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Abstract

Recent results on charm and tau physics obtained at the BABAR and Belle
experiments are presented in this article. The charm section will be focused
on the most recent results on D°D° mixing at Belle and on the measurement
of the pseudoscalar decay constant fp, using charm tagged et e~ events at
BABAR In the tau section, the recent results on Lepton Flavour Violation
from tau decays will be discussed, as well as the recent result on the rare decay
7= — 37271 27%, at BABAR and the measurement of the 7 lepton mass at
Belle.



1 Introduction

B-factories have been succesfully operating for more than 6 years, providing
an unprecedented data sample of ete~ — hadrons events. The BABAR and
Belle experiments have in fact already collected over 330 fb—! and 550 fb—'
respectively at the Y(4s) center-of-mass energy. At this energy, the cross-
section for charm and tau production is of the same order of the cross-section
for b production: o(bb) ~ 1.1 nb ~ o(cé) ~ 1.3 nb ~ o(r777) ~ 0.9 nb. For
this reason, B-factories can now be considered also Charm and Tau-factories.

In this paper the most recent results on both charm and tau physics from
BABAR and Belle are presented.

2 Description of the experiments

The BABAR 1) detector operates at the PEPII asymmetric eTe™ collider.
Charged particles are detected and their momenta measured with a 5-layer
double sided silicon vertex tracker (SVT) and a 40-layer drift chamber (DCH)
inside a 1.5 T super-conducting solenoidal magnet. A quartz bar ring-imaging
Cerenkov detector (DIRC) complements dF/dz in the drift chambers for the
identification of charged particles. Energies of neutral particles are measured
by an electromagnetic calorimeter (EMC) composed of 6,580 CsI(T1) crystals,
and the instrumented magnetic flux return (IFR) is used to identify muons and
K9 mesons.

The Belle 2) detector operates at the KEKB 3) asymmetric ete™ col-
lider. The detector consist of a silicon vertex detector (SVD), a 50-layer central
drift chamber (CDC), an array of aerogel threshold Cerenkov counters (ACC),
a barrel-like arrangement of time-of-flight scintillation counters (TOF) and an
electromagnetic calorimeter (ECL) comprised of CsI(Tl) crystals. All these
detectors are located inside a super-conducting solenoidal coil that provides a
1.5 T magnetic field. An iron flux return outside the coil is instrumented to
identify muons and K9 mesons (KLM).

3 Results on charm physics

3.1 Search for D°D° mixing in D° — K7~ decays

The phenomenon of quark mixing has been observed so far in the K°K° and
B°BY systems, but not in the D°D° system. The parameters that characterize
the mixing are + = Am/I and y = AT'/(2T), where Am and AL are the
differences in mass and decay width between the two mass eigenstates and
[ is the average width. Within the Standard Model (SM) the rate of D°D°

mixing is expected to be small 4), where the largest values predicted are of



the order |z| < |y| ~ (1072 — 1072). Observation of a much larger mixing
(|z| >> |y| ~ (1073 —1072)) or CP violation (CPV) in D°D® mixing would
constitute unambiguous evidence for new physics.

A search for D mixing has been recently published by the Belle experi-
ment, reconstructing the “wrong-sign” (WS) process D° — K7~ from a sam-

ple of 400 fb~! of data 5). This process can proceed either through directly
doubly-Cabibbo-suppressed (DCS) decay or through D°D° mixing followed by
the “right-sign” (RS) Cabibbo-favoured (CF) decay D° — D° — K+tx~!. The
decay-time distribution of the two different decays can be employed in order to
distinguish between them. Assuming negligible CPV, the decay-time distribu-
tion for D° — K*7~ can be expressed as:

12 2

% xe " |Rp+ Rp y'(Tt) + %(ft)2 , (1)
where Rp is the ratio of DCS to CF decay rates, 2’ = zcosd + ysind, y' =
ycosd — xsind and § is the strong phase difference between DCS and CF
amplitudes. The first (last) term in brakets is due to the DCS (CF) amplitude,
while the middle one is due to the interference between the two amplitudes.
The time integrated rate (Ryws) for D° — D% — KT7~ relative to that of
D° — D° — K—nt is given by Rp ++Rp y' + (2"* +y'?)/2.

In order to allow for CPV, Eq. 1 is applied separately to D° and D°,
resulting in six observables: R}f,z'*2 y'* for D° and Rp,2'~2,y'~ for D°.
CPV is parametrized by the asymmetries Ap = (R}, — Rp,)/(Rf + Rp) and
Ay = (Ry, — Ry)/(Ri; + Ry;), where R, = (z'* + y'F)/2. Ap and Ay
characterize CPV in DCS decays and mixing respectively.

The detailes of the selection criteria for this analysis are reported in 5).

Signal events that satisfy the requirement 1.81 < mg, < 1.91 GeV/c? and
0 < @ < 20 MeV are selected, where @ is the kinetic energy released in the
decay. The RS and WS event yields are obtained from a two-dimensional fit
to the (mgx, Q) distribution. Figure 1 shows the mg, and @ distributions
superimposed with a projection of the fit result for WS events.
The four significant sources of background in the WS sample are: 1) random
7 background, in which a random 7t is combined with a D® = K+7~ decay;
2) D** — D" events, followed by D° decaying to > 3-body final states;
3) D(t) decays and 4) combinatorial background. These background shapes
are obtained from Monte Carlo (MC) and fixed in the fit. The result of the
fit is 1073993 + 1108 RS and 4024 + 88 WS events, corresponding to Ry s =
(0.375 £+ 0.008)% (statistical error only).

