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Introduction and motivation

Resonance Chiral Lagrangian and results for 1~ - 1 T 1T V_
Fitting to BaBar 1~ - 1r " U v_data. Strategy and results

Conclusion and plans



What Physics does the t Provide Access to?
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The t is the most massive charged lepton, The Elementary Particles

as Such it prﬂvides: I rm T n 1 I nr 1 ¥ 0 I | | | [ | I I 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 NS

US| - b

- Strong coupling constant o (M) v 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) i

Search for New Physics €

- Lepton Flavour Violation (LFV) 0 x o5 5 75 0
T mass measurement Proton

2
7 life time measurement Mass (GeV/c)



Morever, the tau invariant mass distributions are essential to update the
simulation of tau decays for LHC, SuperB factories...

Hadronic Decay Modes

. Ayt Tau Lepton Properties _
T T Y em, =178 GeV decays in hadrons
other e OT = 87 “m

Tonn 3nty * BR(t—1vv) = 35.2%
* BR(t—hadrons) = 64.8%

Typical detector signature

* one or three charged tracks

« collimated calorimeter energy deposits

* large leading track momentum fraction

* possible secondary vertex reconstruction

Precise analysis of available data
for 2 pion + 3 pion modes

» BaBar [/ Belle

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



Only Belle data is available for two pion mode

BaBar/Belle comparison for 3 meson modes; BR
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Only 3 pion mode result within errors

Bit = K ov)[x 107]

Data/MC ?



TAUOLA (Monte Carlo generator for tau decay modes)

CPC version R. Decker, S.Jadach, M.Jezabek, J.H.Kuhn, Z. Was,
Comp. Phys. Comm. 76 (1993) 361

Cleo version Alain Weinstein : http://www.cithep.caltech.edu/~ajw/korb_doc.html#files

* BaBar version

Aleph version B. Bloch, private communications

~ 20 modes

Features of all versions:

* based on VMD, i.e. 3 scalar modes BW(V1)*BW(V2), reproduces LO ChPT limit
* wrong normalization for 2 scalar modes, except 211, only vector FF , no scalar FF

* not correct low energy behaviour of the vector part for KK itmodes

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



Only BaBar mass invariant spectra are available

Invariant mass distributions for: T n*v
=== CLEO Tauola Tune (98) === BaBar Tauola MC
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and other modes: MC does not reproduce the data — needs “fresh” theoretical input
we will work only with the hadronic 2 and 3 meson modes

2mr, 2K 1, Knir, 3nr, KKt — 88% of tau hadronic width




Hadronic currents for two and three meson decay modes

Two meson modes: = = N[(pl — )" FV (s) + (p1 + pg)“uFS(S)]
Three meson modes:
v v V V l V
J*=N TC C1(P2‘P3) F1+C2(P3_P1) F2+C3(P1_P2) F3]+C4q F4—4T[2F2 C55y paplvp2pp30F5

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)

* 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:
F,G, =1z, F?-Fz2 =12, FZM7? = F;2M)y7?
Finite numbers of parameters (one octet: 7, F,, G,, F,)

Modes: 21T, 2K T, K111, 371101, KK 1Tt —» 88% o0f tau hadronic width
self consistent results within RChL for TAUOLA




Three pseudoscalar modes: 0911.2640; 0911.4436

T - @M v,; T - KmKv,; T - KitKov, , 1 - KTKo,

V v V v i V
J'=NT, C1(P2_P3) F1+C2(P3_P1) F2+C3(P1_P2) Fyltc,q F4_4n2F2 CSEHpGplvp2pp30F5
¢ ¢
F.=FX+FR+F™ XPT - a i(:)F ¢ g i
271 .2
F,~mlq

RXT, 1R L e, Fvﬂ—i/
XN NN\

v v_q"q"
T, =g""—=+=—, q"=p{+p,+p}
q AV

RXT, 2R D:\/%\ Fas A

No VV vertex for 3 pions

FF: F, F, F, axial-vector, F vector, F_ (3n)=0 , F, pseudoscalar

A = a1(1260)
V=p,¢wp



Three meson modes the widths of the resonances:

o T ..'1! - [ I ¥ ]_ ¢ o r ; R '
rp[_'[f}]' =y fjﬂ U}i{{;szq"} == -lmi,'l — _-U'i—[q‘}i}{q‘! - :l_.mi-;l SUHJ limit
967 2 2 "y
5 3 (2 (e
3 g° a 1qg°] 9 9 s o i
Labg )= A o3 (M2) 8 (q° —4m:) aplg’) = \/1 — 4 g i M yee =M g
e O R v
4, resonance:
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PR (¢®)0 (¢* = (mr + 2m)?) + TR (4200 (¢ = (1 + 2m)?)
. —a M, n _J g R, T F L4 ;o BB
Lo ) 192(2m )3 F3F2 M, ( ¢ l) W=al®py = 1£57k=123
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al width ( 1,,(4%)) is tabulated to avoid problem with triple integration, linear interpolation

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



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

Technical tests to check stability of MC

for every mode
* to check phase space MC / analytical F1 =1, others =0
* MC / analytical for total width

* MC [ analytical result for qg spectrum
analytical result (Gauss integration) compared with linear interpolated spectrum

An example: three pions ( 7 — 7 7 7 ):

