) in terms of the mass of Z^′_c. (b) The partial widths of Z^{′+}_c → h_cπ^+ in terms of the mass of Z^′_c. The cutoff parameter α = 0.8.

constant f_ψ which is defined by the matrix element ⟨0|c̄γ_μc|J/ψ(p,ε)⟩ = f_ψm_ψε^μ, and g_2 = √m_ψ/2m_D f_ψ, where f_ψ = 405 ± 14 MeV, and we have applied the relation g_{ψDD} = m_ψ/ f_ψ.

FIG. 6: The α-dependence of the ratios R_{Zc} (solid line) and R_Z′_c (dashed line) defined in Eq. (22).

The ratio of the coupling constants g_ψ′_{DD} to g_{ψDD} is fixed as Ref. [25]

g_ψ′_{DD} g_{ψDD}

= 0.9. (18)

In addition, the coupling constants in Eq. (2) are determined as

g_{hcDD}∗ = −2g_1 √ m_{hc} m_Dm_D∗ , g_{hcD}∗_D∗ = 2g_1 m_D∗ √m_{hc} , (19)

with g_1 = − √ m_{χc0} /3/ f_{χc0} , where m_{χc0} and f_{χc0} are the mass and decay constant of χ_{c0}(1P), respectively [38], i.e.

f_{χc0} = 175 ± 55 MeV [39].

In analogy to what is known about the Z_b states we assume that the width of the Z_c(3900) is saturated by the DD^∗ intermediate state. We obtain the coupling constant g_{ZcD}∗_D = 6.85 GeV. The relations

g_Z′_{cD}∗_D = g_{ZcD}∗_D, g_Z(′)_{c D∗D∗} = −g_Z(′)_{c D∗D} m^∗_D m_Dm^2_{Z(′)c}

(20)

are applied to extract the couplings for g_{Z(}′_{)c D∗D∗} .

The coupling constants relevant to the pion interactions in Eq. (4) are

g_D∗_{Dπ} = 2g f_π √ m_Dm_D∗ , g_D∗_D∗_π = g_D∗_{Dπ} √ m_Dm_D∗

, (21)

where f_π = 132 MeV is the pion decay constant, the parameters g_V respects the relation g_V = m_ρ/ f_π [37]. We take λ = 0.56GeV^{−1} and g = 0.59 [41].

In Fig. 3(a), we plot the α-dependence of the decay partial widths of Z_c → J/ψπ (solid line) and ψ^′π (dashed line), respectively. A predominant feature is that the α dependence of the partial widths are quite stable, which indicates a reasonable cutoff of the ultraviolet contributions by the empirical form factors. As shown in this figure, at the same α, the intermediate D-meson loop effects turn out to be more important in Z_c → ψ^′π than in Z_c → J/ψπ. As a result, a smaller value of α is favored in Z_c → ψ^′π. This is understandable since the mass of ψ^′ is closer to the thresholds of DD^∗ or D^∗D^∗ than J/ψ [42]. Thus, it gives rise to important threshold effects in Z_c → ψ^′π^+.

One also notices that the α-dependence of the partial widths for Z^+_c → ψ^′π^+ are stabler than that for J/ψπ. This indicates that the enhanced partial widths are not from the off-shell part of the loop integrals. As we know that the dispersive contributions become rather model-dependent near threshold, the enhanced (but rather stable in terms of α) partial widths for Z^+_c → ψ^′π^+ suggest that more stringent dynamic constraints are presumably needed to describe the near-threshold phenomena where the local quark-hadron duality has been apparently violated. What makes this process different from e.g. ψ^′ → h_cπ^0 in Ref. [26] is that there is no cancelations between the charged and neutral meson loops. As a consequence, the subleading terms in Refs. [26, 27] become actually leading contributions.

For the Z^′_c decays, we carried out the following two analysis to understand this exotic states due to the lack of experimental information for Z^′_c. First, we fix the Z^′_c mass and then study the cut-off parameter α dependence of Z^′_c → J/ψπ, ψ^′π. Second, we fix the α values (Here we choose α = 0.8) and then study the Z^′_c mass dependence of these decays.

