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T - lepton physics

* £ mass and life time measurements

* leptonic decy modes: a test of the charged lepton universality
* search for LFV process (t =3y, = uy)

m_=1.78 GeV - decays In hadrons Br (t — hadrons) = 64.8%
Precise measurements of the hadronic T decay modes = the low and intermediate
energy study:

_ _ Gr .. i
M(T7 - v h7) = /5 HY [Tryu(1 — 45)7]

£ = (h™| ( A Y (1 —y)u + V.5, s9°(1 — ":Fr'])'.i'_{.) |0)

* hadronization mechanism (pQCD does not work, ChPT low tail)
* Wess-Zumino anomaly (ex. KK x)
* resonance parameters
* Okuba-Zweig-lizuka suppressed modes ( ex. ¢ K)
* second class currents (ex.wmn )
* measure |V_us| CKM matrix (modes with K)



Experiment:

* Cleo (Dalitz plots for® - ® ~ =+ ), Aleph (90's)
* BaBar (preliminary data for 3 meson modes, distributions),
Belle (two pion and Kn form factor)

* Belle Il project (B2TiP workshop, Cracow, 04.2015)

High energy  Knowledge of the dynamics is important for Higgs polarization
(LHC) measurement and agreement MC/data, searched for beyond
SM physics

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

~44% hadr Br to check




TAUOLA (Monte Carlo generator for tau decay modes)

R. Decker, S.Jadach, M.Jezabek, J.H.Kuhn, Z. Was, Comp. Phys. Comm. 76 (1993)
361; ibid 70 (1992) 69, ibid 64 (1990) 275

1. leptonic decav rnodes T (P, s) — vr(N)I™

Vo(ge), l=e,p
M = — a(vr; Ny (v +f}f5r1)u( ) (175 q1)7u(1 — v5)u(vy—; g2)

M \ (V-A) SM str

1 /G2
H : . T
dl'y = 214(\/5) 32(B + H,s")dLips(P;q1,q2, N).

B=@w+a)*P-q)(N-q)+v-a)?P q)N-q)— Mm@ -a*)(q-qe)

2. semi-leptonic (hadronic) decay modes 7(P,s) - vr(N)X
= S a(Nyy* (v + ays)u(P)Jy
M2 = G2t (, H, s*) — * : x _ (J*.
M| 5 —(w + Hy My =2[(J* N)Ju+ (J- N)J = (J* - J)N,]
w = PH(Ily — yuall}) I1°# = 2 Im e#¥P9 J* J, N,
H, = 37(M26Y — P,P*)(II3 — 7y,IL,) 2va

Toa = 32502



CPC version

1. R. Decker, S.Jadach, M.Jezabek, J.H.Kuhn, Z. Was, Comp. Phys. Comm. 76 (1993) 361;
2. P. Golonka, B. Kersevan ,T. Pierzchala, E. Richter-Was, Z. Was, M. Worek, Comput. Phys.
Commun. 174 (2006) 818;

3. 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;

4. J.H.Kuhn, Z. Was, Acta Phys. Polon. 39 (2008) 47 (5-pions), hep-ph/0602162

Hadronic modes : t~, K-, ®° ©~, (® K)-, (3®), (57), (6T)
(KK7)~, nn’ © ,(4%)~, ®° ©~y (added later)

Theoretically modelled (except for 3., a model used in e+e- data, fitted)

J =<Hadrons|(V-A), e«[0>= X(Lorentz Structure)'F,(Q?2s))
lowest energy resonances ( except for 3 pions:a, - (p;p"') 7)

* based on VMD, i.e. 3 scalar modes BW(V1)*BW(V2) , reproduces LO ChPT limit
* wrong normalization for 2 scalar modes, except 27, only vector FF , no scalar FF



TAUOLA (official)
Monte Carlo generator for tau decays

Aleph version

CPC version

RChL version
2 pi Belle FF

Cleo version

* Belle MC = Cleo version for 3 pions + 2 pion own + others modes ??
* BaBar MC = CPC + new modes




