arXiv:hep-ph/0202203 v1 21 Feb 2002

Pion and kaon role in τ decays, (g_μ − 2), the running of α_{QED} and the muonium hyperfine splitting

J. E. Palomar

Departamento de Física Teórica and IFIC, Centro Mixto Universidad de Valencia-CSIC, Ap. Correos 22085, E-46071 Valencia, Spain

Abstract

We make use of recent accurate results obtained for the pion and kaon vector form factors within a chiral unitary approach in order to calculate the decay widths of the τ lepton to these mesons and also to evaluate the contribution of this two mesons to the anomalous magnetic moment of the muon, the running of the fine structure constant and the muonium hyperfine splitting.

1 Introduction

In this paper we apply the pion and kaon vector form factors of reference [1] to calculate the tau decay to these mesons and also to study their contributions to the hadronic part of the anomalous magnetic moment of the muon, the running of the effective structure constant and the muonium hyperfine splitting. All these applications should be viewed as a complement of ref. [1] where a coupled-channel non-perturbative chiral approach was used to calculate the final state interactions in the pion and kaon vector form factors.

The decay of the τ lepton into a tau neutrino plus hadrons provides a unique framework to study low energy QCD. The mass of this lepton, about 1.8 GeV, allows the application of perturbative QCD to study inclusive decays, and in fact offers the possibility to measure the strong coupling constant α_s(μ) at the low scale μ = m_τ [2]. However, the calculation of exclusive semileptonic decays is not possible nowadays within perturbative QCD. One can then try to apply chiral perturbation theory [3], but its range of applicability is far below m_τ . This means that it is possible to calculate differential decay rates at low energies, but predictions of integrated rates are not possible within standard χP T . A study of the differential decay rates of τ decaying to two and three pions was done in ref. [4] using standard χP T . The more problematic resonance region in the two meson decay mode has been theoretically studied using vector meson dominance [5, 6] or unitary techniques [7]. Here we will try to apply the form factors obtained in ref. [1] to calculate the decay rates of the decays τ^− → π^−π^0ν_τ and τ^− → K^−K^0ν_τ . The fact that in these decay modes only the I = 1 current is involved is useful since from the two pion decay mode data one can extract the pion form factor free from the I = 0 contamination due to the ρ-ω mixing.

The other observables to be studied in this paper are the anomalous magnetic moment of the muon a_μ ≡ (g_μ − 2)/2, the running of the effective coupling constant of QED and the muonium hyperfine splitting. The anomalous magnetic moment of the muon provides one of the most precise tests of the Standard Model (SM). The evaluation of a_μ within the SM has three sources: QED, electroweak (EW) and hadronic. Recently, the E821 BNL experiment obtained an experimental value which presented a 2.6 σ deviation from the SM calculation. This discrepancy can be interpreted as a signal of new physics and it has stimulated a lot of publications in the last year. However, recent reevaluations [8, 9, 10] of the pseudoscalar pole contribution to a_μ, correcting a mistake in its sign, reduce the discrepancy to 1.6 σ. The different SM contributions and also some possible sources of discrepancy based on supersymmetric loop effects are scrutinized in [11]. The hadronic contribution provides the main source of error in the confrontation between theory and experiment. In fact, a first principle QCD calculation is not available, and one has to resort to the use of dispersion relations relating the anomaly to the cross section for production of hadrons in e^+e^− annihilations. There is a large amount of such kind of analysis (see [12] and references therein). They find that the hadronic contribution is dominated by the low energy regime, being the ρ contribution about a 72% of the total hadronic effect (the weight of the different energy regions can be seen for instance in figure 6 of ref. [13]). Our aim here is to study the pion and kaon contribution to the hadronic part of a_μ. The pion contribution to this magnitude and to the running of the effective structure coupling is studied also in ref. [14] making use of elastic unitarity in the two pion channel.

