arXiv:0905.3568v1 [hep-ex] 21 May 2009

Recent Results From BaBar in τ Physics

Mateusz Lewczuk [BaBar Collaboration]

Dept. of Physics and Astronomy, University of Victoria, P.O. Box 3055, Victoria, B.C., V8W 3P6, Canada

1. Abstract The BaBar collaboration has accumulated over 400 million τ-pairs which can be used to study charged leptonic and hadronic weak currents to unprecedented precision. This note presents results on lepton universality, measurements of |V_{us}|, and searches for τ decays which violate lepton flavour conservation, or τ decays that proceed through a suppressed second class current.

2. Lepton Universality Under lepton universality it is assumed that the charged weak coupling between the leptons and the gauge bosons is the same for all generations of leptons. The τ − μ universality is determined with ( g_τ g_μ )_2 = B(τ^− → π^−ν_τ ) B(π^− → μ^−ν̄_μ)

2m_πm^2_μτ_π δ_{τ /π}m^3_τ τ_τ ( 1 − m^2_μ/m^2_π 1 − m^2_π/m^2_τ

)_2 , ( g_τ g_μ )_2 = B(τ^− → K^−ν_τ ) B(K^− → μ^−ν̄_μ)

2m_K m^2_μτ_K δ_{τ /K} m^3_τ τ_τ ( 1 − m^2_μ/m^2_K 1 − m^2_K /m^2_τ

)_2 , where the B(τ^− → π^−ν_τ ) and B(τ^− → K^−ν_τ ) branching fractions are measured by BaBar, m_τ is the τ mass τ_τ is the τ lifetime τ_π/τ_K and m_π/m_K are the π/K lifetimes and masses, respectively, and δ_{τ /π} and δ_{τ /K} are radiative corrections [2]. BaBar measures |^{gτ}_{gμ} | = 0.9859 ± 0.0057 and |^{gτ}_{gμ} | = 0.9836 ± 0.0087 using τ^− → π^−ν_τ , and τ^− → K^−ν_τ respectively.

Similarly, the μ − e universality is determined with ( g_μ g_e )_2 = B(τ^− → μ^−ν̄_μν_τ ) B(τ^− → e^−ν̄_eν_τ ) f(m^2_e/m^2_τ ) f(m^2_μ/m^2_τ ) where^{B(τ − →μ−ν̄μντ )} B(τ^−→e^−ν̄_eν_τ ) = 9.796±0.016±0.035 [1] is measured by BaBar and f(x) = 1−8x+8x 3−x^4−12x^2logx, where the mass of the neutrino is assumed to be zero. The ratio |^{gμ}_{ge} | is measured to be 1.0036 ± 0.0020 which is consistent with the previous world average 1.0000 ± 0.0020 [3]. It is possible to use this result to determine the total hadronic branching fraction of the τ, B_{τ,had} = (64.823 ± 0.059)%, assuming μ − e universality [4].

3. |V_{us}| The unitarity of the CKM matrix requires, V^2_{ud} + V^2_{us} + V^2_{ub} = 1, where V_{ud}, V_{us}, and V_{ub} are the mixing amplitudes between the up quark and the down, strange and bottom quarks, respectively. From this equation its is possible to predict V_{us} = √ 1 − |V_{ud}|^2 − |V_{ub}|^2 = 0.2262 ± 0.0011 using V_{ub} = 0.00359 ± 0.00016 and V_{ud} = 0.97408 ± 0.00026 [5], which is a recent value determined from super allowed β decays that is consistent with, and more precise than, the PDG world average.

Decay Mode Branching Fraction (%) K^−ν_τ 0.69 ± 0.010 K^−π^0ν_τ 0.426 ± 0.016 [7] K̄0π−ν_τ 0.835 ± 0.022 [8, 9] K^−π^0π^0ν_τ 0.058 ± 0.024 [10] K̄0π0π−ν_τ 0.360 ± 0.040 [10] K^−π^−π^+ν_τ 0.290 ± 0.018 [11, 12] K^−ην_τ 0.016 ± 0.001 [13] (K̄3πν_τ )^−(estimated) 0.074 ± 0.030 [14] K_1(1270)ν_τ → K^−ων_τ 0.067 ± 0.021 [14] (K̄4πν_τ )^−(estimated) 0.011 ± 0.007 [14] K^{∗−}ην_τ 0.014 ± 0.001 [13] K^−ϕν_τ 0.0037 ± 0.0003 [11, 15] Total 2.8447 ± 0.0688

Table 1. This table displays the branching fractions values for strange τ decays used in determining the total τ to strange branching fraction for the inclusive |V_{us}| measurement.

