
Journal of Physics: Conference Series

PAPER • OPEN ACCESS

Two- and three-meson decay modes of the τ-
lepton in the Monte Carlo generator TAUOLA
To cite this article: Olga Shekhovtsova 2017 J. Phys.: Conf. Ser. 912 012004

 

View the article online for updates and enhancements.

Related content
PPPC 4 DM ID: a poor particle physicist
cookbookfor dark matter indirect detection
Marco Cirelli, Gennaro Corcella, Andi
Hektor et al.

-

Fluctuations of K Ratios in Pb-Pb
Collisionsat Super Proton Synchrotron
Energies
Zhou Dai-Mei, Wang Xiao-Rong, Yang
Chun-Bin et al.

-

An imaginary part of the zero angle light-
by-light scattering tensor
A I Ahmadov, S Bakmaev and E A Kuraev

-

This content was downloaded from IP address 131.169.5.251 on 04/11/2017 at 22:49

https://doi.org/10.1088/1742-6596/912/1/012004
http://iopscience.iop.org/article/10.1088/1475-7516/2011/03/051
http://iopscience.iop.org/article/10.1088/1475-7516/2011/03/051
http://iopscience.iop.org/article/10.1088/0256-307X/18/8/315
http://iopscience.iop.org/article/10.1088/0256-307X/18/8/315
http://iopscience.iop.org/article/10.1088/0256-307X/18/8/315
http://iopscience.iop.org/article/10.1088/0256-307X/18/8/315
http://iopscience.iop.org/article/10.1088/0256-307X/18/8/315
http://iopscience.iop.org/article/10.1088/0256-307X/18/8/315
http://iopscience.iop.org/article/10.1088/0954-3899/40/5/055001
http://iopscience.iop.org/article/10.1088/0954-3899/40/5/055001


1

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.

Published under licence by IOP Publishing Ltd

1234567890

AMDPF2017 IOP Publishing

IOP Conf. Series: Journal of Physics: Conf. Series 912 (2017) 012004  doi :10.1088/1742-6596/912/1/012004

Two- and three-meson decay modes of the τ-lepton

in the Monte Carlo generator TAUOLA

Olga Shekhovtsova

Radzikowskiego str. 152, Cracow 31-342, Poland
Akademicheskaya str. 1, Kharkov 61202, Ukraine

E-mail: shekhovtsova@kipt.kharkov.ua

Abstract. The current status of the two- and three-meson decay study of τ -lepton using the
Monte Carlo generator TAUOLA is overviewed.

1. Introduction
The precise experimental data for tau lepton decays collected at B-factories (both Belle [1] and
BaBar [2]) provide an opportunity to measure the Standard Model (SM) parameters, such as
the strong coupling constant, the quark-mixing matrix, the strange quark mass etc, and for
searching new physics, beyond the SM. Leptonic decay modes of the τ -lepton allow to test the
universality of the lepton couplings to the gauge bosons [3].

Hadronic decays, in addition to the low energy e+e− data, give an information about the
hadronization mechanism and resonance dynamics in the energy region of 1-2 GeV where the
methods of the perturbative QCD cannot be applied. Unlike the e+e− annihilation into hadrons,
the τ -lepton decays weakly and thus provides access to both vector and axial-vector currents. In
addition, systematical comparison between τ -lepton and e+e− data for corresponding hadronic
channels allows to test the conservation of the vector current hypothesis [4]. The τ -lepton data
are also applied to estimate the hadronic vacuum polarization contribution to the anomalous
magnetic momentum of the muon [5]. In addition hadronic decays of the τ -lepton are a tool in
high-energy physics to study Higgs boson features [6]. Also hadronic flavour-violating and CP
violating decays of τ lepton allow to search for new physics scenario [7].

Being the main hadronic decay modes, the two- and three-meson decays of the τ -lepton play
a key role in the studies mentioned above. The current status of the part of the Monte Carlo
generator TAUOLA related to the two- and three-meson modes is discussed in this note. The
article is organized as follows: Section 2 is devoted to a general presentation of the two- and
three-meson currents while Sections 3 and 4 describe the numerical test and fit of the dominant
modes to experimental data. Section 5 summarizes this note.

