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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:

Kv 2n v, 2Kv. Knv, 3nv, KKnv,  Krnv, 2mnv, 4nv, 5 nv,

J
|
88% hadronic width

T T

v
A

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
* CLEO parametrization: to adjust data added factors (hep-ex/0401005)

Qg — ga) 9 V2 o . BW,(s2) + 3,BW ,(sa)
o e LS | B & - -, 2 L _ M T 2 pLo2 o LAl
g — (.rirl :ft (_} {33 Fl {.‘}] y S0, (,_? ] Fy ?va— BW @1 [{\:} ) 1 + "--;;:!
 OMage — o . , :_\f@. . X7 ~25 AT i
+ (qy — Iﬁ; — ({?“ LA S {qig—" irﬂl) Fg{‘}] . .‘in_]-, {22} Fg t_j'f_ Rf' BV“ aq Ir(ﬂ-‘ ‘,l B‘ﬁ’ h‘(f’])‘
_ o 1 - BW,(s3) + aBWg.(sq)
_|_.F'f_it(.t.d“,. G259, Ei[-‘-“] , Sa, (32} 3 = _72~\..f"§7r'-'_)‘;§ RV 0 1+

BW,(Q%) + ABW,(Q?) + 6BW,(Q%)

Rp = 3.23 £ 0.26 1+A+0




CONTENTS

TAUOLA 2011 (arXiv:1202.3955)
 Structure of the project, model etc.

* Results for currents
2pions and 2 kaons
K pion modes
3 pions
KKpi and KKOpi0
width of resonances
* Tests

« Numerical results and parameters of fits
TAUOLA 2012

CONCLUSION



TAUOLA 2011 - 2012

Code management

o ersfprzedzins g - VN
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=i platiorm 13 alaz 2010-02-1015:42

’ dis playing re Ce nt @ mnag 1 prEadzain sk 20100507 D241
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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
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who and when [@uncene  gsa e curene e =

| (a Unlack currentitems

i Maue
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> ( ; I 'I. kd Checking for update s finished o
- e S i‘ n Open With...

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



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 directories with own README

Added to \tauola
cleo version



Hadronic decay mode of T

J =<Hadrons|(V-A), e'Se|0>=

~
Y, (Lorentz Structure)' F(Q?,s)) QCD \\

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



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

S = N[(pl — pz)”FV(S) + (1 +p2)”F5(5’)]

I s = (p1+ p2)’

TAUOLA 2011: only vector FF

Three meson modes: - — (3n) v,; T — KK+ v,;

T2

T > K7 K'v,; > Kn%K0v,

( 12 12 12 vV I Vi
J”:N<Tvﬂ[cl(p2—p3) F1+Cz(p3—p1) F2+Cg(|01—p2) F3]+C4q F4—W055”mplvp2pp30F5}

N

Decay mode | ¢; | ¢o | ¢z | ¢4 | c5 _ { c0S Ocapivo /F 2n kaons
(Prp2ps) | | 7 sin Ocapive /F 2n + 1 kaons
Tt Ly-1107]1/]0
707~ | 1|-1]0|1]0
K-rm=K*™ |1 ]-1,0 0] 1 Hyv
v _ yuv_ gl B _ ml o onl X
K7~ K° 11-1]0 1011 T,u _g T T q - pl + p2 + p3
K=K Jo 1 [-1/0]-1 q

FF: F,, F,, F, axial-vector, F; vector, F, pseudoscalar > -



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

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

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

2. Reproduces NLO prediction of ChPT (at least)

3. Theoretical results for 2nt, 2K t, Knt, 3tt, KKt — self consistent results
for TAUOLA

4. Correct high energy behaviour of form factors: F, G, =f 2, F? - F2=f2, F/?
MVZ = FAZMAZ

*khkkkkikkkikkk

Finite numbers of parameters (one octet: f_, F, G, F,)
Talk Pablo Roig

2nt, 2K 1, Knt, 3ntt, KK7t 88% of tau hadronic width
Currents in RChT in TAUOLA2011




Two pions and two kaons

SU(2): FS.(s)=F3(s)=0 NLOSU(2)effect (M, —m,)*

m . #m ,
T

Vector Form Factors:
m.. #m

M2 + s(yeir + Seit2) _ ]
v . FV(s) = ¢ ' ReA — o —ReA
Fe (8)=F,.(5) () M2 —s—iM,T,(s) ¥ )F){ Ao s) o TeAr-po(s)

sveit _ t,r
, ” o — X ReA,(s
PP 5P / ME = s =M () ‘”{ et "(”)H

sdelf2 —sL
ReAs(s)| b,
T s —iMpTy ()P\p{ Uﬂaﬂ(up){ ‘ ()H

 p(p”’) phenomenologically .