The measured central mass of Z_c is 23.7MeV above the D^{∗+}D̄^0 threshold and 22.2MeV above the D^{∗+}D̄^0 threshold [42]. So we put the Z^′_c resonance by the same amount above the D^{∗+}D̄^{∗0} threshold which gives its expected mass at approximately 4040MeV [42]. In Fig. 3(b), we plot the α-dependence of the decay partial widths of Z^′_c → J/ψπ (solid line) and ψ^′π (dashed line), respectively. For the Z^′_c → J/ψπ and ψ^′π, the situation becomes more complicated. The thresholds of intermediate meson, i.e., m_D(∗) +m_D(∗) +2αΛ_{QCD}, are very close to the initial Z^′_c mass at small α region, which leads to much more dramatic dependence behavior. The behaviors become more stabler at relatively larger α region. It indicates that for sufficiently heavy decaying charmonia and small values of α these singularities are located nearby or even inside the physical regime and additionally introduce unphysical contributions. So a relatively larger α should be considered in order to avoid introduce unphysical contributions.

The α-dependence of the partial widths of Z_c → h_cπ are shown in Fig. 4(a). From this figure, we can see that the intermediate meson loop contributions are important in Z_c → h_cπ. Again, the behavior of Z_c → h_cπ is quite stable, which indicates the dominant mechanism driven by the intermediate meson loops. We make an prediction for the partial width of Z^′_c → h_cπ, the results are plotted in FIg. 4(b) with m_Z′_c = 4040 MeV. Again, Z^′_c → h_cπ shows a similar behavior to that of Z^′_c → J/ψπ and ψ^′π.

For the Z^′_c decay, we fix the α = 0.8 and vary the mass of Z^′_c. The predicated results are present in Fig. 5. As shown in this diagram, due to the thresholds effects, there is a peak near 4050 MeV.

It would be interesting to further clarify the uncertainties arising from the introduction of form factors by studying the α dependence of the ratios between different partial decay widths. For the decays of Z^+_c /Z^{′+}_c → J/ψπ^+, we define the following ratios to the partial decay widths of Z^+_c /Z^{′+}_c → ψ^′π^+:

R_{Zc} =

Γ(Z^+_c → J/ψπ^+) Γ(Z^+_c → ψ^′π^+)

, R_Z′_c =

Γ(Z^{′+}_c → J/ψπ^+) Γ(Z^{′+}_c → ψ^′π^+)

, (22)

which are plotted in Fig. 6. The stabilities of the ratios in terms of α indicate a reasonably controlled cutoff for each channels by the form factor. Since the first coupling vertices are the same for those decay channels when taking the ratio, the stability of the ratios suggests that the transitions of Z_c/Z^′_c → J/ψπ and ψ^′π are largely driven by the open threshold effects via the intermediate D meson loops. Here, we should mention that since the mass of ψ^′ is closer to D^{(∗)}D^{(∗)} thresholds than J/ψ, so the ratio only reflects the open threshold effects via the intermediate D meson loops. The future experimental measurements of Z_c/Z^′_c → J/ψπ and ψ^′π can help us investigate this issue deeply.

In order to understand this, the following analysis is carried out. First, one notices that we have adopted the couplings for the h_c and ψ to DD̄^∗ or D^∗D̄^∗ in the heavy quark approximation. Since the physical masses for D and D^∗ are adopted in the loop integrals, the form factor will introduce unphysical pole contributions of which the interferences with the nearby physical poles would lead to model-dependent uncertainties. By assuming M_D∗ = M_D = 1869 MeV and M_D∗ = M_D = 2010 MeV, namely, by partially restoring the local quark-hadron duality, we calculate the partial widths of Z^+_c and Z^{′+}_c → J/ψπ, ψ^′π and h_cπ. We expect that the partial restoration of the local quark-hadron duality will significantly lower the partial widths since there will be only one physical pole in the loop and the unphysical one can be easily isolated away from the physical one. This is a rather direct demonstration of the sensitivity of the meson loop behaviors when close to open threshold and when the dispersive part becomes dominant. It shows a relatively stable behavior, especially Z^′_c decays at the small α region.