2. Current status of the MC TAUOLA for two- and three-meson states

Since the 90’s TAUOLA [8] has been the main MC generator to simulate τ decays. It has been
used to simulate decays of the τ lepton by the experimental collaborations CLEO, ALEPH, and
at both B-factories BaBar and Belle. The simulation of hadronic decay modes in the original
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version of TAUOLA was done on the basis of the theoretical results within the Vector Meson
Dominance (VMD) approximation. In this approach a hadronic current is modeled by a weighted
product of Breit-Wigner functions. This approach was contested in [9]: the investigation of the
low energy behaviour of the τ → πππντ amplitude demonstrates that the VMD amplitude
reproduces only the leading order χPT result but contradicts the next-to-leading-order χPT
prediction [10]. Moreover, the model was not sufficient to describe the CLEO KKπ data [11].
To reproduce the data the CLEO collaboration reshaped the model by introducing two ad-hoc
parameters that spoilt the QCD normalization for Wess-Zumino contribution. The parameters
are obtained by fitting to data and demonstrated more than 60% deviation from the predicted
Wess-Zumino behaviour. However, before making conclusion that the Wess-Zumino anomaly
normalization is spoilt it should be checked whether an oversimplified theoretical approximation,
like VMD, was applied.

The alternative approach based on the Resonance Chiral Lagrangian (RχL) [12] was proposed
in [13, 14]. The computations done within RχL are able to reproduce the low-energy limit of
χPT at least up to next-leading-order and demonstrate the right falloff in the high energy
region [13, 14]. The hadronic currents for the main two-meson (ππ, Kπ, KK) [15, 16, 17] and
three-meson (πππ and KKπ) [13, 14] decay modes were calculated in the framework of RχL
and were implemented in TAUOLA [18]. The set covers more than 88% of the total hadronic τ
width.

2.1. Two-meson decay modes in TAUOLA

In the general case, an hadronic current of a two-meson tau-lepton decay mode is described
by the two Lorentz structures and corresponding them two hadronic form factors. For a decay
τ → h1(p1) + h2(p2) + ντ , the hadronic current reads

Jμ
P1P2

= N(P1P2)[c1(p1 − p2)
μF+(s) + (p1 + p2)

μF−(s)], (1)

where s = (p1+ p2)
2, Δ12 = m2

1−m2
2. The normalization factor N(P1P2) depends on the decay

channel.
The function F+ is the vector form factor (F V ≡ F+) and F− is related to the scalar form

factor FS : F−(s) = (FS(s) − F+(s)) · Δ12/s. Therefore the two-meson hadronic current is
re-written as

Jμ
P1P2

= N(P2P2)[(p1 − p2 − Δ12

s
(p1 + p2))

μF V (s) +
Δ12

s
(p1 + p2)

μFS(s)]. (2)

The form factors F V and FS are associated to the L = 1 and L = 0 waves of the final hadronic
system. Fixing the N(π−π0) = 1, the other modes normalization form factors are

N(K−K0) =
1√
2
, N(π−K0) =

1√
2
, N(π0K−) =

1

2
. (3)

The expression (2) together with normalizations factors (3) are applied in TAUOLA [18].
The exact appearance of both form factors are specified by the theoretical model describing

hadronization. In the isospin symmetry limit, mπ− = mπ0 and mK− = mK0 , the scalar form
factor FS vanishes for the two-pion and two-kaon decay modes and the current is described by
the vector form factor F V only. In the original version of TAUOLA [8] the scalar form factor was
not included, as the generator was mainly oriented on the two-pion mode simulation. However,
in the case of the Kπ channels the scalar form factor [19] gives an essential contribution and has
to be taken into account. For this reason it was added in the simulation in the updated version
of the code [18].
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Let us move to the theoretical parametrizations for the two-meson form factors applied to
TAUOLA and we start with the dominant two-pion mode (Br(τ− → π−π0ντ ) � 25.52%). The
scalar two-pion form factor was put to zero and the four theoretical results described below were
implemented for the vector two-pion form factor in TAUOLA.

The original version of TAUOLA [8] for the two-pion decay contained only

• Kühn-Santamaŕıa (KS) parametrization [20], i.e.

