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ABSTRACT

An update of the calculation of the branching ratios for the r-lepton
hadronic decays is presented based on the hypothesis of conserved vec-
tor current (CVC) and experimental data on ete™ annihilation into
hadrons. CVC based predictions seem to be consistent with the exper-
imental information on r-lepton decays.
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1 Introduction

The hypothesis of the conserved vector current (CVC) and isospin rotation
relate to each other ete~ — hadrons and hadronic decays of = where in both
cases hadrons are in the isovector state [1].

For the vector part of the weak hadronic current the distribution over the
mass of produced hadrons is
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where a spectral function
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@ is the Cabibbo angle and Sgw is a radiative correction equal to 1.0194

according to [2].
The allowed quantum numbers for the hadronic decay channels are:

=1"%, 7= 2nmv,, wrv,, yrEV,,--

After integration
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Theoretical predictions for the branching ratios of different T decay modes
based on CVC were given by many authors [3-11] and generally showed agree-
ment with the experimental data. New comparison of CVC and experiments
was motivated by recent progress of experiments on 7 decays as well as by
updated information from ete~ annihilation into hadrons, coming mostly
from the DM2 experiment at Orsay. Most of the ete™ information at low
energy (/5 < 1.4 GeV) comes from VEPP-2M at Novosibirsk, while at higher
energy data from DCI at Orsay and ADONE at Frascati were used.

As in our previous work [9], to calculate the integral we prefer to use
the direct integration over the experimental values of cross sections. In' this
approach one can take into account uncertainties of separate measurements
in a straightforward manner. The alternative method which was used in most
of the previous works is to make a fit of the experimental points within some
model and integrate the arising parametrization of the data. This procedure
inevitably leads to a model dependence and it is not clear how experimental
errors, especially systematic uncertainties, can be taken mto account.

Results of the calculation will be usually presented for the ratio of the
branching of some specific hadronic mode to the leptonic one (R;) and/or
the absolute branching ratio of the hadronic mode. For the latter we will use
the value of B(r — ev.v,) = (18.01 £ 0.18)% recommended by Review of
Particle Properties (RPP-94) [12].
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The reaction ete™ — xt7~ was studied with high precision at low energy
by two groups OLYA and CMD which found good agreement between each
other and published the results of the joint analysis in [13]. CMD studied
24 points from 360 to 820 MeV with a systematic uncertainty less than 2%,
whereas OLYA scanned the energy region from 640 to 1400 MeV with a
small energy step and had a systematic uncertainty from about 4% at the
p-meson peak up to 15% at 1400 MeV. Also used were the older data near
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threshold from other VEPP-2M groups [14], [15], [16], CERN [17] as well as
the measurements from 483 to 1096 MeV at Orsay [18]. At higher energies
this reaction was systematically studied by DM2 [19] (Fig.1). Although the
precision is worse compared to the low energy region, the contribution of this
energy range is suppressed. The results of the integration give for the ratio
of branchings R;:

2my - 1.4 GeV 1.352 + 0.035

1.4 GeV - m, 0.028 £ 0.005

Total 1.380 £ 0.035

The absolute branching r: tio is

AR R g TS aVO
B(r7 s ”’f)—{ (24.9 + 0.5)% RPP — 94

Mass spectra show a prominent p-meson, non-resonant contribution is
small. Agreement of the experimental spectrum with the CVC prediction is
rather good, but definite statements will be possible only after a joint analysis

