arXiv:hep-ph/0110358 v1 27 Oct 2001

Confirmation of σ(450–600)-Meson in Υ^′ → Υ ππ &

Other ππ-Production Processes

Muneyuki Ishida, Shin Ishida^∗ Toshihiko Komada^{∗∗} and Shin-Ichirou Matsumoto^∗

Department of Physics, Tokyo Institute of Technology Tokyo 152-8551, Japan ∗Atomic Energy Research Institute, College of Science and Technology Nihon University, Tokyo 101-0062, Japan ∗∗Department of Engineering Science, Junior College Funabashi Campus, Nihon University, Funabashi 274-8501, Japan

(Received October 27, 2001)

Applying the effective amplitude, which is evidently consistent with general constraints from chiral symmetry, the ππ spectra in the relevant processes are analyzed, leading to a strong evidence for existence of the light σ meson. It is also pointed out that the ππ scattering process, which had been one of the main sources for PDG table for these many years, is, in principle, exceptionally difficult to investigate the property of σ-meson.

§1. Introduction

In the previous work referred to as I^{1)}, we have analyzed systematically the ππ production amplitudes in the various excited Υ and J/ψ decay processes, and reproduced successfully the experimental behaviors: The production amplitude F is given by a coherent sum of σ Breit-Wigner amplitude F_σ and direct 2π amplitude F_{2π} in the VMW method.

F = F^I_σ + F^I_{2π}; F^I_σ = r_σe^{iθσ} m^2_σ − s − i √ sΓ_σ (s) , F^I_{2π} = r_{2π}e^{iθ2π} , (1.1)

where r_σ (r_{2π}) is production coupling constant of σ-state (2π-state) and e^{iθσ} (e^{iθ2π} ) is a strong phase factor. Here (r_σ, θ_σ) and (r_{2π}, θ_{2π}) are taken to be process-dependent, free parameters, since the |σ⟩ state and |2π⟩ state are, from quark physical picture^{2)}, independent bases of S-matrix with an independent vertex, in principle.

However, we must give special attention on the threshold behaviors. Because of the property of π meson as Nambu-Goldstone boson in the case of chiral symmetry breaking, the |F|^2 was widely believed to be suppressed in the ππ threshold. In the ππ scattering, the observed spectrum is actually suppressed near the threshold. However, in the relevant excited-Υ decay processes this threshold suppression is also observed experimentally in Υ (2S → 1S) and ψ(2S → 1S), while, in Υ (3S) → Υ (1S)ππ, the steep increase from the ππ threshold is observed.

In the following we examine the consistency of our results in I, especially the threshold behavior of Υ (3S → 1S), with the constraint from chiral symmetry.

§2. Threshold Behavior of Production Amplitude and Chiral Symmetry

2.1. Effective amplitude by linear σ model

First we consider an effective chiral symmteric Lagrangian^{3), 4)} including σ and π mesons, L^{(n)} = ξ^{(n)}Υ^′_μΥ_μ(σ^2 + π^2), where Υ^′(Υ ) is the initial (final) bb̄ quarkonium. Through the spontaneous breaking of chiral symmetry, σ acquires vacuum expectation value, ⟨σ⟩_0 ≡ σ_0 = f_π , and L^{(n)} is rewritten as L^{(n)} = ξ^{(n)}Υ^′_μΥ_μ(f^2_π + 2f_πσ^′ + σ^{′2} + π^2), producing the coupling terms; L_σ = ξ_σΥ^′_μΥ_μσ^′ (ξ_σ = 2f_πξ^{(n)}), L_{ππ} = ξ_{2π}Υ^′_μΥ_μπ^2 (ξ_{2π} = ξ^{(n)}). The ππ production amplitude F^{LσM} is given by sum of F^{LσM}_σ and F^{LσM}_{2π} , canceling with each other in O(p^0) level. F^{LσM} = F^{LσM}_σ + F^{LσM}_{2π} = ξ_σ(−2g_{σππ} ) m^2_σ − s

+ 2ξ^{(n)} = 2ξ^{(n)} m^2_π − s m^2_σ − s

, (2.1)

where the relation of SU(2)LσM, g_{σππ} = (m^2_σ − m^2_π)/(2f_π), is used, s = −(p_1 + p_2)^2 (p_{1,2} being the pion momenta), and the factor of polarization vectors of initial and final bb̄ quarkonia, ϵ(P^′) · ϵ̃(P ), is omitted. The final amplitude takes O(p^2) form, being consistent with the derivative coupling property of π meson. In the limit p_{1μ} → 0_μ, s → m^2_π and F^{LσM} → 0. Thus the amplitude has Adler 0, which leads to the threshold suppression in conformity with the observed threshold behavior in Υ (2S) → Υ (1S)ππ. 2.2. Effective amplitude through intermediate glueball states

