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A review of the most recent results on standard tau decays from the BABAR and Belle experiments is presented

in this article.

1. Introduction

B-factories have been succesfully operating for
more than 8 years, providing an unprecedented
data sample of ete~ — hadrons events. The
BABAR and Belle experiments have in fact already
collected over 550fb—! and 800fb~! respectively
at the 7°(4s) center-of-mass (CM) energy. At this
energy, the cross-section for tau production is of
the same order of the cross-section for b produc-
tion: o(bb) ~ 1.1 nb ~ o(r7t77) ~ 0.9 nb. For
this reason, B-factories can now be considered
also Tau-factories.

In this paper the most recent results on stan-
dard tau decays from BABAR and Belle are pre-
sented.

2. The BABAR and Belle Detectors

The BABAR [1] detector operates at the PEP-
IT asymmetric ete™ collider. Charged parti-
cles are detected and their momenta measured
with a 5-layer double sided silicon vertex tracker
(SVT) and a 40-layer drift chamber (DCH) in-
side a 1.5 T super-conducting solenoidal mag-
net. A quartz bar ring-imaging Cherenkov de-
tector (DIRC) complements dE/dz in the drift
chambers for the identification of charged parti-
cles. Energies of neutral particles are measured
by an electromagnetic calorimeter (EMC) com-
posed of 6,580 CsI(T1) crystals, and the instru-
mented magnetic flux return (IFR) is used to
identify muons and K? mesons. The Belle [2]
detector operates at the KEKB [3] asymmetric
ete collider. The detector consists of a sil-
icon vertex detector (SVD), a 50-layer central

drift chamber (CDC), an array of aerogel thresh-
old Cherenkov counters (ACC), a barrel-like ar-
rangement of time-of-flight scintillation counters
(TOF) and an electromagnetic calorimeter (ECL)
comprised of CsI(T1) 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 K? mesons (KLM).

3. Measurement of the Tau Lepton Mass

Masses of quarks and leptons are fundamen-
tal parameters of the Standard Model (SM). The
present value of the 7 mass in the PDG [4], which
has an accuracy of 0.3 MeV/c?, is dominated by
the result from the BES experiment [5]. The
same level of accuracy has been reported by the
KEDR Collaboration at this conference [6]. The
data collected by the Belle Collaboration allow
a measurement of the 7 mass with similar pre-
cision [7]. A combination of all the measure-
ment will eventually improve significantly the ac-
curacy of the 7 mass determination. Moreover,
the analysis of individual 7 lepton decays allows
to measure the masses of positive and negative
7’s separately and therefore test the CPT the-
orem. This measurement cannot be performed
at threshold experiments, like BES and KEDR,
but can be made at the B-factories [7], and sig-
nificant improvement is expected with respect to
the current limit from LEP [8]. In Belle’s anal-
ysis, the 7 mass is determined from hadronic 7
decays, using the pseudo-mass technique [9]. The
estimator of the 7 mass is defined by M,,;, =
V/2(Epeam — Ex)(Ex —px) + M%. In absence
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of initial and final state radiation and assuming
a perfect measurement of the four momentum of
the hadronic system X, M,,;, is distributed be-
low the 7 mass and has an edge at M,. Intial
and final state radiation and the finite momen-
tum resolution of the detector smear the edge of
M nin around M. The threshold position ob-
tained from the fit to the experimental M,,;, dis-
tribution is used as an estimator of M,. The anal-
ysis is based on 414fb~! of data; 777~ events
are selected with one 7 decaying to a well identi-
fied lepton, and the other 7 decaying into 3n%v, .
The M,,;» distribution of the selected data events
(Figure 1) is fitted with the function: F(z) =
(ps + pa * 7) x atan((z — p1)/p2) +Ps + pe * @ to
extract a value for the mass estimator p;. Taking
into account various systematic uncertainties, the
most important being the calibration of the track-
ing system, the choice of the fit range and shape
of the threshold function and the beam energy,
the final result is M, = 1776.61 = 0.13(stat) +
0.35(syst) MeV/c?, in agreement with the PDG
average [4]. The pseudo-mass method allows a
separate measurement of the masses of the posi-
tively and negatively charged 7 leptons by doing
independent fits to the two distributions. Most of
the sources of systematic errors affect the result
on 7T and 7~ in the same way, so their contri-
butions to the mass difference cancel. An upper
limit on the relative mass difference that includes
both statistic and systematic errors is obtained
using the frquentist approach described in [10]:
| M+ — M,-|/May, < 2.8 x107* at 90% CL,
one order of magnitude better than the current
limit [4].

