arXiv:1101.2431v1 [hep-ph] 12 Jan 2011

The hybrid meson: new results from the updated m_g and α_s parameters.

F. Iddir^∗and L. Semlala^† Laboratoire de Physique Théorique Université d’Oran Es-Sénia, ALGERIA

January 13, 2011

Abstract

We present new results concerning the masses and the decay widths of the most interesting hybrid meson states taking as inputs the gluon mass mg and the non-perturbative QCD running coupling constant αs(0) comming from both LQCD and SDE recent estimations.

1 Introduction

Hybrid meson is one of the most promising new species of hadrons allowed by QCD and subject of lot of works both in the theoretical and experimental levels.

The hybrid mesons are studied from different models: lattice QCD^{[1],[2]}, flux tube model^{[3]-[8]}, bag model^{[9]-[15]}, QCD sum rules^{[16]-[28]}, constituent gluon models^{[29]-[32]} and from Effective Hamiltonian model^{[34]-[36]}. Some of them can perform both estimations of mass and decay widths.

The nature of gluonic field inside hybrid is not yet be clear because the gluon plays a double role: it propagates the interaction between color sources and being itself colored it undergoes the interaction. Whereas, LQCD and Sum rules QCD make no assumptions about it, two important hypothesis can be retained from literature. The first one consider gluonic degrees of freedom as ”excitations” of the ”flux tube” between quark and antiquark, which leads to the linear potential, that is familiar from quark model (flux-tube model).

The second issue, which are supported by the present work, assumes that hybrid is a bound state of quark-antiquark and a constituent glue which interact through an adequate phenomenological potential. We can adapt our interaction scheme with the idea of confined and confining gluons^{[37]}( In the Landau and Coulomb gauges and in interpolating gauges between them). ∗E-mail: iddir@univ-oran.dz †E-mail: l semlala@yahoo.fr

A confining gluons establish an area law behavior of the Wilson loop and the linearly rising interquark confinement. the confined gluons do not propagate over long distances. We can accommodate confined (massive, constituent) gluon in coexistence with an effective quark interaction which is confining^{[38]}.

The quark model is still necessary for describing most of the available spectroscopic data and their free parameters are fitted to the experimental values. Further to these parameters (quark masses, potential), our generalized Quark Model with Constituent Glue^{[30]} uses two free parameters: the constituent gluon mass m_g and the decay parameter α_s. They must be set otherwise, since no (confirmed) spectroscopic data are available.

Several studies^{[38], [39]-[41]} support the hypothesis that the gluon may develop a dynamical mass which is intrinsically related to an infrared finite gluon propagator^{[42]}. This is consistent with QCD lattice simulations^{[43]-[50]}. From the theoretical point of view, a non-vanishing gluon mass is welcome to regularize infrared divergences and solve some problems related with unitarity. From the phenomelogical point of view, a non-vanishing gluon mass is welcome by diffractive phenomena^{[51]} and inclusive radiative decays of J/Ψand γ^{[52]}. For, the glueball states, colorsinglet bound states of gluons, are considered to be fairly massive e.g., about 1.5 GeV for the lowest 0^{++} and about 2 GeV for the lowest 2^{++}, as indicated in lattice QCD calculations^{[53],[54]}, a simple constituent gluon picture may be approximately obtained as M_{GB} ≃ 2m_g for the glueball mass M_{GB}.

There are many theoretical evidences that the QCD effective charge freezes at small momenta^{[39],[40], [55]-[63]}. The infrared finiteness of the effective charge can be considered as one of the manifestation of the phenomenon of dynamical gluon mass generation^{[39],[40],[42]}

Phenomenology sensitive to infrared properties of QCD gives^{[64]-[66]} α_s(0) ≃ 0.7 ± 0.3. The phenomenological evidences for the strong coupling constant freezing in the infrared (IR) are much more numerous. Models where a static potential is used to compute the hadronic spectra make use of a frozen coupling constant at long distances^{[67]-[70]}.

2 Update the parameters of the model

The gluon mass

In earlier estimations^{[30]} we have used m_g ∼ 800 MeV to the best fit of our results to the ones obtained by lattice calculations of 1^{−+}ccg and bbg masses. This value is also compatible with those obtained from different works (see table 1). Recent lattice data^{[49],[50]} estimate m_g around 600 MeV . This value has been already obtained many years ago in the cotext of Schwinger-Dyson equations (SDEs)^{[39]}, this is also compatible with the effective QCD Coulomb gauge Hamiltonian approach^{[35],[36]}. We choose this (process independent) value as an input for our model.

