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BaBar running ended in April 2008 with a total integrated luminosity of 531 fb-1

Tau-pair cross section is 0.9 nb →  488M tau pairs →  976M tau decays



• Standard Model hadronic decays

– Cabbibo suppresion

– Helicity suppression

– Limited phase space

– JPG : suppression of second-class weak hadronic
currents

• Beyond the Standard Model

– Lepton flavour conservation 

– Baryon number conservation

This talk reports on some examples of the above
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What suppresses rare/forbidden tau decays?
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• Decays to seven (or more) pions

– If observed, could give information on tau neutrino mass

– However ... (effective chiral Lagrangian) theory predicts 
branching fraction of order 10−11 (or 10−10 if mediated by 
resonances)
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Phase-space suppressed tau decays

• BABAR limits (at 90% CL):

BF( τ − → 4π−3π+ν)      <   4.3  x 10−7

BF(τ − → 4π−3π+π0ν)    <   2.5  x 10−7

BF(τ − → 3π−2π+2π0ν)  <   3.4  x 10−6 

BF(τ − → 2ωπ−ν)           <   5.4  x 10−7

Phys Rev D RC 72,012003(2005)

Phys Rev D 73,112003(2006)
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Second-class weak hadronic currents
• Weak (V-A) non-strange hadronic currents are classified according 

to values of spin-parity and G-parity, JPG

• First-class currents dominate hadronic tau decays and have 

JPG = 0+ + /  0− − (π−)   /  1+ − (a1
−)   /  1− +  (ρ−)

• Second-class currents (SCC) have an amplitude proportional to u-d 

quark mass difference, and have

JPG = 0+ − (a0(980)−)   /   0− + /   1+ + (b1(1235)−)   /   1− − (π1(1400)−) 

• SCC in tau decays expected at a level ~O(10−5)

• Difficult to measure because of large backgrounds
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Search for second-class current in τ− → ωπ−ν

• Analysis using 347 fb-1 of BABAR data

• The ωπ− system has G = +1

• Using decay angular distributions to measure 

contributions from different JP states 

First class

Second class

Phys Rev Lett 103,041802(2009)
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Phys Rev Lett 103,041802(2009)

Search for second-class current in τ− → ωπ−ν

BF (τ − → ωπ−ν) via SCC < 1.4 x 10−4 at 90% CL 



George Lafferty, University of Manchester 8

Search for second-class current in τ− → η’π−ν

Mass spectrum of ηπ−π+ in 

τ − → ηπ−π+π−ν candidates

• An η’π− system in tau decay has JPG = 0+ − or 1− −

• So it can only be produced via a second-class current

BF( τ− → η’π−ν ) < 7.2 x 10−6 at 90% confidence level
Phys Rev D77, 112002(2008)
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Searches for Lepton Flavour Violation
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Undetectably small

Some possible LFV diagrams involving new physics

SM and New Physics predictions for LFV in tau decay
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Basic event selections and analysis techniques for LFV
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Selection strategy:

Three regions defined in (∆M, ∆E) plane
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Typical backgrounds in searches for LFV tau decays

BABAR data
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Search for τ − → l−Κ0
s

• Analysis using 431M tau pairs

• BF(τ − → e−Κ0
s ) < 3.3 x 10−8 at 90% CL

• BF(τ − → µ−Κ0
s ) < 4.0 x 10−8 at 90% CL 

Phys Rev D 79,012004(2009)
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Status of tau LFV results from HFAG-Tau 
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Status of tau LFV 

results from HFAG-Tau 
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Conclusions

• BABAR completed data-taking in April 2008 

• Final sample comprises almost 109 tau decays

• Analyses of rare decay channels now nearing completion

• Some unique results in searches for second-class currents and 

for high-multiplicity hadronic tau decays

• Many results in searches for Lepton Flavour Violation currently remain                    

competitive with Belle

• HFAG now includes tau results, combining BABAR and Belle

• Thanks to all BABAR colleagues (and particularly to Swagato Banerjee

and Alberto Lusiani)
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