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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

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)

2. B. Bloch, private communications (aleph version)
Different intermediate states (because of different detector sensitivity), e.g., Kzzonly K* cleo

K*, paleph

BaBar, Belle



Hadronic modes:

v, Kv, 2n v, 2Kv, Knv, 3nv, KKnv, \ Knnv, 2mnv, 4nv, 51v,
A
|
88% hadronic width
CPC version

« 2 pseudoscalar modes written analogous to 2w ©
normalization not fixed (too small statics 1992),
only vector FF , no scalar FF
» 3 pseudoscalar modes (CPC version)
3pion modes (BW(al)*BW(p)) reproduces LO ChPT limit

KKpi modes:
e within CPC parametrization CLEO was not able to reproduce data
e CLEO parametrization: to adjust data added factors (hep ex/0401005)

BW ,(s0) + 3,BW [ﬁﬂ
) U 2
JH = (ql Y (gﬂf““T,‘m) Fi(s1, 59, Q%) i 3f_B“ « (@7) 1+ 3,
ﬁ 9
Olago — o i F— - Ry - BW, (Q7) - BW . (s1],
g W)\ pg o, 02) 3= ’
)- ' 7 1 rn— BW_ (s3) + aBWg.(sq)
a = = 5 a R -

_|__F-6g.:f.':_d'} D125 JF.'E[-‘-"] , Sa, {;}2} )‘V" 2 }ri TV 1+
BW Q%) + ABW . (Q?) + aBW . (Q?)
Rp = 3.23 £0.26 1+A+0 ‘

Main problem: almost no published spectra to update Monte Carlo
Private codes inside of collaborations



BaBar/Belle comparison for 3 meson modes

lan Nugent (BaBar) for Workshop tau lepton decays: hadronic currents from Belle Babar

data and LHC signatures, 14-19 May 2012 IFJ, Cracow

GLEO 1995 ALEPH 1998
9.510 + 0.070 + 0.200 1 CLEOS 2003 —— 0.214 + 0.037 + 0.029 *
9.130 + 0,050 + 0.460
OPAL 1995 , CLEO 1999 | | ,
9.870 + 0,100 + 0.240 ALEPH 2005 | . 0.346 + 0,023 + 0.056
ALEPH 2005 9.074 + 0.060 = 0.076 CLEOQ3 2003
9.503 £ 0,062 + 0.073 R EaBar 2008 0.384 + 0.014 + 0.038 *
DELPHI 2006 — OPAL 2004
9.317 + 0.090 + 0.082 e 8.834 +0.007 + 0.127 0.415 + 0053 + 0.040 *
BaBar 2008 Belle 2009 . BaBar 2008 .
9.242 + 0.007 + 0.134 8.420 + 0.003 2250 0.273 + 0.002 + 0.009
Belle 2009 . PDG'09 Average . Belle 2009 .
5.908 + 0.003 + 0.263 8.850 + 0.130 0.330 £ 0.001 *2016
PDG'09 Average \ , PDG'09 Average — o
9.440 £ 0.140 (Scale Factor = 1.40) || HFAG Average . . 0.280 £ 0.019 (Scale Factor =2.10)
HFAG Average el 8.775 £ 0.111 (CL = 26.1%) HFAG Average - B
9,331+ 0.076 (CL = 9.0%) HFAG Fit | | 0.2911 0,016 (CL = 0.1%)
HFAG Fit | | 9.015 £ 0.050 (CL = 9.6%) HFAG Fit | |
9.454 + 0.052 (CL = 9.6%) 0.294 + 0.007 (CL = 8.6%)
HFAG-Tau HFAG-Tau HFAG-Tau
Summer 2010 A Summer 2010 Summer 2010 | |
T I R T T | 1 1 1 1 | 1 1 B T R 1
8 9 10 7 8 9 02 0.4
B(t = hhh'v (ex.K) [%] B(t —» 1ty (ex.K) [%] B(t — KTy (ex.K%) [%]
ALEPH 1998 Z
0.163 £ 0.021+ 0.017 ALEPH 1998 =Z
19.0 @ 90% CL ==
CLEO 1999 2
i oo 0.145 £ 0,013+ 0.028 ' CLEOQ3 2003 ~
v/ .ﬁj X OPAL 2000 3.70 @ 90% CL ==
g-f‘é‘g; gf:; +0.040 BaBar 2008 y
s O 0.000 A 158+ 013+ 0.12
BaBar 2008 Belle 2010 -
0.135 + 0.001+ 0.004 . 329+ 047 +030
Belle 2009 — PDG'09 Average -
0.155 + 0.001 *2.0 158+ 018
PDG'09 Average |
0.137 £ 0.006 (Scale Factor = 1.80) * HFAG Average
E"::?f AJEE?[?;L . | 213 £ 0.80 (Scale Factor = 5.44)
142 £ 0, = 3.6%; HFAG Fit
-
HFAG Fit 1 2.40 £ 0.80 (Scale Factor = 5.44)
PRL100, 011801 (2008) |smeriy, i o .
HFAG-Tau HFAG-Tau
Sumipear 2010 | | Sumimear 2010 |
0 0.1 0.2 0 5