F, =F,F .. =0 tocheck phase space

F, = physical, F ... =0

others

- F_, = physical
linear interpolation ~ 0.1% for whole spectrum except for ends
MC (6e6): (2.1013+0.016%)-10"3GeV:
semi-analyt(2.1007+0.02% %)-10"3GeV

... fit for m— T - T+ to BaBar data



Fit to BaBar 20Mev/bin - m - T+ data (SLAC-R-936)

non trivial dynamics, the simplest from the 3 hadronic modes

Fit Parameters
M L, M, F F. Fa By

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

RChL without
extension cannot
describe the data



Modification of RChL - inclusion of 0 meson

2B Gy i : i -
Fi' — F'+ % [0, BW,(s1)F,(q*, 51) + 5, BW,(52) F, (¢, 52)]
4FAGy q*

FRR _, PRR L (7o BW,(s1)F,(¢*,51) + 6, BW,(s2) F, (¢, 52)]

3F2 2 — M2 —iM, T, (q2) -

L

o m2 ‘ o) 2, - [—)\{qz,ixnli,}ﬁg]
BW_(x) = g - T (z) = I,—— F,(¢°,z) = exp a
-2) m2 —x —im,l,(x) 2 O (ms) 8¢
New fit parameters a,, ﬁg y Vg 5(, ) RG

1d dimensional distributions (s1, s2, g2) are fitted to BaBar data

Babar improved analysis

*10 MeV/bin (twice decreased)
* separated statistical and systematical errors
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*

*

Validation of results

Statistical errors and correlations between model parameters
Convergence of the fitting procedure to verify that the found minimum is a global minimum
Toy MC studies to check of behaviour near the minimum

Estimation of systematic uncertainties



Validation of results

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

Ba

Yo

da

R,

M,

ﬂ'fpl’

T,

Ma,

M

I~

Fr

Fv

.'j‘pf

M,
T
F,
Fy
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Bor
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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 these 1k select 20 points that maximaze the 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 highet chi2)

Indicates that the found minimum point is a global minimum



Validation of results

*

*

* Toy MC studies to check of behaviour near the minimum
8 MC samples (different seeds) of 20 million generated with
() the fit parameter values, i.e. difference is “statistical error”
(1) the start point for fitting
then these samples are fitted as they are experimental data

The results of fit are consistent, |.e. the fitting procedure is table



Validation of results

* Estimation of systematic uncertainties
Used systematical covariance matrix from BaBar experiment to include
the correlations between bins



Issues Related to Model Limitations

([dNIdM(r )] N/ (1 OMeVic?)

Missing resonances can be observed in difference plots
Additional resonances can also be seen f,(980) ~5.8c*
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No data for 110 110 TT- !!!!

... and will be not available in near future.

Difference is with the sigma meson contribution
fit SIGMA parameters to TtO TI0 TT- BaBar data

"Uj}"‘i{:]l . ) X
F—lﬁ — F]n + —-'3}_'"! r_‘l::BE‘[,_T(S;]}FJ'IlL;fE,Eg}.
-i}'\;l(ri-' Fj."t = 3
= e 2 BW, (s3)F,(q. s3)
1 1 RF;} q;i iy ‘.”i — 1] f”I]‘ml“},g} i \ J_}' ) 3
T+T— - e = [ oy el

o, = 1.139486, v, = 0.880769, R, = 0.000013, M, = 0.550 I, = 0.700.

flig = ag - Scalin g}mw
¥ 907 . 10~13
~ CLEO [ = (2.1440 £ 0.02%) - 10
Seating; .. = 211330 = 1,63

2.1% higher than the PDG value



[dN/AM(K K*)]/N)/(10MeV/c?)

([dN/dM(K ))/N)/(10MeV/c?)
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First fitting results to BaBar data , fixed table f
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[dN/AM(K K*)]/N)/(10MeV/c?)

([dN/dM(K ))/N)/(10MeV/c?)
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First fitting results to BaBar data , fixed table for the al width
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some parameters on their limits ...

Common fitto t*m—11" and K*K'1T



Project tauola-bbb

Z. Was, P. Golonka. TAUOLA as tau Monte Carlo for future applications
Nucl.Phys.Proc.Suppl. 144 (2005) 88

Cleo + a place for new 60 modes (empty)

June 2014
~ A start point is Tauola - BaBar default version (more than 60 channels)
“ Added 3 pion RChL fitted to BaBar data

other modes after the corresponding study
- LFV processes based using flate phase space

- fitting strategy



Conclusion and plans

Currently there are (preliminary) 1d invariant mass spectra available for:
TN TRV —=>Knnty 1K K*y —->KKK*v
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M(z7) (GeVie’) MiK 75"} (GeVic?) MK K} {GeVich) M[K KK mev ic?)
Fitting 1d distributions in t—>rnn'x*v has already given us insight into fitting
models of low energy QCD (RCHL):
Information on missing resonances
Problems and with multi-dimensional fitting — data provided by collaborations

1d projection — multi-dimentional fit for 3 pion mode
K K 1t mode fit (next slides)

2 pion RChL current fit to Belle data
4 pion RChL current in Tauola and fit to BaBar data

Tauola version with C++ classes for currents

Belle data analysis ??
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Application for LHC
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Just the discovery of the Higgs boson is not sufficient to validate the
minimal version of the Higgs sector as implemented in the SM

T is used a tag dynamics is not studied
however

Next steps are to measure: spin, parity, elementary or composite, strength

and tensor structure of couplings
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