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We present recent results on the high statistics study of the decay τ ��� π � π0ντ and the precise
measurement of τ-mass, obtained using data recorded by the Belle detector at the KEKB e

�
e
�

collider at the center-of-mass energy of 10.6 GeV.
The branching fraction for τ ��� π � π0 ντ and the invariant mass spectrum of the result-
ing π � π0 system are measured using 72 � 2 fb

� 1 of data. The branching fraction obtained is�
25 � 15 � 0 � 04 � 0 � 31 	 %, where the first error is statistical and the second is systematic. The un-

folded π � π0 mass spectrum is used to determine resonance parameters for the ρ
�
770 	 , ρ 
 � 1450 	 ,

and ρ 
 
 � 1700 	 mesons. We also use this spectrum to estimate the hadronic contribution to the
anomalous magnetic moment of the muon.

The mass of the τ-lepton has been measured in the decay modes τ � 3πντ and τ � 3ππ0ντ using

a pseudomass technique. The result is 1776 � 71 � 0 � 25
�
stat	�� 0 � 62

�
syst 	 MeV. The upper limit

on the relative mass difference between positive and negative τ lepton � � Mτ 
�� Mτ � 	�� Maverage

is 5 � 0 � 10
� 4 at 90% C.L. The mass difference result is one order of magnitude lower than the

previous limit.
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1. High Statistics Study of the Decay τ � π � π0 ντ [1]

Among the decay channels of the τ lepton, the decay τ � π � π0 ντ has the largest branching
fraction. The decay is dominated by intermediate resonances and thus provides information on the
properties of the ρ

�
770 � , ρ � � 1450 � , and ρ � � � 1700 � mesons and their interference. Since leptons do

not participate in the strong interaction, hadronic τ decays provide a clean environment for studying
the dynamics of hadronic states in an interesting energy range dominated by resonances. Under the
Conserved Vector Current (CVC) theorem, the π � π0 mass spectrum in this range can be used to
improve the theoretical error on the anomalous magnetic moment of the muon aµ � � gµ � 2 �
	 2.
Recent calculations of aµ indicate that there is a significant difference between e � e � -based and
τ-based calculations in particular in the 2π mode [2]. To clarify the situation, new measurements
are important. We report here a measurement of the branching fraction and the mass spectrum for
τ ��� π � π0ντ using 72 
 2 fb � 1 data collected by the Belle detector [3]. This sample is 50 times
larger than that of previous studies.

The branching fraction for τ ��� h � π0ντ ( � hπ0 ) is determined by dividing the signal yield
Nhπ0 by the number of selected generic τ � τ � pairs Nττ :

� hπ0 � Nhπ0

2Nττ � � 1 � bfeed-down � bnon-τ ��
1 � bττ � � � εττ

ετ
hπ0 � � 1

ε ID
hπ0


 (1.1)

In this formula, bττ is the background fraction in the τ � τ � sample, εττ is the efficiency of the
τ-pair selection, ε τ

hπ0 is the efficiency for τ ��� h � π0ν decays to pass the τ-pair selection, and ε ID
hπ0

is the efficiency for τ ��� h � π0ν decays satisfying the τ-pair selection to pass the h � π0 selection.
The parameters bfeed-down and bnon-τ are the fraction of h � π0ν candidates coming from other τ
decay modes and from non-τ processes, respectively. Several common uncertainties cancel in
this ratio. 22 
 7 � 106 generic τ-pairs are selected from 72.2 fb � 1 data by applying loose criteria
consisting of low multiplicity and existence of the missing particles. Within the τ-pair sample,
τ ��� h � π0 ντ decays are reconstructed by requiring that there be both one charged track and one π 0

in one hemisphere. Resulting 5 
 55 � 106 τ ��� h � π0ντ decays are selected with a good signal-to-
background ratio. Here h � denotes π or K. The efficiencies and the background fractions relevant
in this experiment are εττ 	 ετ