The decay width parameters The decay of an hybrid state A into two ordinary mesons B and C is represented by the matrix element of the Hamiltonian annihilating a gluon and creating a quark pair (QPC model)^{[29]}: ⟨BC |H| A⟩ = gf(A, B, C) (2π)^3 δ_3 (p_A − p_B − p_C ) ; (1) where f(A, B, C) is the decay amplitude involving the flavor, the color, the spatial and the (non-relativitic) spin overlaps.

The partial width is given by: Γ (A → BC) = 4α_s |f (A, B, C)|^2 P_B E_B E_C M_A ; (2)

where α_s represents the only free parameter in this decay model. We have always chosen α_s ∼ 1 in our previous works, but now we can use a more convincing values available from recent Schwinger-Dyson equations (SDEs) and Lattice QCD data.

There are two characteristic definitions of the effective charge, frequently employed in the literature. The first definition is obtained within the pinch technique (PT) framework^{[39]-[40]}( which can be appropriatedly extended to the Taylor ghost-gluon coupling^{[71],[72]}). This effective charge, to be denoted by α_{P T} (q^2), constitutes the most direct non-abelian generalization of the familiar concept of the QED effective charge. The second definition of the QCD effective charge, to be denoted by α_{gh}(q^2), involves the ghost and gluon self-energies, in the Landau gauge, and in the kinematic configuration where the well-known Taylor non-renormalization theorem becomes applicable. α_{gh}(q^2) has been employed extensively in lattice studies (see for instance [73]-[76] and references therein), where the Landau gauge is the standard choice for the simulation of the gluon and ghost propagators, as well as in various investigations based on Schwinger-Dyson equations (SDEs)^{[77]-[79]}. The two charges are identical not only in the deep UV, where asymptotic freedom manifests itself, but also in the deep IR, where they “freeze” at the same non-vanishing value^{[71]}.

Using recent (quenched) lattice data on the gluon and ghost propagators, as well as the Kugo-Ojima function, authors of reference [80] extract the nonperturbative behavior of QCD effective charges.

They have offered a plausible explanation for the observed discrepancy in the freezing values of the effective charges obtained from the lattice (α_s(0) ∼ 2− 2.5^{[81],[82]}) and those derived from the fitting of various QCD processes, sensitive to non-perturbative physics (∼ 0.7±0.3). They claim that the underlying reason for the discrepancy is the difference in the gauges (Landau vs Feynman) used in the two approaches.

Our decay model is obtained in the Feynman gauge^{[29]}, so it’s natural to choose α_s ∼ α_{P T} (0) ≃ 0.85 for m_g = 600 MeV^{[80]} .

3 Results and discussion

We present in table 2, the updated hybrid masse estimates using these recent LQCD constituent gluon masses. The gluon energy ω apearing in the decay’s formulas, can be set to M_g ≃ 1 GeV , the energy of the confined gluon. So the old decay widths must be multiplied by the factor: (α_s)_{New} (α_s)_{Old}

(ω)_{Old} (ω)_{New}

= 0.85 · 0.8 = 0.68

The results are summarised in tables 3 à 8.

Note that LQCD^{[83]} gives the 2.2(2) GeV hybrid partial decay widths: Γ_{b1 π} = 400 ± 120 MeV > Γ_{f1π} = 90 ± 60 MeV wich are in agreement with our results. The experimental results for π_1(2000) are: Γ_{b1π} = 230 ± 32 ± 73 MeV^{[84]} ≲ Γ_{f1π} = 333±52±49 MeV^{[85]},It’s difficult to reconciliate our partial decay width Γ_1−+_{nng(2000)−>f1 π} with the experimental one.

The same remark holds for Γ_1−+_{nng(1600)−>f1 π} wich disagrees with the experimental data 240 ± 60 MeV^{[86]} and for Γ_1−+_{nng(1600)−>ρπ}wich is very far from the experimental values 269 ± 21 MeV^{[87]} and 168 ± 20 MeV^{[88]}.