! Charged-conjugate modes will always be implied throughout this paper,
unless otherwise noted.
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Figure 1: D mizing analysis: distribution of (¢) WS mg, with 5.3 < Q < 6.5
MeV and (d) WS Q with 1.845 < mg, < 1.885 GeV/c®. Superimposed on the
data (points with error bars) are projections of the (mk,,Q) fit.

The mixing parameters Rp, 2’2, y’ of Eq. 1 are obtained using an unbinned
maximum likelihood fit to the distribution of the WS proper decay-time, con-
sidering the 40 region [m g, —mpo| < 22 MeV/c? and |Q—5.9 MeV| < 1.5 MeV.
The likelihood function is constructed from the probability density functions
(PDF) for signal and backgrounds, where each pdf depends on the decay-time,
the invariant mass mg,, the kinetic energy @ and the expected error on decay
time, estimated from the covariance matrix of the vertex fit. The results of the
fits to the WS proper decay-time are summarized in Table 1. In The first fit,
CP is assumed to be conserved and the projection of this fit superimposed on
the data is shown in Figure 2. The x? of the projection in 54.6 for 60 bins. The
central value of z'? is in the physically-allowed region z'> > 0. Figure 2 shows
the 95% CL contours with and without CPV allowed that are obtained using

the Feldman-Cousins method 6). In the case of no CPV, the no-mixing point
z'? =y’ = 0 lies just outside the 95% CL contour and corresponds to 3.9% CL
(systematic uncertainty included).

3.2 Precise measurement of the presudoscalar decay constant fp, using charm
tagged et e~ events

The measurement of leptonic weak decays of charmed pseudoscalar mesons can
provide a determination of the overlap between the wavefunction of heavy and
light quarks within the meson, represented by the a form factor fj; for each
meson M. The partial width for a D} meson to decay weakly to a lepton [ is
given by:

G2 |V |? m2 \ 2
N(DF) = = —=—fp,mimp, (1 - ——) , (2)
87 s mi,




Table 1: Summary of the fit result in the D mixing analysis obtained from the

separate likelihood fits. The 95% CL intervals are obtained using the Feldman-
Cousins method.

Fit Case || Parameter Fit Result 95% CL
(x1073) (x1073)
no CPV Rp 3.64£0.17 (3.3,4.0)
z'? 0.1819:32 <0.72
y' 0.6%39 (=9.9,6.8)
Rur ] (0.63 x 10™5,0.40)
CPV Ao 3L 47 (—76,107)
Aum 670 + 1200 (—995, 1000)
z"? - < 0.72
y' : (—28,21)
Ry - < 0.40)
no mixing Rp 3.77£0.08 £0.05
[ signal 20 ‘ ‘ ‘ j
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Figure 2: D mizing analysis: (left) decay-time distribution for WS events satis-
fying |mg.—mpo| < 22 MeV/c* and |Q—5.9 MeV| < 1.5 MeV. Superimposed
on the data (points with error bars) are projections of the decay-time fit when
no CPV is assumed. (right) 95% CL regions for (z'?,y').



where m; and mp, are the lepton and D, masses, G is the Fermi constrant
and |V.s| is the CKM parameter for the annihilation of the quarks in the Dy.
Predictions from lattice QCD have yielded fp, = (249+17) MeV and fp,/fp =

1.244+0.07 7), while CLEO-c has recently measured fp = (223 £17) MeV 8).
BABAR has presented at this conference a preliminary result of the mea-
surement of the ratio ['(D} — p*v,)/T(Df — ¢mT) and of the decay constant

fp. using a sample of 230 fb~! of data 10) | The D} — ptv, events are recon-
structed from the decay chain D** — yvD}, Df — utv,, where the D*T are
produced in the hard fragmentation of continuum c¢ events. In the DT decay
an energetic photon, a high-momentum D} and a daughter muon and neutrino
are produced, all lying mostly in the same hemisphere of the event. The re-
coil system of a signal candidate is a fully reconstructed D°, D*, D} or D**
(referred to as the “tag” system), wherein the tag flavour, and so the charge
of the signal muon, is uniquely determined. A minimum tag momentum close
to the kinematic limit for charm mesons produced in B decays is required in
order to reduce B backgrounds. The D** signal is reconstructed from a muon
and photon candidate in the recoil of the tag. Muons are identified using the
IFR and must have a momentum greater than 1.2 GeV/c in the center-of-mass
frame (CM) and a charge consistent with the tag flavour. Energy deposits in
the EMC with no associated charged track are identified as photon candidates,
and the candidates CM energy must be greater than 0.115 GeV. The total
missing energy and momentum in the CM (B}, Pk iss) 1s computed using
the four-momenta of the incoming ete™ and the measured four-momenta of
all tracks and photons in the event. To take into account that the neutrino
in the signal decay leads to a large missing energy in the event, signal candi-
dates are selected requesting ... > 0.38 GeV. The CM four-momentum of
the D candidate (p},;) is obtained combining the CM four-momenta of the

neutrino (estimated using a technique adopted from 9)) and the muon. The
DY candidate is then combined with a photon candidate to form the D**.
Signal events are required to have |p} .| > 3.55 GeV/c. The signature of the

D*t — D} decay is a narrow peak in the distribution of the mass difference
AM = M (pvy) — M (uv) at 143.5 MeV /c>.

