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Th ti l l l ti R Chi l Th- Theoretical calculation. Resonance Chiral Theory.

- TAUOLA, implementation RCHT results for 3π/2π modes. 

Tests numerical stability

C i ith BABAR f 3 d- Comparison with BABAR for 3π mode

- Conclusion (inspiration for future work)



Basics of hadronic tau  decays 
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Resonance Chiral Theory 
(Chiral Theory  with the explicit inclusion of ρ

and a mesons) G E k t l N l Ph B321

1. To enlarge the energy region for ChPT (≤1.5 GeV) the resonance fields (Vμν, Aμν) 
should be  added in explicit way

and a1 mesons) G.Ecker et al., Nucl. Phys B321,
311 (1989)

p y
2. E«mρ the singularity associated with the pole of a resonance propagator is replaced 

by momentum expansion
3. The main contribution to the coupling constants (at least up to p4) comes from the3. The main contribution to the coupling constants  (at least up to p ) comes from the 

meson resonance exchange
The antisymmetric tensor field for the vector (axial-vector) meson

Parameters: fπ , FV, GV, FA
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Three pion mode: τ− → (3π)− ντ
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V = ρ, ρ’      A = a1
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How to include ρ ‘ ?
ρ : FV, GV ρ’ : FV1, GV1

Too many constantsρ V, V ρ V1, V1

Following K&S:

a1 width:
1/n!

and



TAUOLA

Published version:  J.H.Kuhn, A. Santamaría, Z. Phys. C48 (1990) 445
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• Asymptotic behaviour ruled by QCD

• YES NOχPT O(p2) χPT O(p4)

hep-ph/0213283, G. Gómez-Dumm, 
A. Pich, J.Portolés



RχT   3pion in TAUOLA (only F1, F2 for the moment)

mπ+ = mπ0

Check of precision integrationCheck of precision integration

comparison with numerical integration of analytical formulae
(Gauss method integration)( g )

• F1 = 1, F2 = 0 no singularity phase space    
MC:  σ = (2.7402≤0.0004) E-17GeV     Analyt: σ =  (2.7408≤0.00005)E-17GeV 

• F1 = true, F2 = 0      
MC:  σ = (1.8720≤0.0004) E-13GeV     Analyt: σ = (1.8720 ≤0.0004)E-13GeV 

F1 t F2 t• F1 = true, F2 = true         
MC:  σ = (4.2013≤0.0006) E-13GeV      Analyt: σ = (4.2014≤0.0008) E-13GeV 

mπ+ ≠ mπ0 for phase space F1 = true, F2 = true 
MC:  σ = (4.2046≤0.0006) E-13GeV 



Elementary technical test:

Comparison with linearly interpolated spectrum (F1 = true, F2 = true )

Difference is ~10% (first 5 points from 1000) at the beginning of the spectrum 
d l h 0 5%and less than 0.5%



Comparison with BABAR data: Ian M. Nugent, (Victoria U.) . SLAC-R-936, Dec16, 
2009.  Ph.D. Thesis (Advisor: Dr. J. Michael Roney).
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F4 will help (scalar contribution)?

Other th or exp problems?Other  th. or exp. problems?

The status:  without real fit, better result for q2 spectrum should not be expected 

MORE WORK NEEDED
angular distributions should help to separate scalar from vector



Two pion case: ππντ →
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Features: 
correct up to χPT O(p4) behavior
correct high energy behaviour
Parameters from BELLE spectrum
Phys. Rev. D 78 (2008) 072006

Checks: 
comparison with linearly interpolated spectrum

i MC d l i l lcomparison MC and analytical results 
after Gauss integration 



Technical test:
M t C l lt (8 6 t )Monte Carlo results (8e6 events)

MC:  σ = (5.617≤0.0005) E-13GeV     Analyt: σ =  (5.616≤0.0005)E-13GeV 



CONCLUSIONSCONCLUSIONS
• Theoretical results in RχT for 2 and 3 pion modes are put in TAUOLA.
• All work is performed with support of code manager SVN.All work is performed with support of code manager SVN. 
•A starting version for code development TAUOLA is Belle/BaBar version. 
That guarrantees that once work is completed can be installed into collaboration 
software. 
• Once BaBar and/or Belle will confirm the upgrades to be valuable and 
fits to the data will be improved the SVN reference will make installation of 
such upgrade to C++ and FORTRAN applications of TAUOLA at 
LHC rather straightforward too. 

WORK IN PROGRESS
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K-S-like works & HADRONIZATION IN TAUOLA
(Finkemeier, Mirkes ’95,’96)

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

(Finkemeier, Kühn, Mirkes ‘96)
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χPT: The low-energy 
EFT of QCD (Gasser & Leutwyler ’84, ’85)EFT of QCD
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RχT matching to the OPE allows it to 
reproduce QCD high-energy behaviour:reproduce QCD high-energy behaviour:

QCDQCD

χPTχPT
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2
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1
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RχT matching to the OPE allows it to 
reproduce QCD high-energy behaviour:

QCD

reproduce QCD high-energy behaviour:
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(Ecker, Gasser, Pich, De Rafael ‘89)

(E k G L t l Pi h D

Resonances+ 
Goldstone 

B
TOOLS : RχT

(Ecker, Gasser, Leutwyler, Pich, De 
Rafael ‘89)
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TOOLS : RχT (Ecker, Gasser, Pich, De Rafael ‘89)
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CLEO analyses & KS-like models

CLEO 1F BWR= ∑

(Liu ’03) (CLEO-III ‘04)
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RχT APPLIED
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The axial-form factor and the a1: τ− → (3π)− ντ
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