Next we consider the effective amplitude through the intermediate production of the ground-state scalar and tensor glueballs. By using the framework of new classification scheme^{5)}, the effective interaction is given by L^G ≈ (ξ^G/M^′M)∂_μΥ^′_λ∂_ν Υ_λ(∂_μσ∂_ν σ+ ∂_μπ · ∂_ν π), where M^′(M) is the mass of initial(final) Υ . ξ^G is coupling constant. It is notable that, after spontaneous symmetry breaking, it produces no σ-amplitude cancelling the direct 2π-amplitude. Then the production amplitude is given by

F^G_{2π} = −ϵ(P^′) · ϵ̃(P )(ξ^G/M^′M)(P^′ · p_1P · p_2 + P^′ · p_2P · p_1) , (2.2)

where P^′(P ) is the momentum of initial(final) Υ .

The F^G_{2π} vanishes when p_{1μ} → 0_μ. Thus, it has Adler 0, satisfying the general constraint from chiral symmetry. However, it does not vanish at s = m^2_π . In the relevant process, the Adler limit p_{1μ} → 0_μ corresponds to neglect ΔM ≡ M^′ − M in comparison with m_π. At s = 4m^2_π the pion four-momenta should be p_{1μ} = p_{2μ}, leading to p_{10} = p_{20} ≈ ΔM/2 = 450MeV≫ m_π in Υ (3S) → Υ (1S) transition. Actually F^G_{2π} can be approximated as F^G_{2π} ≈ −2ξ^Gp_{10}p_{20}, which is almost s-independent in all the physical region and has no zero close to the threshold. Correspondingly, there is no suppression near the threshold.

2.3. Quantitative Analysis

In the actual analysis we modify F^{LσM} in Eq. (2.1), with inclusion of width of the σ-meson, Γ_σ(s)(= g^2_σ p_1(s)/(8πs)) and of strong phase, as F^{phen}_{σ+2π} = (ϵ(P^′) · ϵ̃(P ))2ξ^{(n)}e^{iθσ m2π −s} m^2_σ −s−i √ sΓ_σ (s) .

Fig. 1. Fit to the ππ invariant mass spectrum^{4)} by the amplitude explicitly consistent with chiral constraint: (a) Υ (3S) → Υ (1S)ππ, (b) Υ (3S) → Υ (2S)ππ and (c) Υ (2S) → Υ (1S)ππ. The respective contributions from F^{phen}_{σ+2π} and from F^G_{2π} are shown by dotted and dot-dashed lines.

The results of the fit by using the semi-phenomenological amplitude F^{phen} ≡ F^{phen}_{σ+2π} +F^G_{2π} are depicted in Fig. 1. The ππ mass spectra in Υ (2S) → Υ (1S), Υ (3S) → Υ (1S) and Υ (3S) → Υ (2S) transitions are fitted simultaneously with common values of m_σ and g_σ , leading to the σ-pole position, √s_{pole}(≈ m_σ − iΓ_σ/2) = (580^{+79}−30

) − i(190^{+107}−49 ), which is consistent with the ones obtained in our preceding works:^{1)} and the analysis^{6)} of ππ scattering phase shift. The total χ^2 is χ^2/(N_{data}−N_{param}) = 54.5/(74 − 11) = 0.87. The F^G_{2π} contribution becomes dominant in Υ (3S) → Υ (1S) transition, and it explains the steep increase from the threshold.

Now we can see our treatment in the previous analysis^{1)} is to be consistent with general chiral constraints: Threshold suppression in Υ (2S) → Υ (1S), required from chiral symmetry, is reproduced phenomenologically by the cancellation between F^I_σ and F^I_{2π} of I (quoted in Eq. (1.1)). Dominant F^G_{2π}-contribution, which is almost s-independent in all physical region, in Υ (3S) → Υ (1S) is reproduced mainly by constant F^I_{2π} of I .