performed by 7 and ete~ groups taking into account new data coming from
CMD-2 at Novosibirsk with an accuracy better than 1% [20].
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Figure 1.
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There a,re two channels in the four-pion production in et e~ annihilation: b
rtr—707° and 27+ 27~ . OLYA [21, 22] and ND [23] who scanned the energy S
region from about 640 to 1400 :MLV at VEPP-2M prcmded results on both, !
while CMD [24] measured the cross section of the latter in 9 points from it il
1019 up to 1403 MeV. The values of the cross section determined by ND are . L = —OLYA ‘H %
usually higher than those of OLYA in both reaction channels, however they n ) oD l++
are within systematic uncertainties which are estimated by the authors to be anl ‘H-
15% and 10% respectively for ND and 20% in both cases for OLYA. CMD it ‘1’ ‘F’
claimed a 10% systematic uncertainty and within it agreed with both ND ; B g +
and OLYA. At higher energies we used the data from M3N [25], DM1 [26] Yl
and DM2 [27, 28] (Figs.2,3). 5 +¢ &
Also two decay modes are possible for the 7 decay: = ~37%;, and 27~ 'T+ﬂ' i 10 ++
From isotopic symmetry [29] one obtains: / : Wm
ﬂ'1=0,5(72r+23._ ﬂfq.I,‘.,,i-...-.l....t...-l....
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As a result one obtains Bioie s
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Comparison of mass spectra is difficult. ' :
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Data for ete~ annihilation are available at low energies from ND [31] and at 8 _
higher energies from M3N [25] and DM2 [28]. In T experiments this mode 10 b
was observed by ARGUS [32] and CLEO [33]. The results are l.
(1.79 £ 0.14)% CVC %6 0.8

Bameris { (1.60 £ 0.49)% RPP — 94




Mass spectra agree (see Fig.4), but the 7 statistics is not yet sufficient for
precise comparison. One should also note that ARGUS [34] and CLEO [35]
determine from the analysis of different mass spectra in 27~ 7% 7%v, events
relative fractions of different intermediate mechanisms like (a;(1260)7)",
(pr)°n~ etc. ete” data are not able to do that at the moment, one can
only hope for the results of PWA from DM2 which, however, can cover the

energy range more than 1.4 GeV only. -
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Six pion production is much less studied. There are three possible final states
of which only 3737~ and 2x+27x~ 270 have been observed. Unfortunately,
the isotopic symmetry does not give rigorous relations between different iso-
topic partners, however, one can expect that the correction for the missing
part 7t 7~ 47" is small. The existing data are rather controversial. The

v72 [36] measurements are typically characterized by much higher values
of the cross section for the mode 2727~ 27° than those of M3N([25] and

DM2 [27] (Fig.5). Measurements for the mode 37137~ are also available
from DM1 [37] and CMD [24].

We will use a sum
' O6x = Oap+27—270 T O37+37—

As a result, one obtains for Ry: (7.48+1.29) x 1072 for M3N and DM2 which
is hardly compatible with the value (18.98 4 4.32) x 107° coming from 72
and DM1. The resulting CVC prediction is
B(r™ — 67 v:) = (0.134 £ 0.023)%
8
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" In the case of T only one of three possible decay modes has been observed
by HRS [38] and CLEO [35]: 7 — 37~ 2xtx%y, with a branching ratio of
(0.021 % 0.008)%. ,

From isospin symmetty one can only deduce

B(r~ — 6717 vy)

B(r~ — 31 2ntr’y,) > - :

so that one can finally obtain

(0.027 % 0.005)% CVC

SRl e R e
B prospaa “’*)—{ (0.021 = 0.008)% RPP — 94

At the present level of accuracy comparison of mass spectra 1s not very
informative.
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The reaction ete~ — prtr~ was studied by [39] at low energy and by [40]
and [41] at high energy. The calculation gives for R,
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1.2 - 1.4 GeV (1.16 £0.52) -1073
1.4 — 1.77 GeV (6.07+0.85)-1073

and for the branching ratio

! U (103 0.02)%CNE
Bla rmrnr ”")“{ (0.17 £ 0.02 £ 0.02)% RPP — 94

The experimental result is based on 125 events observed by CLEO [42].
Comparison of mass spectra (Fig.6) shows reasonable agreement which is not
surprising taking into account large uncertainties both in ete~ and 7 data.
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Production of kaon pairs was studied by OLYA [44, 45}, DM1 [46],[47] and
DM2 [48]. It is difficult to select a small isovector part from the dominating
isoscalar one. One can try to use the SU(3) considerations and relate it to the
cross section of pion pair production. After applying kinematical corrections

10

one obtains

(B3._ + %)
(G2 )

where B, = /1—4m2/s,z ==, K, K°.

