arXiv:1102.1127v4 [hep-ph] 30 Apr 2012

The open-charm radiative and pionic decays of molecular charmonium Y(4274)

Jun He^{1,2∗} and Xiang Liu^{1,3†‡} 1Research Center for Hadron and CSR Physics, Lanzhou University and Institute of Modern Physics of CAS, Lanzhou 730000, China 2Nuclear Theory Group, Institute of Modern Physics of CAS, Lanzhou 730000, China 3School of Physical Science and Technology, Lanzhou University, Lanzhou 730000, China (Dated: May 1, 2012)

In this work, we investigate the decay widths and the line shapes of the open-charm radiative and pionic decays of Y(4274) with the D_sD̄_{s0}(2317) molecular charmonium assignment. Our calculation indicates that the decay widths of Y(4274) → D^+_s D^{∗−}_s γ and Y(4274) → D^+_s D^−_s π^0 can reach up to 0.05 keV and 0.75 keV, respectively. In addition, the result of the line shape of the photon spectrum of Y(4274) → D^+_s D^{∗−}_s γ shows that there exists a very sharp peak near the large end point of photon energy. The line shape of the pion spectrum of Y(4274) → D^+_s D^{∗−}_s π^0 is similar to that of the pion spectrum of Y(4274) → D^+_s D^{∗−}_s γ, where we also find a very sharp peak near the large end point of pion energy. According to our calculation, we suggest further experiments to carry out the search for the open-charm radiative and pionic decays of Y(4274).

PACS numbers: 12.39.-x, 13.75.Lb, 13.20.Jf

I. INTRODUCTION

Recently the CDF Collaboration reported an explicit enhancement structure with 3.1σ significance in the J/ψϕ invariant mass spectrum of the B^+ → K^+ J/ψϕ process. In this work, we refer to this new enhancement structure by the name Y(4274). Its mass and width are M = 4274.4^{+8.4}_{−6.7}(stat) ± 1.9(syst) MeV/c^2 and Γ = 32.3^{+21.9}_{−15.3}(stat) ± 7.6(syst) MeV/c^2 [1], respectively. We need to specify that this new result appearing in the J/ψϕ invariant mass spectrum is based on a sample of pp̄ collision data at √ s = 1.96 TeV with an integrated luminosity of about 6.0 fb^{−1} [1]. Additionally, the experiment presented in Ref. [1] also confirmed the observed Y(4140) previously announced in Ref. [2].

Before finding the Y(4274) structure, there had been six charmonium-like states observed in B meson decays, which include X(3872) in B → J/ψπ^+π^−K [3], Y(3940) in B → J/ψωK [4, 5], Y(4140) in B → J/ψϕK [2], Z^+(4430) in B → ψ^′π^+K [6], and Z^+(4015) and Z^+(4248) in B → χ_{c1}π^+K [7], where we use the underlines to mark the corresponding decay channels of charmonium-like states observed in experiments. The evidence of Y(4274) revealed by CDF [1] not only has made the spectroscopy of charmonium-like states observed in B meson decays abundant, but has also stimulated theorists’ interest in revealing its underlying structure. Studying Y(4274) will improve our understanding of the essential mechanism resulting in these structures. Very recently, LHCb also confirmed the observation of Y(4274) with 53± events in the B^+ → J/ψϕK^+ decay [8].

Since Y(4274) was observed in the J/ψϕ invariant mass spectrum, we can conclude that the quantum numbers of Y(4274) are I^G(J^{PC}) = 0^+(J^{++}) with J = 0, 1, 2 if Y(4274) → J/ψϕ occurs via S-wave. If explaining Y(4274) as a candidate of charmonium, Y(4274) should be a P-wave state

†Corresponding author ∗Electronic address: junhe@impcas.ac.cn ‡Electronic address: xiangliu@lzu.edu.cn

with the second radial excitation. In Ref. [9], the predicted total widths of the second radial excitations of χ_{c0} and χ_{c1} are larger than the width of Y(4274). In addition, X(4350), which was observed in the γγ → ϕJ/ψ process with mass m = 4350.6^{+4.6}_{−5.1}(stat) ± 0.7(syst) MeV and width Γ = 13^{+13}_{−9} (stat) ± 4(syst) MeV [10], was explained as the candidate of the second radial excitation of χ_{c2} [9], where the measured parameters of Y(4274) are different from those of X(4350). However, at present we cannot fully exclude the P-wave charmonium explanation of Y(4274), since the uncertainty of the quark pair creation model is not under control [9].