F V
π (s) =

1

1 + β + γ
(BWρ(s) + βBWρ′(s) + γBWρ′′(s)) (4)

BW (s) =
M2

M2 − s− i
√
sΓππ(s)

,

thus the pion form factor was written as a weighted sum of the P -wave Breit -Wigner (BW)
functions of the ρ(770), ρ(1450), ρ(1700) vector resonances with their relative strengths 1, α
and β. The denominator of BW functions includes only an imaginary part of the two-pion
loop contribution through the energy dependent width (Γππ(s) = Γρ · s/m2

ρ · σ3
π(s)/σ

3
π(m

2
ρ) with

σπ(s) =
√
1− 4m2

π/s) of the resonances.
To follow state of the art of theoretical calculations for the pion form factor and experimental

data analysis on the τ decay into two pions, three other parametrizations of the pion vector
form factor were added.

• Gounaris-Sakurai parametrization [21]. It was applied to data analysis by the Belle, ALEPH
and CLEO Collaborations.

F V
π (s) =

1

1 + β + γ
(BWGS

ρ (s) + βBWGS
ρ′ (s) + γBWGS

ρ′′ (s)) , (5)

BWGS(s) =
M2 + dMΓππ(s)

M2 − s+ f(s)− i
√
sΓππ(s)

,

For the precise formalue for the function f(s) and parameter d I refer the reader to [22]. Also
this parametrization is a weighted sum of BW contributions related to the ρ mesons. As in the
case of KS only the two-pion loop contribution is taken into account in the energy dependent
width of the ρ-meson states, however, both real (through f(s)) and imaginary (Γππ) parts are
included. The GS parameters, as the resonance masses, widths and relative strentgs, were fixed
to the Belle fit values, Table VII in [22] (the case ’Fit results (fixed |F (0)|2)’ was chosen).
• Parametrization based on the RχL approach [15].

F V
π (s) =

1 +
∑

i=ρ,ρ′

FVi
GVi

F 2
s

M2
i −s

1 +

(
1 +

∑
i=ρ,ρ′

2G2
Vi

F 2
s

M2
i −s

)
2s
F 2

[
Bπ

22(s) +
1
2B

K
22(s)

] , (6)

This parametrization is obtained directly from the Resonance Lagrangian (see for details [15]).
Only two states of the vector ρ resonance contribute to the form factor, however their
contribution is included as a weighted sum separately in the nominator and the denominator.
Both pion and kaon loops are taken into account in this parametrization through the functions
Bπ;K

22 . The relation between Im(Bπ
22(s)) and Γππ(s) can be found in Section 2 of [23]. The

model parameters FVi and GVi as well as the resonance masses were fitted to the ALEPH (only
the

√
s < 1.2 GeV points were taken into account) data [24], the one available at that moment.

Only the
√
s < 1.2 GeV points were taken into account, and presented in Table I of [15].
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• Combined RχL parametrization [16].

It combines two approaches: dispersion approximation in the low energy region (s < s0) and
modified RχL result at the high tail of the spectrum (s > s0).

The low energy part of the spectrum (s < s0) is presented by the Omnès solution of the
3-subtracted dispersion relation [25] and was calculated in [16]:

F V
π (s) = exp

⎡
⎢⎣α1s+

α2

2
s2 +

s3

π

∞∫
4m2

π

ds′
δ11(s

′)
(s′)3(s′ − s− iε)

⎤
⎥⎦ , (7)

where the parameters α1, α2 are the subtraction constants and δ11 is the I = 1, J = 1 two-
pseudoscalar scattering phase shift. The expresion for δ11 via the simplified version of the form
factor is presented in Eq. (16) of [16].

The high energy tail of the spectrum (s > s0) is based on the modified RχL result and
includes contributions from the the ρ(770), ρ(1450), ρ(1700):

F V
π (s) =

M2
ρ + (β + γ)s

M2
ρ − s+

2s

F 2
M2

ρ

[
Bπ

22(s) +
1

2
BK

22(s)

]

− βs

M2
ρ′ − s+

192πsΓρ′

Mρ′σ3
π(s)

Bπ
22(s)

− γs

M2
ρ′′ − s+

192πsΓρ′′

Mρ′′σ3
π(s)

Bπ
22(s)

.