References

[1] C. Michael , hep-ph/0308293 [2] J. N. Hedditch et al. Phys. Rev. D 72, 114507(2005) [3] N. Isgur and J. Paton, Phys. Lett. B124 (1983) 247 [4] N. Isgur and J. Paton, Phys. Rev. D31 (1985) 2910 [5] N. Isgur, R. Kokosky and J. Paton, Phys. Rev. Lett. 54 (1985) 869 [6] F. E. Close and P. R. Page, Nucl. Phys. B433 (1995) 233 [7] F. E. Close and P. R. Page, Phys. Rev. D52 (1995) 1706 [8] T. Barnes, F. E. Close and E. S. Swanson, Phys. Rev. D52 (1995) 5242 [9] T. Barnes, Caltech Ph.D. thesis (1977), unpublished [10] T. Barnes, Nucl. Phys. B158, 171 (1979) [11] T. Barnes and F. E. Close, Phys. Lett. 116B, 365 (1982) [12] M. Chanowitz and S. R. Sharpe, Nucl. Phys. B222, 211 (1983) [13] T. Barnes, F. E. Close and F. deViron, Nucl. Phys. B224, 241 (1983) [14] M. Flensburg, C. Peterson and L. Skold, Z. Phys. C22, 293 (1984)

[15] P. Hasenfratz, R. R. Horgan, J. Kuti and J.-M. Richard, Phys. Lett. 95B, 299 (1980) [16] I. I. Balitski, D. I. Dyakanov and A. V. Yang, Phys. Lett. 112B, 71 (1982) [17] I. I. Balitski, D. I. Dyakanov and A. V. Yang, Sov. J. Nucl. Phys. 35, 761 (1982) [18] I. I. Balitski, D. I. Dyakanov and A. V. Yang, Z. Phys. C33, 265 (1986) [19] J. I. Latorre, S. Narison, P. Pascual and R. Tarrach, Phys. Lett. 147B, 169 (1984) [20] J. I. Latorre, S. Narison, P. Pascual, Z. Phys. C34, 347 (1987) [21] S. Narison, QCD Spectral Sum Rules, Lecture Notes in Physics, Vol.26, p.375, World Scientific 1989 [22] J. Govaerts, F. deViron, D. Gusbin and J. Weyers, Phys. Lett. 128B, 262 (1983) [23] J. Govaerts, F. deViron, D. Gusbin and J. Weyers, (E) Phys. Lett. 136B, 445 (1983) [24] J. Govaerts, L. J. Reinders, H. R. Rubinstein and J. Weyers, Nucl. Phys.

B258, 215 (1985) [25] J. Govaerts, L. J. Reinders and J. Weyers, Nucl. Phys. B262, 575 (1985) [26] J. Govaerts, L. J. Reinders, P. Francken, X. Gonze and J. Weyers, Nucl.

Phys. B284, 674 (1987) [27] J. Govaerts, F. deViron, D. Gusbin and J. Weyers, Nucl. Phys. B248, 1 (1984) [28] J. Govaerts, F. deViron, D. Gusbin and J. Weyers, hep-ph/9903537 [29] A. Le Yaouanc, L. Oliver, O. Pène, J-C. Raynal and S. Ono, Z. Phys. C28 (1985) 309 [30] F. Iddir and L. Semlala, [31] D. Horn and J. Mandula, Phys. Rev. D17, 898(1978) [32] Yu. S. Kalashnikova and A. V. Nefediev, arXiv:0801.2036 [33] A. P. Szczepaniak, E. S. Swanson, C.-R. Ji and S.R. Cotanch, Phys. Rev.

Lett. 76, 2011(1996) [34] E. S. Swanson and A. P. Szczepaniak, Phys.Rev. D59 (1999) 014035 [35] F.J. Llanes-Estrada, S.R. Cotanch, A.P. Szczepaniak, E.S. Swanson, Phys.

Rev. C 70, 035 202 (2004)

[36] I.J. General, F.J. Llanes-Estrada and S.R. Cotanch, Eur.Phys.J.C51:347- 358,2007 [37] K. Büttner and M. R. Pennington, hep-ph/9506314 [38] R. Alkofer and L. von Smekal, hep-ph/0007355 [39] J.M. Cornwall, Phys. Rev. D 26, 1453 (1982) [40] J.M. Cornwall and J. Papavassiliou, Phys. Rev. D 40, 3474 (1989) [41] J. Papavassiliou and J.M. Cornwall D 44, 1285 (1991) [42] A.C. Aguilar, A.A. Natale, and P.S. Rodrigues da Silva, Phys. Rev. Lett.