Bt = tKK"V)[%]

B(t — KKK'V) [x107]

Only 3 pion mode result within errors



TAUOLA 2011 - 2012

Code management

o ersfprzedzins g - VN

’ ] 1 iIIE1 ;ankman(; Subversion  Seftings  Help
SVN revision PO SV BAEFHh=B S

t 1 t Name - | Status Last chang=d Revision Last author Last change date Locked by |~
C On ro S -)’ S em apnotnsf 1= olga 0100510 15:42

=i platiorm 13 alaz 2010-02-1015:42

’ dis playing re Ce nt @ mnag 1 prEadzain sk 20100507 D241

changes

1 przedzinsk FO10-0207F 0841

3 wlaz 2010-08-10 15:31

» branching different e
0=
approaCheS "_ prled:ln;lu Z010D.08 07T D241

lg= Z2010-12-15 16 54

1270.01-01 01:00

» tagging milestones
and stable revisions

SO100212 1103
&% Update 1o head

Commit #
wf

» when bug is found — = B :
@tnuicsmman.o lgnered | Diff lecal chanpes Ctri+0

" " & DI against HEAD CHrl+H
blame" to check © [ omracumens i O e iom tranzes
Q:urr_(lcn.f 1 predzinski B8] cainean

who and when [@uncene  gsa e curene e =

| (a Unlack currentitems

i Maue
Checking for updates startzd in backaround Fror.lcfl ‘i—-‘ Delete selecied flesdirs Delele
> ( ; I 'I. kd Checking for update s finished o
- e S i‘ n Open With...

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



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

RCHL tauola updsta

Resonance chiral lagrangian currents and tau decay Monte Carlo
Progam is managed by: T. Przedzinski, O. Shekhovtsova, Z. Was

1. Paper (mar 18 2012) by: O. Shekhovisova, T. Przedzinskd, P. Roig, Z. Was
2. tar ball ( nov 14, 2011) : for comesponding TAUOLA upgrade: svn tag inside.

4. In future, Next paper:
(1) technical aspects simple, (i1} scalar form-factors, (1i1) further updates on physics. possibly because of the first
systematic results from comparisons with the data.

. In future, new version of the tar ball

. In future, Numerical results for the new version.
hopefully with estimation of agreement with the data.

= W]

Results of numerical tests:

MC-TESTER: TAUOLA cleo vs. TATUOLA new currents PS/PDF rooffiles

Channels 4.5.7.22.14.15.16 PS PDF first second

Tests in old style (90's): comparison with analytical cale.

tan > pi- pi0 m PS PDF tgz (restr.)

tau = K- pi0 mu PS PDF tgz (restr.)

tau > pi- KO mu PS PDF tgz (restr.)

tau -> K- KO m PS PDF tgz (restr)

tau -> pi- pi- pi+ m PS PDF TeX

tau -= pi0 pil pi- mu PS PDF TeX

L= rhen PS PDF TeX

s PEDE  TX
PS PDF TeX

Technical tests, style of 90's too, MC analytical calc. Channel pi0 pi0 pi-

Fi=1, other formfactors zero, mpi=mpiO=aver el HDIE L=t

F1 physical, other formfactors zero, mpi=mpi0=aver PS PDF TeX

F1 F2 physical. other formfactors zero, mpi=mpi(=aver PS PDF TeX

All formfactors physical, mpi=mpil=aver PBS PDF TeX

ME reweighting, results of tests il SIS

Cleo to RChL PS PDF first second

RCHL to cleo PS PDF first second

We expect matrix element to evolve even after our paper is finished. This page is the place to check on the progress.
Eventually new co-authors and contribution from data analysis will be added here or link to such works will be added.

hitp://annspumnsa ifj edu pl/~wasmBChL/FChL him[11/04/2012 15:57:21]




Structure of new-currents/RChL-currents

codes for currents

e frho pi.f pipi0 mode

e fkkO.f kkO mode

e fkpipl.f kpi modes

* f3pi_rcht.f 3 pion modes
e fkkpi.f KKpi modes

e fkkOpiO.f KKOpiO mode

library of functions used in the currents

e funct_rpt.f Width of resonances etc

code for al width as function of qq
» /tabler/al/dalwid_tot _rhol gauss.f
 wid_al fit.f linear interpolation

numerical values of fit parameters, dipswitches
e value_parameter.f

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

Every directory with own README

Added to \tauola
cleo version



Two meson modes: > n nv,; > Kn)v,; T —>KKov,

S = N[(pl — pz)”FV(S) + (1 +p2)”FS(5’)]

s (), 2
Aﬁr—wo — 1. i\rK_KO — N 05— 1 S (pl + p?)