2.4. Features of ππ production amplitudes

The ππ production processes have generally much the larger energy release ΔE than m_π . Thus, the momentum of emitted pion becomes large, and the derivative type amplitude, as Eq.(2.2), may play an important role. The Adler 0 generally does not imply the suppression at the small s region, and the ππ spectrum shows possibly

Fig. 2. Pole positions √spole ≈ mσ − iΓσ /2 of σ and their error regions, obtained from the various ππ-production processes: Υ decays^{1)} and^{4)}, pp̄ → 3π^{0 10)} , D^− → π^−π^+ π^{+ 11)} and J/ψ → ωππ^{9)} are shown by the points with crosses. Respective regions (except for J/ψ decay) are surrounded by solid lines, dashed line and dot-dashed line.

steep increase from threshold. There is no mechanism cancelling the effect of σ production, and the direct σ-peak structure is expected to be observed. Actually,^{∗)} in J/ψ → ωππ decay^{8), 9)}, pp̄ → 3π^0,^{10)} and D^− → π^−π^+π^{+ 11)}, where ΔE is very large, the σ-peak structure is observed directly. In the relevant Υ decay processes ΔE in Υ (3S → 1S) is the largest, and only this process shows the steep increase from threshold.

On the contrary in the ππ scattering process, the pion momentum itself becomes small near threshold region, and the spectrum close to threshold is suppressed. Because of this chiral constraints, the σ-amplitude must be cancelled out by the nonresonant repulsive amplitude, and the direct σ-peak cannot be seen in ππ-scattering, in principle.

§3. Concluding Remarks

Through the above discussion it proves not adequate to determine the poleposition of σ only through the ππ-scattering. However, the present estimation of the σ pole position in PDG table has been done mainly through the analyses of ππ scattering. This is one of the reasons why the present label of σ, “f_0(400–1200) or σ”, is largely uncertain and the σ is still regarded as controversial.

The σ-pole position should be determined regarding the ππ-production processes with large energy release, which are free from the chiral constraints. The pole positions of σ obtained through various ππ-production processes are shown in Fig. 2.

∗) Concerning the pp-central collision experiment pp → pp(π^0 π^0 ) by GAMS^{7)}, which also seems to suggest the σ-existence, see the comment in the talk by T. Komada, this conference^{1)} .

Confirmation of σ(450–600)-Meson... 5

They are almost process-independent, and in the range m_σ=450–600MeV. Basing on these results we conclude that the existence of σ(450–600) is confirmed, and the present label of PDG table should be corrected accordingly.

In this connection it is notable that, in this conference, a firm experimental evidence for existence of the I = 1/2 scalar κ-meson, to be the flavor partner of σ-meson, is reported. This κ is observed^{11)} as a peak in the Kπ-mass spectra in the decay process D^− → K^−π^+π^+. This process is actually a Kπ-production process with the above mentioned large energy release, being free from the chiral constraints. The criticism^{12)} that no such pole is observed in Kπ-scattering process is disregarding the property of K meson as Nambu-Goldstone boson in the case of chiral symmetry breaking. This is the same situation as the direct σ-peak being not observed in ππ-scattering. Actually by taking into account this constraint from chiral symmetry, the Kπ-scattering data were shown to be consistent with the exsitence of κ^{13)}.

References

1) T. Komada, M. Ishida and S. Ishida, this conference; Phys. Lett. B 508 (2001), 31. 2) S. Ishida, in proc. of Hadron97 in BNL, 1997, AIP conf. proc. 432; WHS99 in Frascati, 1999, Frascati Physics Series 15, 1999. M. Ishida, S. Ishida, T. Ishida, Prog. Theor. Phys. 99 (1998), 1031.

3) L. S. Brown and R. N. Cahn, Phys. Rev. Lett. 35 (1975), 1.

4) M. Ishida, S. Ishida, T. Komada and S. I. Matsumoto, Phys. Lett. B 518 (2001), 47. 5) S. Ishida, this conference. S. Ishida, M. Ishida, T. Maeda, Prog. Theor. Phys. 104 (2000), 785.

6) S. Ishida et al., Prog. Theor. Phys. 95 (1996), 745; 98 (1997), 1005. 7) D. Alde et al., Phys. Lett. B397 (1997), 350. T. Ishida, Doctor thesis, Univ. of Tokyo 1996.

8) J. E. Augustin et al., Nucl. Phys. B320 (1989), 1.

9) K. Takamatsu, in proc. of Hadron97 at BNL, AIP conf. proc. 432, Upton NY 1997. 10) M. Ishida,T. Komada,S.Ishida,T. Ishida,K. Takamatsu,T. Tsuru, Prog. Theor. Phys. 104 (2000), 203.

11) C. Gobel, this conference.

12) S. N. Cherry and M. R. Pennington, Nucl. Phys. A 688 (2001), 823. 13) S. Ishida, M. Ishida, T. Ishida, K. Takamatsu and T. Tsuru, Prog. Theor. Phys. 98 (1997), 621.