Another magnitude to study in this paper is the effect of pions and kaons in the running of the effective coupling of QED. A good knowledge of this parameter is crucial in precision physics since it is one of the basic input parameters of the SM. The vacuum polarization effects are responsible for a partial screening of the fine structure constant in the Thomson limit, while at higher energies the strength of the electromagnetic interaction increases. Vacuum polarization is dominated by the QED contribution which is very well known. Again, the problem is that the calculation of the low energy contributions of the loop of two quarks cannot be performed within perturbative QCD, and one has to resort again to dispersion relations and the analysis of e^+e^− data. Recently the different hadronic contributions have been reevaluated with such techniques [13, 15].

Finally we also study in section 5 the effect of pions and kaons in the muonium hyperfine splitting. The hyperfine structure of two-body systems has attracted the interest of both experimentalists and theoreticians since it provides precise tests of bound-state QED and accurate determinations of fundamental constants like the muon to electron mass ratio. Theoretically the case of muonium is interesting since it has not the problem of proton structure present in other two-body atomic systems like the hydrogen, and it has been measured very precisely despite the short muon lifetime. As in the former observables, the hadronic contributions are the main theoretical problem and are evaluated through an analysis of e^+e^− data using dispersion relations. Recent analysis can be found in [15, 16]. In the first reference the muon to electron mass ratio is also determined in very good agreement with the experimental value.

2 Pion and kaon vector form factors

In this section we briefly review the calculation of the pion and kaon vector form factors done in ref. [1]. These form factors are the necessary information to estimate the contributions of the aforementioned mesons to the muon anomalous magnetic moment, the running of the effective fine structure constant and the muonium hyperfine splitting, and to calculate the branching ratios of the τ decay to such mesons. The approach of reference [1] calculates the final state interaction corrections to the tree level amplitudes, calculated from lowest order χP T [3] and from the inclusion of explicit resonance fields [17], while matching with the χP T vector form factors calculated at nextto-leading order [3]. In [1] it is shown that starting from the unitarity of the S-matrix for definite isospin and using matrix notation (since the pion and kaon channels couple in I = 1) it is possible to write the following equation for the form factor F (s):

ImF^I (s) = Q̃(s)^{−1} · T^I (s) · Q(s) 8π √ s · Q̃(s) · F^{I∗}(s) (1) where Q(s)_{ij} = √ s/4 − m^2_i θ(s − 4m^2_i )δ_{ij} , Q̃(s)_{ij} = √ s/4 − m^2_i δ_{ij} and T (s) is a matrix containing the meson-meson scattering amplitudes. In the I = 1 channel we have pions, kaons and the ρ resonance, while in the I = 0 channel we have kaons and the ω and ϕ resonances.

If one uses in the former equation the T -matrix expression provided by the N/D method adapted to the chiral framework (see ref. [18]), it is possible to show that the form factor must have the form:

F^I (s) = [1 + Q̃(s)^{−1} · K^I (s) · Q̃(s) · g^I (s)]^{−1} · R^I (s) (2) where K^I (s) is a matrix collecting the tree level meson-meson scattering amplitudes^1, g^I (s) is the diagonal matrix given by the loop with two meson propagators (see ref. [18]) and R^I (s) is a vector whose components are functions free of any cut.

To fix these unknown functions we take a look at the large N_c limit of eq. (2). In this limit loop physics is suppressed, therefore from eq. (2) we find that F^I_N leading_c (s) = R_N leading_c (s) = F^I_t (s), where F^I_t (s) is the tree level form factor^2. Once the N_c-leading part of R^I (s) is known only its subleading part remains to be fixed. This part should be a polynomial since it has no cuts and the poles coming from the resonances are already included in the leading part. If we further require that the form factors of eq. (2) vanish in the limit s → ∞ we find that the polynomials are in fact constants.

At this moment there are several unknown parameters: the R^I_{subleading} , the d^I_i parameters appearing in the g^I (s) matrix (see refs. [1, 18]) and also the bare masses of the resonances. The bare masses of the resonances can be fixed by the requirements that the moduli of the scattering amplitudes have a maximum at the energy √ s = M^{physical} resonance , and the rest of the parameters

are fixed by matching our results with the ones of χP T vector form factors at the one loop level in the chiral counting applied to both schemes. Finally, the isospin violation effects can be introduced via the ρ-ω mixing.