BaBar vs Belle

Krakow April 24, 2015

| 7~ — h hTh v, from BaBar and Belle '
Mode BaBar, 342 fb™?! Belle, 666 fb~! PDG2006
N 10° 1.6 8.86
B(r~ntw™),1072 8.83 + 0.01 +£0.13 8.42+ 0.01 £0.26 | 9.02 4 0.08
Nev, 10* D 79.4
B(K-ntn™),1073 2.73 4+ 0.02 + 0.09 3.28 +0.01 £ 0.17 | 3.33+0.35
Nev, 10* 1.8 10.8
B(K"K*7x7),107° | 1.346 +0.010 £ 0.036 | 1.53 +0.01 £ 0.05 | 1.53 +0.10
Nev 275 3160 ~
B(K " KYK™),107° 1.58 +0.13 +0.12 2.62+0.154+0.17 | <3.7-107°

BaBar: B. Aubert et al., Phys. Rev. Lett. 100, 011801 (2008)
Belle: M.J. Lee et al., Phys. Rev. D81, 113007 (2010)

S.Eidelman, BINP p.43 /55



Cleo version

CPC currents + Cleo 3 pion current
n® ®° = v_ D.Asner et al., Phys.Rev. D61 (2000) 012002 (*)

T-m v 1)(*)
2) E. 1. Shibata, Nucl.Phys.Proc.Suppl.123 (2003) 40,
J.W. Hinson, PhD thesis, Purdue University (2001),
PU-99-713 (isospin transformed current)

Mechanism production, based on Dalitz plot analysis,

Amplitude Branching ratio (%)
pm S-wave 60,19
p(1450) S-wave 0.56 = 0.84
al — .. pm d-wave 1.30 = 0.60
p(1450) d-wave 2.04 £ 1.20
f2(1270)m p-wave 1.19 £ 0.49
o p-wave 18.76 + 4.29
fo(1370)m p-wave 7.40+2.71

Cleo analysis 2001, ®° 7t° ~ approved; other modes no;
no further TAUOLA update
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RChL version

Hadronic currents for two and three meson decay modes:

21T, 2K 1, Kntt, 3wt, KKt modes -~ 88% of tau hadronic width

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)
Feynman diagrams to calculate the currents

* 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, one resonance approach: f_, F, G,, F,)

Analytical results for the hadronic form factors (Valencia IFIC group)



Three pion decay modes T~ = (3 )" V_

* CPC parametrization al/al' - prx

* Cleo parametrization

11.08 ,

25.32 \ ﬂ .\ o\\ 317
“oas 1

T~ n°%n°7n - v_ D.Asneretal., Phys.Rev. D61 (2000) 012002,hep-ex/9902022

T~ ®m n-n*v_E. Il Shibata, Nucl.Phys.Proc.Suppl.123 (2003)40 ,

hep-ex/0210039

J.W. Hinson, PhD thesis, Purdue University (2001), PU-99-713

* RChL parametrization V + A contribution (Phys.Rev. D86 (2012) 113008)



Cleo parametrization

T~ = n'n’ - v_ D.Asner et al., Phys.Rev. D61 (2000) 012002,hep-ex/9902022

Dalitz plots distributions

Significance Branching fraction (%) &l phase @/
p S-wave = 68.11 1.00 0.0
p(1450)  S-wave 1.40 0.30 + 0.64 0.12+0.09 0.99+0.25
al(1200) - pr D-wave  5.00 0.36 & 0.17 0.37+0.09 —0.15+0.10
p(1450)T  D-wave 3.10 0.43 + 0.28 0.87+0.29 0.53+0.16
f2(1270)7 P-wave 4.20 0.14 + 0.06 0.71+0.16 0.56 = 0.10
fo(600)r  P-wave 8.20 16.18 + 3.85 2104+£0.27 0.23+0.03
fo(1370)r P-wave 5.40 4.29 + 2.29 0.77+0.14 —0.54 £0.06
2 t 2041
BE(si) = —5———O¥ I%%(g) =Tg (5) e
(mGy — si) — imoy T4 (s;) ko Vi

* fitted the beta constants + al mass and width

* Instead o of the mass (555 MeV) and width (540 MeV) of sigma were fitted, the default
version fixes sigma mass = 860 MeV and width = 880 MeV

* mass and width of the resonances were fixed to PDG'98

T~ = T 7 ® v_ Is not published,;
Tauola (Pythia) with Cleo T - = =°xn° &~ v_ parameter values

small difference in spectrum



Resonance Chiral Theory results for three pion decay modes

RChL = ChPL + resonances (V, A, S, P) as new active degree of freedom

Phys.Rev. D86 (2012) 113008
only V, A resonances

JH=N
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Doubts about inclusion of f0(500) = ¢ in RChL scheme

