arXiv:hep-ph/0104087 v3 7 Nov 2001

Comment on “Intrinsic and dynamically generated scalar meson states”

George Rupp

Centro de Física das Interacções Fundamentais Instituto Superior Técnico, Edifício Ciência P-1096 Lisboa Codex, Portugal george@ajax.ist.utl.pt

Eef van Beveren

Centro de Física Teórica Departamento de Física, Universidade de Coimbra P-3000 Coimbra, Portugal eef@teor.fis.uc.pt

Michael D. Scadron

Physics Department University of Arizona Tucson, AZ, 85721 USA scadron@physics.arizona.edu

PACS number(s): 14.40.Cs, 12.39.Pn, 13.75.Lb

hep-ph/0104087

November 7, 2001

Abstract The scalar-meson assignments of Shakin and Wang in a generalized Nambu–Jona-Lasinio model are contradicted by recent experimental information. Also the strict distinction made by these authors between “intrinsic” and “dynamically generated” states is contested, as well as a number of other statements.

In Ref. [1], Shakin and Wang (SW) revisit a generalized Nambu–Jona-Lasinio (NJL) model, recently applied to light [2] and scalar [3] mesons, so as to present what the authors claim to be additional evidence for their model assignments of scalar-meson resonances. Essential for the interpretation of scalar mesons in SW’s model is the distinction between what they call “intrinsic” or “preexisting” (IP), and “dynamically generated” (DG) scalar states, only the former ones corresponding to qq̄ quark-model states that should form nonets. In contrast, the DG states, not necessarily forming nonets, are supposed to be the result of t- and u-channel meson exchange in S-wave meson-meson scattering, giving rise to the σ(500–600) (or f_0(400–1200)) and, together with threshold effects in the qq̄ T matrix, also the — not yet established — κ(900) (or K^∗_0 (700–1100)). In this Comment, we want to point out that not only is there quite compelling experimental evidence against some of the assignments of SW, but also their strict distinction between IP and DG is a model-dependent simplification which may be quite misleading.

Starting with the assignments, SW right away present a dubious argument against placing the a_0(1450) and the K^∗_0 (1430) in the same nonet, arguing that one would expect the K^∗_0 (1430) to be more massive than the a_0(1450). While this could be true in a very naive quark-model picture, it is very dangerous to apply such a line of reasoning to broad resonaces like the scalar mesons under consideration, which are subject to strong unitarization effects, as advocated by e.g. Maltman [4], who is extensively quoted by SW. Moreover, by the same token one could argue that the f_0(1370), which is interpreted by SW as an ss̄ state lying in the same nonet as the K^∗_0 (1430), should be the more massive one. Clearly, naive arguments are inadequate to understand the scalars, as the large mass shifts for the f_0s and a_0s in SW’s work, due to a short-range NJL interaction, already indicate. Let us just add to this point that it seems much more natural and appealing to place all the scalars below 1 GeV in one nonet, which was accomplished by us in previous work [5, 6], as well as by several other authors [7, 8, 9, 10], besides Schechter and co-workers (see e.g. Ref. [11] and references in [1] quoted by SW). In this picture, the scalar mesons between say 1.3 and 1.5 GeV belong to another nonet, and so forth. If this can be achieved by unitarization only without having to resort to rather ad hoc interactions besides the confinement mechanism, which is indeed the case in the unitarized meson model (denoted by NUMM) of two of us [6, 12], all the better.

Let us now analyse in more detail the interpretation SW attribute to some well-established scalar mesons, i.e., the f_0(980), f_0(1370), and f_0(1500). f_0(980) :

This isoscalar scalar meson is described by SW as the lowest nn̄ state. However, as early as in 1989, the DM2 collaboration [13] not only confirmed the σ meson as an S-wave two-pion resonance in the decay process JΨ → ωππ, with much higher statistics than the equivalent Mark-1 experiment over a decade earlier [14], but also produced a clear indication that the f_0(980) is not mainly nn̄. The point is that in the same ππ mass distribution where a huge σ bump shows up only a tiny f_0(980) peak is observed, hinting at a dominant ss̄ structure for this resonance. But also the very recently measured weak decay rate [15]

Γ(D^+_s → f_0(980)π^+ ) = (2.39 ± 1.06) × 10^{−14} GeV (1)

is clear evidence for the f_0(980) being mostly ss̄, since we have shown [16] that this rate can be pefectly reproduced through a standard W^+-emission process (see Figure 1), provided one assumes a dominantly ss̄ configuration for the f_0(980), possibly with a small nn̄ admixture.

c s s̄ s̄

W^+ d̄ u

D^+_s f_0(ss̄) π^+

Figure 1: Contribution of W^+ emission to the weak decay D^+_s → f_0(ss̄)π^+.

f_0(1370) :