3.1. Determining V_{us} from inclusive strange τ decays BaBar has recently measured B(τ^− → K^−π^0ν_τ ), B(τ^− → K^−π^−π^+ν_τ ), B(τ^− → K^−ϕν_τ ), and B(τ^− → K̄0π−ν_τ ) (see Table 1). These decays contribute to the total strange branching fraction of the τ. The total strange τ branching fraction can be used to determine the |V_{us}| mixing element within the framework of the Operator Product Expansion (OPE), and Finite Energy Sum Rules (FESR) [6]. In this approach the matrix element |V_{us}| is defined according to

|V_{us}| = √ R_{τ,strange}/ [ R_{τ,non−strange} |V_{ud}|^2

− δR_{τ,theory} ] , where δR_{τ,theory} is a correction factor that accounts for differences in the strange and non-strange τ decays, |V_{ud}| is determined from super allowed β decays [5], and R_{τ,strange}, and R_{τ,non−strange} are the total strange and non-strange branching fraction ratios of the τ lepton respectively, normalized to the B(τ^− → e^−ν̄_eν_τ ). The total strange branching fraction of the τ is determined from the values shown in Table 1, and the non-strange branching fraction is taken from B_{τ →non−strange} = B_{τ →hadrons} − B_{τ →strange} where B_{τ →hadrons} is determined in accordance with lepton universality as discussed in the previous section. Using the above equation and the results in Table 1, we obtain |V_{us}| = 0.2159 ± 0.0030 which is below the value |V_{us}| = 0.2262 ± 0.0011, estimated from CKM unitarity and super allowed β decays.

3.2. Determining |V_{us}| from B(τ^− → K^−ν_τ )/B(τ^− → π^−ν_τ ) An alternative method for determining |V_{us}| from τ decays is by studying the ratio of B(τ^− → K^−ν_τ )/B(τ^− → π^−ν_τ ). In this approach |V_{us}| is extracted from

B(τ^− → K^−ν_τ ) B(τ^− → π^−ν_τ ) = f^2_K |V_{us}|^2(1 −^{m2K}_{m2τ} )^2

f^2_π |V_{ud}|^2(1 −^{mpi2}_{m2τ} )^2 × δ_τ −_{→K}−_{ντ} δ_τ −_{→π}−_{ντ} ,

where B(τ^− → K^−ν_τ ) and B(τ^− → π^−ν_τ ) are measured branching fractions, the ratio of the K and π decay constants is f^2_K /f^2_π = 1.189 ± 0.007 [16], |V_{ud}| is from [5], and δ_τ −_{→K}−_{ντ} /δ_τ −_{→π}−_{ντ} = 1.0003 ± 0.0044 [4]. We obtain |V_{us}| = 0.2254 ± 0.0023, which is consistent with prediction.

Mode UL_{90} τ^− → e^−K^0_s 4.0 × 10^{−8} τ^− → μ^−K^0_s 3.3 × 10^{−8} τ^− → e^−ω 1.1 × 10^{−7} τ^− → μ^−ω 1.0 × 10^{−7}

Table 2. This table shows the 90% confidence level upper limit set by BaBar on the τ^− → l^−ω (l = e/μ) [19], and the preliminary results on τ^− → l^−K^0_s (l = e/μ).

4. Lepton Flavour Violation in τ Decays Lepton flavour violating (LFV) decays are expected in the Standard Model (SM) as well as new physics models. Rates for decays that violate lepton flavour in the SM are predicted to be many orders of magnitude lower than rates predicted in various new physics models [17]. Experimental limits can only access LFV predictions by new physics models, and so a detection of a LFV decay is a sign of new physics.

BaBar searches for LFV τ decays by looking for signal in a region defined by Δm = m_{rec} − m_τ ΔE = E_{rec} − √ s/2, where m_{rec} is the reconstructed mass of the signal channel, m_τ is the τ mass, E_{rec} is the reconstructed energy of the signal channel and √ s is the square root of the centre mass energy of the e^+e^− collision.

Since no neutrinos are present, a signal in an LFV decay is expected to peak at Δm and ΔE equaling 0.

BaBar has recently conducted searches for LFV in τ^− → l^−l^+l^− [18], τ^− → l^−ω [19], τ^− → l^−V^0 (where V^0 is either a ρ^0, K^{∗0}, K̄^{∗0}, or ϕ), and τ^− → l^−K^0_s (l = e/μ for all modes). The results for the τ^− → l^−l^+l^− mode show no signal and set the 90% confidence level upper limits on the branching fractions in the range 4 − 8 × 10^{−8} for the 6 LFV combinations of e/μ in the final state. Searches for the τ^− → l^−V^0 decays set the 90% confidence level upper limit on the branching fractions in the 1 − 18 × 10^{−8} range. The results for τ^− → l^−ω and τ^− → l^−K^0_s are shown in Table 2. All LFV searches see no signal and new 90% confidence level upper limits are assigned.

5. Second Class Currents in τ Decays Decays suppressed by G-parity conservation, are said to proceed through a second class current (SCC). The final states in τ decays can be classified as first class (favored) and second class (suppressed) according to their G partiy. The decay τ^− → X^−ν_τ , where X^− is an allowed mesonic state, is a first class state if the J^{PG} value of the decay product is J^{PG} = 0^{−−}, 1^{+−}, 1^{−+} and second class if J^{PG} = 0^{+−}, 1^{++}.

