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

Tau-pair cross section is 0.9 nb — 488M tau pairs — 976M tau decays
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What suppresses rare/forbidden tau decays?

o Standard Model hadronic decays q
— Cabbibo suppresion :
— Helicity suppression v hadrons
— Limited phase space =

: : q
— JPG : suppression of second-class weak hadronic

currents
e Beyond the Standard Model
— Lepton flavour conservation
— Baryon number conservation

This talk reports on some examples of the above
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Phase-space suppressed tau decays

 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-!! (or 1019 if mediated by
resonances)

« BABAR limits (at 90% CL):
BF(t-— 4n3ntv) < 4.3 x1077
BF(t — — 4n3n*n%) < 2.5 x 1077

BF(t -~ — 3n2n2n%) < 3.4 x10°° Phys Rev D 73,112003(2006

BF(t~— 2onv) < 54 x1077

Phys Rev D RC 72,012003(2005
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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, J°¢

First-class currents dominate hadronic tau decays and have
JPE=0t*/0-(n) / 17=(a,) / 1=* (p)

Second-class currents (SCC) have an amplitude proportional to u-d
guark mass difference, and have
JPG =0t~ (a,(980)) / 0-* / 1+*(b,(1235)") / 1~ (m,(1400)")

SCC in tau decays expected at a level ~O(107)

Difficult to measure because of large backgrounds
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Search for second-class current in T — @tV

» Analysis using 347 fb-1 of BABAR data
 The wn~ system has G = +1
« Using decay angular distributions to measure

contributions from different JP states — ks e b A —
m(n*n 10 [GeV/c?]

First class
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Second class

(1 +3cos°Bur)
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Search for second-class current In 7= — ®mT Vv
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F(cosBuwr) = N[(1—€)FF“(cosBur) + eFP<S (cosBwr)]
x2) and FPCS (x) o< (1)

Phys Rev Lett 103,041802(2009)
L = 347 b1

Source Uncertainty (o)
0.2 x?/dof = 15.4/18. B(r~ — wr alu;) +0.0007
0.1 un-simulated r decays oes
T T T T T qq scaling +0.0001
01 -0.6 -0.6 -04 -0.2 -0 0.2 0.3 0.6 0.3 1 Total Tobus
cosh, 0055

The result from the fitise = (—5.5 % 5.8(stat.)T%8(syst.)) x 1072

This sets limits in terms of N N©LT™ of 0.69% at 90% C.L.

{nﬂn veclor current) (vector current)

Previous best limit was at 5.4% at 90% C.L. (CLEO)
BF (t—— onv)via SCC < 1.4 x 10 at 90% CL
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Search for second-class current in T - n'mv

* Ann'n system in tau decay has JP6 =0~ or 1--

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

Mass spectrum of nm-=* in

T~ — nu v candidates
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BF(t —> n'nv) <7.2x 10°% at 90% confidence level

George Lafferty, University of Manchester



Searches for Lepton Flavour Violation

* In SM, LFV allowed at rates
too low to be detectable,

since neutrino mass
differences are very small

LFV decays of r or 1 have a clean experimental
signhature: the lepton is fully reconstructed, no
undetected neutrinos

Then, any experimental observation of LFV is a clear
evidence of NP

Many models beyond SM allow for some LFV rates
within experimental reach (10-7-10-°)




SM and New Physics predictions for LFV in tau decay

Model

Publication

T—dy | T —

SM + v mixing

PRD 16 (1977) 1444
PRD 45 (1980) 1908

Undetectably small

SUSY Higgs

PLB 549 (2002) 159
PLB 566 (2003) 517

10719

10~ 7

SM + heavy Maj vg

PRD66 (2002) 034008

Non-universal 2’

PLB 547 (2002) 252

SUSY S0(10)

NPB 649 (2003) 189
PRD 68 (2003) 033012

mSUGRA + Seesaw

EPJ C14 (2002) 319
PRD 66 (2002) 115013

SM + heavy Dirac v

PRD 62 (2000) 036010
NP B437 (1995) 491
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Basic event selections and analysis technigues for LEV

1-prong tag
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AE vs. Am for MC signal
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¢ 't decay hemishperes separated at Y(4S)
¢ intau LFV decay hemishpere

» neutrinoless tau decay

» inv. mass decay products = M;

» sum of energies = E; = Epeam

AM = Mreco—M; = 0

AE = Ereco—Epeam = 0

¢ tag hemisphere ordinary tau decay
» 1-or 3-prongs, E<Epeam, M<M;
¢ plot events in AE vs. AM graph
¢ count events in signal box, or max LH fit
¢ expected background from data side-bands
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Selection strategy:

Three regions defined in (AM, AE) plane

Large Box (LB): identical for all

channels. Almost all signal

<o

events lie in this region

Signal Box (SB): different for each

channel, dimension optimized to
give the best UL for each channel.
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Typical backgrounds in searches for LFV tau decays

qq (uds, cc, bb)
(bb is negligible)
uniform AM

AE <0

T'1”, two-photon
AM <0
AE <O

A E, GaV

George Lafferty, University of Manchester

Bhabha, di-muon
uniform AM

AE = 0 band

T— 30
data candidates
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Improvement from
last Belle results

Submitted to PRL
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o Mode %) ogu(t) Mug  Naw UL
. 430M zpairs -7 55 23 (L0 '

> No signal observed ¢ ¢¥ 88 57 062019
e‘p*e‘ 126 55 0342012

> Preliminary, to be ety 64 62 0ME01
published on PRD-RC et 102 59 003002

Wt 66 90 044017

» Major improvements

» Better event selection
with neural network

» Better PID efficiency,
specially for muons
(with smaller syst.)

» UL improved by a
factor 2-3 with lumi
increased of 25%
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Search for 1 - — €K%

» Analysis using 431M tau pairs
« BF(t-— e K% )<3.3x10%at90% CL

« BF(z-— pK% ) <4.0x 108 at 90% CL
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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 10° 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)

George Lafferty, University of Manchester
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