Both pion and kaon loops are taken into account. The s0 parameter is supposed to satisfy
1.0GeV2 < s0 < 1.5GeV2 [16]. In order to get the numerical values of the model parameters in
Eqs. (7) and (8) the fit to the Belle data [22] was done, its results are summarized in Table 1
and Eqs. (29), (30) in [16].

The K−K0 decay channel. Up to the normalization factor the vector form factor for
the τ− → K−K0ντ coincides with the vector form factor of the two-pion mode. The two
parametrizations are currently included in TAUOLA: the KS approach (4) and the RχL one,
Eq. (8). More details and discussion can be found in [23].

For the (Kπ)− modes both scalar and vector form factors are essential. The vector form
factor was included within the two parametrizations [17] and Eqs. (17), (18) of [19]. Both
parametrizations are based on the RχL approach, however, the final state interaction effects are
treated in different ways. More details about these parametrizations can be found in Sections
2.4 and 5.4 of Ref. [18] and in the theoretical papers [17, 19]. The scalar Kπ form factor
was calculated on the basis of the private code of M. Jamin that corresponds to the numerical
solution of a set of coupled dispersion relations specified in [26].

2.2. Three-meson decay modes in TAUOLA

When the τ lepton decays into three hadrons and a neutrino: τ → h1(p1)+h2(p2)+h3(p3)+ντ ,
Lorentz invariance determines the decomposition of the hadronic current in terms of five Lorentz
invariant structures multiplied by hadronic form factors (Fi)

Jμ = N{Tμ
ν [c1(p2 − p3)

νF1(q
2, s1, s2) + c2(p3 − p1)

νF2(q
2, s1, s2) (8)

+c3(p1 − p2)
νF3(q

2, s1, s2)] + c4q
μF4(q

2, s1, s2)− i

4π2F 2
c5ε

μ
. νρσp

ν
1p

ρ
2p

σ
3F5(q

2, s1, s2)},

where as usual Tμν = gμν − qμqν/q
2 denotes the transverse projector, qμ = (p1 + p2 + p3)

μ

is the total momentum of the hadronic system and the two-pion invariant mass squared is
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si = (pj + pk)
2. The normalization factor N is N = cos θCabibbo/F for modes with an even

number of kaons and N = sin θCabibbo/F for an odd kaon number modes. The TAUOLA value
for the ci coefficients is presented in Table 1 in Ref. [18].

I would like to stress that the decomposition (9) is model independent while the hadronic
functions Fi(q

2, s1, s2), i = 1...5 are model dependent. The vector form factor (F5) vanishes for
the three-pion modes due to the G-parity conservation. Of the three hadronic form factors Fi,
i = 1, 2, 3 corresponding to the axial-vector part of the hadronic tensor, only two are independent.
In strangeness-conserving decays the pseudoscalar form factor F4 is proportional to m2

π/q
2 [18],

so that is suppressed with respect to Fi, i = 1, 2, 3.
As in the case of the two-meson decay modes I start with the parametrizations implemented

in TAUOLA for the predominant three-meson modes τ → πππντ (Br(τ → πππντ ) � 18.67%).
Currently the following three-pion form factors are available in TAUOLA.

• CPC version [8].

It corresponds to the original version of TAUOLA and includes only the dominant a1 → ρπ
production mechanism. The form factor is a product of the Breit-Wigner for the a1 and ρ
meson.

• CLEO parametrization [27].

It is based on the Dalitz plot analysis carried out by the CLEO collaboration for τ− → π0π0π−ντ .
The analysis included the following intermediate states: a1 → (ρ; ρ′)π (where (ρ; ρ′)π can be
either in S- or in D-wave), a1 → σπ, a1 → f2(1270)π, a1 → f0(1370)π. As expected the ρπ
S-wave amplitude with a branching fraction 70% was dominant, the next one was the σ-meson
part (about 16%) and the Dalitz plot analysis demonstrated that it could not be neglected. It
is interesting to mention also that the ρ′ ≡ ρ(1450) state showed up more strongly in the D-
wave amplitude than in the S-wave amplitude. All resonances were modelled by Breit-Wigner
functions and the hadronic current was written as a weighted sum of their product.

• Modified RχL parametrization [30].