There are several distinct sources of background that have been taken into
account in the analysis. The first type of backgrounds are ete™ — ff events
(f = u,d,s,bor 1) without a real charm tag or ete™ — ¢ events where the tag
is incorrectly reconstructed. The contribution of these events is estimated from
real data using the tag side-bands. The second type of background events are
correctly tagged cc events with the selected muon coming from a semileptonic
charm decay or 7t — ptwv,v,. The size and shape of this contribution is
estimated by repeating the analysis substituting a well-identified electron for
the muon. The ratio of muon to electron efficiency is applied as a weight to




each electron event. The remaining backgrounds are estimated using Monte
Carlo simulations.

Data events selected in the analysis are grouped in four sets, according
on whether the tag is in the signal or side-band region and on whether the
selected lepton is a muon or an electron. The AM distribtion for events in the
tag side-bands is subtracted from the signal distribution and finally the electron
distribution is subtracted from the muon one. The resulting AM distribution
(Figure 3) is then fitted with the function (Nsig fsig + Nog fog) (AM), where fsiq
and fp, describe the simulated signal and background AM distribution. All
parameters in the fit are fixed, except Ny;y and Ny, and the result of the fit
yields Ng;, = 489 + 55(stat) events.
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Figure 3: fp, analysis: (left) AM distribution for DY — utv, events after
the tag side-bands and the electron sample are subtracted. The solid line is the
fitted signal + background distribution, while the dotted line is the background
distribtion alone. (right) AM distribution for DY — ¢nT events after the
tag side-bands are subtracted. The solid line is the fitted signal + background
distribution, while the dotted line is the background distribtion alone.

Since the Dg*)+ production rate in c¢ is unknown, the partial width ratio
(D} — p*v,)/T(Df — ¢mt) is computed by reconstructing the decay chain
Dt —» ~yDf, Df — ¢r" and the D} — p* v, branching fraction is computed
using the known branching fraction for D} — ¢r .

Candidate ¢ mesons are reconstructed from two kaons of opposite sign and
then combined with a charged pion to form a D} candidate. Photon candidates
are then combined with the reconstructed D to form D:* candidates. The
same requirements on the photon CM energy and D*T momentum as in the
D} — ptv, selection are applied. The data events are then grouped in two
sets, according on whether the tag is in the signal or side-band region, and
after the tag side-band Am distribution has been subtracted from the tag
signal one, the resulting distribution is fitted with the function (Ngxfer +
Nonbvgfoong)(AM). The fit yields Ny, = 2065 £ 95(stat) events (Figure 3).



The presence of two charged kaons in the D — ¢7™ events leads to an
increase in the number of random tag combinations with respect to D} — u*v,
events. The correction for this effect is determined from MC and is found to be
1.4%. The effect of a difference between data and MC in the Dt spectrum is
measured by selecting Dt — yD}, D} — ¢7T events in data and removing
the requirement on |13”;3*Jr . A harder momentum spectrum is observed in data

when efficiency corrected D}t events are compared with those selected from
MC. Therefore, the detection efficiencies for signal Dt — vDf, D}F — ¢rt
events are re-evaluated after weighting the simulated events to match the D+
momentum spectrum in data. Once these efficiency corrections are applied,
the partial width ratio is determined to be I'(D} — ptv,)/T(D} — ¢nt) =
0.136 & 0.017(stat), with B(¢p — KTK~) = 49.1% 11),

The total systematic uncertainty in I'(D} — uptv,)/T(D — ¢é7T) is
4.6% and is dominated by the systematic error in the signal efficiency and the
uncertainty arising from a possible inadequate parametrization of the signal
and background shapes.

Using the BABAR measurement B(D} — ¢r) = (4.81+£0.64)% 12), the
branching fraction B(D} — ptv,) = (6.5+£0.8+£0.3£0.9) x 1072 and the decay
constant fp, = (279 £ 17 £ 6 + 19) MeV are obtained. The third error in the
measurement is due to the uncertainty in the D} — ¢7 branching fraction.
The ratio of fp, to fp from the CLEO-c measurement is fp,/fp = 1.25+0.14
and is consistent with the lattice QCD prediction.

4 Results on tau physics

4.1 Search for Lepton Flavour Violation in tau production and decay

The fermion mass matrices and the mechanism of electroweak symmetry break-
ing are not explained within the minimal SM. In the SM, lepton-flavour vio-
lation (LFV) is not a conserved quantity and evidence for neutrino oscillation

indicate a violation of the lepton-flavour symmetry in the neutral sector 13)

The most stringent limits on branchig ratios of neutrinoless decays are

for rare muon decays and are of the order of 10~!2 14, 15), Many theoretical
models with mass-dependent couplings give an enhancement of the branching

16, 17, 18)

fraction for 7 decays over the corresponding u decays , justifying

the effort of looking for LF'V in 7 decays.
A summary of the limits on LFV in 7 decays obtained by BABAR 19)

and Belle 20) is given in Table 2. These represent the most stringent limits so
far on LFV in such decay channels.

