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ABSTRACT

Results on ete” —pute~ and 7+7~ from PEP and PETRA are reviewed. The forward-backward
asymmetry predicted by electroweak interference is established up to 5~2000 GeV? Weak axial-
vector and vector coupling canstants are determined and agree with the predictions of the standard
model within 1-2 standard deviations. g -- 7 universality is confirmed within statistics but a smali
difference is not excluded at high energies. The muon data exclude an infinite Z-mass with more
than 99% confidence level. For e*e~ —hadrons the total cross-gection shows the rise predicted by
electroweak interference. The angular asymmetries of ¢ and b quark have been measured by several
experiments leading to world averages of the ¢ and b axial coupling constants which agree with the
standard model prediction assuming the usual fractional charges.

Numerous new results are available on r decays: topological branching ratios into 1, 3 and also 5
charged particles have been measured as well as the leptonic branching ratios. Improved measurements
have reduced the upper hmit of the mass of the v, to ~70 MeV.

Invited talk given at ”Physies in Collisions V7, July 1985, Autun, France, Part of the material
was also used for a talk at the ” Workshop on Tests of Electroweak Theories”, June 1985, Trieste, Italy

1. INTRODUCTION

The first part of this review will give recent results on electroweak interference effects in e¥e~inter-
actions. Data from ete —eTe™, pTp~ , 777~ and ete” —hadrons are now available over a large
range of center of mass (em) energies, 12%/5°46.8 GeV, From the lepton pair production data
weak coupling parameters will be deduced and compared with measurements.in neutrino interactions,
at the pj collider and with predictions of the standard model!’. The total cross-section for the
production of hadrons will be compared to electroweak and QCD predictions. Measurernents of the
charge asymmetry for ¢ and b quarks will be used to calculate their axial couplings.

In the second part recent results on r decays will be reviewed, namely the measurements of topological
branching ratios, leptonic branching ratios and new limits on the mass of the »,.

2. ELECTROWEAK CROSS-SECTIONS

The differential cross-section for efe™ — f¥f~ | where f can be p,r or a quark of charge Q, taking
into account interference between the photon and Z% exchange is in lowest order given by?):

d 2
= & {1 (14 cos ) + Cy -cos) (1)

where . .
Cr=QF 2-Qg-vvyx+ (v +al) (v} +af) x*

Cq = —d-Qf~acafx+8u,vfa:af-x2

ve. vy, a. and a; denote the vector and axial-vector weak couplings of electron and fermion f. In
the standard model ayis given by the third component of the weak isospin T3, ey = 2(Tar ~ Tsg),
and vy = 2{T3. + Tag) - 4- Q- sin? fy , where sin?fy is the mixing angle, which describes the
relative strength of weak neutral to electromagnetic current. With the weak isospin assignments of the
standard model, Tay, = —]5 and T3r=0 the, the weak coupling constants of the leptons are ay = —1
and vy = ~0.12 with sin® g =0.22.

The forward-backward asymmetry is defined as %“F;—gg, where Np and Npg are the numbers of events

in the forward and backward hemisphere'; it is given by:

A

3 Cs 6.
=93 15, 2
RN Qs X (2)

The approximation #s due to neglecting terms with x?, whieh is still good to a one percent accuracy
even at the highest PETRA energy. The asymmetry is thus mainly sensitive ta the axial weak coupling.

The total cross-section ratio:

ars . 4nal
r= L _ o th - 3
0@y v Totet) = Ty ()

will be used to obtaip limits on the vector coupling constants.
Two parametrizations are currently used for x :

GrM2 s d 1 s
= £ & an X1t = —
Sran/2 5 — ME M Jesin® Oy cos? Oy § — M}

In pararnetrization | the free parameters in et¢ are Mz , o and the Fermi constant Gp; « and G
have been determined accurately”. In parameterization Il @, sin® 8y and My are free parameters.

'Forward is defined by the particle i~ being scattered with an angle &8 < 90°with respect to the e~ -beam.
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Figﬁ;; 1 Angular distributions for e¥e™—=pt u~ a} from MAC at /5=29 GeV b) from the 4
PETRA experiments at {\/s) = 43.4 GeV.

In lowest order the two definitions of x are the same, they can be transformed into each other using
the relation M2 = mo/(v/2G psin® 8w cas®8w ). If electroweak one-loop corrections are taken into
account, a small correciion has to be applied to the asymmetry when using x;*. For parametrization
11 the one-laop corrections cancel fortuitously®$®). Taking into account the cne-loop corrections
the predictions for the asymmetry are she same in both parameterizations with the input values
sin’ 8w =0.217, Mz =93 GeV and « and Gr asin "1, Therefore also the result for the weak coupling
constants is unambiguous; there is, however, a difference in the error of the prediction due to the
uncertainty of the Z-mass: it is larger in parameterization I1 (see fig. 8). Parametrization II, on the
other hand, aliows to place tighter constraints on sin’ 8y or Mz in e* e~ collisions if the assignment
of a and v of the standard model are used.

3. LEPTONIC REACTIONS

3 lete —ptp .

The differential and total cross-sections for muon paits have been measured by almost all groups
working on the two storage rings PEP and PETRA; the CELLO, JADE, MARK J, PLUTO and
TASSO collaborations work at PETRA; the HRS, MAC and MARK ! collaborations work at PEP.
PEP has run at /5=29 GeV only and some experiments have accumulated more than 200 pb~!,
though not all the data have been analysed in alt experiments. MAC has the highest statistics in
muon pairs, they have analysed more than 16000 muon pairs, corresponding to 226 pb~!(fig.12).

