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The tau decay in three pions in RChT. 

Status of analysis



  

τ− →π0π0 π− ν τ  ,  τ− →π−π− π+ ν τ  
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a1 width  (           )  is tabulated  to avoid problem with triple integration, linear interpolation

new-currents/RChL-currents/table/a1 new-currents/RChL-currents/wid_a1_fit.f
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Three meson modes  the widths of the resonances:

new-currents/RChL-currents/value_parameter.f

a1 resonance:

TAUOLA update, main test done, results PRD Phys.Rev. D86 (2012) 113008



Fit of 3 pion available spectra from BaBar (May 2012)

main contribution from low energy two pion inavariant mass region !!

20MeV bins, 

statist+system  (SLAC-R-936)

Cleo

(Data -RChL) less 7% π + π − π − 

(Data -RChL) less 12% π + π − 



  

2012: preliminary BaBar data I.M. Nugent arXiv:1301.7105

• 10 MeV/bin

•  only statistical error

•  π − π −  spectrum

TAUOLA modification for 3 pion

1. FIXED BUG in F4 (essential for fit)

2. sigma meson added, phenomenologically (Cleo)

3. estimated Coulomb interaction

New fit parameters



α σ , βσ , γ σ , δ σ , Rσ



  

Coulomb interaction

π0π0 π− prediction

without sigma, does not reproduce

S-wave, as for e+e- pair, Landau et al, Relastivistic Quantum Theory

π+π− π−

 CLEO



  

CLEO

χ2/ndf = 6658/401 stat

χ2 /ndf = 889/401 stat+syst



  

Fit strategy  

the a1 table:                                                                                  

                                                                                                

 2dim Gauss integration  

reruns during the fit procedure  -> an hour for one fit point

Replace with exact 3pi part  in several points + fixed table for KKpi part  

                  3pi spectrum is approximated 

Difference between approximation and exact result: less than 5%  q2> 0.29 GeV2 
                                                                                          less than 1%  q2> 1.1 GeV2 

No numerical consequence on the calculated current



  

Semi-analytical code (the same for q2 3pion spectrum and 3pion part a1 width)

Normalization (BaBar data)  Γ = 2 •10 -13 GeV

PDG value without                                  Γ = 2.04 •10 -13 GeV

After fit 

χ2  calculated with/without the BaBar correlation matrix



  

   PARAMETER  |    with matrix        |without matrix    
     NAME            |    MINIMUM         |  minimum
$    alpsig$            -8.795938               -9.575605
$   betasig$             9.763701              9.843028
$    gamsig$            1.264263              0.992978
$    delsig$              0.656762              0.937268
$    rsigma$             -1.866913             -1.901675
$       mro$               0.771849             0.772582
$     mrho1$              1.350000            1.350002
$     grho1$               0.448379            0.421663
$      mma1$             1.091865            1.091777
$      msig$                0.487512            0.469322
$      gsig$                 0.700000            0.689697
$   fpi_rpt$                0.091337             0.091300
$    fv_rpt$                0.168652             0.167656
$    fa_rpt$                0.131426             0.129935
$  beta_rho$            -0.318546            -0.322381
                          χ2/ndf = 10625/401       χ2/ndf = 6658/401

RESULTS of FIT. TESTS. 

ESSENTIAL CHANGES FOR SIGMA VALUES



  

Correlation matrix

Strong correlation, >0.95

Also correlated



  

• Test 1 (random scanning) 

a sample 210K random points

• Test 2: with parameters of fit generated  8 MC samples of 20Mevents → fitted again  



Conclusion

- strategy for fitting of 3 pseudoscalar unfolded distribution is 
prepared

- Coulomb interaction  

- description of data improved(inclusion of sigma meson)

- prediction for π − π 0 π 0  ντ 

Plans/perspectives

• Two dimension distributions for π + π − π −  ν τ  

•Two pion mode 

• KKpi modes

C++ coding

Work in progress on study of systematics 



  

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



  



  

BACK UP



BaBar/Belle  comparison for 3 meson modes

Ian Nugent (BaBar) for Workshop tau lepton decays: hadronic currents from Belle Babar 
data and LHC signatures, 14-19 May 2012 IFJ, Cracow

Only 3 pion mode result  within errors 



  

TAUOLA 2011 - 2012

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



  

Added to \tauola  cleo version new-currents/RChL-currents   

• codes for currents
• frho_pi.f             pipi0 mode
• fkk0.f         kk0 mode
• fkpipl.f                 kpi modes
• f3pi_rcht.f           3 pion modes   
• fkkpi.f                   KKpi modes
• fkk0pi0.f              KK0pi0 mode

• library of functions used in the currents

• funct_rpt.f          Width of resonances etc
• code for a1 width as function of qq

• /tabler/a1/da1wid_tot_rho1_gauss.f
• wid_a1_fit.f         linear interpolation

•     numerical values of fit parameters, dipswitches
•     value_parameter.f

• tests of MC results (for separate modes)
            /cross-check/check_analyticity_and_numer_integr      

Every directories with own README

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



  

