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Abstract. The hadronic current for the — 7~ 77~ v, decay calculated in the framework
of the Resonance Chiral Theory with an additional modifaato include ther meson
is described. Implementation into the Monte Carlo generdtmiola and fitting strat-
egy to get the model parameters using the one-dimensiosi@ibditions are discussed.
The results of the fit to one-dimensional mass invarianttspecof the BaBar data are
presented. This paper is basedon [1].

1 Introduction

The precise experimental data for tau lepton decays cetlezt B-factories (both Belle and BaBar)
provide an opportunity to measure the Standard Model (Sivgmaters, such as the strong coupling
constant, the quark-mixing matrix, the strange quark missad for searching new physics, beyond
SM. The leptonic decay modes of the tau lepton allow to testitfiversality of the lepton couplings to
the gauge bosons. The hadronic decays (in fact, the taunlépito its high mass is only one that can
decay into hadrons) give an information about the hadradisizanechanism and resonance dynamics
in the energy region where the methods of the perturbativ® @&hnot be applied. Also hadronic
flavour-violating and CP violating decays of tau leptonwallo search for new physics scenario.

Hadronic tau lepton decays are also a tool in high-energgiphy At the LHC and future linear
colliders a correct simulation of the hadronic decay modwsnly two pion and three pion modes, is
needed to measure the Higgs spin and its CP properties.

The implementation of the appropriate information on thdrbaization of the QCD currents
represents a key task of the TAUOLA librany [2, 3]. TAUOLA isMonte Carlo generator (MC)
dedicated to generating tau decays and it is used in the sigaly experimental data both at B-
factories and LHC. It is important to include in the analyesinformation of QCD itself and not of
ad-hoc models that may screen the appropriate information dlata. On the other hand an agreement
with experimental data is essential and verifies a the@letiodel. Resonance Chiral Theory (RChT)
[4, 5] provides such a reliable framework as it has been shiawnany previous publications|[6—
). A set of RChT currents for the main two meson and three mesamely,z~z°, K~z°, K%,
nant, 1%%, K- K*, KO K% andK~7°K°, was installed. That set covers more than 88% of
total hadronicr width. The implementation of the currents, technical testst as well as necessary
theoretical concepts are documented.in [10].
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Publication by BaBar collaboration of the one-dimensidaligiributions for ther 7~ z* mode [11]
allows us to compare the RChT predicted spectra and modifgdinresponding hadronic current to
?describe? the experimental data. The main change isdelétethec meson inclusion. The paper
is organized as follows. In Section 2 the hadronic curremtst — 7~n~ 7ty is presented. Fit of the
three mass-invariant distributions for that process to @akata is presented in Section 3 where also
the numerical tests are discussed. Summary, Section 4esldlse paper.

2 Hadronic currentfor v — 77 7tv, mode
For the final state of three pions(p1), 7~ (p2), 7 (ps) the Lorentz invariance determines the decom-
position of the hadronic current to be [10]

J = N{T[(p2 — p3)'F1— (ps — p1)’Fa] + o'F4 — ——=Cs€",,, P15 P5 Fs}, (1)

Ar 2|:2
where:T,, = g,,—0,0,/9? denotes the transverse projector, gfe (p1+ P2+ ps)* is the momentum

of the hadronic system. The normalization factoNis= co9canibbd F, WhereF is the pion decay
constant in chiral limit. In the isospin symmetry limit, thg form factor for the three pion mode is
zero due tas-parity conservation [12] and thus we will neglect it.

The hadronic form factoif;, are model dependent functions. In general they dependree th
independent invariant masses that are constructed frothtee meson four-vectors. We chage=
(p1+ p2 + p3)? and two invariant masses = (p2 + p3)?, S = (p1 + p3)? built from pairs of momenta
(thenss = (p1 + P2)* = O — s1 — 5 + 3n).