-

TAUOLA 2011: only vector FF

Three meson modes: - — @3n) v,; T > K Ktv,; = K K'v.; 7 — KnKv,

i
H_ H _ 14 ,UV,UO'

J _N<T [C F+C (pS pl) F2+C ( p2 F]+C4q F 47T2F2C plvapp(BO'FS}
Decay mode | ¢ | ¢o | ¢z | ¢y | C5 _ { CoS gCabibo /F ) 2n kaons
(P1: P2. P3) “ sinOcapino /F, 2n + 1 kaons

Tt 1/-170 1|0

A% | 1]-1]0 | 1]0

K=Kt (1 |-1,01]0]1

K%K [1]-1 00 1 =g"" -1 v QY =pl P+ Py

K=7"K% | 0] 1 |-1]0|-1

FF: F,, F,, F;axial-vector, F; vector, F, pseudoscalar ——> RyT, Pablo Roig talk

arXiv:1202.3955



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

Numerical benchmarks of formfactor implementation:

1. al width istabulated 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 my = (Mo +2-my+)/3 mg = (mgo+my+)/2

An example: threepions ( 7 — 77 7% ):
- F, =F F_ s = 0 to check phase space
- F; = physical, Fype = 0
- F,, = 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




Comparison of semi-analytical integration and MC

dl 7| Vaal? Mi’ S . 1 AN
3 pseudoscalars dZ ~ T8@n)ALE? —1 dsdt |Wsa + 3 1+'U? (Wa + W)
We = g [stu+ (mk o = m2)(q® = m )s + ik o(2m2 = ¢)q* — i md] |52,
Wsqa = 92|F4|2- Wi = —(VI'F + V' Fy+ VI ) (Vi Fy + Vo, Fy + V3, F5)*
— N2 s,m?) F /\1/2(??1;(” m%(,r )]2}

V- i (s)
f dsdt — / ‘ / dt
'TTLK — S

d®>  3847°

i
dr  GiV,['m ( )(1 J'H

Analytical , Gev Monte Carlo , GeV

Two pions

pipi0 (5.2431+0.02%)-1071° (5.2441+0.005%)-1071°

KKO (2.0863+0.02%)-10713 (2.0864+0.005%)-10715

KpiO (2.5193+0.02%)-10714 (2.5197+0.008%)-10~14 n

pipipi (2.1007+0.02%)-10~13 (2.1013+0.016%)-10713

K-pi-K+ (3.737940.024%)-10~15 (3.738310.02%)-10° 13 — :K
KOpi-KO (3.7385+0.024%)-10715 (3.7383+0.02%)-10713

KpiOKO (2.7370£0.02%)-10713 (2.7367+0.02%)-10713




Numerical results

Channel Width, [GeV]

PDG Equal masses Phase space

with masses
Y o (5.778 £0.35%) - 10713 | (5.2283 £ 0.005%) - 1071 | (5.2441 £ 0.005%) - 10~13
K (9.72 £3.5% )-1071 | (8.3981 £ 0.005%) - 1071 | (8.5810 & 0.005%) - 1071
7 K (1.9 +£5% )-107" | (1.6798 & 0.006%) - 10~ | (1.6512 4+ 0.006%) - 10~
KK (3.60 £10% )-107" | (2.0864 £ 0.007%) - 107" | (2.0864 + 0.007%) - 107"
TTw (2.11 £0.8% )- 1071 | (2.1013 £ 0.016%) - - 2(2 0800 £ 0.017%) - 10713
7% | (210 £1.2% ) - 1071 | (2.1013 & 0.016%7 - (2.1256 & 0.017%) - 10713
K K| (317 £4% )-107% | (3.7379 024%) - (3.8460 4+ 0.024%) - 10~
Ko7 KO | (3.9 £24% )-1071% 377385+ 0.024%) - 1071 | (3.5917 £ 0.024%) - 10715
K=7°K° | (3.60 £12.6% )),97“/ (2.7367 £ 0.025%) - 1071 | (2.7711 £ 0.024%) - 1071
only p with p’(parameters from pion mode) (2.6502 £ 0.008%) - 107 GeV

FSI effects

No. | Channel Width [GeV] Width [GeV]
1. e 5.2441 - 1072 +0.005% | 4.0642- 1071 £ 0.005%
2. | 7K~ 8.5810- 107 4+ 0.005% | 7.4275- 10~ + 0.005%
3. | 7K"Y 1.6512- 1074 4 0.006% | 1.4276- 10~ £+ 0.006%
4. | K-K° 2.0864 - 10715 +0.007% | 1.2201-107 £0.007%