Although the different hadronic branching fractions of this resonance are not very well known experimentally, the dominant decay modes involve two and four pions [15], indicating that the f_0(1370) is mostly nn̄. In particular, the available data give a branching ratio Γ(KK̄)/Γ_{total} = 0.35 ± 0.13 [17], which is in accordance with a mainly nonstrange f_0(1370), while SW classify it as an ss̄ state. Also very recent data support our nn̄ interpretation of the f_0(1370), namely the failure to observe the process D^+_s → f_0(1370)π^+ → K^+K^−π^+ [18] (see also [16]), and the dominance of J/Ψ → ϕf_0(1370) → ϕππ over J/Ψ → ϕf_0(1370) → ϕKK̄ [19]. f_0(1500) :

For this resonance, we can again apply the W^+-emission graph of Fig. 1, since the weak decay D^+_s → f_0(1500)π^+ has been observed very recently, with the rate (3.7±2.1)×10^{−15} GeV [15]. If we assume a pure ss̄ configuration for the f_0(1500), we obtain a theoretical decay rate of 3.3 × 10^{−15} GeV. Of course, the large experimental error bar perfectly allows for some nn̄ admixture in the f_0(1500), but a pure nn̄ assignment as advocated by SW seems highly unlikely. As for the hadronic decays of the f_0(1500), the different branching fractions are even less well known than in the f_0(1370) case. Nevertheless, the dominant decay modes of the f_0(1500) involve ηs and η′s, having non-zero strange-quark contents, and not pions like for the f_0(1370), which also hints at a dominant ss̄ structure for the f_0(1500). At this point we should mention that the relatively small width of the f_0(1500) and its tiny branching fraction into KK̄ [17] are often invoked as being evidence for a glueball interpretation of this resonance. However, these peculiar properties can be understood instead by assuming the f_0(1500) to be close to a flavor-octet configuration, but still dominantly ss̄. This would give rise to destructive interference between the ss̄ and nn̄ components, leading to a strong suppression of the KK̄ mode [20, 12], which would be among the dominant decay modes if the f_0(1500) was purely ss̄. As we have observed above, the large experimental error for the weak decay D^+_s → f_0(1500)π^+ can easily accomodate a significant nn̄ admixture in the f_0(1500), so that the octet hypothesis is plausible.

Summarizing, the experimental data do not favor SW’s ss̄ and nn̄ assignments for the f_0(1370) and f_0(1500), respectively, nor do the recent lattice calculations of Lee and Weingarten [21] for that matter, as mentioned by SW.

Now we turn to the question of IP versus DG scalar states. This is in fact not a new issue, and has already been explicitly addressed by e.g. Isgur & Speth (IS), in a Comment [22] on the work of Törnqvist & Roos (TR) [7]. Though disagreeing with SW on the nature of the a_0(980) and f_0(980), also IS argue that light scalars owe their existence to “degrees of freedom already present in the meson-meson continuum”, i.e., t-channel forces, to be contrasted with “intrinsic poles arising from the insertion of a new qq̄ degree of freedom”. At the same time, IS criticize TR for the omission of t-channel meson exchanges, which according to them calls into question TR’s analysis. However, in another Comment on the same paper, Harada et al. [23] quantitatively demonstrate, in the framework of their own model, that the neglect of ρ-meson exchange in the S-wave ππ amplitude, though destroying crossing symmetry, does not destroy the existence of the σ meson, and does not even worsen the quality of the fit, only leading to a moderate (complex) shift of the σ pole. This finding lends support to TR’s claim, seconded by us, in their Reply [24] to IS that “a detailed inclusion of all nearby s-channel singularities is more important than the inclusion of a few strong t-channel exchanges” (see also Ref. [25] for further discussion on the σ, crossing, and chiral symmetry).

We wish to add to this discussion by arguing that the strict separation of IP and DG poles, as advocated by IS and SW, is a model artifact, which is probably a much more serious approximation than the neglect of t-channel exchanges in the NUMM [6, 12] and the model of TR [7]. The crucial point is that, once one accepts strong three-meson couplings, as IS and SW seem to do, these will inexorably show up also in the scalar → pseudoscalar-pseudoscalar (and scalar → vector-vector) sector. Hence any “intrinsic” scalar state will couple strongly to the “meson-meson continuum”, leading to large unitarization effects. This will inevitably give rise to strong mixing of IP and DG states, making a strict identification of either type somewhat meaningless. (However, pure DG chiral schemes at the quark level which involve scalar mesons do appear to have merit [26].) In the NUMM, which is a coupled-channel model where the qq̄ and meson-meson sectors are treated on an equal footing, unitarization leads to a phenomenon unique to scalar mesons, namely resonance doubling, also observed by TR. So even without including t-channel exchanges extra poles are generated, which can be interpreted as the light scalars and, moreover, allow a reasonably good decription, without any free parameters, of S-wave meson-meson phase shifts up to about 1.2 GeV in the case of the NUMM [12, 6]. But this does not mean that the poles below 1 GeV are of a DG nature, while the ones above 1 GeV are of the IP type. It namely happens that either set of poles can be traced back to the “intrinsic” qq̄ bound states (see Ref. [12] for more details and references).

