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Outline
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High Precision Tests of SM and Search for New Physics

B-Factories are also τ-Factories: 
τ-pair and μ-pair production cross-section
Branching fractions for τ-decays
Tests of Lepton Universality
|Vus| from τ decays:

Exclusive measurement of the K pole
Ratio of Exclusive measurements of K/π pole
Inclusive Sum of Strange Branching Fractions

Search for Lepton Flavor and Lepton Number Violation
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Production and Decays
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At Υ(4S): e+e-➝Z*/γ➝τ+τ- . Also e+e-➝ Υ(nS) ➝τ+τ- for n = 2, 3
Production:

Decays:

|d’> = Vud|d> + Vus|s>

Including QED &
QCD corrections:



σ(ττ), σ(μμ) @ √s = 10.58 GeV

Revisiting Vacuum polarization
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•Incorporating new calculation (REPI) of vacuum 
polarization into KORALB & KK2F makes them agree...  

∆(σττ ) = 0.18%
∆(σµµ) = 0.22%

θCM∈[22º, 158º]

•Default implementation of vacuum polarization in KK2F 
    did NOT calculate the hadronic part for E < 40 GeV 
•New input on                                                                from 

BES (2 to 5 GeV, 2002), Crystal Ball (5 to 7.4 GeV, 1990)  

•Until 2007:



σ(ττ), σ(μμ) @ √s = 10.58 GeV

τ-pair and μ-pair cross-section at 10.58 GeV
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σ(ττ) σ(μμ) σcuts(μμ) σ(ττ)/σ(μμ)
Vacuum Polarization 0.18% 0.22% 0.22% 0.05%

Bremsstrahlung 0.20% 0.20% 0.20% 0.20%
Interference 0.04% 0.04% 0.04% 0.04%

Vertex Corrections 0.15% 0.15% 0.15% -
Vector Resonances 0.04% 0.12% 0.10% -

Total 0.31% 0.36% 0.35% 0.21%
• σ(e+e− → τ+τ−) = (0.919± 0.003) nb

• σ(τ+τ−)/σcuts(µ+µ−) = 1.100± 0.002
• σcuts(e+e− → µ+µ−) = (0.835± 0.003) nb
• σ(e+e− → µ+µ−) = (1.147± 0.004) nb

Swagato Banerjee, Bolek Pietrzyk, J. Michael Roney, Zbigniew WasPRD77, 054012 (2008)
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B-Factories are also τ-Factories
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τ-pair Event Topology
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Mandate
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http://www.slac.stanford.edu/xorg/hfag/tau/index.html

http://www.slac.stanford.edu/xorg/hfag/tau/index.html
http://www.slac.stanford.edu/xorg/hfag/tau/index.html
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Tau Mass
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Averaging Branching Fractions
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Most of the branching fractions are highly correlated.
Sources of correlation between the same experiment:

Track reconstruction ~ 1% for 1-vs-1 topology
Secondary vertex reconstruction ~ 1.5% for KS

Calorimeter bump reconstruction ~ 3% for π0

Particle identification ~ 2-4 %
Luminosity uncertainty ~ 1%

Sources of correlation between different experiments:
Tau-pair cross-section uncertainty ~ 0.36%
Uncertainty on Branching Fractions of backgrounds

➡Simultaneous averaging of all branching fractions
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Averaging Branching Fractions
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Global Fit performed on 151 measurements:
37 from ALEPH
2 from ARGUS
11 from BaBar
10 from Belle
1 from CELLO
35 from CLEO
6 from CLEO3
14 from DELPHI
2 from HRS
11 from L3
19 from OPAL
3 from TPC 

PDG was kind to provide 
“their” list of 124 measurements

from pre B-Factory era
used for their averages and global fits:  

 
THANKS!

Using these inputs, we are able to 
reproduce the PDG averages as well as

global fit values, errors and 
their S-Factor estimates to within ~10-5.
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Methodology
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PDG averages published results, subject to a cut off date.
HFAG also uses preliminary results, and tries to update 
at least once a year. Preliminary results not published 
over a long period of time (~2 years) are discarded.
HFAG tries to take into account correlations between 
measurements, as well as dependence on common 
external parameters such as tau-pair cross-section and 
background normalization errors between experiments.
As much as possible, HFAG tries to avoid inflating 
measured uncertainties using PDG-style scale factors to 
account for spread between the different measurements. 
Instead, a confidence level (CL) for the average is quoted.
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Special Handling of ALEPH inputs
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ALEPH quotes the correlation matrix for hadronic modes, 
but PDG translates the matrix into pion modes, which are 
obtained by subtracting the kaon contribution.  We use the 
total hadronic branching fraction also quoted in the paper. 
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B-Factory measurements in the Global Fit
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Quality of Global Fit
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Using pre B-Factory era measurements:
sum of all branching fractions from unconstrained fit