Initially the RχL three-pion current based on [14] was implemented in the TAUOLA code,
see Section II.A of [18]. The RχL three-pion current was written as a sum of the chiral
contribution corresponding to the direct vertex (W− → (πππ)−), single-resonance contributions
(e.g. W− → (ρπ)−) and double-resonance contributions (e.g. W− → a−1 → (ρπ)−). Only
contributions from the intermediate vector and axial-vector were included in the original RχL
hadronic currents. More details about the parametrization can be found in Section II.A of [18].

However, the comparison of the RχL predictions with the BaBar spectra (see Section 4),
demonstrated a disagreement in the low energy tail of the two-pion spectra, both π+π− and
π−π−, Fig.1 in [29], and required a modification of the current. We ascribed this disagreement
to the scalar resonance absence in the theoretical studies in [14] and to solve the problem an
f0(500) = σ scalar resonance contribution was added. I would like to stress that the σ-meson
contribution was included phenomenologically, i.e. it was not based on any Lagrangian. Our
unique restriction was in requiring the same structure for the current as it was for the vector
resonance contribution. In other words the hadronic currents had to contain a single-resonance
part (W− → σπ−) and a double-resonance part (W− → a−1 → σπ−). In addition, the σ-
resonance was modelled by a BW function. Hereinafter this approach will be refereed to as
’modified RχL’.

Also effects related with the Coulomb interaction of the final-state pions was included in
TAUOLA. The far-field approximation was applied to estimate the Coulomb interaction effects,
i.e. the final-state pions were treated as stable point-like objects and the three pion interaction
was treated as a superposition of the two pion ones.
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Channel Width, [GeV]
PDG Isospin-averaged masses Phase space

with physical masses

π−π0 (5.778± 0.35%) · 10−13 (5.2283± 0.005%) · 10−13 (5.2441± 0.005%) · 10−13
π0K− (9.72 ± 3.5% ) · 10−15 (8.3981± 0.005%) · 10−15 (8.5810± 0.005%) · 10−15
π−K̄0 (1.9 ± 5% ) · 10−14 (1.6798± 0.006%) · 10−14 (1.6512± 0.006%) · 10−14
K−K0 (3.60 ± 10% ) · 10−15 (2.0864± 0.007%) · 10−15 (2.0864± 0.007%) · 10−15
π−π−π+ (2.11 ± 0.8% ) · 10−13 (2.1013± 0.016%) · 10−13 (2.0800± 0.017%) · 10−13
π0π0π− (2.10 ± 1.2% ) · 10−13 (2.1013± 0.016%) · 10−13 (2.1256± 0.017%) · 10−13

K−π−K+ (3.17 ± 4% ) · 10−15 (3.7379± 0.024%) · 10−15 (3.8460± 0.024%) · 10−15
K0π−K̄0 (3.9 ± 24% ) · 10−15 (3.7385± 0.024%) · 10−15 (3.5917± 0.024%) · 10−15
K−π0K0 (3.60 ± 12.6% ) · 10−15 (2.7367± 0.025%) · 10−15 (2.7711± 0.024%) · 10−15

Table 1. The τ decay partial widths. For each channel, the PDG value [31] is compared with
the MC prediction. The third column includes results with isospin averaged masses, whereas
for the last column physical masses were used.

The KπK decay modes, i.e. K−π−K+, K0π−K̄0 and K−π0K0 final states. As for the πππ
decay mode the MC TAUOLA contains three parametrizations: CPC, based on the CLEO
analysis and RχL one. To see the details of these parametrizations I refer the reader to
Refs. [8], [11] and Sections II.B and II.C of [18], respectively.

The Table 1 summarizes the TAUOLA update within the RχL framework and contains the
RχL predictions for the decay width for every updated channel.

As one can see a difference between Table 1 and PDG values is 5-30% depending on the
channel. To improve it a fit to available experimental data was done, see Section 4.

For the rest of three-meson decay modes, ηπ−π0 was computed in [28] (Kππ has not been
published yet) in the framework of RχL, only the CPC parametrization [8] is included in
TAUOLA.