A recent Belle analysis on the search for LFV in 7~ decays with a K?
meson on 281 fb~! of data has been presented at this conference and will be



Table 2: Summary of the LFV results from the BABAR and Belle Collabora-
tions.

LFV decay mode BABAR Belle
upper limit upper limit
T = ey 1.10x 1077 3.90 x 107
T =y 0.68 x 10~ 7 3.10 x 107
T — 1l (11-33)x10 7] (1.9-35)x10° "7
T — Lhh' (0.7 —4.8) x 107 | (1.6 —8.0) x 10~
T =17 n,n) - 3.90 x 10~
=1V - (2.0 -7.7) x 10~ 7
T — AT, AT - (1.40, 0.72) x 107

described in the following.

4.1.1 Search for LFV 7~ decays with a K° meson

A detailed description of the selection criteria for this analysis can be found

in 2. 77 events are selected with one 7 (signal side) decaying into a
charged lepton (either e or ) and a K?, decaying into 7+ 7~, and the other 7
(tag side) decaying into one charged particle (of opposide sign to the lepton)
with any number of additional photons. Particle identification is essential in
this analysis and it is obtained using likelihood variables based on the infor-
mation of the appropriate subdetectors.

Signal events are isolated by requiring that the total net charge of the four
charges in the event is zero and that the magniture of the thrust of the event
is greater than 0.9, to suppress qq background. The event must have a 3-1
topology configuration relative to the plane perpendicular to the thrust axis.
The K? is reconstructed from two opposite charged pions with an invariant
mass within 0.482 GeV/c® < M +,- < 0.514 GeV/c? and with a vertex that is
displaced from the interaction point in the direction of the pion pair momentum.
Lepton identification is applied to each track, except those forming the K?
candidate on the signal side. To ensure that the missing momentum in the event
is only due to the non indentified neutrinos, the magnitude of ;55 is required
to be greater than 0.4 GeV/c and its direction is required to point into the
fiducial volume of the detector. Since the neutrinos are emitted only in the tag
side, the direction of py,;ss should lie in the tag side of the event. Background
coming from generic 777 events and continuum is removed looking at the
correlation between the reconstructed momentum of the [K? system and the
cosine of the opening angle between the lepton and the K¥. The final efficiencies
for the 7= — e K2 and 7= — p~ K2 decay modes are 15.0% and 16.2%



respectively.

Signal candidates are selected looking at the two-dimensional plot of the
IK? invariant mass M;,, and the difference of their energy from the beam
energy in the CM system, AE. For the signal events, M;,, should be close to
the 7 mass and AFE should be close to zero. The resolutions of M;j,, and AE
are parametrized from the MC distributions around the peak, with bifurcated
Gaussian shapes to take into account for initial state radiation. Figure 4 shows
the (Miny, AE) plot for data and signal MC samples distributed over 150 in
AFE and M;,,.
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Figure 4: LFV 7= — I"K? analysis: scatter plot of the data and signal MC
events in the (M;n,, AE) plane for the (a) 7= — e” K9 and (b) 7= — p~ K2
analysis. The eliptical signal region shown by a solid curve is used to evaluate
the signal yield.

In order not to bias the criteria to select the signal events, a region of £5¢
in M;n, and of —0.5 GeV < AE < 0.5 GeV in data is blinded. To optimize
the sensitivity of the analysis, the signl yield is obtained by selecting the events
using an elliptically shaped signal region, which has major and minor axes that
correspond to £5¢ in the MC resolution for the (M;,,, AE) plane. The signal
efficiencies for this region after all requirements are 11.8% for the 7= — e~ K2
mode and 13.5% for the 7= — p~ K2 one. The remaining background events in
the signal ellipse are evaluated using the M;,, side-band regions, extrapolating
into the signal region under the assumption that the background distribution
is flat in M;,,. The expected background obtained is 0.2 £ 0.2 events for each
mode.

No statistically significant excess of data events is observed after un-
blinding the signal region, therefore a frequentist approach is used to compute
the upper limits for the signal yields 6). At 90% CL, the resulting limits are
sgp = 2.23 events in both modes and the obtained upper limits on the branching
fraction (before including the systematic errors) are computed as



_ — 70\ __ 590
Blr = UK = s N B S ) ®)

where N,, = 250 x 106 is the total number of 77 pairs and B(K? — ntn~) =
0.6895% 11). The obtained values are B(r— = e K2) < 5.5 x 107® and
B(r~ — p K2) < 4.8 x 1078, The total systematic uncertainty is 6.5% and
is dominated by the K? detection efficiency and the tracking efficiency. The
upper limits on the branchin fractions at 90% CL including these systematic
uncertainties are computed using the POLE program without conditioning 22),
The resulting values are:

< 56x1078
< 49x107%.