e SU(3) limit: &, y are the same for 2 pions and 2 kaons
No SU(3) up to 30% difference = fit

. APQ (S) a loop function, presents FSI effects — P, ROiC] talk

. FV(O) — 1, correct short distance behaviour F'(s —>0)=0

* unitarity, analyticity (NNLO)




K pion mode t~ — (Km)~ v, i

m,. =m,,
= N[(Pl — Pz)ﬂ'FL’r(S) + (p1 +P2)”Fs(5’)]
7 Fa(9=20 FY.(0)=0  (FSl effect)
TAUOLA 2012
Vector FE  (K*, K*'): ) = ( Myt swe — )
1. Exponention of FSI ) Mj. — s —iMg-Tie-(s) M — s — iMTpcer(s)

—5
>4 - ReAy (s ReArw (s .
M.Jamin, A. Pich, J. Portoles, T e\p{ 12872 F2 { cArn(s) + Lie *’”’M] }
Phys. Lett B 664(2008) 78

different treatment of FSI

2. simplified version of D.R. Boito, \ﬁfW(S) = FE7(s)/FE7(0)
R.Escribano, M. Jamin, Eur. Phys. J C59(2009)821 FR7(5) = mi. — ki Hir(0) +9s Vs
Kr(g) =

D(mg, Vi) D(myeur, Yyest)

D(my,vn) = m% — 5 — ISJnReﬁKﬂ—(S) — i MpYn(S)

"Gounaris-Sakurai’

[(8), T,(8), Ti(s), Tie(S)
MK*’ MK*’! Mp1 Mp'1 FV1 GV’ 7/K7r! )/’ 5




Three pseudoscalar modes: m,. =

To>@Bn)v,; ToKaTK v T o>KnKv , 1> Kn%kv,

T

J¥=N {ﬂ[c p3 F+C(p3—p1)VF2+C( pz F]+C4qF 47Z2FZC ﬂvmplvapp36F5}

v _ wuv_ glg” U _ i nl o pH
Ty_g e q =P +P; + P,

FF: F, F, F;axial-vector, F: vector,F(37)=0, F, pseudoscalar

General structure

F=F*+F"+F™ E E
2 [ 2
Fy~m: /g RyT, 1R %<GV,F ®—%<
No VV vertex for 3 pions
RyT, 2R Fa, )
1octet: F, F,, Gy, A; (5, 3 for 3pi and Kkpi modes)

1 + 7 constants




T >t v, , 1O Ty, arXiv:0911.4436

22

X (2 _
FE (', s1,80) = 3 - Fy(q% s9,81) = Fi(q? 51, 59)

V2 Fy Gy 3 51
3F? | 51— M2 —iM,T,(s1)

QGV 1 2{]2 — 281 — 83 i 53 — 59
E si— M2 —iM,L,(s;) = so— M2—iM,T(s3) ] |’

4 P'_q GV qg r "
_ — (AT A
5P Bt | YY)

g ma) Wasizss (s om 53— 1
TENE R ) s = MEZiM,T,(s) @ @) 5= ME—iM,T,(s5)]

Fln(qzrsl'. 82) =

- Axial-vector

3 S1
sp— M2 —iM,T,(s1)

2 2 2 D%
FX(¢%, s1,80) = 2v2 m2[3(s3 — m2) — ¢*(1 + 2k R%)] |
, 51, 3 2¢2(q2 — m2) ) -, 3Gy s m? 5 5
\/jF‘L; GV OQ(G’ 5 S1, 52) - Iy QQ qQ — m% 51 — ﬂ.fp? _ iﬂfprp(sl)

Fi(q* s1,80) = [a(q?, 52, 51) + aa(q?, 51, 52)]

3 F?

Simplified version to include p’

