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Introduction
Hadronic decay modes of τ -lepton gives information about the hadronization mechanism and resonance dynamics in the energy region, where
the pQCD methods are not applied. In the last years substantial progress for the simulation of the process τ → 3πντ was achieved. The decay
mode was chosen due to its relatively large branching ratio and already its non-trivial dynamics compare with the two-meson channel.

The progress [1] was related with a new parametrization of the
hadronic current based on the Resonance Chiral Lagrangian and
with the recent availability of the unfolded distributions from
(preliminary) BaBar analysis for all invariant hadronic masses
for the three-prong mode. However, 1) some points related with
the scalars were not clarified; 2) tensor resonance contributions
to the decay were not considered in the framework.

1. General description
Lorenz invariant current

〈 ( π(p1) π(p2) )π±(p3)|d̄γαγ5u|0〉 = H3π
µ (p1, p2, p3) =

iPT (q)αµ
(

(pµ1 − p3)µF2(s1, s2, q2) + (pµ2 − p3)µF1(s1, s2, q2)
)

+iqαFP(s1, s2, q2), F2(s1, s2, q2) = F1(s2, s1, q2)

si = (pj − pk)2, q2 = (p1 + p2 + p3)2 (1)

Amplitudes due to isospin symmetry relation [2]

H−−+
µ (p1, p2, p3) = H00−

µ (p3, p1, p2) + H00−
µ (p3, p2, p1) (2)

F−−+
1 (s1, s2, q2) = F 00−

1 (s3, s2, q2)−F 00−
1 (s3, s1, q2)−F 00−

1 (s1, s3, q2)

2. Theoretical model
Resonance Chiral Lagrangian with V, A resonanses [3]

reproduces NLO χPT

appropriate high enegy form-factor behaviour

Fi = FRR
i + FR

i + FχPT
i

The first comparison (only V,A) to the Belle data [4] requires S, added
by “hand” as

F R

1 → F R

1 +
(
ασBWσ(s1)Fσ(q2, s1) + βσBWσ(s2)Fσ(q2, s2)

)
(3)

F RR

1 → F RR

1 +
q2

Πa1
(q2)

(
γσBWσ(s1)Fσ(q2, s1) + δσBWσ(s2)Fσ(q2, s2)

)
Fσ(q2, s) = exp

[
−λ(q2, s,m2

πR2)

8q2

]
, BWσ = BW (L = 0)

Fitted to the BaBar preliminary data above, χ2/n.d .f . = 910/410
(8-times imrovement), the low energy part of spectra reproduced,
α ' −β, γ ' 2δ, R = 1.86. The form-factors (3) do not obey (2)

2.1 Scalar mesons
The relevant resonance Lagrangian

∆LS = cd〈Suµuµ〉 + cm〈Sχ+〉, ∆LAS = λAS
1 〈{∇µS ,Aµν}uν〉

that results in

F1(s1, s2, q2)π
0π0π− =

2

3
F a

Sπ(q2)Gσππ(s3) (4)

F1(s1, s2, q2)π
−π−π+

= −2

3
F a

Sπ(q2) (2GSππ(s1)− Gσππ(s2) )

obey (2), where

F a
Sπ(q2) =

2cd

F
−
√

2FAλ
AS
1

F

q2

M2
A − q2

, Gσππ(s) =

√
2cd

F

(s − 2m2
π)

M2
σ − s

Incorporating the width and σ - f0(980) splitting

1

M2
S − s

→ sin2 φS

M2
f0
− s − iMf0

Γf0

+
cos2 φS

M2
σ − s − cσskB0(s,m2

π,m2
π)

(5)

φS = 8◦ and the two-point subtracted Feyman integral

B0(s,m2
π,m2

π) =
1

16π2

[
2− ρ(s) ln

∣∣∣∣ρ(s) + 1

1− ρ(s)

∣∣∣∣ + iπρ(s)θ(s − 4m2
π)

]

2.2 Preliminary numerical results
Fit to the preliminary BaBar data: f0 parameters fixed to their PDG
values, the σ-propagator: BWσ or (5)

The fit slightly prefers BWσ, the study is in progress.

2.3 Tensor mesons
The relevant resonance Lagrangian

∆LT = gT〈Tµν{uµ, uν}〉, ∆LAT = λAT
1 〈{Tµν,Aνα}hµα〉 (6)

∆LT is in [5] (neglecting a part contributes to the local term), ∆LAT
the most general tensor Lagrangian. The calculated form factors
F1(s1, s2, q2)π

−π−π+
and F1(s1, s2, q2)π

−π−π+
obey (2).

Comparison with the VMD current. The allowed Lorentz structure

〈f2(k, ε)π−(p)|d̄γαγ5u|0〉 = iε∗µνPT (q)αρpν
(

gµρF a
Tπ(q2) + pρp

µGa
Tπ(q2)

)
where the form factors (in mπ → 0)

F a
Tπ(q2) = −8gT

F
+

4
√

2FAλ
AT
1

F

(qp)

M2
A − q2

, Ga
Tπ(q2) = −4

√
2FAλ

AT
1

F

1

M2
A − q2

To reproduce the Cleo result Ga
Tπ(q2) = 0.

3. Summary and plans
isospin symmetrical form factors for τ → πππντ
scalar resonance contributions: adding f0(980), inclusion of the real
part of the pion loops to σ propagator

tensor resonance contribution: the current within expanded
Resonance Chiral approach, generalization of the VMD result

preliminary fit to the BaBar preliminary data (not tensor yet)

?? study of the real part loop influence on the σ propagator (N/D
parametrization), precise study of tensor form factors technical part:
numerical tests and estimation of parameter errors using the BaBar
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