This method provides a good description of the pion and kaon form factors up to 1.2 GeV and compares very well with the two-loop χP T prediction of [4, 19]. For higher energies the effect of other channels like ωπ, 4π, etc., and other resonances (ρ^′ , ρ^{′′} , ω^′ , ϕ^′ , etc.) becomes relevant. The inclusion of these resonances is straightforward in the formalism, but since their masses and couplings are not well known they lead to a big number of free parameters.

It is worth saying that, although we use exactly the same expressions for the form factors as in [1], in the calculations here we use different values for some parameters. The value of f = 87.4 MeV used in [1] was calculated from eq. (7.14) of the last reference in [3], relating f_π and f. Here we have recalculated that relation starting from eq. (7.13) of the former reference and using the experimental value of ⟨r^2⟩^π_S , thus obtaining f = 86.6±0.5 MeV. For F_V we use the value F_V = 153 ± 4 MeV from the ρ decay to e^+e^−. Finally, in [1] we used G_V = 53 MeV. This value was taken from an estimation of the chiral corrections in the vector form factor by means of vector meson dominance plus one loop χP T corrections. Since our approach includes the former evaluation but also higher orders in the χP T expansion we have fitted this value to better reproduce the experimental data of the pion form factor, finding a value of G_V = 55.52 ± 0.12 MeV. The errors in the results quoted

1Calculated from lowest order χP T [3] plus s-channel vector resonance exchange contributions [17]

2The tree level form factors are also evaluated using the lowest order χP T Lagrangian [3] plus the chiral resonance Lagrangian [17]

in the following sections are obtained by summing in quadrature the errors from the uncertainties in each of the fundamental parameters f, F_V , G_V .

3 τ decay to π^−π^0ν_τ and to K^−K^0ν_τ

In this section we apply the form factors calculated on the previous section to the calculation of the branching ratios of the decays τ^− → π^−π^0ν_τ and τ^− → K^−K^0ν_τ . Let us start with τ^− → π^−π^0ν_τ . Its amplitude can be calculated using standard techniques and one has:

Γ(τ^− → π^−π^0ν_τ ) =

G^2_F cos^2 θ_c 384π^3 m^3_τ

∫_m2_τ

4m^2_π dp^2 ( 1 − p^2 m^2_τ

)_2 ( 1 + 2p^2 m^2_τ

)_2

( 1 − 4m^2_π p^2 )_{3/2} |F_π(p^2)|^2 (3)

We expect to obtain a rather good result for the total width in spite of not having a very good description of the pion form factor up to s = m^2_τ since the neutrino ν_τ carries in average a sizeable fraction of the energy and hence there is a smaller energy left for the ππ system, and furthermore the form factor is dominated by the ρ resonance which is well described in our model. For energies close to the τ mass the form factor is very small and the contribution of this region is not so relevant. In ref. [1] our pion form factor is compared to the experimental one obtained from an analysis of tau decay data. The result we get for the integrate width is:

Γ(τ^− → π^−π^0ν_τ ) = (5.5 ± 0.3) · 10^{−10} MeV BR = 0.244 ± 0.012 (4)

to be compared to the PDG value Γ(τ^− → π^−π^0ν_τ )/Γ^{tot}_τ = (25.40 ± 0.14)% [20]. The agreement between this value and our calculation is remarkable.