Cleo inspired contribution + RChL structure of FF
T T
\/_FR Gy
Ft' — F'+
1 1 31;
4FAGy q*
3F2 ¢2 — M2 —iM, T, (q

[0, BW, (51)F,(¢%. 51) + B BW,(52) Ey (2, 52)]

2) [A";JBI’FG (Sl )Fa (qz s 51 } + 50-81"{"?0 (32) FG’ ((}2 ) SEH

. . 2 . .2y p2
BW(z) = m2 —x f?in I',(z) Lolz) = r"aﬁiﬁ%) FJ(QET‘T) - [ - ’S'Z’EWTJR"
7|l A | A
FE— F* 4 % O BW,(s3)F»(q?, s3) % =% =0 o = a,-Scaling],.,,
i R A 7 WBW, (sq)Folqss) 17 = 17" el factor

3Fz g2 — M'ﬂzl —iM,, Ty, (g?)

Our assumptions

1* RChL structure of FF (but not RChL calculation)
2* simplest BW parametrization: only Im part of loop

3* two sets of parameters, different for T=® T+ and T° ®° 7T~
4* for T T " we choose not equal parameters



Numerical results and fit to BaBar data
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How include these resonances? f,(980)

*al1(1260) axial-vector, the second one, analogous to rho'

*2(1270); the lowest tensor resonance, G. Ecker, C. Zauner arXiv: 0705.0624
+ double resonance Lagrangian

* f0(980):

X sin? dg cos? ¢g

R. Escribano, P. Masjuan, J.J. Sanz-Cillero
ArXiv: 1011.5884
B,(s, m ?, m ?)-aloop function for I = 0

M2 —s M?O —s5 M2 — 5 —c,s%By(s,m2, m2)

» fO0(1370); PDG m = 1200-1500 MeV; I"= 200 — 500 MeV



RChL parametrization to BaBar: three 1 dim mass invariant distributions;

Validation of results

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

* Convergence of the fitting procedure
- 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)
The fitting procedure does not depend on an initial point

* Toy MC studies to check of behaviour near the minimum
- 8 MC samples (different seeds) of 20 million generated with
() the fit parameter values ('global minimum’), i.e. difference is “statistical error”, a set “Toy”
(1) 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

* Estimation of systematic uncertainties

Used systematical covariance matrix from BaBar experiment
to include the correlations between bins



Generalization
(under construction)

tauola_3pi.conf /FitFramework

conf iquration file Lor TRIMLA=-FORTEAN BEChL current s, mods: [l il =i . . .
’ e - tools with Minuit2 commands

Ses | /README for details regarding the conflg options

¥
¥
¥
¥

SET
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EURCTION

dgamad_3pi
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dgamgy 3pl

chi2 calculation

ffitting_interface
- analytical function for fit

¥ HAME TART_VAL MIN MA / |
PARAM ALPSIG .795938 10.0 10

FARAM BETASIG L763701 10.0 10 tauola
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- 3 pion RChL current fit to
BaBar data

CHAMGE change_rcht_param

INIT rehb_3pi_init

BEEINIT recalculabe _al widbh_Calble .
FIMAL check _integrals_gq sl_s2_ =83 NeW

* multi- dim fit

* covariance matrix

* Cleo parametrization to fit
BaBar data
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IH CEAW tCaucla dpl.png taucla 3pl  eps




Preliminary results + under study

1. T~ = w7 °V_two pion form factor, fit to Belle data

TAUOLA two pion FF: J* = N|(p1 — p2)'FY (s) + (p1 + p2)* F(s)]
* KS FF from CPC

FU=D(42) = ! (BW,+BBW, +vBW + - ) BW, = My
" R £ £ " (M2 - ¢?) - iV
*GS
i ; M; +d-MT(s)
8= . ! . I BW(JS:
F(s) lJHBJrjf(la\zw’p+,8 BW, +v-BW ) C (M2 = 5) + f(s) — infsTi(5)

* RChL Eur.Phys.J.C27 (2003) 587 (rho, rho"
FolG 2
F_(s) = HZ; ‘fQ ﬂff%q—qg

* dispersive integral + modified high energy RChL

FT(s) — explars + 222 + ﬁ/mds 51(s") low energy
¥ 3 ° T (s")3(s’ — s — i€)

Mz + (/e + ae?") s
Mg [1 + gemzrz (Ax(s) + -AK(Q))]

rr
a'e’?’ s a’e'? s

CMZ2[1+sCpAr(s)—s M2, [1+sCpAr(s)] —

Fy(s) =
high energy




Belle parametrization RChL parametrization
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[dN/AM(K K*)/N)/(10MeV/c?)

