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• Hadronic decays of the τ
 

lepton
• Kühn-Santamaría Model in TAUOLA
• Our study:
1. Tools : χPT, Large Nc , RχT
2. Two meson processes: τ−

 
→ (π π, π Κ)−

 
ντ

3. Three meson processes: τ−
 

→ (3π, ΚΚπ)−
 

ντ

• Conclusions
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Two meson processes: τ−
 

→ (π π)−
 

ντ

A long story of successes in VFF of π π
 

: See complete Bibliography in (Portolés, ‘05)
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τ−
 

→ (π π)−
 

ντ (Pich, Portolés ’01, ‘03)(Guerrero, Pich ‘97)
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→ (π π)−
 

ντ (Pich, Portolés ’01, ‘03)(Guerrero, Pich ‘97)
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Two meson processes: τ−
 

→ (Κ π)−
 

ντ

(Jamin, Pich & Portolés, 08)
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Computation + Brodsky-Lepage demanded to the Form Factors (7-6 = 1 coupling).

Three meson processes: τ−
 

→ (3π)−
 

ντ
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Implemented by Olga 
Shekhovtsova in TAUOLA
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Three meson processes: τ−
 

→ (3π)−
 

ντ



Three meson processes: τ−
 

→ (ΚΚπ)−
 

ντ

1. Computation of the involved process within RχT(23-8 =15 couplings).

2. Brodsky-Lepage behaviour demanded to the Form Factors (15-9=6 couplings).

3. Computation and fit to Br(ω→3π) completing (Pich, Portolés, Ruiz-Femenía ‘03). 
Use of some constraints from this work for <VVP> (6-3=3 couplings).

4. Axial-form factor fixed by τ→3π

 
ντ

 

(3-1=2 couplings). (Gómez-Dumm, Pich, 
Portolés ‘04) (Cirigliano, Ecker, Eidemüller, Pich, Portolés ‘04).

(Our work)
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Three meson processes: →(KKπ)−ντ
 

& e+e-→KKπ

1. Vector-form factor fixed thanks to br (τ→K+K-π-ντ

 

) and br(τ→K-K0π0ντ

 

)     
(2-2=0 couplings).

2. CVC allows to relate e+e- → KKπ
 

with τ-→(KKπ)-ντ

 

.
BaBar has recently (‘07) published very precise data on e+e- → KK π/η

 
using 

ISR events. Furthermore,  their Dalitz-plot fit has allowed to separate cleanly 
the I=0,1 contributions, which let us check the couplings obtained in 1.

(Our work)
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Hence, we predict: i) the spectra of the KKπ
 

modes
ii) (ΓV /ΓT ) ∼

 
0.55
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Three meson processes: →(KKπ)−ντ
 

& e+e-→KKπ



CONCLUSIONS
• Current analyses of τ−

 

→ (3π−,
 

Κ+Κ−π−) ντ

 

data using the KS(-like) model in 
TAUOLA have shown theoretical inconsistencies. We liked to improve the 
description of hadronization used.

• We have studied them within RχT with a Large NC -inspired QCD-guided 
approach (as it was done for τ−

 

→ (ππ, Κπ)
 

ντ

 

). We have improved the off- 
shell a1 width and revisited τ−

 

→ 3π−

 

ντ

 

. Using the available experimental 
data, we are able to predict the spectra of all KKπ

 
charge channels.

• Our resonance widths (V and A-V) have been implemented in TAUOLA 
(matrix elements on the way) and all them may be used by the (super)B- 
factories.

• Our expressions are easy to extend to the e+e- scattering below 2 GeV and 
thus might be of use for PHOKHARA.

• LHC, BABAR, BELLE, BES-III… are & will be providing testing grounds for 
our predictions.

• Promising & exciting future: Vus, ms and, of course, hadronization of QCD.
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KÜHN-SANTAMARÍA MODEL in TAUOLA
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K-S-like MODEL IN TAUOLA
(Finkemeier, Mirkes ’95,’96)

(Finkemeier, Kühn, Mirkes ‘96)
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K-S-like MODEL IN TAUOLA
(Finkemeier, Mirkes ’95,’96)

(Finkemeier, Kühn, Mirkes ‘96)
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K-S-like MODEL IN TAUOLA
(Finkemeier, Mirkes ’95,’96)

(Finkemeier, Kühn, Mirkes ‘96)
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We are involved in an ambitious program for describing within a 
theoretical framework as close as possible to QCD the 

considered decays.
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τ−
 

→ (π π)−
 

ντ (Pich, Portolés ’01, ‘03)

YRW 09 Frascati
HADRONIC τ

 
DECAYS WITHIN RχT 

Pablo Roig (INFN)



Many works on Κ π FF: See complete Bibliography in (Jamin, Pich & Portolés, ’06, ‘08)

τ−
 

→ (Κ π)−
 

ντ
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7 unknown 7 unknown 
couplingscouplings

Computation + Brodsky-Lepage demanded to the Form Factors (7-6 = 1 coupling).