Now we can study the decay of the τ lepton to a pair of kaons. In this case we do not expect a priori such a good result. On one hand the threshold of production of kaons, around 1 GeV, where the I = 1 pion vector form factor calculated in ref. [1] begins to deviate from data. On the other hand, the ϕ resonance, which dominates the kaon form factor for such energies, does not show up here because only the I = 1 part contributes. As pointed out in the previous section, our approach can be improved with the inclusion of more massive vector resonances, such as the ρ^′(1450), ρ^{′′} and so on [20]. However, one has to face then the problem that for these energies channels like 4π, ωπ, etc... are no longer negligible and indeed dominate the width of the latter resonances. As a result we should include more free parameters to describe these resonances, such as couplings, widths, etc..., which makes us decide not to include these resonances and see what comes out with our previous calculation. The width of the process is then given by:

Γ(τ^− → K^−K^0ν_τ ) =

G^2_F cos^2 θ_c 768π^3 m^3_τ

∫_m2_τ

4m^2_K ds ( 1 − s m^2_τ

)_2 ( 1 + 2s m^2_τ

)_2

( 1 − 4m^2_K s )_{3/2} |F_K (s)|^2 (5)

We get the following result:

Γ(τ^− → K^−K^0ν_τ ) = (2.8±0.4)·10^{−12} MeV BR = (1.25±0.13)·10^{−3} (6)

to be compared to the PDG value for the branching ratio of (1.55±0.17)·10^{−3} [20]. Our result is a bit lower than the experimental one but still in agreement within errors.

We have also studied the invariant mass distribution of the KK̄ system. The results are plotted in fig 1, from were we can see that although the integrated width seems a bit low, our mass distribution is compatible with present data in shape and strength.

4 Anomalous magnetic moment of the muon

The anomalous magnetic moment of the muon can be calculated and measured with high accuracy, providing an extraordinary test of the electroweak theory. Any residual difference between the sum of the Standard Model (SM) contributions and the experimental value a^{exp}_μ will be indicative of new physics. This observable is being widely studied nowadays and many works have appeared recently because the last experiment performed at Brookhaven [23] has obtained a value higher than most of the SM predictions:

a^{exp}_μ = 11659202(14)(6) · 10^{−10} (7)

The theoretical calculation contains terms of different origin. We may write a^{th}_μ as a sum of the QED, weak and hadronic contributions. It is important to assess accurately these contributions in order to see if a new contribution from extensions of the SM is needed.

Figure 1: KK̄ invariant mass distribution for the decay τ^− → K^−K^0ν_τ . Solid line: our calculation; dashed histogram from ref. [21]. Data and solid histogram from [22].

Figure 2: Leading hadronic vacuum polarization contribution to a_μ. The ”blob” represents the irreducible photon self-energy.

Our aim here is to study the pion, charged kaon and neutral kaon contributions to the hadronic part of a_μ. The leading hadronic contribution to a_μ is due to the photon vacuum polarization insertion into the diagram of the electromagnetic vertex of a muon, shown in fig 2. This contribution can be calculated in terms of the experimental cross section σ_{had}(e^+e^− → hadrons) by using dispersion relations [24, 25, 26]:

a^{had}_μ = ( α(0)m_μ 3π )_2 ∫_∞

4m^2_π ds s^2

R(s)K̂(s), with R(s) = 3s 4πα^2(s) σ(e^+e^− → hadrons) (8)

4 where the K̂(s) function is [27]:

K̂(s) = 3s m^2_μ

K(s) where K(s) = x^2 2 (2 − x^2) +

(1 + x^2)(1 + x)^2

x^2 ( ln(1 + x) − x + x^2 2 ) + + 1 + x 1 − x x^2 ln(x); with x ≡ 1 − β_μ(s) 1 + β_μ(s)

; β_μ(s) = √ 1 − 4m^2_μ/s (9)

Since K̂(s) grows smoothly, the integral is dominated by the low energy region.

We have now all the ingredients to calculate the pionic and kaonic contributions. The cross section σ(e^+e^− → π^+π^−) is:

σ(e^+e^− → π^+π^−) = πα^2σ^3_π 3s |F_π(s)|^2 (10)

where σ_π = √ 1 −^{4m2π}_s . Finally the integral we have to calculate is:

a^{ππ}_μ = ( α(0)m_μ 6π )_2 ∫_{Λ2}

4m^2_π ds s^2 σ^3_π|F_π(s)|^2K̂(s) (11)