([dN/dM(K 7))/N)/(10MeV/c?)
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T2>2>K*K v

Preliminary fitting results to BaBar preliminary data
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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 al width table corresponds to 3pion
parameter values, not re-tabulated

...common fitto t*n-n-and KK



3.Cleot~ = w7 w*v_ parametrization, fit to BaBar 1 dim histo

=]

9
LI s
1

([dN/dM () JN)/(10Me V/c?)
([dN/dM{x *)J/N)/(10Me V/c?)
([dN/d M 7*)JN)/(10Me V/c?)

29.06.2015 result, no error study, no comparison with the Cleo parameter values



Scalar resonance contribution

4F 4Gy q°
3F? ¢ — M2 — iMy T (7)

TR T’ ™ — ™+ [";,-'JBI-T-"J (s1)E,(q%,51) + 6,BW (s3) F, (¢, 32)}

4F 2 Gy q
3F? qﬁ — Magl - 'iMmFm(qg)

TCOTCOTC_ FlnR Jf-FlRR‘|‘ TSBWJ(S3)FJ(QE153)

Resonance lagrangian:

AES = f—:{f( SU“U# } i iﬁryké}-' > AEAS = )\flS( {V#S, A‘u’p}’up }
st 2v/2¢, S3 AaF, q V2¢y
TR 3\ oMo iM,T(@)  F
gt _ 2\@(1@1 25y 81 . AaFy Ta B V2¢y
F? 3 \Dsear(s2)  Dscar(s1) F2 @ — M2 —iM,JT. (@) F

| | | 1  sin gg cos? dg
R. Escribano, P. Masjuan, J.J. Sanz-Cillero M5 M s u M2 = 5= o, @ Bgla v, )
ArXiv: 1011.5884 ¢

B,(s, m * m ?) - aloop function for I = 0

Implementation in Tauola and fit to BaBar




tauola-bbb project

Z. Was talk at Tau2014, Aachen, Germany, September, 2014

Fortran codes + C++ wrappers;
prepared to work with BaBar and Belle environment

Achieved:

TAUOLA MC with 200 decay channels,
solution similar as presented on TAUO4
and used by BaBar. Neutrinoless chan-

nels available.
Default BaBar Tauola initialization.

Alternatively, for 2 and 3 7's, new cur-
rents with comparison with experimental

data prepared.

Theoretically motivated currents, 4 and 5

7's decay modes, also as alternative.

No fits to global properties such as aver-
age charged energy. For alternatives, no

experimental quality stamps.

e User

re-initialize TAUOLA with

own (C++ coded) currents (or matrix

can

elements).

Non complete tasks:

Results for 3-scalar modes with K's are
not incorporated, need quality fits. See

e.g. Olga talk.

Many alternative parametrizations, eg.
for 2K 2m modes (BaBar) are not in-
corporated, even though these are miss-
ing channels, at present only flat phase

space.

Environments for fits are not well struc-

tured for model independent use.



CONCLUSION / PLANS

- study of TAUOLA models for two and three pion decay modes
- Improvements of 3 pion RChL current
- multi-dim fit; fitting strategy; fitting Cleo currents to BaBar data

- comparison Tauola with Pythia8, physics, numerical results
(under work for 3 pion modes)

- K K ® modes, models, fit

When do we start Belle 11 ?

[1] 2] 3] 4] 5[ 6] 7]8]9]1d111d 1] 2| 3] 4|5]6] 7] 8] ol1d101 1] 2] 3] 4[5 6] 7]8]91d111d 1] 2] 3] 4]5]6] 7] 8] o[1d11121][2]3

Summer Summer Pha: Summer Phase 2 Summer  Physics
Global Operation Shutdowr Phase 1 (mo)  Shutdowr 2  Shutdowr (5mo) Shutdowr Run
maechine time per JFY 2 5 [ 5
Belle roll-out/in | :
Tom Browder (B2TiP BEAST PHASE |: Starts in Jan 2016
meeting) BEAST PHASE II: Starts ~May 2017

Physics Running: Fall 2018



BACK UP



OUTLINE

* Monte Carlo generator TAUOLA and their context
* Two and three pion decay modes in TAUOLA

* Tools and fitting to BaBar 7~ - n~ n* " v_data

* tauola-bbb project

Conclusion and plans



What Physics does the t Provide Access to?

ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc

The t is the most massive charged lepton, The Elementary Particles

a_s Such it prDvides: I Fnr 1 1 I rr T 1 I I | I I | [ | I B B | I

A unigue environment to determine |V
Test the Charged Lepton Universality
assumption in the Standard Model Quarks

Provides a clean environment to study QCD "y

uS| = b

- Strong coupling constant o (M) r d
- Search for second class currents (allowed by
QCD but never observed)
- Wess-Zumino Anomaly
- Resonance structure P
- Okubo-Zweig-lizuka Suppression Leptons
- Test of Charged Vector Current (CVC) v

Search for New Physics €

- Lepton Flavour Violation (LFV) 0 o5 5 75 10
Proton

T mass measurement :

7 life time measurement Mass (GeV/c")



> 20 modes: leptonic modes
hadronic modes -, K-, ®° ©~, K-K°, (37)",(KK™®)",
nn° ©-,(47)", (57)°

(3m®)~ D. Asner et al., Phys.Rev. D61 (2000) 012002, Dalitz plot analysis by Cleo
(4m)~ fit to et+e- data, “Novosibirsk model”

others modes are from the theoretical models, include the lowest resonances
* do not reproduce the data

Features:

* based on VMD, i.e. 3 scalar modes BW(V1)*BW(V2), reproduces LO ChPT limit
* wrong normalization for 2 scalar modes, except 27, only vector FF , no scalar FF

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

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

Belle ( 27, Kz ) spectra, BaBar 3 meson invariant mass spectra

published




TAUOLA
Monte Carlo generator for tau decays

CPC version RChL version

2 pi Belle FF

Cleo version Aleph version

* Belle MC = Cleo version




TAUOLA (Monte Carlo generator for tau decay modes)

Aleph version based on private communication with B. Bloch

* Aleph version in Tauola = CPC mechanism production with updated numerical
values

* it does not include 'GS' 2 pion FF, also used by Aleph

2014 :

* M. Davier et al, Eur. Phys. J. C (2014) 74:2803
Update of the ALEPH non-strange spectral functions from hadronic t decays

2 pion, 3 pion, 4 pion invariant mass squared distributions

http://aleph.web.lal.in2p3.fr/tau/specfun13.html



T~ >37w) Vv,
PDG 2014 Br (ex KO0)

BR(m°n’w) = (9.3 £0.11)%
BR(mnm*) = (9.02 £ 0.06)%

Experiment data

Cleo, Aleph w°n°m 1990-2000
Cleo, Aleph, BaBar, Belle - n*

Only BaBar measured the differential spectrum
and preliminary data is available

=al - (intermediate resonance state = p, f0, ') + &

BW(s) = m? /(m?-s -imI'(s)) ; vertex constant



Conclusions/plans for two pions

* fit with the Belle covariance matrix, to include bin-to-bin correlation

* kaon loop influence on the Belle parametrization
** ~2% at the rho peak for the RChL parametrization

* several-pion/kaon loops ( ® w , K* K)
** Portoles, J. et al. Nucl.Phys.Proc.Suppl. 131 (2004) 170



Resonance Chiral Curents in Tauola (RChL version)

RChL = ChPL + resonances (R =V, A, S, P) as new active degree of freedom

EEIT = pGB =3 Zﬁﬂi = Z ’*(:Rlﬁ'z 5 Z ‘CHLRERS

One resonance part:

F'V's G‘v’ Fu v
ﬁz=;{m< Fra) S V) + 3 A )

+ g (SiuFuy) + e, (Sixs) + idy, (P, Z—)}:

Antisymmetric formalizm for resonances

715,0{} + Vlgwg + 713:;.){} p'* .
Vi = P v.«—P 5 V.«—t:‘a + ﬁ“" e ,
K*~ K —;%Eug + 5o