4. Tau Decay Modes with Strange Mesons

The 7 is the only lepton with sufficiently large
mass to decay to hadrons. These decays pro-
ceed via W exchange and thus the decay rates to
the final states containing a strange quark is sup-
pressed by a factor (|Vus|/|Vua|)? relative to the
non-strange final states, where |V,s| and |V,4| are
the moduli of the Cabibbo-Kobayashi-Maskawa,
(CKM) matrix [11,12] elements. For a given value
of the strange quark mass m; [13], |Vys| can be de-
termined with relatively small theoretical uncer-
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Figure 1. The pseudo-mass distribution (M,in)
for the 7+ — 37% v, candidates. The points with
error bars are data and the solid line is the result
of the fit with the function F'(x) given in the text.

tainties [14,15] using the measurements of branch-
ing fractions of 7 decays into final states contain-
ing an odd number of kaons.

The BABAR Collaboration has recently pub-
lished a measurement of the 7= — K~ nlu,
branching fraction [16], based on 230.2fb~1 of
data containing 211.6 million 7-pairs. Each event
is divided in two hemispheres in the CM frame
using the plane perpendicular to the thrust axis.
Only those events with one charged track in each
hemisphere consistent with originating from the
interaction point are selected. One of these tracks
is required to be identified as a lepton, while the
one in the opposite hemisphere is required to be
identified as a kaon. Moreover, only events con-
taining one 7° are retained. To account for the
substantial energy carried away by the neutrinos,
the total missing momentum in the event should
exceed 0.5 GeV/c. Figure 2 shows the invariant
mass spectrum of the selected K~ 7° candidates
and simulated backgrounds. The K*(892)~ res-
onance is seen prominently above the simulated
backgrounds. The branching fraction B(r~ —
K~7%;) is found to be (0.416 % 0.003 (stat) &
0.018 (syst))%, where the statistical uncertainty
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Figure 2. Distribution of the reconstructed K ~n°
mass in the BABAR analysis. The dots are the
data, while the histograms are background MC
events: 7 background (dashed line), ¢ (dash-
dotted line), pTu~ (dotted line).

comes from the uncertainty in the number of sig-
nal events and the main systematic uncertainty
comes from the efficiency of detecting a 7°. This
is consistent with the world average and has a
better accuracy.

The 7= — Kyn~ v, branching fraction has re-
cently been published by the Belle Collabora-
tion [17], based on 351fb~! of data containing
313 million 7-pairs. Also in this case, events are
selected in which one 7 decays to leptons, while
the other one decays via the hadronic channel
7~ — h v,. Particle identification is obtained
by means of ratio of likelihood functions, build
for each particle hypothesis using the informa-
tion on the specific particle identification detec-
tors. Figure 3 shows the invariant mass spectrum
of the selected K,n~ candidates. The measured
branching fraction B(r~ — K% v;) = (0.404 +
0.002 (stat)+0.013 (syst))% is consistent with the
world average value and has better accuracy. An
analysis of the K n~ invariant mass spectrum re-
veals contributions from the K*(892)~ resonance
as well as other states. To describe the enhance-
ment near threshold a K(800) amplitude is in-
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Figure 3. Distribution of the reconstructed K m—
mass in the Belle analysis. The dots are the data,
while the histograms are background MC events.