Integration of the pion cross section gives the following CVC prediction
where a 25% uncertainty accounts for possible SU(3) breaking effects:

(0.12 + 0.03)% CVC
(0.130 + 0.031)%Experiment

0-1-1(5) — Oxtn— (S)

Bz Kaklp)— {

where the experimental value is an average from [49] based on two recent
observations by ALEPH and CLEO:

(0.29 + 0.12 & 0.03)% [50]

T - 70 ik
Bla7] = KK ""'TJ—{ (0.123 & 0.023 + 0.023)% [51]

8 mil (Kien) v,

If KK are in the ¢ state, one can use the existing upper limits from [52],[24],
[23] and obtain :

b

B(r~ — ¢7~v;) < 0.06%

which does not contradict to the CLEO upper limit of 0.1% [53].

DM1 [54] and DM2 [55] measured also cross sections of the reaction
ete— — KKom and made an attempt to isolate the contributions of I = 0
and I = 1. Using their results, one obtains |

B(r~ — KtK~7"v;) = (0.044 £ 0.032) %5CVC
to be compared with the inclusive measurement by TPC/2y [56]
Bln: K*K—7 v, + neutrals) = (0.15 4 0.08)%

which is in agreement with the previous results from DELCO, ARGUS and
CLEO [49).

This estimate should be considered as a lower bound only although there -
are arguments that the axial current contribution is small [8].

Results of our calculations are summarized in the Table which also presents
current world average values and other theoretical predictions.
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Branching Ratios of 77 — X v, /0
Hadronic RPP-94 This Work Other Works
State X :

T 249+ 0.5 2494 0.7 24.3 (3]
24.2+40.9 [7]
242408 [11]
24.74+1.1 [43]
7—3x° | 1.15+0.15 | 1.08%0.05 140 3]
1.03+0.18 [11]
2n—atxC | 48+£04 | 4.20%0.29 5.4 [3]
4.83 +£0.72 [11]
wr 1.60£0.49 | 1.79+0.14 [2.32£0.41 [11]
1.01 [10]
67 0.13£0.02 | ;047  [3]
0.14 4 0.05 [11]
37~ 2x T 70 [0.021 & 0.0060.027 £ 0.005 '
pr—a° [0.170 £ 0.028|0.130 4+ 0.018{0.14 £ 0.05 [11]
0.220.8 5]
0.15 [6]
K-K% [0.130+0.031| 0.12+0.03 0.5 3]
0.16 £0.02 [11]

Y < 0.1 < 0.06 .
7 K¥K-| 0.17£0.08 [0.044 £0.032]0.16 £ 0.05 [11]
0.21 —0.38 [8]
7~ K°K?° 0.044 &+ 0.032[0.16 £0.05 [11]
0.21 - 0.38 [8]

BB(r & XTin) = {

9 Conclusions

— CVC predicts well the branching ratios:

(30.50 + 0.76)% CVC
(30.99 & 0.55)% RPP — 94

— Within the current accuracy mass spectra predicted by CVC and ob-
served experimentally agree, in future joint efforts of 7 and e*e~ groups are
necessary.

— No second class currents are observed:

B(r™ — 7 vr) <34 X 10
\ 12

and in 7= — wr— v, decay the (w7~ ) state has J¥ = 17, the fraction of 17
being léss than 13%.
— 7 decays become competetive to eTe™ in studying resonances |
— For future high precision CVC tests ete™ experiments are necessary
in which the energy range from the pion pair production threshold until the
+ mass will be studied with one detector. In the ideal case the same detector

will be used for 7 decay studies (e-T-factory). ;
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