Ti%

.. few papers about S, P contributions



Resonance Chiral Theory results for three pion decay modes

RChT = ChPT + resonances (V. A. S. P) as new active dearee of freedom

ﬁRx’T = pG’B + Zﬁ Ry T Z £H1R2 + Z £R1R2R3
R]_ Hz Ri RE HE
2
(2 F 2 F
Loop = L3577 = —=(wuu + x4 )
1.0 1 + K+ .
woid T 7'l 7 iy
b = == _VIE?TQ_:L' Lng Iga u(aﬁ) = g(m )
K~ K —\T-E?:.l'g

— Ly v iGy, v, o Fa AMY
ﬁe—;{mcm o)+ 2 VA ) 3 A )

+ g, (SiuFuy) + e, (Sixs) +idy, <Pf%—>}:

Antisymmetric formalizm for resonances

glgﬁﬂ o 7130«*3 s 71?’#‘1} P+ K™
V#V — P = v,—p =} v"_wg -+ foLU[J K*0 :

_*[
K*- K —ggwg + 715%

[y



Our assumptions

1 * RChT structure of FF (but not RChT calculation)

2 * simplest BW parametrization — only Im part of loop

3 * two sets of parameters, different for T=n-n* and n°xw°n-
4* for x~ - * we choose not equal parameters

Preliminary answers

1* calculation within RChT will check  £% = ¢4(Su, ") + em{(Sx+)

+ SA(u) lagrangian
2* width = Im part of loop function — + Re part of I=0 loop function

4* this point will be checked by calculation, however, in ChPT there is only one
parameter — most probably we will have the same

3* calculation RchT, preliminary one (one resonance) shows equal parameters



The lowest scalar multiplet contribution: f0(980) and ¢(500)

L% = ca{Suuut) + em(Sx+)

a) | o0y o8 a ot
vZ V3 46 ;
& i 0
i - i1 _ f } o0 3 T8 hL
S(x) = V2t st e
K K9 S—E}T — %O’ﬁ

ArXlv: 1011.5884; to include fO

1 sin? Og cos? ¢g

.Y

i [ + — &
M2 — s Mfﬂ — 5 M2 —s—c;8*Bo(s,m2,m2)

PDG 2014: m = 990 + 20 MeV: T" = 40-100 MeV ¢s = —8°

B,(s, m ?, m ?) - aloop function for | = 0, a complex function
A real part of this function enters the nominator

Lagrangian with A’ S meson



Tensor resonance contribution {2(1270)

1 i ”
G. Ecker, C. Zauner arXiv: 0705.0624 L= =5 (LD Tog) + AT dr )
TOH b )
LD
ag | 13 + et
I« 8, \T% " 7% ”aﬂ : e 0 0
. - a () 8
TZ)‘T @  —atE K| T =/
i=1 K*-— }'{'xﬂ _Efz
2 2 7e

v

No study T A (meson) Lagrangian with A’ S meson

kkkkkkkkkkkkkkkkkkkkkkkkkkkkk

Fit Cleo paremetrization to BaBar data



The lowest scalar multiplet contribution: f0(980) and ¢(500)

L% = ca{Suuut) + em(Sx+)

a) | o0y o8 a ot
v2 1 V3 Ve ;
i i 0
i - i1 _ f } o0 3 T8 FLL
Slg)= VZ 37 Ve
K K9 S—E}T — %O’H

ArXiv: 1011.5844; to include fO

1 sin? Og cos? ¢g

.Y

, + ks ‘
M2 — s M?ﬂ — 5 M2 —s—c;8*Bo(s,m2,m2)

PDG 2014: m = 990 + 20 MeV: T" = 40-100 MeV ¢s = —8°

B,(s, m ?, m ?) - aloop function for | = 0, a complex function
A real part of this function enters the nominator



Our assumptions

1 * RChT structure of FF (but not RChT calculation)

2 * simplest BW parametrization: only Im part of loop

3 * two sets of parameters, different for T=n-n* and n°xw°n-
4 * for r~ -+ we choose not equal parameters

Study

V2F, Gy

4*  F' — Ff
1 1 —|_ SFE

la, BW,(s1)F, (¢, 51) + 3, BW,(s2) F, (¢, 52)]

chiral prediction limits
F(r’°n’°n) 21+ (16 L1 + 8L3)/F?s3 + 8L2/F?(s2 -2s1)
F(nn n")>1-(16 L1 + 8L3)/F? (s2-2s1) + 8L2/F? s3