90, 152001 (2003) [43] F.D.R. Bonnet et al., Phys. Rev. D 64, 034501 (2001) [44] A. Cucchieri, T. Mendes, and A. Taurines, Phys. Rev.D 67, 091502 (2003) [45] A. Cucchieri and T.Mendes, Phys. Rev. D 73, 071502 (2006) [46] P.O. Bowman et al., Phys. Rev.D 70, 034509 (2004) [47] A. Sternbeck, E.-M. Ilgenfritz, M. Muller-Preussker, and A. Schiller, Phys.

Rev. D 72, 014507 (2005); 73, 014502 (2006) [48] Ph. Boucaud et al., JHEP 0606, 001 (2006) [49] Takumi Iritani, Hideo Suganuma and Hideaki Iida, arXiv:0908.1311. [50] P. Bicudo and O. Oliveira, arXiv:1010.1975 [51] J. R. Forshaw, J. Papavassiliou, C. Parrinello, Phys. Rev.D59, 074008 (1999) [52] J. H. Field, Phys. Rev. D66, 013013 (2002) [53] H.J. Rothe, Lattice Gauge Theories: An Introduction, 3rd edition, (World Scientific,2005) [54] N. Ishii, H. Suganuma, and H. Matsufuru, Phys. Rev.D66, 094506 (2002);

Phys. Rev. D66, 014507 (2002) [55] D. Binosi and J. Papavassiliou, Nucl. Phys. Proc. Suppl. 121, 281 (2003) [56] A. C. Aguilar and J. Papavassiliou, JHEP 0612, 012 (2006) [57] A. C. Aguilar and J. Papavassiliou, arXiv:0910.4142 [58] A. C. Mattingly and P. M. Stevenson, Phys. Rev. D 49, 437 (1994) [59] Y. L. Dokshitzer, G. Marchesini and B. R. Webber, Nucl. Phys. B 469 (1996) 93

[60] A. M. Badalian and V. L. Morgunov, Phys. Rev. D60, 116008 (1999) [61] S. J. Brodsky, S. Menke, C. Merino and J. Rathsman, Phys. Rev. D 67, 055008 (2003) [62] G. Grunberg, Phys. Rev. D 29, 2315 (1984); Phys. Rev. D 73, 091901 (2006) [63] A. A. Natale, arXiv:0910.5689 [64] E. G. S. Luna, arXiv:hep-ph/0609149 [65] A. A. Natale, arXiv:hep-ph/0610256 and references therein [66] A. C. Aguilar, A. Mihara and A. A. Natale, Phys. Rev. D 65, 054011 (2002) [67] E. Eichten et al., Phys. Rev. Lett. 34 (1975) 369; Phys. Rev. D21 (1980) 203 [68] J. L. Richardson, Phys. Lett.B82 (1979) 272 [69] T. Barnes, F. E. Close and S. Monaghan, Nucl. Phys. B198 (1982) 380 [70] S. Godfrey and N. Isgur, Phys. Rev. D32 (1985) 189 [71] A. C. Aguilar, D. Binosi, J. Papavassiliou, and J. Rodriguez-Quintero, arXiv:0906.2633 [72] J. Rodriguez-Quintero, arXiv:1005.4598 [73] J. C. R. Bloch, A. Cucchieri, K. Langfeld and T. Mendes, Nucl. Phys. B 687, 76 (2004) [74] O. Oliveira and P. J. Silva, Braz. J. Phys. 37, 201 (2007) [75] A. Sternbeck, K. Maltman, L. von Smekal, A. G. Williams, E. M. Ilgenfritz and M. Muller-Preussker, PoS LAT2007 (2007) 256 [76] Ph. Boucaud, F. De Soto, J. P. Leroy, A. Le Yaouanc, J. Micheli, O. Pene and J. Rodriguez-Quintero, Phys. Rev. D 79 (2009) 014508 [77] L. von Smekal, A. Hauck and R. Alkofer, Annals Phys. 267, 1 (1998) [Erratum-ibid. 269, 182 (1998]) [78] J. C. R. Bloch, Few Body Syst. 33, 111 (2003) [79] Ph. Boucaud, J. P. Leroy, A. L. Yaouanc, J. Micheli, O. Pene and J.

Rodriguez-Quintero, JHEP 0806 (2008) 012 [80] A. C. Aguilar, D. Binosi, J. Papavassiliou, arXiv:1004.1105. [81] Sadataka Furui and Hideo Nakajima, FewBodySyst.40:101-128,2006 [82] Ph. Boucauda, M. E. Gomezb, J.P. Leroya, A. Le Yaouanca, J. Michelia, O. Penea and J. Rodriguez-Quintero, arXiv:1004.4135

[83] C. McNeile and C. Michael, [UKQCD Collaboration], Phys. Rev. D 73, 074506 (2006).