hπ0 � 1 
 112 � 0 
 003, ε ID
hπ0 � 42 
 62 � 0 
 13%, bττ � 7 
 66 ��� 0 
 03%,

bfeed � down
hπ0 � 5 
 98 � 0 
 07%, bnon � τ

hπ0 � 2 
 45 � 0 
 06%. Inserting all values in Eq.(1.1) gives� hπ0 � � 25 
 60 � 0 
 04 � 0 
 31 � % � (1.2)

where the first error is statistical and the second is systematic. Subtracting the small kaon-channel
branching fraction listed in the PDG [4] [ � K � π0 � � 0 
 45 � 0 
 03 � %] gives a τ � π � π0ντ branching
fraction of � ππ0 � � 25 
 15 � 0 
 04 � 0 
 31 � % 
 (1.3)

The branching fraction is measured with 1 
 2% accuracy which is better than that in the previous
experiments (except for the ALEPH result).

Figure 1 shows the unfolded π � π0 mass squared (s � M2�
ππ0 unf � � ) spectrum dN 	 ds in the decay

τ ��� π � π0ντ . The unfolding is carried out by using the singular-value-decomposition(SVD)
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Figure 1: Fully-corrected M2
ππ0 distribution for τ � � π � π0 ντ . The solid curve is the result of a fit to the

Gounaris-Sakurai model with ρ
�
770 	 , ρ 
 � 1450 	 , and ρ 
 
 � 1700 	 resonances. All parameters are floated.

Parameter Fit result Fit result
(all free) (fixed φγ )

Mρ
�
MeV 	 c2 � 774 
 6 � 0 
 2 � 0 
 3 774 
 3 � 0 
 2 � 0 
 3

Γρ
�
MeV � 150 
 6 � 0 
 3 � 0 
 5 150 
 0 � 0 
 3 � 0 
 5

Mρ �
�
MeV 	 c2 � 1336 � 12 � 23 1436 � 15 � 23

Γρ �
�
MeV � 471 � 29 � 21 553 � 31 � 21�

β
�

0 
 090 � 0 
 009 � 0 
 013 0 
 161 � 0 
 020 � 0 
 013
φβ (degree) 123 
 7 � 5 
 0 � 7 
 0 149 
 1 � 2 
 4 � 7 
 0
Mρ � �

�
MeV 	 c2 � 1600 � 13 � 4 1804 � 16 � 4

Γρ � �
�
MeV � 255 � 19 � 79 567 � 81 � 79�

γ
�

0 
 062 � 0 
 015 � 0 
 015 0 
 136 � 0 
 024 � 0 
 015
φγ (degree) � 64 
 1 � 7 
 9 � 0 �
χ2 	 d 
 o 
 f 55/51 94/52

Table 1: Results of fitting the M2
ππ0 distribution for τ � � π � π0 ντ to the Gounaris-Sakurai model with

ρ
�
770 	 , ρ 
 � 1450 	 , and ρ 
 
 � 1700 	 resonances. The results for two cases, all parameters floated (the second

column) and fixed φγ (the third column) are shown. For both cases, the first error is statistical and the second
one is systematic.

method given in Ref. [5]. In the spectrum, the ρ peak and the shoulder due to the ρ � � 1450 � are
clearly visible. The solid line is a fit with three Breit-Wigner functions(BW ), including the ρ ,
ρ � � 1450 � , and ρ � � (1700) resonances. The pion form factor in the fitting formula is given by

Fπ
�
s � � 1

1 � β � γ
�
BWρ � β � BWρ � � γ � BWρ � � � � (1.4)

where the parameters β and γ (denoting the relative size of the two resonances) are in general
complex. For the Breit-Wigner shape, the Gounaris-Sakurai(GS) model [6] is used.
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The results of the fit are summarized in Table 1 for two cases, all parameters are floated
and fixed φγ . The χ2 becomes worse if φγ is fixed to zero. In addition to ρ

�
770 � and ρ � � 1450 �

mesons, the production of the ρ � � � 1700 � in τ � decays has been unambiguously demonstrated and
its parameters determined.