3. Numerical tests and technical points
Since Ref. [8] has been published, numerical tests of TAUOLA MC functioning have not been
repeated in a systematic way, despite the technical precision requirements are much higher now
and reach sub-per mil level. Therefore the TAUOLA update required to revisit the numerical
stability of the generator and of the multiple integration. The following steps were done:

• check of the phase space integration;

• numerical tests for every RχL current including a comparison with semi-analytical results.

The details on this study can be found in Section IV of [18] on the sample of the τ− → π−π−π+ντ
decay mode and for the other channels they are collected in Ref. [33].

From the technical point of view the RχL version of the hadronic form-factors are chosen
invoking CALL INIRCHL(1) prior to TAUOLA initialization whereas the old version (either
CLEO or VMD) corresponds to CALL INIRCHL(0). The numerical values of the model
parameters as well as the flags to choose different types of RχL parametrizations for 3π (simple
or modified RχL, to run with or without ρ(1450), to switch on/off the Coulomb interaction),
Kπ (to run with or without the scalar form factor) are fixed in the file: value parameters.f.
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4. Fit to experimental data for τ → π−π0ντ and τ → π−π−π+ντ modes.
The predicted values of the partial widths in Table 1 from the previous section corresponded
to the ’default’ numerical values of the RχL parameters specified in Table IV of [18]. However,
the model uncertainty varies from 10% to 30% depending on a RχL parameter, thus a fit to
experimental distributions had to be carried out in order to adjust numerical values of the model
parameters. In this Section the fit result to the Belle and BaBar data for the predominant two-
meson (τ → π−π0ντ ) and three-meson (τ → π−π−π+ντ ) channels are collected.

In all parametrizations (4)-(7) for the two-pion mode, except for the RχL one, the pion form
factor is given by interfering amplitudes from the known isovector meson resonances ρ(770),
ρ′(1450) and ρ′′(1700) with relative strengths 1, β and γ. Although one could expect from the
quark model that β and γ are real, the parameters were allowed to be complex (following the
Belle, CLEO and ALEPH analysis) and their phases were left free in the fits.

The fit results to the Belle pion form factor [22] are presented in Figs. 1. The best fit occurs
with the GS pion form factor (χ2 = 95.65), as could be expected, since this parametrization
corresponds to the one applied for the Belle analysis, and the worst one is with the RχL one
(χ2 = 156.93), which is not able to reproduce the high energy tail.

The two main differences of the RχL parametrization compared to the others are: 1) the
ρ′′-meson absence, 2) a real value of the ρ′(1450)-meson strength. To check the influence of
the ρ′′(1700) on the RχL result, the ρ′′(1700) was added in the same way as it was done
for ρ′(1450). However, this inclusion did not improved the result (see Fig. 2 of [23]). That
brings to a conclusion: the fault in reproducing the high energy tail is related to the real value
of the FViGVi/F

2 parameters which is associated with the β and γ parameters in the other
parametrizations. In an effective field theory, like RχL, complex values come only from loops,
e.g. missing loop contributions in the ρ′ and ρ′′ propagators, most probably related for the
four-pion loops, could be responsible for the disagreement and the complex value of the β and
γ parameters might mimic missing multi-particle loop contributions. The same conclusion was
reached in Ref. [15] where it was stressed that the two-pseudoscalar loops could not incorporate
all the inelasticity needed to describe the data and other multiparticle intermediate states could
play a role.

0.8
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Figure 1. The pion form factor fit to Belle data [22]: the GS parametrization (left panel),
the combined RχL parametrization (central panel), the RχL parametrization with ρ′′(1700)
resonance (right panel). At the bottom: the ratio of a theoretical prediction to the data is
given.

For the τ → π−π−π+ντ decay the one-dimensional distributions of the two- and three-
pion invariant mass spectra calculated on the base of the modified RχL parametrization have
been fitted in [30] to the BaBar preliminary data [32]. The first comparison of the RχL
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Mρ Mρ′ Γρ′ Ma1 Mσ Γσ F FV

Min 0.767 1.35 0.30 0.99 0.400 0.400 0.088 0.11
Max 0.780 1.50 0.50 1.25 0.550 0.700 0.094 0.25
Fit 0.771849 1.350000 0.448379 1.091865 0.487512 0.700000 0.091337 0.168652

