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Knowledge of the dynamics is important for Higgs polarization 
measurement and agreement MC/data, searched for beyond SM 

physics

Precise analysis of available  data 
for 2 pion + 3 pion modes

BaBar / Belle data

Tau lepton m = 1.78 GeV → decays in hadrons
                                                             Br (→ hadrons) = 64.8%

Precise measurements  of the hadronic tau decay modes allow the low and intermediate 
energy study:

* hadronization mechanism (pQCD does not work, ChPT low tail)
* Wess-Zumino anomaly ( ex. K K  )

* resonance parameters
                                         * Okuba-Zweig-Iizuka suppressed modes (  ex.  )
                                                               * second class currents  ( ex.   )
* measure |V_us| CKM matrix (modes with K)
  

Nonetheless....

~44% hadr Br  to check



  

The Physics of the B Factories arXiv:1406.6311

Belle MC/data

BaBar MC/data

A. Lusiani, PhiPsi 13

MC = private versions of Tauola



TAUOLA  (Monte Carlo generator for tau decay modes)
 

CPC version R. Decker, S.Jadach, M.Jezabek, J.H.Kuhn, Z. Was, 
                          Comp. Phys. Comm. 76 (1993) 361

Cleo version Alain Weinstein : http://www.cithep.caltech.edu/~ajw/korb_doc.html#files  

                          *  BaBar version 

                          *  Belle version

Aleph version B. Bloch, private communications
                                                 
Features of all versions:
    
* based on VMD, i.e.  3 scalar modes BW(V1)*BW(V2) ,  reproduces LO ChPT limit
* wrong normalization for 2 scalar modes, except only vector FF , no scalar FF

* not correct  low energy behaviour of the vector part for KK modes  

* 3 scalar mode results are not able to reproduce experimental data

Belle ( spectra, BaBar 3 meson invariant mass spectra

published



  

Hadronic currents for two and three meson decay modes 

 
Hadronic form factors are:
• Model: Resonance Chiral Lagrangian  (Chiral lagrangian with the explicit 
inclusion of resonances , G.Ecker et al., Nucl. Phys B321(1989)311)
  *  The resonance fields (V, A antisymmetric tensor field ) is added by explicit way

  *  Reproduces  NLO prediction of ChPT (at least)
   * Correct high energy behaviour of form factors → relation between model parameters 
                                   
Finite numbers of parameters        (one octet: f , FV, GV, FA )

Modes: →88% of tau hadronic width 
      self consistent results within RChL for  TAUOLA

We will start with   

Br()/Br(hadrons) = 14.1%
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our fit 

missing contribution at low energy of 2 pion

Tauola 2012: Implementation + technical tests



Fit parameters  15 parameters: 

α σ , βσ , γ σ , δ σ , Rσ

Modification of RChL → inclusion of  meson

*  meson is not in RChL scheme

* BW approach

*  the RChL current structure (single and double resonance contributions) 

   + , M,, '

RChL parameters



 d /dq2 ds1 ds2  ->   1d dimensional distributions  (s1, s2, q2)   to  fit to BaBar data
 

= 0= 0

resonances

To smooth integrand

Fitting strategy 

*  Fit functions is  semi-analytic functions, distributions on s
1
, s

3
, q2  

* 16 point Gaussian integration was done using Fortran Cernlib

*  Minuit from Cernlib for fitting, Hesse for stat uncertainty

*  C wrapper for Tauola

* integration over bin / the central bin value

* a1 width: using the g-function approximation / calculated at some q2 + extrapolation using a 

polynomial 



1. g-function approach for 3 pion piece and a fixed KK  part (Table 4, arXiv 1203.3955)

         (**) calculated at 9 points, other q2 extrapolated as 

Calculation of the a
1
 width

2. 3 pion  contribution calculated at some  q2 - points (**) + extrapolation using a polynomial  
  

(**) 

… random scanning

… final fit; parallelization



 Fit  results 

BaBar data   * 10 MeV/bin (twice decreased)

                              * separated  statistical and systematical errors

       2262 / 132
       (Tauola2012)



 Fit  results at its limit

(***)

as in Cleo; = 0



  

Validation of results 

*  Statistical errors and correlations between model parameters

*  Convergence of the fitting procedure

* Toy MC studies to  check of behaviour near the minimum

*  Estimation of systematic uncertainties
                                  



  

Validation of results

*  Statistical errors and correlations between model parameters
                 - Hesse algorithm of Minuit package

Strong correlation > 0.95



  

Validation of results

*   
*    Convergence of the fitting procedure 
                   to verify that the found minimum is a global minimum 
                 
