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    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  

 

Also (based on data 1997-1998): 

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

2. B. Bloch, private communications (aleph version )  MOST USED NOWADAYS 

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

K* ,  r aleph  

 

Hadronic  modes: pnt , Knt , 2p nt, 2Knt , Kpnt, 3pnt, KKpnt, Kppnt, 2phnt , 4pnt , 5 pnt 
 

CPC version  

2 pseudoscalar modes written analogous to 2p t  → normalization not fixed (too small 

statics 1992),  no scalar FF 

3 pseudoscalar modes  (CPC version)→ reproduces LO ChPT limit 
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Hadronic decay mode of t 

J=<Hadrons|(V-A) e
iSQCD|0>=i(Lorentz Structure)i Fi(Q

2,sj) 

R 

3 pseudoscalars: 3 Lorentz independent structure 

2 pseudoscalars: 2 Lorenz independent structure (vector; scalar) 

Fi(Q
2,sj) 



1. The resonance fields (Vn, An antisymmetric tensor field ) is added by 
explicit way , based on ChPT 

2. Reproduces  NLO prediction of ChPT (at least) 

3. Theoretical results for 2pt, 2K t, Kpt, 3pt, KKpt → self consistent results 
for  TAUOLA 

4. Finite numbers of parameters (one octet: fp , FV, GV, FA ) 

5. Correct high energy behaviour of form factors: FV GV = fp
2 , FV

2 - FA
2 = fp

2 , FV
2 

MV
2 = FA

2MA
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Talk Pablo Roig 

 
2pt, 2K t, Kpt, 3pt, KKpt                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 



Two pseudoscalar modes:   

t  p p0 nt ;    t
  Kp nt ;         t

  K K0 nt   

All modes are in separate subroutines, no problem with normalization 

Hadronic current 

       vector, 1st octet: 
VF

See talk P. Roig for details of calculation 

2pion and 2 Kaon modes 

SU(3) limit:  ,  are the same for 2 pions and 2 kaons 
No SU(2) up to 30% difference  

limit 



K pion mode 

Two parametrizations: 

M.Jamin, A. Pich, J. Portoles, Phys. Lett B 664(2008) 78 

(*) 

D.R. Boito, R.Escribano, M. Jamin, Eur. Phys. J C59(2009)821 
simplified version   (**) 

0sFTAUOLA 2011:                   !!!!!!            

Difference claimed by authors  ~4%, different treatment of FSI, fit to Belle 

FFKPIVEC = 0 (**) ; 1 (*) 

Parameters to fix          for two pseudoscalar modes   
VF

FFKKVEC = 0 (only rho) ; 1 (with rho´) 

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



Three pseudoscalar modes:   

t  3p nt ;    t
  KpK+ nt ;  t

  K0p0 nt  ,    t
   Kp0K0

 nt  

Hadronic current 
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1 octet: F, FV , GV , i (5) 

 

 1 + 7 constants 

2n  kaons 

2n+1  kaons 



t  3p nt  simplified version of r´ inclusion 

t  KpK+ nt ;  t
  K0p0 nt  ,    t

   Kp0K0
 nt  

no r´, no K*´ 

Numerical values : 
 1. high-energy behaviour of FF (talk of Pablo !!!)  
 2.  fit to ALEPH data (3pions) 
 3.  ideal mixing angle             no  intermediate state 

Results for Fi: D.G. Dumm et al, Phys Lett B685 (2010) 158   3 pion modes 
                          D..G. Dumm et al, Phys Rev D81(2010) 034031 KKpi modes 

Talk of Ian Nugent, 
Cracow, May 2011 



Comparison between CPC and TAUOLA 2011   (arXiv:0911.2640):  

Sizable vector contribution in RChT 

Vector contribution (absent for 3 pion modes): 
• within CPC parametrization CLEO was not able to reproduce data   
• CLEO parametrization: to adjust data added factors (hep-ex/0401005) 

RChT prediction should be checked by data 



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:     except for 2pion, 2 Kaon    

   Check of precision integration compared with analyt result (Gauss integration)  

               -   F= 1 (2pseudoscal),  F1 = F, Fothers = 0  to check phase space 

                                              -   Fall = physical,  max difference 0.03% (for integrated width) 

 

 

 

 

3. Comparison of analytical result with linearly interpolated spectrum 

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



Parameters to fit 

 

 

FIXED 



Numerical results 

only r with r´(parameters from pion mode) 

FSI effects 

FSI No FSI 



Comparison between CLEO and TAUOLA2011 

TAUOLA2011 

CLEO 

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



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

Low energy region is not 

described well by both models 

CPC (LO ChT) RChT (NLO ChT) 

 

 

Talk of Pablo Roig 

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

?sigma meson? 

not estimated yet 



TAUOLA2012 

CONCLUSION 
 

• released  version, http://annapurna.ifj.edu.pl/~wasm/RChL/RChL.htm 

• done under SVN code manager 

•  2pt, 2K t, Kpt, 3pt, KKpt                88% of tau hadronic width 

• first comparison with data 

• common work with experimentalists (I. Nugent, D. Epifanov) → fit of parameters 

• higher energy resonances in 3 pseudoscalar modes 
• scalar FF in Kpi mode, FSI for 2 pseudoscalar modes ( TALK OF P.ROIG) 

• 4 pion modes in RChT to get 97% hadronic width,  G.Ecker, R. Unterdorfer, 

Eur.Phys. JC24 (2002) 535 

• ??? sigma meson ??? 

We invite theoreticians and experimentslists to participate TAUOLA 

Jorge Portoles:  TAU04 
hep-ph/0411333 

Common work: theory + experiment 

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


 WORKSHOP tau lepton decays:  
hadronic currents from data of Belle and BaBar and new physics signatures at LHC  

14-19 May 2012  
 

Institute of Nuclear Physics PAN, Cracow Poland, Radzikowskiego 152 , http://www.ifj.edu.pl    
Organizers/contact persons:  
1) Zbigniew Was zbigniew.was@ifj.edu.pl  
2) Anna Kaczmarska anna.kaczmarska @ifj.edu.pl  
3) Andrzej Bozek andrzej.bozek@ifj.edu.pl  
4) Tadeusz Lesiak tadeusz.lesiak @ifj.edu.pl  
5) SECRETARIAT Jolanta Mosurek tauola@ifj.edu.pl 

 
Main topics:  
-A- modelling of hadronic currents for tau decays  
-B- fits of such currents to tau decay data  
-C- use of tau lepton decays in LHC experiments.  
Another theme:  
-D- bremsstrahlung in decays of Z W and inter-relation with reconstruction of electrons/ muons  
 
                                   Detailed program http://www.cern.ch/wasm/public/meetingB.pdf  

mailto:tauola@ifj.edu.pl