The unfolded spectrum is used to evaluate the 2π contribution to the muon anomalous mag-
netic moment aππ

µ . Our results after integrating over the region � s � 0 
 50 � 1 
 80GeV 	 c2 is

aππ
µ � 0 
 50 � 1 
 80 � � � 462 
 6 � 0 
 6 � stat 
 � � 3 
 2 � sys 
 � � 2 
 3 � isospin � � � 10 � 10 �

where the first error is statistical, the second is systematic, and the third arises from isospin
violation. Note that this result includes a correction for the isospin breaking effects δaππ

µ �� � 1 
 8 � 2 
 3 � � 10 � 10, which comes from the ρ � ω interference effect and the mass difference
of π � and π0. More detailed description of the analysis is available in Ref.[1].

2. Measurement of mass of the τ-lepton [7]

The present PDG value of the τ mass[4] is dominated by the result of the BES Collaboration[8]
and has an accuracy about 0.3 MeV. The high statistics of the Belle data allows a measurement with
the same level of accuracy.

Analysis presented here is based on the 253 fb � 1data taken with the Belle detector at the
KEKB asymmetric-energy e � e � collider. In the analysis, so-called pseudomass Mmin defined by

Mmin � �
M2

X � 2
�
Ebeam � EX � � EX � PX � �

is used as an estimator of the τ mass. Here MX � EX and PX are the invariant mass, energy and abso-
lute value of the momentum of the hadronic system in a hadronic τ decay τ � � X � ντ , respectively.
Since Mmin should be less than or equal to the τ lepton mass, one can use the threshold position
obtained from the fit to the experimental Mmin distribution as an estimator of the τ mass. The initial
and final state radiation as well as the finite momentum resolution of the detector smear the shape
of the edge for Mmin near the τ mass. The contributions from background processes have smooth
behavior near the τ mass. A possible correction caused by the method itslef and all these effects is
studied by Monte-Carlo and the correction is equal to Mobs

τ � Mtrue
τ � 0 
 70 � 0 
 40 MeV.

The distribution of Mmin for the selected τ � 3πντ data is shown in Fig.2. The line is the
result of the fit. After applying the correction mentioned above, the result for the τ mass is

Mτ � 1776 
 71 � 0 
 25
�
stat � � 0 
 62

�
syst � MeV �

where the first error is statistical and the second is systematic. For the systematic uncertainty,
following contributions are considered:

1) A sample of the ϒ
�
1s � � µ � µ � decay, measured as the decay products of ϒ

�
2S � 3S � to

ϒ
�
1S � π � π � is used to determine the absolute value of the momentum scale in the tracking system.

The uncertainty of the tracking system gives the systematic error of 0.39 MeV. 2) The variation
of the fit range and threshold function gives the systematic uncertainty of 0.40 MeV. 3) The beam
energy is known with the accuracy better than 1.5 MeV. This uncertainty provides the uncertainty
of 0.26 MeV. 4) Systematic uncertainty coming from the misidentified τ decays is negligible.
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Figure 2: Pseudomass distribution Mmin for τ � 3π � ντ decays. The points with error bars are data and the
solid line is the result of the fit.

2.1 CPT Test

The pseudomass method allows a separate measurement of the masses of the positively and
negatively charged τ leptons. The mass difference obtained from the independent fits to the Mmin

distribution is Mτ 
 � Mτ � � � 0 
 12 � 0 
 45 MeV, consistent with no difference between a positively
and negatively charged τ lepton. By taking into account the possible systematic shift in the mea-
surement of particle and antipartcile momenta in the tracking system, we obtained an upper limit
on the relative mass difference to be

� �
Mτ 
 � Mτ � � � 	 Maverage

� 5 
 0 � 10 � 4 at 90% C.L. This limit
is one order of magnitude lower than the previous result obtained by the OPAL experiment[9].
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