 = 0.2 σ lower than unity.
χ2 of unconstrained fit = 78.1/94 d.o.f. ⇒ CL = 88.2%
χ2 of constrained fit = 78.2/95 d.o.f. ⇒ CL = 89.5%

Including measurements from B-Factories era: 
sum of all branching fractions from unconstrained fit

 = 1.5 sigma lower than unity.
χ2  of unconstrained fit = 132.8/114 d.o.f. ⇒ CL = 11.0%
χ2 of constrained fit = 135.2/115 d.o.f. ⇒ CL = 9.6%
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 Results from unitarity constrained HFAG Fit
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Tests of  Lepton Universality
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Tests of  Lepton Universality
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Average of π and K

Average of e, π and K



τ Physics at B-Factories

Tests of  Lepton Universality
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Unitarity of  the CKM matrix

J.C.Hardy & I.S. Towner, PRC 79, 055502 (2009)

Particle Data Group

Precision measurement of |Vus| is a test of CKM unitarity

• |Vud| = 0.97425 ± 0.00022 from (nuclear β decays)

• |Vub| = (3.93 ± 0.36)× 10−3 (from B → Xu�ν decays)

⇒ |Vus| = 0.2255 ± 0.0010
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⇒ |Vus|f+(0)

⇒ |Vus|
|Vud|

FK
Fπ

⇒ |Vus|f1(0)
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Kl3 decays:

Kl2 decays:

Hyperon decays:

τ decays:
⇒ ms, |Vus|

Approaches to |Vus|
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τ Hadronic Width

∝|Vud|2 ∝|Vus|2
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δRτ,theory << Rτ

⇒ modest ∆(δRτ,theory) ≡ 13% gives 0.5% error on |Vus|
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QCD Sum rules, Lattice: 

Smallest uncertainity 
on (0,0) moment

|Vus| with Fixed ms

E. Gamiz et. al. (hep-ph/0612154) (Tau06)

M. Jamin et. al., PRD74, 074009 (2006)
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Route to Vus from τ decays

Rτ,non−strange = Rτ −Rτ,strange

Rτ = (3.640± 0.010)

Direct measurement averaged
with Be from Bµ & ττ :
Buni

e = (17.818± 0.032)%

Strange τ decays:
Measure them all...
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Status of  |Vus|    (2007)

25



τ Physics at B-Factories

Status of  |Vus|  (2010)
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Using meson decay 
constants from Lattice,

|Vus| agrees with 
CKM unitarity

|Vus| from inclusive 
strange decays ~ 2.7 σ 

lower than CKM 
unitarity using QCD 
sum rules in the OPE 

framework
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Lepton Flavor Violation in Tau Decays
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Lepton Flavor Violation in Tau Decays
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LFV Expectations in Tau Decays
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Specially interesting in view of recent MEG results (ICHEP10)
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e+e-→ τ+τ- : Clean Environment
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τ- → μ- γ : Signal Characteristics
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τ- → μ- γ : Signal Characteristics
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8.3

18



τ Physics at B-Factories

τ- → μ- γ : Signal Characteristics
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Typical Background Distributions
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2-dim Fit with Background PDFs only
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Cross-check neighbouring ellipses shifted in the mass variable: 
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τ- → e-/μ- γ : Unblinded results
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Evolution of  τ- → μ- γ limits
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Status of  LFV Searches at B-Factories
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2010 Updates: BaBar only Belle only BaBar & Belle
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Indirect Search for Charged CP-odd Higgs
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Combination of BaBar& Belle LFV Limits
S. Banerjee (Tau06)
Nucl. Phys. Proc. Suppl. 169, 199 (2007)
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LFV in Υ(nS)→lτ (l=e,μ) decays
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BaBar,  PRL 104, 151802 (2010) 

Tau-pair Background: Kinematic cut-off ~ 0.97

Bhabha/Mu-pair Background:  peak ~ 1.0

Signal: peak ~ 0.97 
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Limits on Contact Interaction
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Constraints on coupling constant and mass scale:
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Future Prospects
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Future Prospects
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Summary
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Many interesting topics still waiting to be studied:
•The Mystery of |Vus| in τ decays
•Second Class Currents in τ-→ηπ-ν decays
•Search for CPV in τ-→Ksπ-ν decays

B-Factories are more 
than precision machine:

Discovery of New 
Physics hopeful...