Besides the conventional charmonium assignment to Y(4274), Y(4274) as molecular charmonium can be produced by B meson decay. The comparison of the existing experimental information of charmonium-like states observed in B meson decays reflects a common property; i.e., these charmonium-like states are near the threshold of the corresponding charmed meson pair, which has provoked the investigation of whether these observed charmonium-like states X(3872), Z^+(4430), Z^+(4015)/Z^+(4248), Y(3930), Y(4140), and Y(4274) can be explained as the corresponding molecular charmonia [11–21]. The production of molecular charmonium via the B meson decay is allowed. The cc̄ pair is created from the color-octet mechanism in the weak decays of the B meson; then c and c̄, respectively, capture q̄ and q to form a charmed meson pair, where a color-octet qq̄ pair is popped out by a gluon. Thus, a pair of the charmed mesons with low momentum easily interact with each other to form the molecular charmonium [20].

As indicated in Refs. [16, 20], the mass of Y(4274) is near the threshold of D_sD̄_{s0}(2317), which is similar to the situations of Y(4140) and Y(3930), since Y(4140) and Y(3930) are assigned as molecular states of D^∗_sD̄^∗_s and D^∗D̄^∗, respectively [20]. Thus, it is natural to deduce that Y(4274) can be an S-wave D_sD̄_{s0}(2317) molecular charmonium with the flavor wave function

|Y(4274)⟩ = 1 √ 2 [ |D^+_s D^−_{s0}⟩ + |D^−_s D^+_{s0}⟩ ] , (1) which is also supported by the dynamical calculation of its mass when assuming Y(4274) as an S-wave D_sD̄_{s0}(2317) molecular state with spin-parity J^P = 0^− [16, 20].

Thus, studying Y(4274) under different assignments will be helpful in distinguishing its possible structure explanations. In this work, we mainly focus on the decay behavior of Y(4274) as a charmonium-like molecular structure. Performing the study of the decay behavior of Y(4274) can provide crucial information for testing this molecular assignment to Y(4274). Considering only the preceding reasons and the present theoretical research status of Y(4274), in this work we investigate the open-charm radiative and pionic decays of Y(4274), which includes the calculation of the branching ratios and the study of the line shape of these decays. Our study will give hints for further experimental studies of Y(4274), especially in searching for other decay channels of Y(4274).

This work is organized as follows. After this introduction, we illustrate the calculation details of the open-charm radiative and pionic decays of Y(4274) under the assignment of molecular charmonium. In Section III, the numerical result will be presented. The paper ends with the discussion and conclusion.

II. RADIATIVE AND PIONIC OPEN-CHARM DECAYS OF Y(4274)

Under the molecular charmonium assignment to Y(4274), it is interesting to investigate its radiative and pionic decays, since the photon and pion, respectively, from the radiative and pionic decays of Y(4274) can be easily detected in experiments. As a realistic research topic, both a theoretical estimate of their branching ratios and a study of the line shapes of the photon and pion spectra of the corresponding decays can reflect the internal structure of Y(4274) [21–23].

In this work, we focus on two groups of decay channels of Y(4274), i.e., the radiative (D^+_s D^{∗−}_s γ and D^−_s D^{∗+}_s γ) and pionic (D^+_s D^−_s π^0) open-charm decays. In what follows, we take the decays Y(4274) → D^+_s D^{∗−}_s γ and Y(4274) → D^+_s D^−_s π^0 as examples to illustrate the relevant calculation. Under the D^+_s D_{s0}(2317)^− +h.c. molecular state assignment, Y(4274) first dissociates into D_s + D_{s0}(2317)^− or D^−_s + D_{s0}(2317)^+. Then, the radiative decay Y(4274) → D^+_s D^{∗−}_s γ and strong decay Y(4274) → D^+_s D̄^−_s π^0 occur via the transitions D_{s0}(2317)^− → D̄^{∗−}_s γ and D_{s0}(2317)^− → D^−_s π^0/D_{s0}(2317)^+ → D^+_s π^0, respectively, where D_{s0}(2317)^−/D_{s0}(2317)^+ decays into D^−_s π^0/D^+_s π^0 by the η − π^0 mixing mechanism [24–26]. The hadron-level descriptions of Y(4274) → D^+_s D^{∗−}_s γ and Y(4274) → D^+_s D^−_s π^0 are shown in Fig. 1.

FIG. 1: The radiative and pionic open-charm decays of Y(4274).