The results we get for different values of the cut off Λ are given in table 1. They are to be compared to results coming from experimental analysis in the region 0.320 GeV ≤ √ s ≤ 2.125 GeV: (500.81 ± 6.03) × 10^{−10} [28] and (510 ± 5.3) × 10^{−10} [29]. The agreement between our prediction and the experiment is remarkable. We also agree with the theoretical estimation done in [14]. The recent analysis of reference [12] gives for the pion contribution in the region 4m^2_π ≤ s ≤ 0.8 GeV^2 a value of a^{ππ}_μ = (479.46 ± 6.07) × 10^{−10}, while in the same energy interval we find (490 ± 18) × 10^{−10}, in agreement with that reference.

The calculation for the kaons is analogous to the former one. We obtain for a value of the cut-off Λ=1.2 GeV the values of a^{K+K−}_μ × 10^{10} = 18.1 ± 1.0 and a^{K0K̄0}_μ × 10^{10} = 10.7 ± 0.6.

The analysis of data done in ref. [28] gives the values a^{K+K−}_μ × 10^{10} = 4.30 ± 0.58 and a^{K0K̄0}_μ × 10^{10} = 1.20 ± 0.42 in the region 1.055 GeV ≤ √ s ≤

Λ(GeV) 1.1 1.2 1.3 1.4 2.1 a^{ππ}_μ × 10^{10} 512 ± 19 515 ± 20 516 ± 20 517 ± 20 518 ± 20

Table 1: Values of a^{ππ}_μ obtained for different values of the cut off.

2.055 GeV for K^+K^− and 1.090 GeV ≤ √ s ≤ 2.055 GeV for K^0K̄^0. We have integrated also in these intervals of energies, finding a^{K+K−}_μ ×10^{10} = 3.2±0.3 and a^{K0K̄0}_μ ×10^{10} = 0.233±0.013. Our values are lower but this is not strange since in this region of energies there are more resonances and channels that are not considered in our approach, so that our form factors are not too accurate for energies higher than 1.2 GeV, specially in the kaon case. In any case the biggest contribution comes from energies close to the ϕ peak, therefore it is more interesting to compare our results in the region where the ϕ resonance dominates the form factor. In reference [28] the contribution of the ϕ resonance to a^{had}_μ was studied in the region 1.000 GeV ≤ √ s ≤ 1.055 GeV, giving a value a^ϕ_μ ×10^{10} = 39.23±0.94. This has the contribution not only from K^+K^− and K^0K̄^0 pairs but also from other decay channels of the ϕ as the π^+π^−π^0, ρπ, etc. The K^+K^− branching ratio is 49.2% and the K^0K̄^0 one is 33.8%. We have then that the total branching ratio of ϕ → KK̄ is 83%. Since these partial widths are also related to the form factor, we can make an estimation of the contribution of kaons in this range of energies by multiplying the ϕ contribution by 0.83, obtaining in this way a kaon contribution of approx. 32.6 × 10^{−10}. Carrying out the integral with our form factor in this region of energies we find a^{K+K−}_μ × 10^{10} = 16.3 ± 0.8 and a^{K0K̄0}_μ × 10^{10} = 10.3 ± 0.5, which give a total kaon contribution of (26.5 ± 1.5) × 10^{10}, close to the former estimation. The fact that we do not get very good values in the case of the ϕ is not surprising since there are long standing problems related to these resonance like the Γ(ϕ → K^+K^−)/Γ(ϕ → K^0K̄^0) problem [30], and in the calculation of the widths the kaon vector form factor is also involved.

5 π and K contributions to the running effective fine structure constant and the muonium hyperfine splitting.

In this section we estimate the pion and kaon contributions to the running of the fine structure constant and to the muonium hyperfine splitting. The effective structure constant at scale √ s is given by:

Λ(GeV) 1.1 1.2 1.3 1.4 2.1 Δα_π+_π− (M^2_Z ) × 10^4 33.9 ± 1.4 34.3 ± 1.5 34.5 ± 1.5 34.7 ± 1.5 35.1 ± 1.6

Table 2: Values of Δα^{π+ π−} (M^2_Z ) obtained for different values of the cut off.