-   start with random scan of  210 K points
-   select 1K with the best chi2
-   from them select 20 points with maximum distance
-   use them as a start point for the full fit and apply the full fit procedure

> 50% converge to the minimum 
                     (others falls with number of parameters at their limits, 
                          converge to local minimum with higher chi2)

            Indicates that the found minimum point is a global minimum
            and the fitting procedure does not depend on an initial point

                                  



  

Validation of results

*   
*    
*   Toy MC studies to  check of behaviour near the minimum
    8 MC samples (different seeds) of 20 million generated with 
      (I) the fit parameter values ('global minimum'), i.e. difference is “statistical error”, a set “Toy” 
      (II) the set “Toy” is fitted
                (a) the starting point is the 'global' minimum
                (b) the starting point is the initial parameter values 

The results of fit are consistent, i.e. the fitting procedure is stable 

                                  



  

Validation of results

*   
*  
*

* Estimation of systematic uncertainties
            Used systematical covariance matrix from BaBar experiment to include
             the correlations between bins 
                                  



Limitations of the model

TAUOLA 2014

The resonance structure of data is richer than of the model

Future extension?Can it be pursued with 1dim histo fit? 

TAUOLA 2012



No data for0 0- !!!!

   … and will be not available in near future. 

 Difference is with the sigma meson contribution 
 fit SIGMA parameters to  0 0- BaBar data  



Blue – RChL     Red –  Cleo 

  

 → 

First fitting results to BaBar preliminary data 

Pre
lim
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Blue – RChL     Red –  Cleo 
some parameters on their limits …
* generalization of 3 pion fit strategy
* in contrary to 3 pion case, no discussion of 
experimental systematic  errors yet
*  the a1 width table corresponds to 3pion 
parameter values, not re-tabulated 

               

              … common fit to  –  and K+K-

 → 

o

First fitting results to BaBar preliminary data



Two meson modes:

 → 

= 0 (for )

Vector FF: D.Gomez Dumm & P. Roig

Fit to Belle analytical FF

s> 1.35 GeV 2

s< 1.35 GeV 2
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Two meson modes:

 → 

= 0 (for )

Vector FF: D.Gomez Dumm & P. Roig

fit to the Belle analytical function

s> 1.35 GeV 2

s< 1.35 GeV 2

… fit to the Belle data; study of the results



  

* 1d projection → multi-dimentional fit for 3 pion mode
*  K K  mode fit   

  2 pion RChL current fit to Belle data
  4 pion RChL current in Tauola and fit to BaBar data

*   general fitting strategy for 3 meson modes

Conclusion and plans
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Belle data analysis ??

I. Nugent



  

Backup Slides



  

decays in hadrons 

Knowledge of the dynamics is important for Higgs polarization 
measurement and agreement MC/data, searched for beyond SM 

physics

Precise analysis of available  data 
for 2 pion + 3 pion modes BaBar / Belle

The tau invariant mass distributions are essential to update the simulation of 
tau decays for LHC, SuperB factories...



  

TAUOLA repository

Z. Was, T. Przedzinski, O.Shekhovtsova           kasztan@ifj.edu.pl



Numerical benchmarks of formfactor implementation:

1.   a1 width    is tabulated  to avoid problem with triple integration:

Cross check with linear interpolation  

 2.  Check of every channel:       /cross-check/check_analyticity_and_numer_integr 

               semi-analytical result (Gauss integration): comparison with linear interpolated spectrum 

    ratio MC/semi-analytical of differential width (qq)

           comparison of analytical integration and MC for total width
     2 pion, 2 Kaon  with physical mass of pions, Kaons 

others 

An example:   three pions   (                         ):

             -                F1 = F, Fothers = 0  to check phase space

              -                   F1 = physical, Fothers = 0 

                                              -   Fall = physical 
                            linear interpolation  ~ 0.1% for whole spectrum except for ends
                                 MC (6e6): (2.1013±0.016%)·10GeV;

                                                         semi-analyt(2.1007±0.02% %)·10GeV 
 

http://annapurna.ifj.edu.pl/~wasm/RChL/RChL.htm

 

… fit  for –  - +  to BaBar data

  Technical tests to check stability of MC 

                                             for every mode
*   to check phase space MC / analytical F1 = 1, others = 0

*   MC / analytical for total width

*   MC / analytical result for qq spectrum
*   analytical result (Gauss integration) compared with linear interpolated spectrum 
                                      



Fit to BaBar 20Mev/bin  –  - +   data (SLAC-R-936) 
non trivial dynamics, the simplest from the 3 hadronic modes 

RChL without 
extension cannot 
describe the data 
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