IV. SUMMARY

In this work, we investigate hidden-charm decays of the newly discovered resonances Z^+_c via intermediate Dmeson loops. In this calculation, the quantum numbers of the neutral partners of these two resonances are fixed to be I^G(J^{PC}) = 1^+(1^{+−}), which has the same favored quantum number of Z^′_b. For Z_c decays, our results show that the α dependence of the partial widths are quite stable, which indicate the dominant mechanism driven by the intermediate meson loops with a fairly well control of the UV contributions. For the predicated Z^′_c decays, there shows dramatic behavior at small α region, however, the behavior becomes quite stable at relatively lager α region. Our results show that it will become sensitive to the meson loop contributions when the final state mass threshold are close to the intermediate meson thresholds. Namely, the effects from the unphysical pole introduced by the form factors would interfere with the nearby physical poles from the internal propagators and lead to model-dependent uncertainties. It is also a consequence of the violation of local quark-hadron duality. Such a phenomenon has been discussed in Ref. [27]. We expect the experiments to search for the Z^′_c resonance and the decays of Z_c → DD^∗ and Z^′_c → D^∗D^∗, which will help us investigate the Z^{(′)}_c decays deeply.

Acknowlegements

Authors thank X.-H. Liu, Q. Wang and Prof. Q. Zhao for useful discussions. This work is supported, in part, by the National Natural Science Foundation of China (Grant Nos. 11035006, 11175104, and 11275113), the DFG and

NSFC joint project CRC 110, the Chinese Academy of Sciences (KJCX3-SYW-N2) and the Ministry of Science and Technology of China (2009CB825200).

[1] M. Ablikim et al. [ BESIII Collaboration], arXiv:1303.5949 [hep-ex]. [2] Z. Q. Liu et al. [Belle Collaboration], arXiv:1304.0121 [hep-ex]. [3] I. Adachi [Belle Collaboration], arXiv:1105.4583 [hep-ex].

[4] A. Bondar et al. [Belle Collaboration], Phys. Rev. Lett. 108, 122001 (2012) [arXiv:1110.2251 [hep-ex]]. [5] Q. Wang, C. Hanhart, Q. Zhao and , arXiv:1303.6355 [hep-ph].

[6] F. -K. Guo, C. Hidalgo-Duque, J. Nieves, M. P. Valderrama and , arXiv:1303.6608 [hep-ph]. [7] D. -Y. Chen, X. Liu, T. Matsuki and , arXiv:1303.6842 [hep-ph].

[8] R. Faccini, L. Maiani, F. Piccinini, A. Pilloni, A. D. Polosa, V. Riquer and , arXiv:1303.6857 [hep-ph]. [9] M. B. Voloshin, arXiv:1304.0380 [hep-ph]. [10] N. Mahajan, arXiv:1304.1301 [hep-ph].

[11] C. -Y. Cui, Y. -L. Liu, W. -B. Chen and M. -Q. Huang, arXiv:1304.1850 [hep-ph]. [12] E. Wilbring, H. -W. Hammer and U. -G. Mei?ner, arXiv:1304.2882 [hep-ph]. [13] X. Q. Li, D. V. Bugg and B. S. Zou, Phys. Rev. D 55, 1421 (1997). [14] Q. Zhao and B. S. Zou, Phys. Rev. D 74, 114025 (2006) [arXiv:hep-ph/0606196]. [15] Q. Zhao, Phys. Lett. B 636, 197 (2006) [arXiv:hep-ph/0602216].