α(s) = α 1 − Δα(s) (12)

where α is the fine structure constant and Δα is the photon vacuum polarization contribution. The hadronic contribution to the photon vacuum polarization corresponds to the ”blob” in fig. 3.

Figure 3: Hadronic contribution to photon vacuum polarization.

The low energy contribution to the hadronic part cannot be calculated from perturbative QCD, but it can be related to the e^+e^−-annihilation data by using dispersion relations and the optical theorem [31, 32], as it is usually done in the case of a_μ. The corresponding expression can be written in the form of eq. 8 but replacing a^{had}_μ by Δα_{had}(M^2_Z ), and the function K(s) (defined in eq. 9), by

K_α(s) = π α M^2_Z M^2_Z − s

(13)

Using this equation we get the results shown in table 5. This results are to be compared with the result coming from experimental analysis in the region 0.320 GeV ≤ √ s ≤ 2.125 GeV: (34.31 ± 0.38) × 10^{−4} [28] . As we can see, we have a good agreement with the experiment and also with the calculation done in ref. [14]. Also, in the region 4m^2_π ≤ s ≤ 0.8 GeV^2 we get Δα_π+_π− (M^2_Z ) = 31.7 ± 1.3, in agreement with the recent estimation of [15] Δα_π+_π− (M^2_Z ) = 31.45 ± 0.23.

We can evaluate in the same way the kaon contribution. We obtain for a cut-off of Λ = 1.2 GeV the values Δα_K+_K− (M^2_Z ) = (2.43 ± 0.13) × 10^{−4} and Δα_K0¯_K0 (M^2_Z ) = (1.42 ± 0.07) × 10^{−4}. The experimental data analysis of ref. [28] in the region 1.055 GeV ≤ √ s ≤ 2.055 GeV for K^+K^− and

1.090 GeV ≤ √ s ≤ 2.125 GeV for K^0K̄^0, where the ϕ region is excluded, gives Δα_K+_K− (M^2_Z ) = (0.85 ± 0.10) × 10^{−4} and Δα_K0¯_K0 (M^2_Z ) = (0.23 ± 0.08) × 10^{−4} respectively. Carrying out the integration in the same energy regions we obtain Δα_K+_K− (M^2_Z ) = (0.65 ± 0.07) × 10^{−4} and Δα_K0¯_K0 (M^2_Z ) = (0.0392 ± 0.0023) × 10^{−4}. As in the a_μ case our results for these intervals of energies are not so good as in the pion case and the reasons are identical.

We can also try to make an estimation of the kaon contribution in the ϕ region. Ref. [28] gives a ϕ contribution of Δα_ϕ(M^2_Z ) = (5.18 ± 0.12) × 10^{−4} for 1.000 GeV ≤ √ s ≤ 1.055 GeV, from where we estimate a value Δα^{KK̄}_ϕ (M^2_Z ) ≃ 4.3×10^{−4}. The integral in this region gives us Δα_K+_K− (M^2_Z ) = (2.15 ± 0.11) × 10^{−4} and Δα_K0¯_K0 (M^2_Z ) = (1.35 ± 0.07) × 10^{−4}. Hence the sum, as in the a_μ case, is a bit low.

Finally, we have studied also the contributions of pions and kaons to the muonium hyperfine splitting. The hadronic contribution to the hyperfine splitting of the muonium is given by the diagrams in figure 4. As in the previous cases, the hadronic blob must be evaluated and in order to do so one has to resort to dispersion relations.

Figure 4: Diagrams accounting for the hadronic contribution to the muonium hyperfine splitting.

The ground state hyperfine splitting is given also by eq. 8, but replacing there a^{had}_μ by ΔE_{had} in te LHS and the function K(s) (related to K̂(s) as established in eq. (9)) appearing there by (see [15, 16]):

K_{split}(s) = 16α^4m^3_R 3m^2_μ {( s 4m^2_μ + 3 2 ) log s m^2_μ − 1 2 − ( 2 + s 4m^2_μ ) β_μ(s)log

1 + β_μ(s) 1 − β_μ(s) }

(14)

where m_R is the reduced mass and β_μ(s) is defined in eq. (9).