1 . 1 1 :.Bpf :—F G F2
M2 — g2 —iM,T,(¢2) 1+ 8y | M2—q2—iM,T,(¢2) TR - iMyT 0 (q?) fy=-RGy/

g

[,(s), T,(s), Ta(s)
M,, M, M, F, G, F.,




T >K K" v,
Fé — EX+F;,R+F1RR
v2

FX(¢*, s2,51) = —

Fln(qg-. S9,81) =

3
V2 Fy Gy [ B%(sq,s3, m¥,mi) AR(q?, s1, s3, m3;, m3, m2)
6 FQ lfﬁ — 83 — ?'ﬂ-fp]_—‘p(SQ) ﬂfﬁ — 5 — i.-".ir;\'-r;{-(sl)

FAGy 7 Bm‘(qz, 51, 83, S9, m%\—, m%\—, m.?r)
M2 — ¢ —iMaT a(q?) ﬂ-fg — 59 —1M,T'y(s2)
AR (g2 54, 53, m}z{, '.*n?,\—, mﬁ) ]
M. — sy — iMg-Tg(s1)

FFR(QQ-.S&SQ =

+

1

T >KnK v,
i=1,

2.5

—

- AxXxilal-vector

CRR(g2, s1,m3)

FI™(q?, 59, 51) = —16V212 Fy Gy
5 (752, 91) Vart By G M2 — 42 — iM,T,(q?) [U?

1 + /2 cot by
V2 cot by + cos? Oy

— 51 — ’iﬂf]{*l—‘j{* (.‘51) -

1 — V2tan 6y

CRR (2 592 sin? Oy
(q L’Q. 71') V _J_[E; —_ .5’2 b '3—¢1[wrw

by = tan"'(1/v/2)

L,6). T,(8), ()
MA1 Mp1 Mp” FV; GV;
Ci’ di’ gi

MZ — 53— ,g;uc,roﬂ ' -

Vector



\ector contribution

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

. V2 BW,(s2) + 3,BW Ii‘:f]
Qg1 — qa) A= —Y2pw,, (@2 a 2
T = (q{f — - cg“—gul?? ”) Fi(s1, 52, Q%) T (@) T+ 5,
- onQle—ae)\ Q%) o= _B—f— R - BWa, (@7) - BWk-(s1),
% g Q2 2(s1, 52, &7) - 1 o BWa(s2) + aBWc (s1)
i v 3= T o 5 2.3 VIRET .
+ie" 7 g1 qapqay Fa(sy, s2, Q%) 2viamfx Lre
' BW,(Q%) + ABW,(Q?) + 6BW,(Q?)
1+A+4 '
Rp =323+0.26
CPC and TAUOLA 2011 (arXiv:0911.2640):
1>KKrv o
i t>KKnv
o0g|— Qur result: Alll co_ntributious ‘ | S . t : ‘
--- KS: All contributions 007| Our result: Axial-Vector _
PEE -=- Our result: Vector
4 —-- KS: Axial-Vector
0.06| - KS: Vector 7T —
006 . , X
> <005 4
%0‘04_ ﬁ?g 0.041- .
= =
= = 003 _
= c
- 0ol 002 _
0.01 \\\ |
My~ (GeV) My, (GeV)

Sizable vector contribution in RChT

RChT prediction should be checked by data




WIDTH OF RESONANCES

RChL LO approximation (N.— o) zero-width resonances

Width is from NLO as the imaginary part of the corresponding correlator and satisfies
e analyticity

* unitarity

e chiral symmetry of QCD

VV function — p (K*) meson, VAP — a,

Vector resonances:

(o) — M,q* 0?32 ( 1 m2, mi, 19 > 2 M-y Mio 2 bi d2 K
2 \3/? (1 i ﬁ) O(q* — thri.) + A2 (1 e E) 0(q® — thricy)
I (qz) T q P2 g2 ] TKT ) g2 0 g2 f T K Kpi modes
R R M. \3/2 (1 mi w2 ) + \3/2 (1 m ﬂ)
P MZ, o MZ, "M, MZ,
vy o~ — (g A2 Ay s e — | _ 2 .
AMr,y,2)=(r—y—2)? —4y= thre = (Mg+ + Mmyo) thrge = (my+ + myo)?

throg = (M, +my)°?