BaBar has conducted searches for SCC in the τ^− → ωπ^−ν_τ and τ^− → η^′(958)π^−ν_τ channels. The former decay has a first class and second class component. The first and second class components are seperated by analyzing the cos(θ_{πω}) distribution, where θ_{πω} is the angle between the spectator π and the normal to the ω decay plane. A data sample of 347fb^{−1}, is fitted with F (cosθ_{πω}) = N[(1 − ϵ)F^{F CC}_{LJ=11}(cosθ_{πω}) + ϵF^{SCC}_{LJ=01}(cosθ_{πω}), ] where ϵ is the fraction of the τ^− → ωπ^−ν_τ decays that proceed through a second class current. The fit returns ϵ = 5.5 ± 5.8^{+0.8}_{−5.5}, consistent with no second class current contribution. The 90% confidence level upper limit on the ratio of SCC to FCC is set at 0.69% [20].

Unlike the τ^− → ωπ^−ν_τ decay, the τ^− → η^′(958)π^−ν_τ decay proceeds entirely through a second class current. A search for this mode was conducted by fitting the π^+π^−η invariant mass in the region of the η^′(958) meson. The fit to a 384fb^{−1} data sample returned 19 ± 13 signal candidates. The 90% confidence level upper limit is set at 7.2 × 10^{−6} [21].

6. Conclusion The lepton universality measurements at BaBar are consistent with the values of the world averages. An estimate of |V_{us}| using new τ-decay measurements by BaBar and other experiments is found to be lower than the value obtained assuming CKM unitarity together with a new measurement of |V_{ud}| from βdecays. In comparison, |V_{us}| obtained from new BaBar measurements of B(τ^− → K^−ν_τ )/B(τ^− → π^−ν_τ ) are consistent with this value. More precise limits are set on LFV modes in the τ^− → l^−l^+l^−, τ^− → l^−ω τ^− → l^−V^0, and τ^− → l^−K^0_s decays. (l = e/μ for all modes). New upper limits are put on the second class current contribution to τ^− → ωπ^−ν_τ , and the τ^− → η^′(958)π^−ν_τ decay which proceeds entirely through a second class current.

[1] Charge conjugation is assumed throughout this paper.

[2] W. J. Marciano and A. Sirlin, Phys. Rev. Lett. 71, 3629 (1993); R. Decker and M. Finkemeier, Nucl. Phys. B 438, 17 (1995); R. Decker and M. Finkemeier, Phys. Lett. B 334, 199 (1994);

[3] A. Pich, Nucl. Phys. Proc. Suppl. 181-182, 300 (2008). [4] S. Banerjee [BaBar Collaboration], arXiv:0811.1429 [hep-ex].

[5] T. Eronen et al., Phys. Rev. Lett. 100, 132502 (2008) [Erratum-ibid. 100, 149902 (2008)] [arXiv:0712.3463 [nucl-ex]]. [6] E. Gamiz, M. Jamin, A. Pich, J. Prades and F. Shwab, JHEP 0301, 060 (2003); E. Gamiz, M. Jamin, A. Pich, J. Prades and F. Shwab, Phys. Rev. Lett. 94, 011803 (2005); K. Maltman and C.E. Wolfe, Phys. Lett. B 639, 283 (2006); K. Maltman and C.E. Wolfe, Phys. Lett. B 650, 27 (2007);

[7] B. Aubert et al. [BABAR Collaboration], Phys. Rev. D 76, 051104 (2007). [8] D. Epifanov et al., Phys. Rev. B 654, 65 (2007).

[9] B. Aubert et al. [BABAR Collaboration], arXiv:0808.1121 [hep-ex]. [10] W. M. Yao et al. [Particle Data Group], J. Phys. G 33, 1 (2006). [11] B. Aubert et al. [BABAR Collaboration], Phys. Rev. Lett. 100, 011801 (2008). [12] K. Inami, arXiv:0810.3464 [hep-ex].

[13] K. Inami, et al. [Belle Collaboration], arXiv0811:0088 [hep-ex].

[14] M. Davier, A. Hocker, and Z. Zhang, Rev. Mod. Phys. 78, 1043 (2006); S. Banerjee, PoS KAON, 009 (2008). [15] K. Inami, et al. [Belle Collaboration], Phys. Lett. B 643, 5 (2006).

[16] E. Follana, C. T. H. Davies, G. P. Lepage and J. Shigemitsu [HPQCD Collaboration and UKQCD Collaboration], Phys.

Rev. Lett. 100, 062002 (2008) [arXiv:0706.1726 [hep-lat]]. [17] W. Rodejohann, arXiv:0804.3925 [hep-ex].

[18] B. Aubert et al. [BABAR Collaboration], Phys. Rev. Lett. 99, 251803 (2007) [arXiv:0708.3650 [hep-ex]]. [19] B. Aubert et al. [BABAR Collaboration], Phys. Rev. Lett. 100, 071802 (2008) [arXiv:0711.0980 [hep-ex]]. [20] B. Aubert et al. [BaBar Collaboration], arXiv:0807.4900 [hep-ex].

[21] B. Aubert et al. [BaBar Collaboration], Phys. Rev. D 77, 112002 (2008) [arXiv:0803.0772 [hep-ex]].