B(r™ = e"K?)
Bt~ = u~ K?)
4.1.2 Search for ete™ — ptr~ and eTe” — etT7 reactions

Tests for LFV in the 7 production process ete™ — [*7~, where |7 is an
electron or a muon, have been performed at a number of CM energies (1/s),
but have so far given far less stringent limits on LFV than the test made on 7
decays. These limits are summarized in Table 3.

Table 3: Summary of the experimental limits on the LFV processete™ — 1777,

Vs (GeV) UL (95% CL) Publication
G [0 29 <6.1x10° Phys. Rev. Lett. 66, 1007 (1991)
Oer [Tuu 29 <13x10"% Phys. Rev. Lett. 66, 1007 (1991)
B(Z° - pr,er) 92 <(0)1x107%  Phys. Lett. 254, 293 (1991)
Tur > 92 64 fb Phys. Lett. 519, 23 (2001)
Gor > 92 78 fb Phys. Lett. 519, 23 (2001)

A preliminary measurement from the BABAR experiment has been pre-
sented at this conference on the search for the eTe™ — IT7~ process at the
lower energies accessible by the B-factory detectors. The results presented
are referred to four modes of the above process, where [T is an electron or a
muon and the 7~ decays to either 7~ 77~ v, or 7~ v,. The data sample cor-
responds to an integrated luminosity of 210.6 fb—' recorded at the CM energy
of v/s = 10.58 GeV.

Signal and background events are simulated in order to evaluate the selec-
tion efficiencies, background contamination and for studing systematic effects

in the analysis. However, the final background estimation relies solely on the

data. The generator used for the T-pair events is the KK2f MC generator 23)

)



T decays are then modeled with TAUOLA 24) according to measured rates.
The 7= — m 777 v, decay is simulated assuming an intermediate a; (980)

11, 25)

axial-vector state . Continuum background events, as well as di-muon,

Bhabha, BB and two-photon events are also generated 26)

the detector is simulated using GEANT 27),

The signature of the signal process in the CM frame is the presence of
an isolated high-momentum muon or electron recoiling against one or three
charged track in the tag-side of the event. The invariant mass of the recoling

pions plus the missing neutrino should be consistent with the 7 mass 1)

All charged tracks are required to be within the acceptance of the EMC,
DIRC and IFR, that are used for particle identification. The events are selected
requiring that one of the tracks is a well identified muon or electron with CM
momentum greater than 4.68 GeV/c, and no other track satisfy the lepton or
kaon identification criteria. Two hemispheres are defined with respect to the
plane perpendicular to the thrust axis of the event, computed using all identified
charged and neutral tracks. The identified lepton is required to be in one of the
two hemispheres, while all remaining tracks are required to be in the opposite
one. The momentum of the candidate 7~ is defined as [p%| = \/E**> — m?ppq,
where E; = (\/s/2+ (m2ppe — Mippe)/2v/s)- Its direction is assumed to be
the opposite of the et /ut candidates. The reconstructed 7 mass is defined to
be m, = \/(E* +p;)? — |p|2, where E7 is the CM energy of the pions and the
momentum of the missing neutrino is p}, = p¥ — p%. Signal events are retained
if the difference between the et /u™ candidate CM energy and /s/2 satisfy
the condition —0.5 GeV < AFE < 0.2 GeV. True signal events are expected to
have AE ~ —0.15 GeV, while generic 777~ events will peak at zero and other
backgounds will have a large negative AE.

Other kinematic variables are employed to further suppress the back-
grounds. The missing energy in the CM system E , . will peak at zero or near
\/5/2 for many backgrounds, while it is uniformly distributed in signal events.
Also, the reconstructed missing mass squared m? ;.. should be consistent with
zero. Events with photons or neutral pions are removed with a requirement on
neutral energy cluster in the detector. Events where particles are lost within
the beam pipe are removed requiring that the cosine of the angle between the
direction of the neutrino and the beam axis in the CM system is within the
detector acceptance. Finally, events with back-to-back tracks are rejected using
the cosine of the angle between the direction of the neutrino and the 7.

The signal yield is extracted using a maximum likelihood fit to the m, and
p; variables only for those selected events that fall in the two-dimensional region
defined by 1.6 GeV/c”> <m, < 2.0 GeV/c” and 4.9 GeV/c < p; < 5.32 GeV/c
(5.02 GeV/c < pf < 532 GeV/c for the 7= — 7 v, events). The main
background comes from generic 777 events, where the 7 decays to et /u*

. The response of




plus a neutrino and the 7~ decays in either 7~ 7 7 v, or 7~ v,. Background
from light quark continuum contributes significantly only to the ete™ — pt 7~
(1= = m— 7wt~ v,;) process, while eFe™ — uTpu~ events only contribute to the
ete™ — utr= (r— — 7w v;) process. All other backgrounds are negligible.
The likelihood for the selacted sample is given by the product of the PDF
P; = P;j(m.)P;(pf) for each event candidate i:

e Z]’ nj N .
,c:THanP;, (4)
i
where n; is the yield of events for the hypothesis j found in the fit and N
is the total number of events in the sample. The PDF for signal events is

obtained using double Crystal Ball functions 28) for both m, and p;, while
for non signal events a two-dimensional non-parametric PDF obtained from
MC events is used 29).