troduced. For the description of the distribution
at higher invariant masses, both the K*(1410)
vector resonance or the scalar K (1430) are used.
At present it is not possible to distinguish be-
tween the K(800) +K*(892) +K*(1410) and
the K3;(800) +K*(892) +K;(1430) fit mod-
els. For the fist time, the K™*(892)" mass
and width have been measured in 7 decays:
m(K*(892)) = (895.47+0.20 (stat)+0.44 (syst) £
0.59 (mod)) MeV/c?, and T'(K*(892)) = (46.2 &
0.6 (stat) £ 1.0 (syst) £ 0.7 (mod)) MeV. The
K*(892)~ mass is significantly different from
the current world average value of (891.66 +
0.26) MeV/c? [4] and systematically lower than
existing measurements listed in [4]. It has to
be noted that all earlier measurements of the
K*(892)~ mass come from analyses of hadronic
reactions and include effect of final state inter-
action, while in this work the decay products of
the K*(892)~ are the only hadrons involved. It
is also worth noting that none of these previous
measurements include systematic uncertainties in
their results.

Using 342fb~! of data, the BABAR Collabora-
tion has published the exclusive branching frac-
tion measurement of 7= — h~hTh v, where



each of the h* is either a pion or a kaon [18].
The signal sample is obtained by selecting events
with four well reconstructed tracks having zero
total charge. The event is divided in two
hemispheres, one containing one charged track
identified as a lepton and the other containing
three charged tracks identified as coming from
at- s atrv, T = Kate v, 17 =
K K*n v, or 7~ - K- K*K v, decay, with
decays having the wrong charge combination re-
moved. The branching fractions obtained in this
analysis are summarized in Table 1. They are
significantly more precise than the current world
average results in [4]. This analysis first measures
the 7= — K~ K* K v, branching fraction, with
a significance in excess of 80. A ¢(1020) con-
tribution is seen in both the 7= = K~ Ktn v,
and 7~ = K- K1tK~v, decay modes (see Fig-
ure 4). The branching fractions for these two
decay modes are B(r— — ¢m v,) = (3.42 £
0.55 £ 0.25) x 107° and B(t~ — ¢K v,) =
(3.39 £ 0.20 £ 0.28) x 10~°, with a significance
of 5.70 and 9.8, respectively.

Using the new branching fraction measure-
ments of 7~ = K~ 7%,, 7~ — Ky v, and
7= = K—wnt7n~ v, reported in this section it is
possible to determine |V,;| from hadronic tau de-
cays [19]. These new branching fractions are aver-
aged with the results in [14] and the total branch-
ing fraction into strange final states is also cal-
culated by replacing B(r— — K v;) with the
value obtained from theoretical predictions using
the much better known K~ — p~v,(y) decay
rate and assuming 7 — g universality: (7.15 +
0.03) x 10~3. The updated |V,;| value is |Vys| =
0.2157 £ 0.0031 using the measured 7 branching
fractions alone, and |V, = 0.2171 £0.0030 using
the predicted 7= — K~ v, as well. The uncer-
tainties are dominated by the ~2% experimental
errors on the 7 branching fraction measurements,
that have been reduced by almost a factor of two
thanks to the new BABAR and Belle results.

5. Measurement of Hadronic 7 Decays in
Modes with 7 Mesons

Decay modes including the 7 meson(s) are
interesting for testing the Wess-Zumino-Witten
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Figure 4. K+*K~ invariant mass distribution in
77 = K- KTK v, decays with two entries per
event. The dots are the data, the open histogram
is the MC calculation of 7= — ¢K v, the light
shaded histogram is the cross feed from other
7~ = h~hTh v, channels and the dark shaded

histogram represents the non-7 backgroud.