The general expressions of the transition matrix elements for the radiative and pionic open-charm decays of Y(4274) can be expressed as

M[Y(4274) → D^+_s D^{∗−}_s γ] = ⟨D^{∗−}_s γ|H_γ|D_{s0}(2317)^−⟩⟨D_{s0}(2317)^−D^+_s |H_Y |Y(4274)⟩,(2)

M[Y(4274) → D^+_s D^−_s π^0] = ⟨D^−_s π^0|H_π|D_{s0}(2317)^−⟩⟨D_{s0}(2317)^−D^+_s |H_Y |Y(4274)⟩ +⟨D^+_s π^0|H_π|D_{s0}(2317)^+⟩⟨D_{s0}(2317)^+D^−_s |H_Y |Y(4274)⟩, (3) where H_Y describes the collapse of the S-wave D_sD̄_{s0}(2317) molecular state into D^+_s and D_{s0}(2317)^−. H_γ or H_π denotes the interaction of D_{s0}(2317)^− with D^{∗−}_s γ or D^−_s π^0. The main task of this work is to obtain ⟨D_{s0}(2317)^±D^∓_s |H_1|Y⟩, which describes the collapse of the molecular charmonium Y(4274), where we adopt the covariant spectator theory (CST) [27–32] to deduce it.

A. Covariant Spectator Theory

The CST was proposed and developed to study the wave functions and the form factor of deuteron [27–32], where the CST is also referred to as the Gross equation. To some extent, the CST is an equivalent description of the Bethe-Salpeter (BS) equation when both are solved exactly. Thus, the CST is also widely applied to study two-body bound states. Since one particle is set to be on-shell, the Gross equation can be written easily in a form depending only on three momenta, which is different from the case of the BS equation.

The Gross equation reads as

M = V + VGM (4)

where V is the two-body interaction kernel and G is the propagator with particle 1 on-shell. In the CST, the Gross equation is shown in Fig. 2.

FIG. 2: (Color online.) Diagrammatic representation of the Gross equation for the two-body scattering matrix. Here “×” denotes the particle on-shell.

Thus, bound state equations emerge automatically from the Gross equation. If the two-body system has a bound state at P^2 = M^2_R, one has M = |Γ⟩⟨Γ| M^2_R − P^2

+ R, (5) where |Γ⟩ is the vertex function and R is finite at P^2 = M^2_R. By Eqs. (4) and (5), we obtain

|Γ⟩ = VG|Γ⟩, (6)

which corresponds to the description in Fig. 3.

FIG. 3: (Color online.) Diagrammatic representation of the Gross equation for the vertex function Γ. Here we use (1) and (2) to mark particle 1 and particle 2, respectively.

After integrating over k^0, one obtains that the Gross equation only depends on three-momentum

Γ(p) = ∫ d^3k (2π)^3

V(p, k, W)G(k, W) Γ(k), (7)

where P = (W, 0) is the four-momentum of a two-body system. p and k are the relative momenta as shown in Fig. 3. Since particle 1 is on the mass shell, k = (k_0, k), k_0 = E_1(k) −^1_2 W, and E_1(k) = √ m^2_1 + k^2. V(p, k, W) is the interaction kernel with particle 1 on the mass shell.

For the case of Y(4274), the two-body propagator G(k, W) in Eq. (7) is

G(k, W) = 1 4E_1(k)E_2(k) [ 1 E_2(k) − E_1(k) + W + 1 E_2(k) + E_1(k) − W ] . (8)

The wave functions of the bound state can be introduced by

ψ^+(p) = 1 √ (2π)^32W × Γ(p) √ 2E_1(p)2E_2(p) [E_2(p) + E_1(p) − W]

, (9)

ψ^−(p) = 1 √ (2π)^32W × Γ(p) √ 2E_1(p)2E_2(p) [E_2(p) − E_1(p) + W]

. (10)

By the definition of wave functions and the equations for the vertex, we get the integral equations

[E_2(p) + E_1(p) − W] ψ^+(p) = − ∫ d^3k (2π)^3 [ V(p, k, W)ψ^+(k) + V(p, k, W)ψ^−(k) ] ,(11)

[E_2(p) − E_1(p) + W] ψ^−(p) = − ∫ d^3k (2π)^3 [ V(p, k, W)ψ^+(k) + V(p, k, W)ψ^−(k) ] ,(12) where the potential is defined as

V(p, k, W) = − 1 √ 2E_1(p) 2E_2(p) 2E_1(k) 2E_2(k)

V(p, k, W). (13)

The normalization of the wave function can be obtained by the normalization of the vertex, 1 = ∫ d^3 p Γ^†(p) ∂ ∂W^2

[G(p, W)] Γ(p) − R (14)

with R = ∫ d^3 p ∫ d^3 p^′Γ^†(p)G(p, W) ∂ ∂W^2

[V(p, p^′, W)]

×G(p^′, W)Γ(p^′). (15)

Usually, the one-boson-exchange model (OBE) is widely applied to study hadronic molecular states [12–18, 20], which makes the above calculation simple; i.e., the potential is not dependent on W, and R = 0 [28].