The largest contribution to the systematic error of the analysis comes
from the variation of the PDF fit parameters and from the expected resolution
of the selected variables. Also, a contribution to the systematic error coming
from the modeling of the 7= — 7~ at7~v, decay in the MC is taken into
account. The results of the analysis are summarized in Table 4.

Table 4: Summary of the results of the ete™ — [T~ analysis. The first error
18 statistical and the second is systematic.

| efesp't 1t o rtrows T ow v,
Signal events —137£99+26 -137£99+26
o (£D) —0.35+£26+0.7 0.85+4.5+2.0
0.r (95% CL) <591 fb <114 fb
Grfun (95% CL) < 52x10° <10.1x10°°
| efe-2etr™ T orrtru T T |
Signal events 159+103+2.7 10.7+£88+2.7
oer (fD) 6.5+42+1.1 39+£32+£10
oer (95% CL) < 14.8 fb <11.1 fb
Corfun (5% CL)  <131x107°  <9.8x107°

Combining the results obtained for the 7~ — 7 7t 7~v; and 7~ — 77 v,
decays, the 95% CL upper limits on the cross-sections for ete™ — u™7~ and
ete™ — et7~ reactions are calculated: o, < 4.6 fb, g, < 10.1 fb. The
95% CL upper limits on the ratio of the cross-sections with respect to the



ete”™ — ptu~ cross-section are calculate to be Oprfup < 4.0 X 1075 and

Oer/up < 8.9 x 1076,

4.2 Search for the decay 7~ — 3727+ 27%,

Hadronic decays of the 7 lepton provide an excellent laboratory for the study
of strong interactions. Decays of the 7 in one or three charged tracks have been
well studied in the past. High multiplicity 7 decay (5 or 7 prongs) have much
lower branching ratios but the unprecedented integrated luminosity reached by
the B-factory experiment now allows detailed searches for these high multiplic-
ity 7 decay modes.

The BABAR experiment has recently published an analysis on the search

for the 7= — 37 27t27%, decay 30) in 232 fb~1 of data. This mode is
highly suppressed because of the limited phase space for the decay of the 7 into

seven particles 31, 32), For this reason, it is of particular interest because, if
observed, it may lead to a more stringent limit on the 7 neutrino mass.

Events with six charged tracks coming from the interaction point and
minimum transverse momenta of 100 MeV/c are selected. Photons are re-
constructed from clusters in the EMC with a minimum deposit of 50 MeV
and a lateral energy profile consistent with that of a photon. Neutral pions
are reconstructed from photon candidates, requiring their invariant mass to
be within 113 and 155 MeV/c? (120 and 148 Mev/c? of 7° candidates with
300 MeV < E,o < 450 MeV). Only 7° candidates with E,o > 300 MeV are
retained. Since 7-pair events are produced approximately back-to-back in the
CM system, the event can be divided in two hemispheres by the plane perpen-
dicular to the thrust axis. One hemisphere is required to have only one charged
track (tag-side), while the other hemisphere contains the remaining 5 charged
tracks (signal-side). Only events where there are exactly 2 candidate 7%s in the
signal-side are retained.

To reduce BB and continuum background, the magnitude of the thrust is
required to be greater than 0.9. To further reduce the continuum background,
the track in the tag-side of the event has to be identified as an electron or a
muon, with at most one additional photon in the tag-side with E, < 500 MeV.
Four out of five charged tracks in the signal-side are required to be identified as
pions with high probability, while a looser identification is applied to the fifth
track. This requirement reduces particularly the background from generic 7
events with one converted photon and ete™ — ¢¢ containing kaons. The total
visible energy in the CM, obtained as the sum of the CM energy of all charged
tracks and reconstructed 7°s, is required to be less than the beam energy
Eieam = 5.29 GeV. To suppress background from eTe™ — ¢g, the residual
energy FE,.s, defined as the neutral energy on the signal-side not associated to
the reconstructed 7 decay products, is required to be less than 300 MeV.



The signal yield is computed in the signal region defined by 1.3 GeV/ <

M? < 1.8 GeV/c?, where M} is the pseudo-mass of the 7 33). The pseudo-
mass is defined by: M*? = 2(Epeam — Erx)(Erx — p1x) + M2, where the
direction of the 7 neutrino is approximated by the combined momentum vector
of the seven pions and its energy by the difference between Ejpeqr and Er;.
The advantage of M} over the invariant mass Mr,, ia a considerably better
separation of the signal from the hadronic ¢gg background.

The signal efficiency after all cuts is computed using MC events and is
found to be (0.66 = 0.05)%. The error is a combination of statistical and
systematic uncertainties, where the main systematic uncertainties come from
the reconstruction of charged tracks and photons and the 7° identification. The
expected background contribution from generic 7 decays is computed from MC
events and it is found to be 4.3 £1.0. The ¢¢ background is estimated directly
from the data, by subtracting the expected 7 background contribution from
the pseudo-mass distribution and fitting the resulting histogram in the range
1.8 GeV/c> < M* < 3.3 GeV/c2. The fit function is then extrapolated below
1.8 GeV/c? and its integral between 1.3 and 1.8 GeV/c? yields the 7 estimate.
Combining the background estimates from 7 and ¢g events, a total of 6.572
background events are expected. In the data signal region, a total of 10 events
are observed, giving therefore no evidence for the 7= — 3727 1t27%, decay.
Figure 5 shows the final pseudo-mass spectrum in data, with superimposed the
expected background PDF.
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Figure 5: 7= — 37 27" 27%, analysis: (left) pseudo-mass distribution of the
data events passing the T~ — 31~ 2r1T2m0u, selection criteria. The solid curve
represents the total expected background PDF and the dashed line represents the
7 background contribution. (right) pseudo-mass distribution of the data (points)
and MC (histogram) events passing the 7~ — 2wn~ v, selection criteria. The
shaded area represents the T background contribution.