Three meson modes: simplified versions of widths

M, 1
M,q 9, ¢ ; 9, ¢ ;
Lo(e’) = 5557 lﬁfé{qz)@(qg —4mz) + 5ok (¢*)0(q” - 4‘??1-?{)]
2 3 2 ..
¢ o) 2 42 ‘ / SU(2) limit
Fp’((] ) rp \[): U (‘[2) 9 (q B 4?]27?) O-P(q)) - l_ ‘l?”P/q m + =M 0
e \3/2 (l._ ﬂ;é{ . %?r , My =M
r *’(q ) - rfx*’ ) 5 g(f]d — fh?‘}(n_)
J‘[Ix*’ )\3/) (J_ M m2 )
MZ,,* M2z,
new-currents/RChL-currents/value_parameter.f
a, resonance:
Lo (¢°) = 217 (q°)8 (q° = 9m?)
+ 2ré‘;i(q2)9 (qQ — (mgx + 27713) ) - F({‘l (q )9 (q2 — (mx + 2-?32.[;)2)
- 1 72 2 L " . . 1 a =«
™K () = —> Uﬂl 1 VIE=ce T (pj—pr)y, i#j#k=123
192(27 )3 F2F2MM,,
f dsdt (VI'"Fy + VJ'Fy +V :3”E3)mK ((VmFl + Vo Iy + I”'?zﬂ.Eg)ﬂ"K)* S=1/nl

al width (r,,(4%) ) istabulated to avoid problem with triple integration, linear interpolation

new-currents/RChL-currents/table/al new-currents/RChL-currents/wid_al_fit.f



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




Parameters to fit
new-currents/RChL-currents/value_parameter.f

Parameter Var. name Defanlt
1. Non - model parameters | | A | T
(non resonance + narrow resonance) MNUTA 0.001
co500abibhe | Set in TAUOLA init. 0.975 i
G set in TAUOLA muat. | 1.166375- 107"
PDG values s mpic 0.13957018
Mo mpiz 0.1349766
My, meta 0.547
g+ mkc 0.493677
Mo mkz 0.497648
M, mom 0.78104
r, gom 0.00843
M, mphi 1.019
Iy gphi 0.0042
2. Parameters from vector currents (with F) in KKpi modes J”:N{---—Mzeng”mplvpzppgg':s}
5 1
’CI:Z vur ippp Z i]P |Ci’ i1 gll L“SR Z}‘ O\AP + Zd Oixp
o — eyt = 0. o Correct high energy behaviour of vector form factor
ct —cy — ¢y + 2c6 = No Fv My ny(q t,Q%) = ijTji /dH3 Hy,(5,1,Q%) = (Qu — QuQy) v (Q)
9672 /2 F?
P Ne M2
3 = 10952 F2 Nw = 7t 71%) —> 2g4 + g5 = —0.60 £ 0.02
g1+ 292 —gs = 0,
'\T ;'1'[1—’
‘g. e
’ 192272 Fy

P. Roig talk for errors/uncertainity



3. Model (resonance) parameters (two mesons and axial-vector current for three meson)

p p? p

F’; M/_\1 M M i FV1 G\/1 FA! ﬂpl FK*; FK*H

Moy Mygws Yerr 75 O

depend on the mode and dipswicthes !!!

31 . MOdeI constants Parameter | Var. name Default [suggested range)
F fpi_rpt 0.0924 [0.0920, 0.0924]
, Fy fk_rpt 1.198F [0.94F, 1.2F]
1. Fixed Fand F, (FIXED!!!) Fy fv_rpt 0.18 0.12,0.24]
Gy gv_Tpt F2/Fy 0.z2F?/Fy, LoxF? |/ Fy
_ , _ Fu fa_rpt 0.149 [0.10, 0.20]
2. Correct high energy behaviour of pion FF 5, beta_rho —0.25 (—0.36, —0.18]
., 9 Vicr gamma rcht —0.043 (—0.033, —0.053]
Gy = I'* /Iy vke | gamma rcht —0.039 —0.023, —0.055)
by THETA 35.26° (159, 507]
3. F,,F, fitAleph 3 pion spectrum 7 coef _ga 0.14199 0.077,0.099]
0 coef de —0.12623 [—0.035, =0.012]
_ & phi_1 —0.17377 0.5.0.7]
4. beta_rho, gamma_rcht fit to Belle spectrum b phi_2 0.27632 0.5, 1.1]

(P;ep—ph/ .

4. ideal mixing angle for THETA 6y = tan™'(1/v/2) (FIXED!I!)




