arXiv:0907.5101v1 [hep-ph] 29 Jul 2009

Hadronization in three meson channels at tau decays and e+e- cross-section

Pablo ROIG^{∗†} IFIC (CSIC- Universidad de Valencia), INFN LNF Frascati & Physik Department TUM Munich E-mail: paroig@ific.uv.es,pablo.roig@ph.tum.de

The hadronic form factors in semileptonic decays of the τ and low-energy e^+e^− scattering into hadrons can be described accounting for the following fundamental features: the right chiral structure at low energies, the large-N_C limit of QCD and the known asymptotic behaviour of the theory. All these characteristics are implemented within our approach to the accuracy and within the limits discussed below. Our results -improved with respect to those shown in the talk^‡- are compared to data for τ → 3πν_τ . Our setup in the vector current has been checked (using CVC) with e^+e^− → KKπ data. We predict the hadronic spectra in all τ → KKπν_τ charge modes. Our hadronic matrix elements are being included in the TAUOLA library and may be useful for the experimental collaborations that are analysing τ decays (BaBar and Belle) and to those that will join this effort in the future (BES and super-B factories). It might also serve for the ATLAS τ program in LHC and future colliders.

The computation of the hadronic form factors appearing in e^+e^− → 2,3 mesons within this framework can be interesting to include this low-energy description in PHOKHARA and the comparison to the corresponding CVC rotated ones from τ decays might be helpful in order to understand the size and origin of isospin violations.

International Workshop on Effective Field Theories: from the pion to the upsilon 2-6 February 2009 Valencia, Spain

∗Speaker.

†I would like to thank all the members of the organizing committee for making such a good and enjoyable conference. I acknowledge discussions with O.Shekhovtsova and J.Trnka. This work has been supported in part by the EU MRTN-CT-2006-035482 (FLAVIAnet), by MICINN (Spain) under grant FPA2007-60323 and by the Spanish Consolider-Ingenio 2010 Program CPAN (CSD2007-00042).

‡They correspond to the ones presented in the V Working Group on Generators for Low-Energy Physics held in Frascati the 6th and 7th of April, 2009.

© Copyright owned by the author(s) under the terms of the Creative Commons Attribution-NonCommercial-ShareAlike Licence. http://pos.sissa.it/

1. Hadronic decays of the τ lepton

Tau Physics has a wealth of motivations [1]. Here, we take advantage of the fact that, while being the tau a lepton -which within the Standard Model [2], [3] means that at least half of the process is electroweak, thus clean and under control- its mass (∼ 1.8 GeV) is large enough to connect it to hadrons providing thus a very convenient way to investigate the strong interaction and, particularly how quarks hadronize, a question that remains to be solved from first principles.

The decay amplitude for the considered decays may be written as: M = − G_F √ 2 V_{ud/us} u_{ντ} γ^μ (1 − γ_5)u_τ H_μ , (1.1)

where the strong interacting part is hidden in the hadronic vector, H_μ :

H_μ = ⟨{P(p_i)}^n_{i=1} | ( V_μ − A_μ ) e^{iLQCD} |0⟩. (1.2)

Symmetries let us decompose H_μ depending on the number of final-state pseudoscalar (P) mesons, n. For three mesons in the final state, this reads:

H_μ = V_{1μ} F^A_1 (Q^2,s_1,s_2) +V_{2μ} F^A_2 (Q^2,s_1,s_2) + Q_μ F^A_3 (Q^2,s_1,s_2) + iV_{3μ} F^V_4 (Q^2,s_1,s_2), (1.3) and V_{1μ} = ( g_{μν} − Q_μ Q_ν Q^2 ) (p_2 − p_1)^ν , V_{2μ} = ( g_{μν} − Q_μ Q_ν Q^2 ) (p_3 − p_1)^ν ,

V_{3μ} = ε_{μνρσ} p^ν_1 p^ρ_2 p^σ_3 , Q_μ = (p_1 + p_2 + p_3)_μ , s_i = (Q − p_i)^2 . (1.4)

F_i, i = 1,2,3, correspond to the axial-vector current (A_μ ) while F_4 drives the vector current (V_μ ). The form factors F_1 and F_2 have a transverse structure in the total hadron momenta, Q^μ , and drive a J^P = 1^+ transition. The pseudoscalar form factor, F_3, vanishes as m^2_P/Q^2 and, accordingly, gives a tiny contribution. This is as far as we can go without model assumptions, that is, it is not yet known how to derive the F_i from QCD [4], [5].