The upper limit for the branching fraction of the 7= — 37 27+27%,
decay is computed using the formula:



Aos
B(r~ = 3n 2rt2r%;) = 22 5

(r 7w 2w 2w ) SN (5)

where Ay, is the upper limit on the number of signal events at the 90% CL, € is
the signal efficiency and N, = 206.5 x 106 is the total number of T-pair events.

34)

Asig 18 obtained using a limit calculator program that follows the Cousings

and Highland method 35) of incorporating systematic errors in upper limits
and is found to be sy = 9.2 events. Using this number, the upper limit on
the branching fraction is B(t~ — 37 27127%,) < 3.4 x 107¢, at 90% CL.
In addition to the inclusive result, also the resonant decay mode 7=~ —
2wr vy, with w — 7770 is searched for. Due to its kinemauticsé this chan-
nel has a much narrower allowed pseudo-mass range, 1.7 GeV/c”™ < M* <
1.8 GeV/c%. For the same reason, backgrounds are expected to be smaller.
The same event selection is applied, with the additional requirement
that the w resonance should be reconstructed as a #*7~ 7% combination with
0.76 GreV/c2 < Myt -0 < 0.8 GeV/c?. Since the reconstruction of the two
w mesons suppresses the backgrounds, the selection requirements can be sub-
stantially loosened to increase the selection efficiency. In particular, no pati-
cle identification is applied on the tag-side, and only a loose pion identifica-
tion is applied on the signal-side. As a result, the total signal efficiency is
(1.53 £0.13)%. The background estimation is done using MC simulations and
no ¢q contribution is expected in the signal region. The total number of ex-
pected background events is 0.415 9. One event survives all the analysis criteria
in 232 fb~' of data, which is consistent with the background predictions. The
pseudo-mass spectrum in data is shown in Figure 5. Using the same techniques
employed in the previous measurement, the upper limit on the number of sig-
nal events at the 90% CL is A,y = 3.4 events and the upper limit for the
branching fraction of the decay is B(t~ — 2wr~v,;) < 5.4 x 1077 at 90% CL.

4.3 Measurement of the mass of the 7 lepton

Masses of quarks and leptons are fundamental parameters of the SM. In partic-
ular, high precision measurements of the mass, lifetime and leptonic branching
fractions of the 7 lepton can be used to test lepton universality. The present

PDG value of the 7 mass 11) is dominated by the result of the BES Collabo-

ration 30) and has an accuracy of about 0.3 MeV. The analysis of individual
7 lepton decays allows to measure the masses of positive and negative 7’s sep-

arately and therefore test the CPT theorem. A test performed by OPAL 37)

gives the current lower limit, (M,+ — M,-)/May, < 3.0 x 107 at 90% CL.
The current high statistic accumulated by the B-Factory experiments

will allow a measurement with the same level of accuracy. In particular,



the Belle Collaboration has recently published a result on the measurement,
of the mass of the 7 lepton and an upper limit on the mass difference be-

38)

tween 77 and 7~ In this analysis, the 7 mass is determined from

hadronic decays of the 7, using the pseudo-mass technique descibed in 33)
and in the previous section. The estimator of the 7 mass is defined by:
Mpin = \/2(Epeam — Ex)(Ex —px) + M%. In absence of initial and final
state radiation and assuming a perfect measurement of the four momentum of
the hadronic system X, M, ;, is distributed below the 7 mass and has an edge at
M. Intial and final state radiation and the finite momentum resolution of the
detector smear the edge of M,,;, around M. The threshold position obtained
from the fit to the experimental M,,;, distribution is used as an estimator of
M.

The analysis is based on 253 fb~! of data collected with the Belle detector.
The data used are those on the T (4s) resonance, since the absolute beam energy
calibration is better known for this sample than for the off-resonance data
taken 60 MeV below the Y(4s). 77~ events are selected with one 7 decaying
leptonically (I7;v;) and the other 7 decaying into 3ntv, or 3nE7 ;. A set of
preselection cuts on the total visible energy and the number of charged tracks
in the selected 777~ events are applied in order to remove BhaBha, u™p~ and
two-photon background events. Particle identification is then applied in order
to select events with one well identified muon or electron, recoiling against
three charged pions. In case of the 3n* 7%y, decay mode, events with exactly
one well identified 7° are retained. The M,,;, distribution of the selected data
events is fitted with the function:

F(z) = (p3 + pa * ) x arctan((z — p1)/p2) +ps +ps * T . (6)

In case of the 7 — 3n%u, decay mode, the M,,;, data distribution is shown
in Figure 6. The value of the parameter p; obtained from the fit is p; =
1777.41 £ 0.25 MeV.