B. Nonrelativized approximation of the CST

In the following, we take the nonrelativized approximation in the CST, which was adopted in Refs [27–29] to study the wave function of the deuteron. Using the nonrelativized approximation and the Fourier transform, the integral equations in Eqs. (11)-(12) can be transferred as

− ( ∇^2 μ + ϵ ) ψ^+(r) = − [V(r) + V(r)F(r)V(r)] ψ^+(r),(16)

ψ^−(r) = − [F(r)V(r)] ψ^+(r), (17)

where F(r) = [m_2 −m_1 +W +V(r)]^{−1}, and E_1(p)+E_2(p)−W ≈ −ϵ +^{p2}_μ with the reduced mass μ and the binding energy of two-body system ϵ = W − m_1 − m_2.

Assuming m_{1,2} ≫ ⟨V⟩ as required from a loosely bound system, we obtain − ( ∇^2 μ + ϵ ) ψ^+(r) = −V(r)ψ^+(r), (18)

ψ^−(r) = 0, (19)

where Eq. (18) corresponds to the Schrödinger equation. The wave function in the momentum space can be obtained by the Fourier transform, i.e.,

ψ^+(p) = 1 (2π)^{3/2} ∫ d^3re^{−ip·r}ψ^+(r), (20)

where p is the relative momentum. The wave function ψ^+(p) satisfies ∫ d^3 p |ψ^+(p)|^2 = 1, (21)

from the normalization condition of the vertex in Eq. (14).

C. Decay width

With the preceding preparation, we illustrate how to calculate the decay width of the radiative and pionic open-charm decays. The general expression of the decay width is

dΓ = 1 2E |M|^2(2π)^4δ^4 3∑ i=1 q_i − P × d^3q_1 (2π)^32e_1 d^3q_2 (2π)^32e_2 d^3q_3 (2π)^32e_3

, (22)

where q_i(e_i) (i = 1, 2, 3) is the momentum (energy) of the final states.

The decay amplitudes M for the sequential decay as shown in Fig. 1 can be written as M = A_{Y(4274)} A_{Ds0 (2317)}

m^2_{Ds0(2317)} − q^2

, (23)

where A_{Y(4274)} or A_{Ds0 (2317)} denotes the vertex for the decay of Y(4274) or D_{s0}(2317). q and m_{Ds0 (2317)} are the fourmomentum and mass of the intermediate state D_{s0}(2317). By the formulism in Section II A and II B, Eq. (23) can be further expressed in the center of mass frame of the decaying particle Y as

A_{Y(4274)} m^2_{Ds0(2317)} − q^2 = √ 2W(2π)^3 √ 2E_{Ds} (q)2E_{Ds0(2317)}(q) W − E_{Ds} (q) + E_{Ds0(2317)}(q) ψ^+(q) ≈ √ 2M_{Y(4274)} √ 2(2π)^3 m_{Ds} m_{Ds0 (2317)} ψ^+(q),

(24)

where W is chosen as M_{Y(4274)} , which is the mass of Y(4274). The above expression is a bridge connecting the decay amplitude and the wave function of the bound state. Thus, Eq. (24) corresponds to the matrix element ⟨D_{s0}(2317)^−D^+_s |H_Y |Y(4274)⟩ in Eqs. (2)-(3).

In addition, we also adopt the effective Lagrangians

L_{Ds0 (2317)D}∗_{s γ} = g_γ (∂_μA_ν∂^μϕ^ν_D∗_s − ∂_νA_μ∂^μϕ^ν_D∗_s )ϕ_{Ds0} , (25) L_{Ds0 (2317)Ds π} = g_πϕ_{Ds} ϕ_πϕ_{Ds0} (26)

to depict the interactions of D_{s0}(2317) with D^∗_sγ and D_sπ, respectively, where g_γ and g_π are the effective coupling constants. Thus, the amplitudes ⟨D^{∗−}_s γ|H_γ|D_{s0}(2317)^−⟩ and ⟨D^−_s π^0|H_π|D_{s0}(2317)^−⟩ read as