2. The Kühn-Santamaría Model in TAUOLA

The most popular parameterization describing these decays is based on Ref. [6] and it is one of those implemented in the TAUOLA library [7]. Despite the good fit it provides for the 2π and 3π modes some of its assumptions may be improved [8]. The works done in analogy for other decay modes [9], however, use some unjustified simplifications that should definitely be corrected [8]. In order to take full advantage both of the thorough and complete TAUOLA infrastructure and of the very good new experimental data, we believe it is mandatory to use MonteCarlo Generators that incorporate a parameterization for the hadronic matrix elements as close as possible to QCD, in order not to fake the understanding of the measurements. We present in the following a framework capable of accomplishing this task.

3. Theoretical basis of our approach

Semileptonic tau decays span the low- and intermediate-energy regions of QCD where it is non-perturbative. As a consequence of Weinberg’s Theorem [10], a valid -and moreover advisable [11]- procedure will be a Lagrangian approach including explicitly the active degrees of freedom (the lightest pseudoscalars and resonances) respecting the assumed symmetries. While for the former range of energies there is an unambiguous and successful EFT approach to the problem given by χPT [12], for the latter the situation is much more intricate. In order to build a perturbative approach therein, the inverse of the number of colours was proposed [13]. This procedure explained most of light-flavoured meson (and baryon) features [14].

The theory merging the right low-energy behaviour of χPT and the 1/N_C expansion of QCD is Resonance Chiral Theory (RχT) [15]. The action determined by symmetries does not share yet QCD’s ultraviolet behaviour, so that one needs to demand Brodsky-Lepage conditions [16] to the appropriate Green functions and associated form factors, which results in restrictions on some combinations of couplings. This has been exploited systematically [15], [17], [18], [19], [20], [21] to gain insight in the couplings of the theory and achieve predictivity.

Instead of including the infinite number of strictly stable resonances predicted at LO in 1/N_C, one would like always to describe Physics in the simplest possible manner, meaning here the Single Resonance Approximation [22]: including just the lightest nonet of resonances of given spin^{parity}. The historically successful notion of vector meson dominance [23] will further reduce the spectrum of exchanged resonances.

In any phenomenological application it is mandatory to provide the resonances with a width. Its offshell behaviour is particularly important for those that are rather wide: ρ(770), K^∗(892), a1(1260), etc. This we do following the definition given in Ref. [24]. Our work [20] is the first one computing the a_1 width in this way.

The relevant part of the RχT Lagrangian is [15], [18], [19], [20]:

L_{RχT} =

F^2 4 ⟨u_μ u^μ + χ_+ ⟩ +

F_V 2 √ 2 ⟨V_{μν} f^{μν}_+ ⟩ + iG_V √ 2 ⟨V_{μν} u^μ u^ν ⟩ +

F_A 2 √ 2 ⟨A_{μν} f^{μν}_− ⟩ + L^V_{kin}

+L^A_{kin} + 5 ∑_{i=1}^λi^{Oi}VAP^{+ 7}∑_{i=1}^{ci}_{MV}^{Oi}V JP^{+ 4}∑_{i=1}^di^{Oi}VV P^{+ 5}∑_{i=1}^{gi}_{MV}^{Oi}V PPP^{, (3.1)}

where all couplings are real, being F the pion decay constant in the chiral limit. The notation is that of Ref. [15]. P stands for the lightest pseudoscalar mesons and A and V for the (axial)-vector mesons. Furthermore, all couplings in the last line are defined to be dimensionless. The subindex of the operators stands for the kind of vertex described, i.e., O^i_{V PPP} gives a coupling between one Vector and three Pseudoscalars. For the explicit form of the operators in the last line, see [18], [19], [20].

4. The axial-form factor and the a_1 width: τ → (3π,KKπ)ν_τ

Our framework describes pretty well the two-meson decays of the τ, as shown in the ππ [25] and Kπ [26] cases. We focus here on the three meson modes stated above. The proposed expression -that complies [27] with the χPT prediction at NLO [28]- depends on four unrestricted couplings. Short-distance constraints impose relations between them in such a way that only one coupling (λ_0) remains free. A fit to ALEPH spectral function, branching ratio and integrated structure functions [29] yields 12 [17] for it, that is roughly two orders of magnitude larger than the estimate in Ref. [19] for ⟨VAP⟩ due to the mild dependence on λ_0 in this particular mode (∼ m^2_π /Q^2). Although it is possible to obtain a very good fit of the normalized spectral function with lower values of λ_0 [8] satisfying the more general constraints valid for all three meson processes [30], it is not possible to obtain so good branching ratios simultaneously. Upon relaxing Weinberg sum rules letting their predictions vary within some 1/3 to account for the effect of cutting the infinite tower of resonances present in the N_C → ∞ limit of large-N_C QCD and introducing the effect of the ρ(1450) resonance, we are able to improve the description, as it is illustrated in Fig. 1. The same setting provides a sensible description of the τ → (KKπ)ν_τ processes.