Finally, we discuss the meson decay constants SW invoke as apparent support for their scalarmeson assignments. While we do not have any fundamental objection against such a procedure, one should realize that these constants are not observables and, therefore, model dependent. However, we note that SW compare their decay constants with those of Maltman [4], who claims that the values he finds for the a_0(980), the a_0(1450), and the K^∗_0 (1430) “suggest a UQM-like (unitarized quark model) scenario for the isovector scalar states”, a scenario which is clearly not considered by SW, with one exception. Since SW find disagreement with Maltman’s value in the a_0(980) case, they admit “. . . which suggests that the a_0(980) may have a significant KK̄ component”. But then they should allow the inclusion of sizable two-meson components also in the case of the other scalar mesons, as naturally happens in UQMs like the NUMM and the model of Ref. [7]. This could considerably change the results for the decay constants.

In conclusion, we believe to have demonstrated in this Comment that the interpretation of scalar-meson states by SW is clearly called into question by experiment. Furthermore, their strict distinction between IP and DG scalar states lacks a consistent theoretical foundation.

Acknowledgement: This work is partly supported by the Fundação para a Ciência e a Tecnologia of the Ministério da Ciência e da Tecnologia of Portugal, under contract numbers PESO/P/PRO/15127/99, POCTI/35304/FIS/2000, and CERN/P/FIS/40119/2000.

References

[1] C. M. Shakin and Huangsheng Wang, Phys. Rev. D63, 014019 (2000).

[2] L. S. Celenza, Bo Huang, Huangsheng Wang, and C. M. Shakin, Phys. Rev. C60, 025202 (1999).

[3] L. S. Celenza, Shun-fu Gao, Bo Huang, Huangsheng Wang, and C. M. Shakin, Phys. Rev.

C61, 035201 (2000).

[4] Kim Maltman, Phys. Lett. B462. 14 (1999).

[5] M.D. Scadron, Phys. Rev. D26, 239 (1982); D29, 2076 (1984).

[6] E. van Beveren, T. A. Rijken, K. Metzger, C. Dullemond, G. Rupp, and J. E. Ribeiro, Zeit.

Phys. C30, 615 (1986).

[7] Nils A. Törnqvist and Matts Roos, Phys. Rev. Lett. 76, 1575 (1996). [8] S. Ishida, M. Ishida, H. Takahashi, T. Ishida, K. Takamatsu, and T. Tsuru, Prog. Theor.

Phys. 95, 745 (1996); S. Ishida, M. Ishida, T. Ishida, K. Takamatsu, and T. Tsuru, Prog. Theor. Phys. 98, 621 (1997);

[9] For an early four-quark version of a scalar nonet below 1 GeV, see e.g.:

R. L. Jaffe, Phys. Rev. D15, 267 (1977); ibidem, 281 (1977); A. T. Aerts, P. J. Mulders, and J. J. de Swart, Phys. Rev. D21, 1370 (1980).

[10] J. A. Oller, E. Oset, and J. R. Peláez, Phys. Rev. D59, 074001 (1999). [11] D. Black, A. H. Fariborz, F. Sannino, and J. Schechter, Phys. Rev. D59, 074026 (1999). [12] E. van Beveren and G. Rupp, Eur. Phys. J. C10, 469 (1999). [13] J. Augustin et al., Nucl. Phys. B320, 1 (1989). [14] F. Vanucci et al., Phys. Rev. D15, 1814 (1977).

[15] Particle Data Group, D.E. Groom et al., Eur. Phys. J. C15, 1 (2000). [16] Eef van Beveren, George Rupp, and Michael D. Scadron, Phys. Lett. B495, 300 (2000).

Note that an erroneous factor √ 2 appeared in the denominator of Eq. (3) of this paper, instead of the correct factor 2. So the theoretical prediction is reduced by a factor √ 2, being still in good agreement with experiment.

[17] D. V. Bugg, A. V. Sarantsev, and B. S. Zou, Nucl. Phys. B471, 59 (1996). [18] Fermilab E791 collaboration, E.M. Aitala et al, Study of the D^+_s → π^−π^+π^+ decay and measurement of f_0 masses and widths, Phys. Rev. Lett. 86, 765 (2001).

[19] David Bugg, private communication.

[20] E. Klempt, B. C. Metsch, C. R. Münz, and H. R. Petry, Phys. Lett. B361, 160 (1995). [21] W. Lee and D. Weingarten, Phys. Rev. D61, 014015 (2000). [22] N. Isgur and J. Speth, Phys. Rev. Lett. 77, 2332 (1996). [23] M. Harada, F. Sannino, and J. Schechter, Phys. Rev. Lett. 78, 1603 (1997). [24] Nils A. Törnqvist and Matts Roos, Phys. Rev. Lett. 77, 2333 (1996). [25] M. D. Scadron, Eur. Phys. J. C6, 141 (1999).

[26] See e.g. the DG SU(2) & SU(3) linear sigma model schemes in:

R. Delbourgo and M. D. Scadron, Mod. Phys. Lett. A10, 251 (1995); Int. J. Mod. Phys. A13, 657 (1998).