[84] M. Lu et al. [E852 Collaboration], Phys. Rev. Lett. 94, 032002 (2005) [85] J. Kuhn et al. [E852 Collaboration], Phys. Lett. B 595, 109 (2004) [86] D. V. Amelin et al., Phys. Atom. Nucl. 68, 359 (2005) [Yad. Fiz. 68, 388 (2005)].

[87] A. Alekseev et al. [The COMPASS Collaboration], Phys. Rev. Lett. 104, 241803, (2010).

[88] G. S. Adams et al. [E852 Collaboration], Phys. Rev. Lett. 81, 5760 (1998). [89] G.Parisi and R.Petronzio, Phys. Lett. B94, 51 (1980) [90] A.Donnachie and P.V.Landshoff, Nucl. Phys. B311, 509 (1989) [91] R.E.Hancock and D.A.Ross, Nucl. Phys. B394, 200 (1993), See also J.R.Forshaw and D.A.Ross, Quantum Chromodynamics and the Pomeron, Cambridge University Press, 1997, P131 [92] M.N.Nickolaev, B.G.Zakharov and V.R.Zoller, Phys. Lett.328, 486 (1994) [93] V.P.Spiridonov and K.G.Chetrykin, Sov. J. Nucl. Phys. 47, 522 (1988), Yad Fiz 47 818 (1988) [94] J.H.Field, hep-ph/0101158v3

Authors Method m_g Parisi, Petronzio[89] J/ψ → γX 800 MeV Donnachie, Landshoff[90] Pomeron parameters 687-985 MeV Hancock, Ross[91] Pomeron slope 800 MeV Nikolaev et al.[92] Pomeron parameters 750 MeV Spiridonov, Chetyrkin[93] Π^{em}_{μν} , ⟨T rG^2_{μν} ⟩ 750 MeV Field[94] J/ψ → γX 0.721^{+0.016}_{−0.068}GeV

Table 1. Somme estimations of the m_g .

Masse M_q M_g ≃ ω 1^{−+}nn̄g 1.70 0.87 1.08 1^{−−}cc̄g 4.10 1.95 1.00

Table2. 1^{−+} light and 1^{−−} charmed hybrid mesonsmasses. Γ_{ρπ} ∼36 MeV Γ_K∗_K ∼10 MeV Γ_{ρω} ∼1 MeV Table 3. Partial decay widths of the (M=1.6) hybrid in (S+S)-standard mesons. Γ_{ρπ} ∼47 MeV Γ_K∗_K ∼36 MeV Γ_{ρω} ∼21 MeV Γ_{ρ(1450)π} ∼12 MeV Γ_K∗_{(1410)K} ∼3 MeV

Table 4. Partial decay widths of the (M=2.0) hybrid in (S+S)-standard mesons.

L 0 1 2 Γ_b0_{1π}− ≈ Γ_b−_{1 π}0 98 294 491

Γ_f 0_{1 (1285)π}− 79 60 100 Γ_f 0_{1 (1420)π}− 26 20 33

Table 5. Partial decay widths of the (M=1.6) hybrid in (L+S)-standard mesons (in MeV ).

L 0 1 2 Γ_b0_{1π}− ≈ Γ_b−_{1 π}0 106 317 528

Γ_f 0_{1 (1285)π}− 96 73 122 Γ_f 0_{1 (1420)π}− 67 51 85

Table 6. Partial decay widths of the (M=2.0) hybrid in (P+S)-standard mesons (in MeV )

L 0 1 2 Γ_D0¯_D0 88 264 440 Γ_D+_D− 92 276 460 Γ_D+_{s D}−_s 97 291 486

Γ_D∗+_D∗−_=Γ_{D∗0D∗0}

S = 0 S = 1 S = 2 21 0 34 63 0 251 1 0 17 Table 7: Partial decay widths of the (M=4.26) hybrid in (S+S)-standard mesons (in MeV ).

Γ_{D1(2420)D0} = Γ_{D1 (2420)D}0 ≃ Γ_D±_{1 (2420)D}∓ = Γ_D∓_{1 (2420)D}± ∼ 78=312·^1_4

Table 8. Partial decay widths of the (M=4.3) hybrid in (P+S)-standard mesons (in MeV ).