Figure 1: Comparison of our predictions to the ALEPH data [29] for the spectral function of τ → (3π)^−ν_τ (left pane) and its normalized distribution (right pane). The presence of the ρ^′ ≡ ρ(1450) is necessary to achieve a good description of the data.

5. The vector form factor: τ → KKπν_τ and σ(e^+e^− → hadrons)

After imposing high-energy conditions, we have completed the computation in [18] of ω → 3π including the local piece and have used some of the relations among couplings they obtained. This is not yet enough to bound all couplings entering the vector form factor. However, we could use the branching ratios of the two independent modes to estimate those two remaining. These values have been checked since we could benefit from the nice splitting of the isoscalar and isovector components appearing in e^+e^− → KKπ measured by BaBar [31] by radiative return, to use the SU(2)-rotated I = 1 piece to test our outcome. As a result of the procedure, we predict the spectra of all modes and find that vector and axial-vector current are of similar importance in these decay channels both for the decay width and for the shape of the spectrum, as can be seen in Figure 2.

Figure 2: Spectral function of τ → K^+K^−π^−ν_τ (left pane) and τ → K^−K^0π^0ν_τ (right pane). While at lower energies the axial-vector current gives the dominant contribution, at higher energies the vector one gets more importance being responsible of the tail of the curve.

6. Conclusions and Outlook

We have analyzed three meson decays of the τ within RχT. We were based on three fundamental pillars of QCD: the right low-energy limit, as given by its approximate chiral symmetry, its large-N_C expansion and a Brodsky-Lepage behaviour the form factors must have to ensure their ultraviolet fall-off.

We have improved the existing description of the three pion modes by using our computation of Γ_{a1} . We have also worked out the KKπ channels predicting the spectra and ratio of vector and axial-vector contributions.

Our expressions for the vector and axial-vector widths have been implemented successfully in the TAUOLA library and the inclusion of the hadronic matrix elements is in progress [32]. This way, the experimental comunity will have as its disposal a way of analysing hadronic decays of the tau that includes as much as possible information from the fundamental theory. We will tackle the other three meson modes in future works. It will be important to achieve a good description of the Kππ channels to help improve the simultaneous extraction of m_s and V_{us} [33]. We also plan to study e^+e^− → 3 mesons at low energies what can eventually be used by PHOKHARA [34].

References

[1] A. Pich, Nucl. Phys. Proc. Suppl. 181-182 (2008) 300, 169 (2007) 393, 98 (2001) 385.

[2] S. L. Glashow, Nucl. Phys. 22 (1961) 579. S. Weinberg, Phys. Rev. Lett. 19, 1264 (1967).

[3] A. Pich, [arXiv:hep-ph/0705.4264]. G. Altarelli, Nuovo Cim. 123B, 257 (2008).

[4] H. Fritzsch, M. Gell-Mann and H. Leutwyler, Phys. Lett. B 47 (1973) 365.

[5] W. J. Marciano and H. Pagels, Phys. Rept. 36, 137 (1978). A. Pich, [arXiv:hep-ph/0001118]. [6] J. H. Kühn and A. Santamaría, Z. Phys. C 48 (1990) 445.

[7] S. Jadach, Z. Was, R. Decker and J. H. Kühn, Comput. Phys. Commun. 76 (1993) 361. Z. Was, [arXiv:hep-ph/0901.1865].

[8] P. Roig, [arXiv:hep-ph/0810.5764].

[9] M. Finkemeier and E. Mirkes, Z. Phys. C 69 (1996) 243. [10] S. Weinberg, Physica A 96 (1979) 327.

[11] H. Georgi, Ann. Rev. Nucl. Part. Sci. 43 (1993) 209. A. V. Manohar, in ’Schladming 1996, Perturbative and nonperturbative aspects of quantum field theory’ 311-362. A. Pich, in ’Les Houches 1997, Probing the standard model of particle interactions’, Pt. 2 949-1049.