FA βρ′ ασ βσ γσ δσ Rσ

Min 0.1 -0.37 -10. -10. -10. -10. -10.
Max 0.2 -0.17 10. 10. 10. 10. 10.
Fit 0.131425 -0.318551 -8.795938 9.763701 1.264263 0.656762 1.866913

Table 2. Numerical ranges of the RχL parameters used to fit the BaBar data for three pion
mode [32]. The approximate uncertainty estimates are collected in Table III of Ref. [30]. The
Mρ′ and Γσ best fit values are observed to be at the boundary of the physically motivated range
of variation that we allowed for them.

prediction, specified in [18], showed a disagreement in the low energy tail of both π−π− and
π+π− spectra [30], whereas the modified RχL approach was in line with the BaBar data in the
whole energy spectra, Fig. 2.
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Figure 2. The τ− → π−π−π+ντ decay invariant mass distribution of the three-pion system (left
panel) and the two-pion system (central and right panels). The BaBar data [32] are represented
by the data points, with the results from the modified RχL current as described in the text
(blue line) and the old fit from Cleo [27] (red-dashed line) overlaid.

The study of the Coulomb interaction of the final pions, which might be important near
the production threshold and might mimic the missing effects responsible for the disagreement
between the RχL prediction [14] and the BaBar data, demonstrated that the Coulomb
interaction alone without the σ meson could not describe the low energy tail of the experimental
spectra.

Based on the fitting of the modified RχL spectra to the preliminary BaBar data the numerical
values of the RχL parameters were adjusted, Table 2.

For the discussion of the systematic and statistical uncertainties in the fit, technical details
and the computing strategy of the fitting procedure I refer to [30].

Finally, using the obtained numerical values of the model parameters, the π0π0π− partial
width was estimated: Γ(τ− → π0π0π−ντ ) = (2.1211± 0.0016%) that is only 1% higher than the
central PDG value [31] and is within the errors cited by PDG.
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5. Conclusion

A set of the theoretical parametrizations for the two- and three-meson decay modes of the
τ -lepton installed in the MC event generator was reviewed in this note.

Also it was discussed the results of fits for the two- and three-pion decay modes to the Belle
and preliminary BaBar data. In the case of the two-pion decay modes the three parametrizations
were chosen for the pion form factor: a) the Gounaris-Sakurai model, b) the RχL approach, c) a
framework combining the resonance approach together with the dispersion approximation. All
three models reproduced well the energy spectrum up to 1.05− 1.15 GeV while the theoretical
result on the basis of the RχT was not able reproduce the experimental spectrum for the higher
energy region. For the π−π−π+ decay mode the fit to the preliminary BaBar data was done
using the modified RχL hadronic current. The result can be summarized as following: the
theoretical distributions were in line with the BaBar data for both two- and three-pion invariant
mass distributions in the whole energy spectra. A small discrepancy between theoretical spectra
and experimental data can be explained by missing resonances in the model, such as the axial-
vector resonance a′1(1600), the scalar resonance f0(980) and the tensor resonance f2(1270). The
first study on the f2(1270) resonance inclusion within the RχL approach in the three-pion decay
mode of the τ -lepton was recently presented in [34].

The last point to be mentioned in this note is the second-class current study in the τ -lepton
decays. Presently the second-class current decays are not observable yet and their measurement
is a key point of the τ physics study at Belle-II. However, according to theoretical predictions
(including the RχL prediction [35]), the main second-class current decay mode τ− → π−ηντ
should be finally discovered at the forthcoming Belle-II. Therefore, the future upgrade of
TAUOLA should include also the second-class current simulation.

Acknowledgments
It is a pleasure to thank the organizers for nice and fruitful atmosphere in which the Workshop
took place. In particular, I would like to thank my many-year collaborator Dr. P. Roig for the
invitation and great organization of the meeting.

[1] S. Ryu et al. [Belle Collaboration], 2014 Phys. Rev. D 89 072009.
[2] B. Aubert et al. [BaBar Collaboration], 2008 Phys. Rev. Lett. 100 011801.
[3] B. Aubert et al. [BaBar Collaboration], 2010 Phys. Rev. Lett. 105 051602.
[4] F. Jegerlehner and A. Nyffeler, 2009 Phys. Rept. 477 1.
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