Esi

No FSI

14% — 32%

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




Comparison between CLEO and TAUOLA2011

x10* x10°
E =900
EBW =800
500 3700
oo o0 CLEO
] =500
T —300 =400
“{200 —300
3 =200
—5100 100 L
0702040608 1 iz T4 1618 2 EF R RN R r—mm Ty
x10° »x10°
—2500 6000
2000 5000
. 4000
—1500 ]
. ] . 3000
h T .ﬁ _'10.{]0. f'n. il E
. 2000 -
_:500 E T _} _F{- Yil K—i_lf’?-
. ~1000 .
PN T T [ T T T N T N O O O T O T N |I|||I||I||:0 I TR T I A R A | L 44 |I|||I|||I|||I||:0
0 02040608 1 12 14 16 1.8 2 0 02040608 1 12 1.4 16 1.8 2
_x10° x10°
—1600 1500
=500 400
—5400 300
—300 o_ ] —
0 70— ] K3n - - —
KS_I-\SJ'I B 1L' __200 T _:' I’i Dﬂ- KDL}T
—200 ]
=100 J100
0 02040608 1 12 14 16 18 2° 0 02040608 1 1214 168 18 2°

http://annapurna.ifj.edu.pl/~wasm/RChL/RChL.htm
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BABAR data: lan M. Nugent, (Victoria U.) .
SLAC-R-936, Dec16, 2009. Ph.D. Thesis
(Advisor: Dr. J. Michael Roney)

Low energy region is not
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CPC (LO ChT) RChT (NLO ChT)
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Fit of 3 pion available spectra from BaBar
an exercise done lan Nugent
(Aachen University, Alexander von Humboldt Foundation)

Presented at Workshop tau lepton decays:
hadronic currents from Belle Babar data and LHC signatures, 14-19 May 2012 IFJ, Cracow

Fit Parameters

Mp, L, M., F F\ F B,
Min. 1.44 0.32 1.00 0.0920 0.12 0.10 -0.36
Max. 1.48 0.39 1.24 0.0924 0.24 0.20 -0.18
Default [ 1.453 0.40 1.12 0.0924 0.18 0.149 -0.25
Fit 1.4302 0.376061 | 1.21706 | 0.092318 | 0.121938 | 0.11291 | -0.208811
2= 226212
ndf=132
Note:

The fit is a work in progress — not necessarily the minimum

Reliable errors estimates are not available yet
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For the n-nnt* invariant mass:

RCHL Current is in better agreement then Tauola 1.05
a4(1260) mass is lower but there is still some disagreement (FSR?)

(Data- MC (RChL)) is less than 7 %
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Application for LHC

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

u w
Tau Lepton Properties §@
% T
Tau Lepton Properties i bl
em,=1.78 GeV s
'C‘C=87um Tonr’rEy
* BR(t—lvv) = 35.2% other

* BR(t—hadrons) = 64.8%

Typlcal detector signature

* one or three charged tracks

* collimated calorimeter energy deposits

* large leading track momentum fraction

» possible secondary vertex reconstruction

T IS used a tag
dynamics Is not studied

however agreement

ronr 3rty
T35y
ATLAS Tau Physics Program
» Standard Model cross section measurements

» Higgs searches (SM and beyond)
» Searches for SUSY and exotica

its knowledge is important for
Higgs polarization measurement

MC/data



CONCLUSION

released version, http://annapurna.ifj.edu.pl/~wasm/RChL/RChL.htm
done under SVN code manager

27ntt, 2K t, Knt, 3ntt, KKntt 88% of tau hadronic width
first comparison / fit

TAUOLA2012

* 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)

« sigma meson in 3 pseudoscalar modes

« 4 pion modes in RChT to get 97% hadronic width, G.Ecker, R. Unterdorfer,
Eur.Phys. JC24 (2002) 535

 other channels: pi eta, k eta etc

Common work: theory + experiment
Workshop tau lepton decays:

hadronic currents from Belle Babar data and
LHC signatures, 14-19 May 2012 IFJ, Cracow

TAU12, Nagoya, 17-21 September, 2012


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

BACK UP



DIPSWITCH PARAMETERS

new-currents/RChL-currents/value_parameter.f

DIPSWITCH VALUE MEANING MODE

FFVEC o0, 1* FSI OFF, ON* PIP10, KPI, KKO
FFKPIVEC 0, 1* FSI GS, EXPON KPI

FFKKVEC 0*,1 RHOPR OFF*,0ON | KKO

Input: parameters from fit etc.

* default value