1. The resonance fields (Vµν, Aµν antisymmetric tensor field ) is added by 
explicit way , based on ChPT

2. Reproduces  NLO prediction of ChPT (at least)
3. Theoretical results for 2πτ, 2Κ τ, Κπτ, 3πτ, ΚΚπτ → self consistent 

results for  TAUOLA
4. Correct high energy behaviour of form factors: FV GV = fπ

2 , FV
2 - FA

2 = 
fπ

2 , FV
2 MV

2 = FA
2MA

2

**********
Finite numbers of parameters (one octet: fπ , FV, GV, FA )

2πτ, 2Κ τ, Κπτ, 3πτ, ΚΚπτ                88% of tau hadronic 
width 

Currents in RChT in TAUOLA2011 

Resonance Chiral Theory    
(Chiral Theory  with the explicit inclusion of resonances)

G.Ecker et al., Nucl. Phys B321(1989)311
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Hadronic decay mode of τ

Jµ=<Hadrons|(V-A)µ eiSQCD|0>=

Σi(Lorentz Structure)i Fi(Q2,sj)

3 pseudoscalars: 3 Lorentz independent structure
2 pseudoscalars: 2 Lorentz independent structure (vector; scalar)

TAUOLA: hadronic currents   tauola.f
Form factors new-currents/RChL-currents



  

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%)·10−13GeV; semi-analyt(2.1007±0.02% %)·10−13GeV 

 

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



  

Comparison of semi-analytical integration  and MC

     3 pseudoscalars
 

Two pions

Channel Analytical , GeV−1 Monte Carlo , GeV−1

pipi0 (5.2431±0.02%)·10−15 (5.2441±0.005%)·10−15

KK0 (2.0863±0.02%)·10−15 (2.0864±0.005%)·10−15

Kpi0 (2.5193±0.02%)·10−14 (2.5197±0.008%)·10−14

pipipi (2.1007±0.02%)·10−13 (2.1013±0.016%)·10−13

K-pi-K+ (3.7379±0.024%)·10−15 (3.7383±0.02%)·10−15

K0pi-K0 (3.7385±0.024%)·10−15 (3.7383±0.02%)·10−15

Kpi0K0 (2.7370±0.02%)·10−15 (2.7367±0.02%)·10−15

m
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π
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m
K± =m
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  lline V rSub { size 8 {  ital ud } }   rline  rSup { size 8 {2 } } m rSub { size 8 {τ } }   rSup {  size 8 {3 } } {384π rSup {  size 8 {3 }}}
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Numerical results

only ρ with ρ´(parameters from pion 

mode)

FSI effects

FSI No 
FSI

FFVEC = 1 (FSI), 0 
(no FSI)

Diff PDG 2-17%



BaBar, Belle

    TAUOLA  (Monte Carlo generator for tau decay modes)

Main references  (manuals):
1. R. Decker, S.Jadach, M.Jezabek, J.H.Kuhn, Z. Was, Comput. Phys. Commun. 76 (1993) 361,

ibid. 70 (1992) 69, ibid. 64 (1990)  275      CPC  (reference)  version

                                                  
2. P. Golonka, B. Kersevan ,T. Pierzchala, E. Richter-Was, Z. Was, M. Worek, Comput. Phys. 
Commun. 174 (2006) 818, hep-ph/0312240
3. J.H.Kuhn, Z. Was, Acta Phys. Polon. 39 (2008) 47 (5-pions), hep-ph/0602162
4. A. E. Bondar, S. I. Eidelman, A. I. Milstein, T. Pierzchala, N. I. Root, Z. Was and M. Worek 
(4 pions), Comput. Phys. Commun. 146 (2002) 139 

The  parametrization used by experimental collaboration     (based on data 1997-1998):

1.  Alain Weinstein : http://www.cithep.caltech.edu/~ajw/korb_doc.html#files  (cleo version ) 

1.B. Bloch, private communications (aleph version )

Different intermediate states  (because of different detector sensitivity), e.g.,  Kππ only K* cleo , 

K* ,  ρ aleph 



  

Hadronic  modes: 

πν τ   Κν τ           2π ν τ  2Κν τ  Κπν τ  3πν τ   ΚΚπν τ       Κππν τ  2πην τ  4πν τ  5 πν τ      
              

                         88%  hadronic width
 Why we change TAUOLA?
•    All versions are based on VMD, i.e.  3 scalar modes BW(V1)*BW(V2) , 
     reproduces LO ChPT limit
•    3 scalar mode results are not able to reproduce experimental data
•   2 scalar modes written analogous to 2π τ,  i.e normalization not fixed 
                                             only vector FF , no scalar FF

TAUOLA 2011(arXiv:1203.3955)

•  Model Resonance Chiral Theory
•  Technical tests: semi-analytical result (Gauss integration) compared with linear   

                          interpolated spectrum 
                             ratio MC/semi-analytical of differential width 

                                      comparison of analytical integration and MC for total 
width

•   First comparison with I. M. Nugent, SLAC-R-936, PhD Thesis
Results for 3 pion modes



  

2012: preliminary BaBar data I.M. Nugent arXiv:1301.7105

• 10 MeV/bin

•  only statistical error

•  π − π −  spectrum

TAUOLA modification for 3 pion

1. FIXED BUG in F4 (essential for fit)

2. sigma meson added, phenomenologically (Cleo)

3. estimated Coulomb interaction

New fit parameters



α σ , βσ , γ σ , δ σ , Rσ
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