⟨D^{∗−}_s γ|H_γ|D_{s0}(2317)^−⟩ = g_γ ε_{γμ}ε_D∗_{s ν}(g^{μν}q_γ · q_D∗_s − q^ν_γq^μ_D∗_s ), (27) ⟨D^±_s π^0|H_π|D_{s0}(2317)^±⟩ = g_π, (28)

where q_γ(q_D∗_s ) and ε_γ(ε_D∗_s ) are the momenta and the polarization vectors of photon (D^{∗−}_s ), respectively. The results in Eqs. (27)-(28) correspond to A_{Ds0 (2317)} in Eq. (23).

III. NUMERICAL RESULT

In Ref. [20], the effective potential of Y(4274) was obtained by the OBE model

V(r) = 2 3 V^{Cross}_η (r) = 2 3 h^2q^{′2}_0 f^2_π

Y(Λ, q^′_0, m_η, r) (29)

with Y function

Y(Λ, κ, m, r) = − 1 4πr (e^{−ζ1r} − e^{−ζ2r}) + 1 8π ζ^2_2 − ζ^2_1 ζ_2 e^{−ζ2r} (30)

and ζ_1 = √ m^2 − κ^2, ζ_2 = √ Λ^2 − κ^2, q^′_0 = m_{Ds0(2317)} − m_{Ds} , m_η = 548 MeV, and f_π = 132 MeV, where Y(4274) is an Swave D_sD̄_{s0}(2317) molecular charmonium. By the OBE potential, one finds the bound state solutions for Y(4274) shown in Fig. 4, where the dependence of the binding energy and the root-mean-square radius on different values of h and Λ are given (see Ref. [20] for more details).

FIG. 4: (Color online.) The obtained bound state solutions (binding energy E and root-mean-square r) of Y(4274) dependent on h values and cutoff Λ.

For the decay of Y(4274) as shown in Fig. 1, in the center of mass frame of Y(4274), there exists a relation between the four-momentum and three-momentum of the offshell intermediate state D_{s0}(2317), i.e., q^2 = M^2_{Y(4274)} + m^2_{Ds} −

2M_{Y(4274)} √ m^2_{Ds} + q^2, where √ q^2 also corresponds to the invariant mass M_D∗_{s γ} or M_{Ds π}. In Fig. 5, we list the variation of wave function ψ^+(q) obtained by the OBE model with √ q^2 when taking different h values, where we can reproduce the binding energy (M_Y − m_{Ds0 (2317)} − m_{Ds} ≈ −11 MeV) with the corresponding Λ values. The results in Fig. 5 indicate that ψ^+(q) is not strongly dependent on h and Λ.

Besides information on the wave function of the D_sD̄_{s0}(2317) molecular state, the coupling constants g_γ and g_π can be extracted by the relations Γ ( D^−_{s0}(2317) → D^{∗−}_s γ ) = g^2_γ

|q_D∗_s | 4πM^2_{Ds0(2317)}

(q_D∗_s · q_γ)^2,(31)

√ q^2 (GeV)

FIG. 5: (Color online.) The dependence of ψ^+(q) on √ q^2. Here, √ q^2 corresponds to the invariant mass M_D∗_{s γ} or M_{Ds π} as shown in Fig. 1.

Γ ( D^±_{s0}(2317) → D^±_s π^0 ) = g^2_π

|q_{Ds} | 8πM^2_{Ds0(2317)}

, (32)

where we use theoretical values to determine the constants, since these experimental partial decay widths are absent at present. In the literature [25, 26, 33–46], the radiative and pionic decays of D_{s0}(2317) were calculated under different structure assignments to D_{s0}(2317). In this work, we take the typical values Γ ( D_{s0}(2317)^− → D^{∗−}_s π ) =10 keV [38] and Γ (D_{s0}(2317)^− → D^{∗−}γ) =1 keV [44], where D_{s0}(2317) is assumed to be a charm-strange meson. We emphasize that our numerical result is dependent on the assumption on the partial decay width of D_{s0}(2317), since different structure assignments to D_{s0}(2317) can result in different partial decay widths of D_{s0}(2317). Discussing the structure of D_{s0}(2317) is beyond the scope of this work. If the partial decay widths of D_{s0}(2317) are determined in the future, the corresponding decay widths of Y(4274) open-charm radiative and pionic decays can be obtained by the present results multiplied by an extra factor.