(Gómez-Dumm, Pich, Portolés ‘04)

The axial-form factor and the a1 : τ−
 

→ (3π)−
 

ντ(Our work)
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7 unknown 7 unknown 
couplingscouplings

λ0

∼12
(Gómez-Dumm, Pich, Portolés ‘04)

Gives a pretty accurate description of ALEPH spectral function and structure functions

The axial-form factor and the a1 : τ−
 

→ (3π)−
 

ντ(Our work)

Computation + Brodsky-Lepage demanded to the Form Factors (7-6 = 1 coupling).
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λ0 =11.9+0.4

The axial-form factor and the a1 : τ−
 

→ (3π)−
 

ντ(Our work)
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The axial-form factor and the a1 : τ−
 

→ (3π)−
 

ντ(Our work)
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However, λ0 ∼
 

1/8 (Cirigliano, Ecker, Eidemüller, Pich, Portolés ’04) <VAP>

and the proposed a1 width was just χ based

The axial-form factor and the a1 : τ−
 

→ (3π)−
 

ντ(Our work)
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However, λ0 ∼
 

1/8 (Cirigliano, Ecker, Eidemüller, Pich, Portolés ’04) <VAP>

and the proposed a1 width was just χ based

Our study attempts to provide a good phenomenological description of τ−

 

→ (3π)−

 

ντ

 

with:

λ0 ∼
 

1/8

1

2( )a Q R TχΓ ←

The axial-form factor and the a1 : τ−
 

→ (3π)−
 

ντ(Our work)
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χPT: The low-energy 
EFT of QCD (Gasser & Leutwyler ’84, ’85)
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RχT matching to the OPE allows it to 
reproduce QCD high-energy behaviour:
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The axial-form factor and the a1 : τ−
 

→ (3π)−
 

ντ
Our study attempts to provide a good phenomenological description of τ−

 

→ (3π)−

 

ντ

 

with:

λ0 ∼
 

1/8

1

2( )a Q R TχΓ ←
2

2 2

2

22 2

2

2

2

,

,

,

,
2 2

'

2 1' '.'

V V

V A

V A

V

A

V

V A

F G F

F F F

F F
F

F

F

M

F

M

λ

λ λ

=

− =

=

=

⎛ ⎞
= −⎜ ⎟

⎝ ⎠

YRW 09 Frascati
HADRONIC τ

 
DECAYS WITHIN RχT 

Pablo Roig (INFN)



The axial-form factor and the a1 : τ−
 

→ (3π)−
 

ντ
Our study attempts to provide a good phenomenological description of τ−

 

→ (3π)−

 

ντ

 

with:

λ0 ∼
 

1/8

1

2( )a Q R TχΓ ←
2

2 2

2

22 2

2

2

2

,

,

,

,
2 2

'

2 1' '.'

V V

V A

V A

V

A

V

V A

F G F

F F F

F F
F

F

F

M

F

M

λ

λ λ

=

− =

=

=

⎛ ⎞
= −⎜ ⎟

⎝ ⎠

YRW 09 Frascati
HADRONIC τ

 
DECAYS WITHIN RχT 

Pablo Roig (INFN)



The axial-form factor and the a1 : τ−
 

→ (3π)−
 

ντ
Our study attempts to provide a good phenomenological description of τ−

 

→ (3π)−

 

ντ

 

with:

λ0 ∼
 

1/8

1

2( )a Q R TχΓ ←
2

2 2

2

22 2

2

2

2

,

,

,

,
2 2

'

2 1' '.'

V V

V A

V A

V

A

V

V A

F G F

F F F

F F
F

F

F

M

F

M

λ

λ λ

=

− =

=

=

⎛ ⎞
= −⎜ ⎟

⎝ ⎠

FA ∼140 MeV, FV ∼210 MeV

YRW 09 Frascati
HADRONIC τ

 
DECAYS WITHIN RχT 

Pablo Roig (INFN)





The axial-form factor and the a1 : τ−
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CLEO analyses & KS-like models
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Axial-vector Current 2
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Portolés ’04)

1/8
(Cirigliano, 

Ecker,Eidemüller, Pich, 
Portolés ’04)

125 1 2 5

1256 1 2 5 6

123 1 2 3

2
2

c c c c
c c c c c
g g g g

= − +
= − − +
= + −

1235 1 2 3 5

123 1 2 3

8
8

c c c c c
d g d d

= + + −
= + −

channels within RχTK K π −

0(Ruiz-Femenía, Pich, 
Portolés ’03)

YRW 09 Frascati
HADRONIC τ

 
DECAYS WITHIN RχT 

Pablo Roig (INFN)



τ−
 

→ (2Κ π)−
 

ντ
BaBar has recently (BaBar ‘07) published very precise data on e+e- → KK π/η

 using ISR events. Furthermore,  their Dalitz-plot fit has allowed to separate 
cleanly the I=0,1 contributions.

Assuming CVC and comparing to ALEPH ’99 allows to derive (ΓV /ΓT ) = 0.167+0.024 
in τ−

 

→ (ΚΚ π)−

 

ντ

 

. Under CVC one can relate e+e- data to the τ
 

decay.
(Davier, Descotes-Genon, Höcker, Malaescu, Zhang ‘08)
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Assumptions of this procedure: SU(2) symmetry

K* >> ρ,ω,φ

Interferences are negligible
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τ−
 

→ (2Κ π)−
 

ντ
BaBar has recently (BaBar ‘07) published very precise data on e+e- → KK π/η

 using ISR events. Furthermore,  their Dalitz-plot fit has allowed to separate 
cleanly the I=0,1 contributions.

Assuming CVC and comparing to ALEPH ’99 allows to derive (ΓV /ΓT ) = 0.167+0.024 
in τ−

 

→ (ΚΚ π)−

 

ντ

 

. Under CVC one can relate e+e- data to the τ
 

decay.
(Davier, Descotes-Genon, Höcker, Malaescu, Zhang ‘08)

Assumptions of this procedure: SU(2) symmetry

K* >> ρ,ω,φ

Interferences are negligible

Error of this simplification > 30 % both in KS approach and in ours

(Apart from the error intrinsic to using Breit-Wigner function for resonance exchange)
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SU(2) AND INTERFERENCES
(Davier, Descotes-Genon, Höcker, Malaescu, Zhang ‘08)
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SU(2) AND INTERFERENCES

K* >> ρ,ω,φ

(Davier, Descotes-Genon, Höcker, Malaescu, Zhang ‘08)
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