As in the other cases, we have evaluated the pion contribution with different values of the cut-off, finding the results shown in table 5.

As we can see in table 5, the pion contribution barely depends on the value of the cut-off. Here we will compare with the analysis of the e^+e^− and τ decay experimental data done in ref. [15] in the interval 4m^2_π ≤ s ≤ 0.8 GeV^2: Δν(Hz) = 152.9 ± 1.8. Our prediction in the same energy region is Δν_{ππ} (Hz) = 154 ± 6, in perfect agreement with the former estimate. In the case of the kaons we will only give here the result obtained with a cutoff of Λ = 1.2 GeV since this is the region in which the kaon form factor

Λ(GeV) 1.1 1.2 1.3 1.4 2.1 Δν_π+_π− (Hz) 162 ± 6 163 ± 6 163 ± 6 164 ± 6 164 ± 6

Table 3: Values of Δν_π+_π− (Hz) obtained for different values of the cut off.

is well reproduced. The values obtained are Δν_K+_K− (Hz) = 6.2 ± 0.3 and Δν_K0¯_K0 (Hz) = 3.7 ± 0.2, and we expect our results to be also a bit low compared to the data, as in the former cases when studying the kaon contribution.

6 Conclusions

We have applied the formalism developed in [1] to describe the pion and kaon vector form factors accounting for unitarity in coupled channels to calculate the contributions of these two mesons to the decay of the τ lepton and to the hadronic part of the anomalous magnetic moment of the muon, the running of the fine structure constant and the muonium hyperfine splitting at low energies where a calculation within perturbative QCD is not available. The evaluation of the branching ratios of the decays τ → π^−π^0ν_τ and τ → K^−K^0ν_τ are in good agreement with the experiment, although the calculations need a good description of the I = 1 form factors of the mesons up to 1.7 GeV, while the description of the form factors done in [1] is only good up to 1.2 GeV, due to the opening of more channels and the presence of more resonances at these energies that are not taken into account there. The previous agreement is found because the form factors are dominated by the ρ resonance, having small values at high energies, and thus giving a larger weight to the low energy region where our description of the form factor is good.

We have also evaluated the pion and kaon contribution (in the low energy region) to the anomalous magnetic moment of the muon, the running of the QED effective coupling and the muonium hyperfine splitting. The results obtained for the pion are good when compared to the available experimental data analyses. However, in the case of the kaons our values are a bit lower than expected, and this can be due to the fact that the description of the kaon form factors employed here is done in the isospin limit, using an averaged value for the kaon mass (we use the physical values of m_K+ and m_K0 for phase space considerations). It is also worth noting that the kaon form factor is essential in the Γ(ϕ → K^+K^−)/Γ(ϕ → K^0K̄^0) problem which is not yet understood (see [30]).

We want also to stress that the rather large errors that we get in our estimations are mainly due to the value of the F_V parameter appearing in the chiral resonance Lagrangians [17], which is fixed by the ρ → e^+e^− decay. More accurate measurements of these quantity will thus be most interesting. Finally, it is worth saying that within the formalism of ref. [1] the inclusion of another octet of vector resonances is straightforward, although it leads to a rather large amount of free parameters (new F_V and G_V parameters, bare masses and initial widths in the resonance propagators, since we do not take into account all the relevant channels at that energies), thus loosing the predictive power of the approach.

7 Acknowledgements

Useful discussions and careful reading by E. Oset, J. A. Oller and A. Pich are most acknowledged. I want to acknowledge financial support from Ministerio de Educación, Cultura y Deporte. This work is also supported by DGICYT contract number BFM2000-1326 and the EU EURODAPHNE network, contract ERBFMRX-CT98-0169.

References

[1] J. A. Oller, E. Oset and J. E. Palomar, Phys. Rev. D 63, 114009 (2001) [hep-ph/0011096].