TABLE I: The radiative and pionic open-charm decay widths of Y(4274) with typical values of h and Λ.

h Λ (GeV) Γ_γ (keV) Γ_π (keV) -1.60 1.35 0.049 0.74 -1.50 1.55 0.050 0.78 -1.40 1.85 0.050 0.75 -1.30 2.50 0.049 0.77

In Table I, we give the radiative and pionic open-charm decay widths for Y(4274) with different combinations of h and Λ values. We find that these obtained partial decay widths of Y(4274) are not sensitive to the corresponding combination of h and Λ. The calculated decay widths of Y(4274) → D^+_s D^{∗−}_s γ and Y(4274) → D^+_s D^−_s π^0 are around 0.05 keV and 0.75 keV, respectively. Of course, we admit that the above results are dependent on the decay widths of D^−_{s0}(2317) → D^{∗−}_s γ and D^−_{s0}(2317) → D^−_s π^0, since the coupling constants g_γ and g_π are determined by these theoretical values. We emphasize that in the current work the dissociation of Y(4274) is described by the wave function ψ^+(q). Thus, estimating the branching ratios of Y(4274) decays under the CST is a realistic approach, since the wave function adopted in the calculation is obtained by solving the Schrödinger equation with the OBE potential in Eq. (29).

In fact, we expect that the decays considered in this paper would be insensitive to details of the wave function. The reason is that the binding energy -11 MeV is much smaller than the range of forces, which is given by the mass of the eta in our model. This means that the size of the molecule is around 1/(160 MeV). The decay channels through the decays of one constituent should ”know” little about the short-distance behavior of the wave function, since they are dominated by the long-distance part. This fact can be seen easily from Table I, where different sets of parameters give almost the same results for the decay widths. One may further check Fig. 5; the long-distance part of the wave function is the same for different parameters, while one sees clear differences at short distances, which correspond to small values of q^2 and hence large values of q^2. The observation of similar features shown in Fig. 6 should be strong evidence of an intermediate state with a well-defined mass of 2.3 GeV.

Besides presenting the decay widths of Y(4274), we also carry out the study of the line shapes of the photon and pion spectra of Y(4274) → D^+_s D^{∗−}_s γ and Y(4274) → D^+_s D^−_s π^0 processes under the assignment of the D_sD̄_{s0}(2317) molecular state to Y(4274). Here, we use the CERNLIB program FOWL to produce the Dalitz plots and the line shapes of the photon and pion spectra of Y(4274) → D^+_s D^{∗−}_s γ and Y(4274) → D^+_s D^−_s π^0 (see Fig. 6).

For Y(4274) → D^+_s D̄^∗_sγ, an accumulation appears in the Dalitz plot with photon energy E_γ ∼ 0.19 GeV and M_D∗_{s γ} ∼ 2.3 GeV, which also reflects that D^∗_sγ and D_sπ are from an intermediate state D_{s0}(2317). The line shape of the photon spectrum of Y(4274) → D^+_s D̄^∗_sγ indicates that a very sharp peak exists near the large end point of photon energy, which directly corresponds to the accumulation in the Dalitz plot. The result of the line shape of the pion spectrum for the Y(4274) → D^+_s D^−_s π^0 process shows that a steep peak also exists near the large end point of pion energy, which is similar to the situation of Y(4274) → D^+_s D^{∗−}_s γ.

IV. DISCUSSION AND CONCLUSION

More and more observations of charmonium-like states X, Y, Z in B meson decays are providing us with a good platform to intensively study the internal mechanism for producing these charmonium-like states. this is one of the most important research topics-full of challenges and opportunities-in charm physics [47].

Stimulated by the recent evidence of Y(4274) [1, 8] and the

FIG. 6: (Color online.) The Dalitz plot analysis and the photon and pion spectra for Y(4274) → D^+_s D^{∗−}_s γ and Y(4274) → D^+_s D^−_s π^0 decays. Here h = −1.3 and Λ = 2.5 GeV.

proposed D_sD̄_{s0}(2317) molecular charmonium explanation for Y(4274) [20], in this work we study the open-charm radiative and pionic decays Y(4274) → D^+_s D^{∗−}_s γ and Y(4274) → D^+_s D^−_s π^0, where we not only present the calculation of its decays but also give the line shape of the photon and pion spectra of Y(4274) → D^+_s D^{∗−}_s γ and Y(4274) → D^+_s D^−_s π^0 in detail. These theoretical predictions of the decay behavior of Y(4274) provide the information for further experimental studies of Y(4274).