The difference between the threshold position obtained using Equation 6
and the true value of the M obtained from MC is dp; = 0.70+0.40 MeV, where
the uncertainty is dominated by the limited MC stastistic and the systematic
of the fit procedure. The estimator value p; is corrected by dp; and the error
on dp; is used as an estimate of the relative systematic uncertainty. Other
systematic uncertainties are considered: calibration of the tracking system,
choice of the fit range and shape of the threshold function, beam energy. The
total systematic error is 0.62 MeV, giving a final result of M, = 1776.71 £

0.25(stat) £ 0.62(syst) MeV, in agreement with the PDG average 11) The
value of the 7 mass estimator in the 7+ — 37%*7%v, decay mode is consistent
within errors with the result from the 7+ — 37%v, decay mode.

The pseudo-mass method allows a separate measurement of the masses
of the positively and negatively charged 7 leptons. The M,,;, distributions
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Figure 6: 7 mass analysis: (left) pseudo-mass distribution (M) for events
selected in the T+ — 3n%v, decay mode. The point with error bars are data
and the solid line is the result of the fit with the function in Equation 6. (right)
pseudo-mass distribution (M) for 7 and 7= decays in the 3n¥v, decay
channel. The solid lines are the results of the fit using the function in Equa-
tion 6.

for 7+ and 7~ decaying to 37Tv, are shown in Figure 6, together with the
result of the fit. There is good agreement between the two distributions and
the mass difference obtained from the independent fits to these distributions
is M+ — M,.- = —0.12 £ 0.45 MeV. Most of the sources of systematic errors
affect the result on 77 and 7~ in the same way, so that their contributions
to the mass difference cancel. However, a mass shift can arise from the fact
that particles and anti-particles interact differently with the detector material.
The systematic uncertainty on the 7 mass difference due to a possible shift in
the measurement of the momenta of particles and anti-particles is estimated
using data control samples and is found to be 0.15 MeV. An upper limit on
the relative mass difference that includes both statistic and systematic errors

is obtained using the frquentist approach described in 6).

M.+ — M, |/May, < 5.0x 107 at 90% CL. 7
g9

The good agreement of the M,,;, distributions for positive and negative 7+ —
37y, decays shows that, at the present level of experimental accuracy, CPT
inveriance is respected.

5 Summary

The successful operation of PEPII and KEKB and the excellent performances
of the BABAR and Belle detectors have allowed to obtain many interesting
results in both charm and tau physics at the B-Factories.



The measurement of D°D° mixing in the D® - K+7~ decay mode from
the Belle experiment provides the world’s most stringent limit on the mixing
parameters z'2 and y’, assuming negligible CP violation: z'? < 0.72 x 1073,
—99x1072 <y' < 6.8 x 1072 at 95% CL.

BABAR has measured the pseudoscalar decay constant fp, using charm-
tagged D} — ptv, events and has obtained the most precise measurement
to date of the ratio I'(D} — utv,)/T (D} — ¢nt). The measurement of the
decay constant is fp, = (279 £ 17 £ 6 £ 19) MeV, in agreement with Lattice
QCD predictions.

In both BABAR and Belle there have been several results from analyses
looking for Lepton Flavour Violation in 7 decay and production.

A recent result from Belle on lepton flavour violating decays 7= — [~ K?
has yielded the most stringent upper limit on the branching fractions of B(r~ —
e K?) <5.6x107% and B(t— — pu~ K?) < 4.9 x 1078 at the 90% CL.

BABAR has presented for the first time at this conference a preliminary
result on the search for the LFV processes ete™ — pt7~ and ete™ — et77.
No evidence for signal is found and the 95% CL upper limits on the cross-
sections is set at 0,, < 4.6 fb and o, < 10.1 fb. The ratio of the cross-
sections with respoect to the di-muon cross-section are measured to be 0,7, <
4.0 x 107% and 0., /,, < 8.9 x 1076, These are the first limits obtained at the
energies accessible by the B-Factory detectors.

With the current high statistic of 7-pair events collected at the B-Factories
it is possible to search for high multiplicity decays of the 7 lepton, that can
lead, if observed, to a more stringent limit on the tau neutrino mass. BABAR
has recenlty published the world’s most stringent upper limit on the 7= —
37271270, decay: B(r~ — 377 27127%,) < 3.4 x 1076 at the 90% CL.
This is more than a factor 30 improvement over the previously established limit.
In addition, BABAR has obtained the first upper limit for the 7= — 2wn v,
decay mode: B(r~ — 2wr v;) <5.4x 1077 at 90% CL.

High precision measurements of the mass of the 7 lepton can be performed
at the B-Factories and the results can be used to test lepton universality. The
Belle experiment has measured the mass of the 7 lepton in the decay modes 7 —
3rv, and 7 — 377°v,. The preliminary result is M, = 1776.71 £ 0.25(stat) &
0.62(syst) MeV. The preliminary value of the upper limit on the relative mass
difference between positive and negative 7 leptons is |M,+ — M, -|/May, <
5.0x107% at 90% CL. At the present level of experimental accuracy, no violation
of the CPT theorem is observed.
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