[2] E. Braaten, Phys. Rev. Lett. 60 (1998) 1606

E. Braaten, S. Narison and A. Pich, Nucl. Phys. B373 (1992) 581

[3] J. Gasser and H. Leutwyler, Ann. Phys. (NY) 158 (1984) 158.

J. Gasser and H. Leutwyler, Nucl. Phys. B250 (1985) 465, 517, 539. [4] G. Colangelo, M. Finkemeier and R. Urech, Phys. Rev. D 54, 4403 (1996) [hep-ph/9604279].

[5] M. Finkemeier and E. Mirkes, Z. Phys. C 69, 243 (1996) [arXiv:hepph/9503474].

[6] J. H. Kuhn and A. Santamaria, Z. Phys. C 48, 445 (1990).

[7] L. Beldjoudi and T. N. Truong, Phys. Lett. B 351, 357 (1995) [arXiv:hep-ph/9411423].

[8] M. Knecht and A. Nyffeler, arXiv:hep-ph/0111058.

[9] M. Knecht, A. Nyffeler, M. Perrottet and E. De Rafael, arXiv:hepph/0111059.

[10] M. Hayakawa and T. Kinoshita, arXiv:hep-ph/0112102. [11] A. Czarnecki and W. J. Marciano, Phys. Rev. D 64, 013014 (2001) [arXiv:hep-ph/0102122].

[12] S. Narison, Phys. Lett. B 513, 53 (2001) [arXiv:hep-ph/0103199]. [13] F. Jegerlehner, arXiv:hep-ph/0104304.

[14] A. Pich and J. Portoles, Phys. Rev. D 63, 093005 (2001) [hepph/0101194].

[15] S. Narison, arXiv:hep-ph/0108065.

[16] A. Czarnecki, S. I. Eidelman and S. G. Karshenboim, arXiv:hepph/0107327.

[17] G. Ecker, J. Gasser, H. Leutwyler, A. Pich and E. de Rafael, Phys.

Lett. B223 (1989) 425; G. Ecker, J. Gasser, A. Pich and E. de Rafael, Nucl. Phys. B321 (1989) 311.

[18] J. A. Oller and E. Oset, Phys. Rev. D60 (1999) 074023. [19] J. Gasser and Ulf-G. Meißner, Nucl. Phys. B357 (1991) 90. [20] D. E. Groom et al. [Particle Data Group Collaboration], Eur. Phys. J.

C 15, 1 (2000).

[21] R. Barate et al., The European Physical Journal C4, 29-45 (1998) [22] T. E. Coan et al. [CLEO Collaboration], Phys. Rev. D 53, 6037 (1996). [23] H. N. Brown et al., [hep-ph/0102017].

[24] C. Bouchiat and L. Michel, J. Phys. Radium 22 (1961) 121. [25] L. Durand, III., Phys. Rev. 128 (1962) 441.

[26] M. Gourdin and E. de Rafael, Nucl. Phys. B10 (1969) 667. [27] S. Eidelman and F. Jegerlehner, Z. Phys. C67, 585 (1995). [28] R. Alemany, M. Davier and A. Höcker, The European Physical Journal C2, 123-135 (1998).

[29] S. Anderson et al. [CLEO Collaboration], Phys. Rev. D 61, 112002 (2000) [hep-ex/9910046].

[30] A. Bramon, R. Escribano, J. L. Lucio and G. Pancheri, Phys. Lett.

B486 (2000) 406-413 [hep-ph/0003273].

[31] F. A. Berends and G. J. Komen, Phys. Lett. 63B (1976) 432;

E. A. Paschos, Nucl. Phys. B159 (1979) 285;

J. Ellis, M. K. Gaillard, D. V. Nanopoulos and S. Rugaz, Nucl. Phys. B176 (1980) 61;

W. Wetzel, Z. Phys. C11 (1981) 117.

[32] N. Cabbibo and R. Gatto, Phys. Rev. Lett. 4 (1960) 313, Phys. Rev.

124 (1961) 1577.