We emphasize that Y(4274) → D^+_s D^−_s π^0 is peculiar to Y(4274) under the assignment of D_sD̄_{s0}(2317) molecular state, since this decay reflects the internal structure Y(4274). Y(4274) → D^+_s D^−_s π^0 occurs via the interaction of D_{s0}(2317)^− with D^−_s π^0 after the collapse of Y(4274) into D^+_s and D_{s0}(2317)^−, where D_{s0}(2317)^− → D^−_s π^0 is a special decay channel observed by experiment [24]. Thus, the experimental search for a Y(4274) → D^+_s D^−_s π^0 channel and the measurement of the line shape of the pion spectrum of Y(4274) → D^+_s D^−_s π^0 will be an interesting research topic.

We must admit that the predicted partial decay widths of Y(4274) are tiny compared with its total width, which makes the branching ratios of the considered decays about 10^{−6} ∼ 10^{−5}, since the channels considered in this paper are either electromagnetic or isospin violation processes. Although these decay channels of Y(4274) cannot be the ideal ones according to the present status of CDF and LHCb, searching for open-charm radiative and pionic decays of Y(4274) could be considered topics for possible efforts in future experiments, such as the forthcoming BelleII [48] and SuperB [49].

Acknowledgement

We would like to thank the referee for his/her useful suggestion on the discussion about the numerical result. This project is supported by the National Natural Science Foundation of China under Grant Nos. 111750731, 10905077, and 11035006, the Ministry of Education of China (FANEDD under Grant No. 200924, DPFIHE under Grant No. 20090211120029, NCET under Grant No. NCET- 10-0442, the Fundamental Research Funds for the Central Universities, the Fok Ying-Tong Education Foundation (No. 131006), the project sponsored by SRF for ROCS, SEM under Grant No. HGJO90402), and the Chinese Academy of Sciences (the Special Foundation of the President under Grant No. YZ080425).

[1] T. Aaltonen et al. [CDF Collaboration], arXiv:1101.6058 [hepex].

[2] T. Aaltonen et al. [CDF Collaboration], Phys. Rev. Lett. 102, 242002 (2009) [arXiv:0903.2229 [hep-ex]].

[3] S. K. Choi et al. [Belle Collaboration], Phys. Rev. Lett. 91, 262001 (2003) [arXiv:hep-ex/0309032].

[4] K. Abe et al. [Belle Collaboration], Phys. Rev. Lett. 94, 182002 (2005) [arXiv:hep-ex/0408126].

[5] B. Aubert et al. [BaBar Collaboration], Phys. Rev. Lett. 101, 082001 (2008) [arXiv:0711.2047 [hep-ex]].

[6] S. K. Choi et al. [BELLE Collaboration], Phys. Rev. Lett. 100, 142001 (2008) [arXiv:0708.1790 [hep-ex]].

[7] R. Mizuk et al. [Belle Collaboration], Phys. Rev. D 78, 072004 (2008) [arXiv:0806.4098 [hep-ex]].

[8] R. Aaij et al. [LHCb Collaboration], arXiv:1202.5087 [hep-ex]. [9] X. Liu, Z. -G. Luo and Z. -F. Sun, Phys. Rev. Lett. 104, 122001 (2010) [arXiv:0911.3694 [hep-ph]].

[10] C. P. Shen et al. [Belle Collaboration], Phys. Rev. Lett. 104, 112004 (2010) [arXiv:0912.2383 [hep-ex]].

[11] E. S. Swanson, Phys. Lett. B 588, 189 (2004) [arXiv:hep-ph/0311229].

[12] Y. R. Liu, X. Liu, W. Z. Deng and S. L. Zhu, Eur. Phys. J. C 56, 63 (2008) [arXiv:0801.3540 [hep-ph]].

[13] X. Liu, Z. G. Luo, Y. R. Liu and S. L. Zhu, Eur. Phys. J. C 61, 411 (2009) [arXiv:0808.0073 [hep-ph]].

[14] X. Liu, Y. R. Liu, W. Z. Deng and S. L. Zhu, Phys. Rev. D 77, 034003 (2008) [arXiv:0711.0494 [hep-ph]].

[15] X. Liu, Y. R. Liu, W. Z. Deng and S. L. Zhu, Phys. Rev. D 77, 094015 (2008) [arXiv:0803.1295 [hep-ph]].

[16] L. L. Shen, X. L. Chen, Z. G. Luo, P. Z. Huang, S. L. Zhu, P. F. Yu and X. Liu, Eur. Phys. J. C 70, 183 (2010) [arXiv:1005.0994 [hep-ph]].