In the framework of RChT every hadronic form factor consstdhree parts: a chiral contri-
bution (direct decay, without production of any intermedieesonance), one-resonance and double-
resonance mediated processes. The exact form of the fotordagithin RChT are written in_[10],
Egs. (4)-(10). We would like to stress that only vector anidlaxector resonances contribution to the
hadronic form factors were included [6, 10]. The first conigar of theRyL results for ther 7z~ #*
mode with the BaBar data [11], did not demonstrate a sat@faagreement for the two pion invari-
ant mass distributions and hinted that the lack offf{600) (oro’) meson contribution to the hadronic
form factors may be responsible for that discrepancy [13].

As theo meson is, predominantly, a teraquark] state it cannot Hadedl in the RChT formalism.
In view of this we have decided to incorporate theneson following a phenomenological approach
as the s-wave Breit-Wigner function. In fact, a similar paedriztaion was used by the CLEO collab-
oration in the analysis of the three pion decay modess ofanéepton|[14]. Ther meson inclusion
affects theF1(Q?, s, t) andF,(Q?, s t) form factors in the following way

% | BW, (1) F (2. 51) + B BWo () F (0. &) - )

4F Gy 0
3F2 q2 - Mgl - iMalral(qz)

R R
Fi — Fi+

Ff > Ffe+ [ o BWo(S1)F (0P, 1) + 65 BWo () F (0. 22)] -
where
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M
BW, o I, (X) =T
‘ (X) M - AT IM(rr(r(X) (X)

O—H(X)
o O';T(Mg- P

ando,(g?) = 1 -4m2/q? andA(x,y,2) = (X — y — 2)?> — 4yz. Bose symmetry implies that the form
factorsF; andF; are relatedro(q?, S, S1) = F1(0% 1, S2). The vertex coupling constanis, B, vs

- (. X, m?,)Ri]
89?2 ’
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M, M, T, Ma, M, T, F Fv

Min | 0.767 1.35 0.30 0.99 0.400 0.400 0.088 0.11

Max | 0.780 1.50 0.50 1.25 0.550 0.700 0.094 0.25

Fit 0.771849| 1.350000| 0.448379| 1.091865| 0.487512| 0.700000| 0.091337| 0.168652
FA ﬁp’ (o2 ,Bo— Yo 60’ Ro’

Min | 0.1 -0.37 -10. -10. -10. -10. -10.

Max | 0.2 -0.17 10. 10. 10. 10. 10.

Fit 0.131425| -0.318551| -8.795938| 9.763701| 1.264263| 0.656762| 1.866913

Table 1. Numerical ranges of the RChT parameters used to fit the Ba@arahd the result of fit to BaBar data
for three pion mode [11] .

andé, as well as the masdv,,) and width (;) of the o mesons are left to be fitted to data. More
details about the modification to the RChT three pion curasaipresented inl[1].
The further application we present here also a result fodifierentialr — 7~ 7~ 7*v, width:

dr G2|Vual? ( M2 1)2[

= - W, +1(1+2q—2)w] 3)
doPds,dss ~ 128(2r)5M, F2\ o SA Al

3T Mz

where
Wa = —(ViF1 + V5F2 + VEF3)(ViuF1 + Vo F2 + Va,Fa),  Wea = GPIF4.

3 Fitto v — n~n n'v, data from BaBar. Numerical results and tests

The three one-dimensional distributions, nandilydg?, dI'/ds; anddI’/dsg, were fitted to the BaBar
data[11]. The corresponding distributions are obtainethfthe three-dimensional spectrum, EL.(3),
by integration over two parameters. The partial width isrmalized to one measured by BaBar
(2.00+ 0.03%)- 10713 GeV [15].

The fit results are presented in table 1 and figure 1 and cames y?/ndf = 6658401. In
our previous papet [13}y? was computed using the combined statistical and systematiertain-
ties since only the total covariance matrix was publiclyiladde. For the present results we obtain
x?/ndf = 910/401, when the total covariance matrix is used and conditmabling direct compar-
isons are fulfilled, that is eight times better than the presiresult/[13].