[12] J. Gasser and H. Leutwyler, Annals Phys. 158 (1984) 142. Nucl. Phys. B 250 (1985) 465. [13] G. ’t Hooft, Nucl. Phys. B 72 (1974) 461, 75 (1974) 461. E. Witten, Nucl. Phys. B 160 (1979) 57. [14] A. V. Manohar, in ’Les Houches 1997, Probing the standard model of particle interactions, Pt. 2’.

A. Pich, in ’Tempe 2002, Phenomenology of large N(c) QCD’ 239-258.

[15] G. Ecker, J. Gasser, A. Pich and E. de Rafael, Nucl. Phys. B 321 (1989) 311. G. Ecker, J. Gasser, H. Leutwyler, A. Pich and E. de Rafael, Phys. Lett. B 223 (1989) 425.

[16] S. J. Brodsky and G. R. Farrar, Phys. Rev. Lett. 31 (1973) 1153. G. P. Lepage and S. J. Brodsky, Phys.

Rev. D 22 (1980) 2157.

[17] D. Gómez Dumm, A. Pich and J. Portolés, Phys. Rev. D 69 (2004) 073002. [18] P. D. Ruiz-Femenía, A. Pich and J. Portolés, JHEP 0307 (2003) 003. [19] V. Cirigliano, G. Ecker, M. Eidemüller, A. Pich and J. Portolés, Phys. Lett. B 596 (2004) 96. [20] D. Gómez-Dumm, P. Roig, A. Pich, J. Portolés, to appear.

[21] M. Knecht and A. Nyffeler, Eur. Phys. J. C 21 (2001) 659. G. Amorós, S. Noguera and J. Portolés, Eur. Phys. J. C 27 (2003) 243. V. Cirigliano, G. Ecker, M. Eidemüller, R. Kaiser, A. Pich and J. Portolés, JHEP 0504 (2005) 006, and Nucl. Phys. B 753 (2006) 139. I. Rosell, J. J. Sanz-Cillero and A. Pich, JHEP 0701 (2007) 039. J. Portolés, I. Rosell and P. Ruiz-Femenía, Phys. Rev. D 75 (2007) 114011. V. Mateu and J. Portolés, Eur. Phys. J. C 52 (2007) 325. A. Pich, I. Rosell and J. J. Sanz-Cillero, JHEP 0807 (2008) 014. I. Rosell, P. Ruiz-Femenía and J. J. Sanz-Cillero, [arXiv:hep-ph/0903.2440].

[22] M. Knecht, S. Peris, M. Perrottet and E. de Rafael, Phys. Rev. Lett. 83 (1999) 5230. [23] J. J. Sakurai, Currents and Mesons (University of Chicago Press, Chicago, Ill., 1969). J. H. Kühn and F. Wagner, Nucl. Phys. B 236 (1984) 16. A. Pich, in Proceedings of the Tau Charm Factory Workshop Ed. L. V. Beers, SLAC (1989).

[24] D. Gómez Dumm, A. Pich and J. Portolés, Phys. Rev. D 62 (2000) 054014. [25] F. Guerrero and A. Pich, Phys. Lett. B 412 (1997) 382. A. Pich and J. Portolés, Phys. Rev. D 63 (2001) 093005, and Nucl. Phys. Proc. Suppl. 121 (2003) 179.

[26] M. Jamin, A. Pich and J. Portolés, Phys. Lett. B 640 (2006) 176 Phys. Lett. B 664 (2008) 78. [27] J. Portolés, Nucl. Phys. Proc. Suppl. 169 (2007) 3.

[28] G. Colangelo, M. Finkemeier and R. Urech, Phys. Rev. D 54 (1996) 4403. [29] R. Barate et al. [ALEPH Collaboration], Eur. Phys. J. C 4 (1998) 409. [30] P. Roig, AIP Conf. Proc. 964 (2007) 40.

[31] B. Aubert et al. [BABAR Collaboration], Phys. Rev. D 77 (2008) 092002. [32] O.Shekhovtsova, private communication.

[33] E. Gámiz, M. Jamin, A. Pich, J. Prades and F. Schwab, Phys. Rev. Lett. 94 (2005) 011803. [34] G. Rodrigo, H. Czyz, J. H. Kühn and M. Szopa, Eur. Phys. J. C 24 (2002) 71.