3.2. Masses, widths of resonances

‘ Parameter ‘ Var. name ‘ Default [suggested range] ‘
M, mro 0.77554 0.770,0.777]
3 bi Aleph < Mo mro 0.775 0. 770 0.777] \\
pions, Alep M,, mma 1 1.12 [1.00, 1.24]
M,y mrhol 1.453 [1.44,148] ———> 2 pions, Aleph fit
M, mrhol 1.465 [1.44, 1.48]
PDG Iy grhol 0.50155 [0.32, 0.39]
L'y grhol 0.4 [0.32, 0.39]
3 mesons M, mrho? 1.8105 [1.68, 1.78]
I grho2 0.4178 [0.08, 0.20
1 coef ga 0.14199 10.077,0.099]
5 coef de —0.12623 —0.035, —0.012]
b1 phi 1 _0.17377 [0.5,0.7]
o) phi 2 0.27632 (0.5, 1.1]
My mksp 0.89166 0.891. 0.892]
PDG { Mo mksO 0.8961 [0.895, 0.897]
KKpi ——> M~ mkst 0.8953 [0.8951, 0.8955]
M mkst (Mgt + Mpo) /2 \
e mkst 0.94341 [0.9427,0.9442]
[ge- gamma kst 0.0475 [0.047, 0.048]
Vi gamma kst 0.06672 10.0655, 0.0677] i
k- | gamma kstpr 0.206 0.155,0.255] Kpi modes
g gamma kstpr 0.240 0.120, 0.380] fit to Belle
M mkstpr 1.307 [1.270, 1.350]
e mkstpr 1.374 1.330, 1.450]

non-physical values for masses for GS in Kpi modes

Difference between (exact) models ~4%,
between GS and exponention ~15%




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
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TAUOLA 2011 lacks/limitation:

1.
2.

no scalar form factor for two pseudoscalar modes
low energy spectrum for three pion mode, two pion invariant mass
distribution —  ?? sigma meson, parametrization ??

excited resonances for Kkpi modes

fixed value of THETA: Oy = tan—'(1//2)
Ideal mixing angle = no ¢ intermediate state

Talk of lan Nugent,

i
> $(1020)

L} L

Events/(4MeV/c?)

Cracow, May 2011
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First measurement of:

B(r—m¢v)=(3.42+0.55+0.25)x105
Significance: 5.7¢



TAUOLA 2012

1. Kpion mode t~ — (Km)~ v, It = N[(pr — p2)" FY (5) + (p1 + p2)" F7(s)]

11 FS.(s)=0 for /s<0.8GeVv compatible (large) than F! (4/s)

Two parametrization are applied for scalar FF :

« M. Jamin private code — table for F2 (+/s) fitted to Belle spectrum
S

» E. Passemar private code Fe. (s) arXiv:1103.4855

1.2. free parameters THETA and fk_rpt

2. Three pion modes
scalar contribution : sigma (2 pion interaction) + pion

o’ included, exact results  8,=-F.G,/F* — R, G, F.Gy+F.G,=F’

3. KKpi modes simplified version p’, K*’

1 1 1 (3
: _ y —— R ~+ =" _

4. Other channels: Keta, pi eta, 4 pions



DIPSWITCH PARAMETERS

new-currents/RChL-currents/value_parameter.f

DIPSWITCH VALUE MODE

FFVEC 0,1 PIP10, KPI, KKO
FFKPIVEC 0,1 KPI

FFKKVEC 0,1 KKO
FFKPISCAL 0,1,2 KPI

FF3PISCAL 0,1 PIPIPI
FF3PIRHOPR 0,1 PIPIPI
FFKKPIRHOPR 0,1 KKPI,KKOPIO
FFKKPIKPR 0,1 KKPI, KKOPIO

TAUOLA2012 more flexibility for fit




What can be improved ?

‘theoretically better” parametrization (a different way to include FSI effect)
M2

; PO =
."[‘2' [1 =+ Sp(‘) .'\‘1 I(‘;'W-’l7(mj lNlJ — 8

a

Fy(s) =

3 foeu SPQ( ¢
PQ, 9 S ( ( S }
Fy, ™ (s) = exp {u]n‘ + aps” + — / ds’ —
= - v Sthr i

s-"i(s’ i i ,6)

Possible problems ... it can be:
 time-consuming codes, numerical unstable
* non-physical value of the resonance masses

* numerical effect can be small

Conclusion: it should be implemented in TAUOLA 2012 and checked




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]




CONCLUSION

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

2nt, 2K 1, Knt, 3nt, KKnt 88%o of tau hadronic width
first comparison with data

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

Hadronic tau decays have undergone, during
Jorge Portoles: TAUO4 the last years, a fruitful era of excellence from
hep-ph/0411333 the point of view of collecting experimental data.
Experimentalists have done and are doing a great
job. Now time has come for theoreticians to do

their task.

Common work: theory + experiment


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