[16] J. J. Wu, Q. Zhao and B. S. Zou, Phys. Rev. D 75, 114012 (2007) [arXiv:0704.3652 [hep-ph]]. [17] X. Liu, X. Q. Zeng and X. Q. Li, Phys. Rev. D 74, 074003 (2006) [arXiv:hep-ph/0606191]. [18] H. Y. Cheng, C. K. Chua and A. Soni, Phys. Rev. D 71, 014030 (2005) [arXiv:hep-ph/0409317]. [19] V. V. Anisovich, D. V. Bugg, A. V. Sarantsev and B. S. Zou, Phys. Rev. D 51, 4619 (1995). [20] Q. Zhao, B. s. Zou and Z. b. Ma, Phys. Lett. B 631, 22 (2005) [arXiv:hep-ph/0508088]. [21] G. Li, Q. Zhao and B. S. Zou, Phys. Rev. D 77, 014010 (2008) [arXiv:0706.0384 [hep-ph]]. [22] Y. J. Zhang, G. Li and Q. Zhao, Phys. Rev. Lett. 102, 172001 (2009) [arXiv:0902.1300 [hep-ph]]. [23] X. H. Liu and Q. Zhao, Phys. Rev. D 81, 014017 (2010) [arXiv:0912.1508 [hep-ph]]. [24] X. H. Liu and Q. Zhao, J. Phys. G 38, 035007 (2011) [arXiv:1004.0496 [hep-ph]]. [25] Q. Wang, X. -H. Liu and Q. Zhao, Phys. Lett. B 711, 364 (2012) [arXiv:1202.3026 [hep-ph]]. [26] F. K. Guo, C. Hanhart, G. Li, U. G. Meissner and Q. Zhao, Phys. Rev. D 82, 034025 (2010) [arXiv:1002.2712 [hep-ph]]. [27] F. K. Guo, C. Hanhart, G. Li, U. G. Meissner and Q. Zhao, Phys. Rev. D 83, 034013 (2011) [arXiv:1008.3632 [hep-ph]]. [28] N. Brambilla, S. Eidelman, B. K. Heltsley, R. Vogt, G. T. Bodwin, E. Eichten, A. D. Frawley and A. B. Meyer et al., Eur.

Phys. J. C 71, 1534 (2011) [arXiv:1010.5827 [hep-ph]].

[29] N. Brambilla et al. [Quarkonium Working Group Collaboration], hep-ph/0412158. [30] N. Brambilla, A. Pineda, J. Soto and A. Vairo, Rev. Mod. Phys. 77, 1423 (2005) [hep-ph/0410047]. [31] C. Meng and K. T. Chao, Phys. Rev. D 77, 074003 (2008) [arXiv:0712.3595 [hep-ph]]. [32] C. Meng and K. T. Chao, Phys. Rev. D 78, 074001 (2008) [arXiv:0806.3259 [hep-ph]]. [33] Z. -F. Sun, J. He, X. Liu, Z. -G. Luo and S. -L. Zhu, Phys. Rev. D 84, 054002 (2011) [arXiv:1106.2968 [hep-ph]]. [34] M. Cleven, Q. Wang, F. -K. Guo, C. Hanhart, U. -G. Meissner, Q. Zhao and , arXiv:1301.6461 [hep-ph]. [35] G. Li, F. L. Shao, C. W. Zhao, Q. Zhao and , Phys. Rev. D 87, 034020 (2013) arXiv:1212.3784 [hep-ph]. [36] P. Colangelo, F. De Fazio and T. N. Pham, Phys. Rev. D 69, 054023 (2004) [arXiv:hep-ph/0310084]. [37] R. Casalbuoni, A. Deandrea, N. Di Bartolomeo, R. Gatto, F. Feruglio and G. Nardulli, Phys. Rept. 281, 145 (1997) [arXiv:hep-ph/9605342].

[38] P. Colangelo, F. De Fazio and T. N. Pham, Phys. Lett. B 542, 71 (2002) [hep-ph/0207061]. [39] E. V. Veliev, H. Sundu, K. Azizi and M. Bayar, Phys. Rev. D 82, 056012 (2010) [arXiv:1003.0119 [hep-ph]]. [40] X. Li and M. B. Voloshin, arXiv:1207.2425 [hep-ph].

[41] C. Isola, M. Ladisa, G. Nardulli and P. Santorelli, Phys. Rev. D 68, 114001 (2003) [arXiv:hep-ph/0307367]. [42] J. Beringer et al. [Particle Data Group Collaboration], Phys. Rev. D 86, 010001 (2012).