(WZW) anomaly [20,21], chiral theory [22,23] and
relations to ete™ cross-sections following from
conservation of the vector current (CVC) [24].
The branching fractions of 7= — K nv,,
™~ = K v, 7~ = 7 7%, and 7= —
K*(892) nv, are measured by the Belle Collab-
oration [25], where the latter decay mode is eval-
uated from the corresponding 7= — K~ 7nu,
measurement. A total integrated luminosity of
485fb~! of data are used for the analysis, cor-
responding to 430 million 7-pairs. Signal events
are selected requiring that one of the 7’s decays
leptonically, while the other 7 decays to Xnv,,
where X denotes K—, K~7° or #—7°. Candi-
date n mesons are reconstructed through the vy
or 77~ 7% decay modes, while charged particles
are identified using likelihood ratios based on the
information obtained from the particle identifica-
tion detectors. The branching fractions for the
four different 7 decay modes are summarized in
Table 2,together with the previous measurements
from CLEO [26,27] and ALEPH [28]. The result



Table 1

Branching fraction results for the BABAR 7~ — h~hth~ v, analysis.
Tt K ntn~

B (88.3+0.1+1.3) x 1073 (2.73 £0.02 £0.09) x 1073

B (PDG) (91.3+£0.5+4.6) x 1073 (3.3+0.5) x 1073
K-K*r~ K-KT*K~

B (1.346 £+ 0.010 £ 0.036) x 103 (1.58 £0.13+£0.12) x 107>

B (PDG) (1.54 £ 0.09) x 10~3 <3.5%x 1075 90% CL

obtained in this analysis for the 7= — 7~ 7%nv;
decay mode is consistent with predictions based
on CVC and experimentally measured ete™ —
ntr~n cross-sections [24]. The values of the
branchin fractions obtained for 7~ — K v, and

7= — K~ 7%, decays differ slightly from the
predictions in [23].

6. Search for the 7= — 37 277 27%, decay

Tau decays to 5 or 7 prongs have much lower
branching ratios than decays in one or three
charged tracks, but the unprecedented integrated
luminosity reached by the B-factory experiments
allows at present a detailed searches for these high
multiplicity 7 decay modes. The BABAR experi-
ment has recently published an analysis on the
search for the 7= — 37~ 27" 27%, decay [29]
in 232fb~! of data. This mode is highly sup-
pressed [30,31] and therefore, if observed, it may
lead to a more stringent limit on the 7 neutrino
mass. Events are divided in two hemispheres,
where one hemisphere is required to have only one
charged track, while the other hemisphere con-
tains 5 charged tracks and exactly 2 candidate
7%. The signal yield is computed in the region
defined by (1.3 < M} < 1.8) GeV/c?, where M}
is the pseudo-mass of the 7 [9]. The expected
background contribution from generic 7 decays is
computed from MC events, while the ¢q back-
ground (¢ = u,d,s,c) is estimated directly from
the data, by subtracting the 7 background con-
tribution from the pseudo-mass distribution and
fitting the resulting histogram above the signal
region (see Figure 5). The fit function is then
extrapolated below 1.8 GeV/c® and its integral
between 1.3 and 1.8 GeV/c? yields the ¢ esti-

mate. The total background estimate is 6.573:9
events and a total of 10 events are observed in
the data, giving therefore no evidence for the
7= = 31 27127%, decay. Figure 5 shows the
final pseudo-mass spectrum in data, with super-
imposed the expected background PDF. The ex-
tractd upper limit for the branching fraction is
B(r~ = 3r 27727%,) < 3.4 x 1078, at 90%
CL. In addition to the inclusive result, also the
resonant decay mode 7= — 2wn v,, with w —
atm~ 70 is searched for. The total number of
expected background events is 0.4759 and one
event survives all the analysis criteria. The up-
per limit for the branching fraction of the decay

is B(t— = 2wr v;) < 5.4 x 1077 at 90% CL.
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