The statistical uncertainties were determined usingHEESE routine fromminuit [1€] under
the assumption that the correlations between distribatéord the correlations related to having two
entries per eventin the #* distribution can be neglected. The fit results with estimatestematical
and statistical errors, the statistical correlation nxarid the correlation matrix for systematic uncer-
tainties are collected in tables 3, 4 and 5[of [1], corresjpayig. The strong correlation (correlation
codficients moduli bigger than 0.95) was found between four patara of the modeM,,, F,, Fv
andg,,. The correlation between these parameters can be explaynibe underlying dynamics: the
dominant contribution to the hadronic currents origindtem the exchanga; — (o; ') and, as a
consequence, strong correlations betwegnFa, F, and alsoM,, andg,, could have been expected,
as it is the case for all of them but fér which shows slightly smaller correlations (more details ca
be found in section V.A inL[1]). Also the parametgds andI,, are correlated (the corresponding
correlation cofficients are larger tham 0.85).

The following test has been done to check whether the oltaimaimum is a global one and
does not depend on an initial point. We started with randcesn 86 21 * 10° points and select 1000
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Figurel Ther  — n n n*v, decay invariant mass distribution of the three-pion sydfieft panel) and two-
pion pairs (central and right panels). The BaBar measureni&f] are represented by the data points, with the
results from the RChT current as described in the text (bhed bind the old tune from CLEO from Refs. [17]
(red-dashed line) overlaid. At the bottom of the figuresorafinew RChT prediction to the data is given. The
parameters used in our new model are collected in Tdble 1.

events with the begt?, from which 20 points with maximum distance between poinis then these
points are used as a start point for the full fit. The resultrentban an half converges to the minimum
(table[1), others either fall with number of parameters atrtlimits or converge to local minimum
with highery?. Therefore, we conclude that the obtained result is staidedaes not depend on an
initial value of the fitting parameters.

As an additional cross check we calculated the partial widgulting from the phase space inte-
gration of the matrix elemeft-_ -, .-,. = 1.9974- 10-33 GeV which agrees with the one measured
by BaBarT ;- _zr-z+,, = (2.00+ 0.03%)- 10713 GeV [15].

Comparison between the RChT results (after fit) and the BaPactra, presented in figuré 1,
demonstrates a possibility of missing resonances in theeifdbdFor ther* 7~ mass invariant spectrum
it can be f2(1270) and f0(1370), which were reported CLEQ!1®} and are suggested by the fit to the
BaBar data. The largest discrepancies between data andtélgedistribution, which are responsible
for a significant part of the total?, are observed also in ther &variant mass distribution. The slope
and shape of the disagreement in th@r8/ariant mass spectrum, in particular arourslGeV in Fig.

[Il, indicates the possibility of interference betweg(l260) and its excited stagg (1640).

4 Conclusion

In this paper we discussed the hadronic current forrthes> n~n*zx~v, decay within RChT and a
modification to the current to include the sigma meson. Theoehof this channel was motivated by
its relatively large branching ratio, availability of utded experimental distribution and already non-
trivial dynamics of three-pion final state. In addition,glthannel is important for Higgs spin-parity
studies through the associatedrdilecays. As a result, we improved agreement with the data by a
factor of about eight.

To get the numerical values of the RChT parameters we fitedtie dimentional mass invariant
distributions to the published BaBar data. Also we havestetihat the obtained results correspond
to a global minimum and that the fitting procedure does noeddpn the initial values of the model
parameters.
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We have found discrepancies in the high mass region ofthe andz*n~n"invariant mass in-
dicate the possibility of missing resonances in Byt approach. This is consistent with the obser-
vation of additional resonances, more specifically fth{&270) andfy(1370) anda; (1640), by CLEO
in [14,(18]. Although we could add phenomenologically thatcibbution of these resonances to the
amplitude, we prefer not to do it at the moment to keep a comm®between the number of param-
eters, the stability of the fit and the amount of experimeatéizd. Certainly, that type pfimprovements
will be done in future analysis of multi-dimensional dibtrtions.

The work on a generalization of the fitting strategy to a cdssarbitrary three meson tau decay
is in progress.
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