[17] G. J. Ding, Phys. Rev. D 79, 014001 (2009) [arXiv:0809.4818 [hep-ph]].

[18] G. J. Ding, Phys. Rev. D 80, 034005 (2009) [arXiv:0905.1188 [hep-ph]].

[19] X. Liu and S. L. Zhu, Phys. Rev. D 80, 017502 (2009) [arXiv:0903.2529 [hep-ph]].

[20] X. Liu, Z. -G. Luo and S. -L. Zhu, Phys. Lett. B 699, 341 (2011) [Erratum-ibid. B 707, 577 (2012)] [arXiv:1011.1045 [hep-ph]].

[21] X. Liu and H. W. Ke, Phys. Rev. D 80, 034009 (2009) [arXiv:0907.1349 [hep-ph]].

[22] M. B. Voloshin, Phys. Lett. B 579, 316 (2004) [arXiv:hep-ph/0309307].

[23] M. B. Voloshin, Int. J. Mod. Phys. A 21, 1239 (2006)

[arXiv:hep-ph/0509192].

[24] B. Aubert et al. [BABAR Collaboration], Phys. Rev. Lett. 90, 242001 (2003) [arXiv:hep-ex/0304021].

[25] W. Wei, P. Z. Huang and S. L. Zhu, Phys. Rev. D 73, 034004 (2006) [arXiv:hep-ph/0510039].

[26] X. Liu, Y. M. Yu, S. M. Zhao and X. Q. Li, Eur. Phys. J. C 47, 445 (2006) [arXiv:hep-ph/0601017].

[27] F. Gross, Phys. Rev. 186, 1448 (1969). [28] F. Gross, Phys. Rev. D 10, 223 (1974).

[29] W. W. Buck and F. Gross, Phys. Rev. D 20, 2361 (1979). [30] F. Gross, Phys. Rev. C 26, 2226 (1982).

[31] R. A. Gilman and F. Gross, J. Phys. G 28, R37 (2002) [arXiv:nucl-th/0111015].

[32] A. Stadler and F. Gross, Phys. Rev. Lett. 78, 26 (1997) [arXiv:nucl-th/9607012].

[33] F. K. Guo, C. Hanhart, S. Krewald and U. G. Meissner, Phys.

Lett. B 666, 251 (2008) [arXiv:0806.3374 [hep-ph]]. [34] A. Faessler, T. Gutsche, V. E. Lyubovitskij and Y. L. Ma, Phys.

Rev. D 76, 014005 (2007) [arXiv:0705.0254 [hep-ph]]. [35] M. F. M. Lutz and M. Soyeur, Nucl. Phys. A 813, 14 (2008) [arXiv:0710.1545 [hep-ph]].

[36] M. Nielsen, Phys. Lett. B 634, 35 (2006) [hep-ph/0510277]. [37] P. Colangelo and F. De Fazio, Phys. Lett. B 570, 180 (2003) [hep-ph/0305140].

[38] S. Godfrey, Phys. Lett. B 568, 254 (2003) [hep-ph/0305122]. [39] Fayyazuddin and Riazuddin, Phys. Rev. D 69, 114008 (2004) [hep-ph/0309283].

[40] W. A. Bardeen, E. J. Eichten and C. T. Hill, Phys. Rev. D 68, 054024 (2003) [hep-ph/0305049].

[41] J. Lu, W. Z. Deng, X. L. Chen and S. L. Zhu, Phys. Rev. D 73, 054012 (2006) [hep-ph/0602167].

[42] H. Y. Cheng and W. S. Hou, Phys. Lett. B 566, 193 (2003) [hep-ph/0305038].

[43] Y. I. Azimov and K. Goeke, Eur. Phys. J. A 21, 501 (2004) [hep-ph/0403082].

[44] F. E. Close and E. S. Swanson, Phys. Rev. D 72, 094004 (2005) [hep-ph/0505206].

[45] Z. G. Wang, Phys. Rev. D 75, 034013 (2007) [hep-ph/0612225]. [46] P. Colangelo, F. De Fazio and A. Ozpineci, Phys. Rev. D 72, 074004 (2005) [hep-ph/0505195].

[47] X. Q. Li, X. Liu and Z. T. Wei, Front. Phys. China 4, 49 (2009) [arXiv:0808.2587 [hep-ph]].

[48] http://epp.physics.unimelb.edu.au/Belle/The-Belle-II-Experiment [49] http://web.infn.it/superb/.