2 2 ~3 2 2
GV Cd Cd . G1 B 3G1

2
Cd

L, = — s L P
: SMZ  6MZ  2M2Z ? AME ’ AMZ
F(r°n°n) -1+ 16 L1/F?(-2s3 + s2 -2s1)
Only V
-F(mmn=w*) 21+ 16 L1 /F?(-2s3 + s2 -2s1)

2M?2



Phys Rev D 54, 4403 G. Colangelo, M. Finkemeier, R. Urech

3 pion decay of tau in general case
BR(n- n~ ®°)/BR(n° ®° «~) = 1 for [210] structure, V resonance
BR(n~ ®~ n°)/BR(w° ®° ) = 4 for [300] structure, S(T) resonance

F1(n’°n°7®") = f(F1(n ®t~ 7%))

as well as calculation of F[300] and F[210] within ChPT one loop

Implementation for 4 pion case - A. Pais Annals Of Physics 9
(1960) 548



Phys Rev D 54, 4403 G. Colangelo, M. Finkemeier, R. Urech

Influence of the F[300] to the integrated structure function

w,, sensitive to ReF[300], w_ to ImF[300]

wp[GeV']

plGevd
:l 1 LI L I I t EE[{- E\I ]
3 k: =
z_ .r'f.‘: _: E
n | L1 _Jll;l_l%-lE |T“é
e [{;ev*i\ Q* [GeVY

No F[300]

Application for Tauola and BaBar data ???



Validation of results

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

Ba

Yo

da

R,

M,

ﬂ'fpl’

E

Ma,

M

I~

Fr

Fv

.'j‘pf

M,
T
F,
Fy
Fa
B

0.60
0.36
-0.29
-0.41
-0.69
0.46
0.68
-0.77
-0.09
0.02
0.78
0.76
0.52
-0.75

0.60

0.44
-0.39
-0.42
-0.75

0.55

0.79
-0.89
-0.16

0.04

0.89

0.88

0.58
-0.88

0.36
0.44

-0.56
-0.22
-0.59
0.16
0.37
-0.47
-0.28
0.00
0.49
0.45
0.30
-0.45

-0.29
-0.39
-0.56

0.46
0.46
-0.24
-0.42
0.49
0.01
0.01
-0.49
-0.47
-0.31
0.47

-0.41
-0.42
-0.22
0.46

0.42
-0.33
-0.56
0.62
0.34
0.02
-0.53
-0.56
-0.42
0.48

-0.69
-0.75
-0.59
0.46
0.42

-0.27
-0.64
0.79
0.29
-0.02
-0.83
-0.74
-0.48

0.75

0.46
0.55
0.16
-0.24
-0.33
-0.27

0.67
-0.61
-0.13

0.03

0.61

0.66

0.37
-0.65

0.68
0.79
0.37
-0.42
-0.56
-0.64
0.67

-0.88
-0.24
0.03
0.86
0.88
0.57
-0.83

-0.77
-0.89
-0.47
0.49
0.62
0.79
-0.61
-0.88

0.28
-0.03
-0.96
-0.97
-0.62

0.95

-0.09
-0.16
-0.28
0.01
0.34
0.29
-0.13
-0.24
0.28

-0.02
-0.30
-0.29
-0.20
0.30

0.02
0.04
0.00
0.01
0.02
-0.02
0.03
0.03
-0.03
-0.02

0.03
0.03
0.03
-0.04

0.78
0.89
0.49
-0.49
-0.53
-0.83
0.61

0.86
-0.96
-0.30
0.03

0.95
0.55
-0.97

0.76

0.88

0.45

-0.47
-0.56
-0.74
0.66

0.88
-0.97
-0.29
0.03

0.95

0.63
-0.96

0.52
0.58
0.30
-0.31
-0.42
-0.45
0.37
0.57
-0.62
-0.20
0.03
0.55

0.63

-0.56

-0.78
-0.88
-0.45
0.47
0.48
0.75
-0.65
-0.88
0.95
0.30
-0.04
-0.97
-0.96
-0.56

Strong correlation > 0.95

M,,,




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
(1) the fit parameter values ('global minimum’), i.e. difference is “statistical error”, a set
(1) 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



MONTE CARLO

Tools:

TOOLS

THEORY

?77?

DATA

1dim or multi-dim
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