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Perturbative: (mq=0)
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Perturbative: (mq=0)
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Similar predictions for and the moments, , ,, ,V A SR R Rτ τ τ
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The non-perturbative contribution to Rτ can be obtained
from the invariant-mass distribution of the final hadrons: 

NP 0.004 0.002δ = − ± ALEPH, CLEO, OPAL
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(ALEPH  2005), , ,1.787 0.013 ; 1.695 0.013 ; 3.482 0.014V A V AR R Rτ τ τ += ± = ± = ±

2( ) 0.345 0.010s mτα = ±

2( ) 0.1215 0.0012Zs Mα = ±
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2( ) 0.1186 0.0027Z Zs Mα = ±

The most precise test of
Asymptotic Freedom
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(k,l) ALEPH OPAL

(0,0) 0.39 ± 0.14 0.26 ± 0.12

(1,0) 0.38 ± 0.08 0.28 ± 0.09

(2,0) 0.37 ± 0.05 0.30 ± 0.07

(3,0) 0.40 ± 0.04 0.33 ± 0.05

(4,0) 0.40 ± 0.04 0.34 ± 0.04

StrangeStrange SpectralSpectral FunctionFunction:  SU(3) :  SU(3) BreakingBreaking
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Longitudinal contribution determined through data:

• Kaon pole (fK) (dominant J=0 contribution)

• Pion pole (fπ)

• (Kπ)J=0 (S-wave Kπ scattering)

• …

Smaller uncertainties

Known to s
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J=0 ms(2 GeV) = 0.094 (6)

200
,th 0.1544 (37) 9.3 (3.4) 0.0034 (28) 0.240 (32)sR mτδ ≡ + + =
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Large uncertainty from Vus

Strong sensitivity to Vus

Jamin

OPAL       dataτ
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Gámiz-Jamin-Pich-Prades-Schwab
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Gámiz-Jamin-Pich-Prades-Schwab
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Gámiz-Jamin-Pich-Prades-Schwab
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Gámiz-Jamin-Pich-Prades-Schwab

The τ could give the most precise Vus determination
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A simultaneous ms &  Vus fit could be possible

However:

Perturbative QCD corrections need to be better understood (CIPT)

Δ00(αs)L+T = 0.753 + 0.214 + 0.065 – 0.063 + …

Δ10(αs)L+T = 0.912 + 0.334 + 0.192 + 0.069 + …

Δ20(αs)L+T = 1.055 + 0.451 + 0.330 + 0.232 + …

Δ30(αs)L+T = 1.190 + 0.571 + 0.484 + 0.432 + …

Δ40(αs)L+T = 1.324 + 0.697 + 0.657 + 0.676 + …

Sizeable theoretical uncertainties

Resummations, pinched weights (Maltman & Wolfe), …

Not enough sensitivity with present data

Large correlations. Low statistics. Missing decay modes …
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ALEPH

Davier-Höcker-Zhang ‘05

Chen et al ’01 , J=0 included Moment ms(mτ)  [MeV]
(0,0) 192 ± 72
(1,0) 164 ± 31
(2,0) 137 ± 20
(3,0) 115 ± 17
(4,0) 100 ± 17

Gámiz et al ’03 , J=0 excluded
Taking Vus = 0.2225 (21) :
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Strong k dependence with ALEPH data    (ms decreases with increasing k)

Spectral function underestimated at large invariant masses

Missing events / modes (Kππ, Kπππ, …)

Much better behaviour with OPAL data:

τ → Kν from K → μν + OPAL:        

Moment ms(mτ)  [MeV]
(2,0) 89 ± 39
(3,0) 84 ± 27
(4,0) 78 ± 22

(0,0) Vus = 0.2208 (34) 

Gámiz et al ’05 , J=0 excluded

Vus = 0.2220 (33) 

( ) ( )( ) 84 23 MeV , (2 GeV) 81 22 MeVs sm m mτ = ± = ±
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K0π-

I.M. Nugent

B. Schwartz

Br(τ→KSπντ) = (0.391 ± 0.004stat ±0.014syst) %

Ongoing
data 

analysis

Huge number of τ+τ− events at the B  Factories
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The τ could give the most precise  Vus determination

SUMMARYSUMMARY

From LEP data  (low statistics) one gets:

Accuracy similar already to Kl3:       

exp th0.2220 0.0031 0.0011usV = ± ±

[0.2234 0.00 (0) 0.97 0.01]24usV f+ = ±= ±

Interesting challenge for the B  Factories &  BESIII
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