PETRA on the other hand has followed a program to increase the center of mass energy. The highest
energy of \/s= 46.78 GeV was reached in spring of 1984. Since then the energy has been reduced to
obtain higher luminosities. This review includes PETRA data up to the end of 1984 the analysis of
which is almost final (fig 1b).

Table 1.Asymmetries for ete” —p* u-

Experiment |/s(GeV) | [ Ldt(pb~1)] Events A (%) Ase st (%)] Ref
HRS 29 106 5057] —4.941.5 £0.5 59 21
MAC 29 226.2 16058] —5.7540.8540.2 | -5 22
MARK 11 29 100 5312] -7.1£L7 —59 23
AV.PEP 29 432 26427| —5.81+0.69 -5.9
CELLO 34.2 11.3 387 —6.416.4 88 10
JADE 34.4 71.2 3400| -11.0£1.8+1.0 | -8.7 12
MARK J 34.6 76.3 3658| - 11.7£1.7405 | -88 | 14,16]
PLUTO 34.7 44.0 1550 —1244+3.14£10 | -89 17,18
TASSO 34.5 74.7 2673| — 9.142.3£0.5 -838 19
AV. PETRA| 245 271.5 11668 -10.9+1.1 —88
'CELLO 43.9 21.0 430 | -17.2+5.9 -15.7 11
JADE 43.1 26.4 833 | - 19.5+3.5 150 | 13
MARK J 43.1 32.8 1014 | - 155434 150 | 16
TASSO 437 25.1 450 |  —19.0+5.0 ~154 | 20
AV. PETRA| 424 105.3 2727]  -17.9+20 —154

Table 2.Asymmetries for ete™—rt7-
Experiment ﬁ(t;eV) P [ Ldi(pb~') | Events A (%) T Asens(%) [ Ref|
‘HrRs 1 o9 185 5301 | -5.221.7 £0.5 ~59 | ai
MAC 29 210 10153 | —5.5+1.2505 -59 |32
MARK 11 29 100 3714 -4.242.0 -59 |23
AV. PEP 29 416 19168 | -5.1+09 59
CELLO 342 176 434 -103+52 | -86 |26
JADE 34.6 62.4 1908 | - 6.0+£25+10 ] -88 |27
MARK J 34.8 79.6 758| —8.5£4.8 -88 |15
PLUTOQ 34.6 42.3 419 -5946879, -88 |20
TASSO 34.5 69.4 - 4.9%5.3713 -88 |30
AV, PETRA| 046 270.7 3579] - 6.8+1.9 -8.8
CELLO 43.9 21.0 307 | — 142448410 | -15.7 |11
JADE 43.1 26.6 575 | -118:4.641.0 | -149 |27
MARK J 431 | 3238 272 | -13.0484 ~15.3 |28
AV.PETRA| 433 | 804 1244| -13.0+3.0 —154
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Figure 2 The angelar asymmetry for ete”—ptji~ as a function of s. The data are cor-
rected for a® QED effects. The solid line is the prediction of the standard model using x,;; with
sin? y =0.217 and Mz =93 GeV.

The data samples for muon pairs typically have an angular acceptance of |cos#| 0.8 where # 15 the
scattering angle of the muen with respect to the beam axis. The muons are demanded to be collinear
within 10° to reduce the number of upy events. TFhe background from other processes, like eepp |
r*7~ and cosmic rays, is usually below a few percent.

The data presented in table 1 and figs. 1-4 are corrected for a® effects from QED.! The QED
corrections were computed using programs by Berends et al®?%) and they are detector dependent.
The corrections for the total event rates are small but they have a forward-backward asymmetry of
about +2%. The asymmetry values in tables 1 and 2 and figures 2 and 3 are extrapolated to |cos8|
= 1 in order to make them independent of the experimental acceptance cuts.

The ”electroweak™ one-loop corrections which depend on the parameterization of x (see chapter 2}
were incorporated in the theoretical value of the standard model Ag, as with which the data are
compared® . The measured asymmetries are kisted in table 1 and have been averaged at three cm
energies: 29, 34.5 and 43.4 GeV. The average values agree with the predictions of the standard model
within 1, 2 and 1 standard deviations at these three energies; each is ~10 standard deviations away
from 0. If weak interactions would proceed without an intermediate boson {Mz —co in x;) smaller
asymmetries would be predicted, which are 2.5 standard deviations below the measured value at the
two PETRA energies. The asymmetries are shown as a function of s in fig. 2.

In fig. 4 the measured R values are shown. They agree well with QET} and the standard model which
is indistinguishable from QED even at the highest energies.
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Figure 4 Total Cross-Section Ratios as functions of s for ete~—p*p~ and v+~ . The QED
(full line) and standard model predictions (broken line} are also shown. The errors are statistical
only. Estimates of the normalisation error range between 3 and 5%.

114 an additienal electroweak correction was applied 1o the asymmetry by the authors, it was removed in order to make
the data comparable. . ’



3.2ete—arty—

The 7 decays before it enters the deteclor, so it has to be recognized through its decay products, which
are maialy leptons and charged and neutral picns. Efficient + analysis therefore requires the possibility
of identifying electrons, muons and photons in a large solid angle. Furthermore certain topologies are
usually not selecied due to overwhelming background, e.g. both 7 's decaying irtc a muon or both
into an electron or both into more than 3 charged particles. The "7 efficiencies” achieved by the
experiments, i.e. the ratio of the number of events used in the asymmetry analysis to the number of
events expected from the lowest order cross-section, range betwéen 20-50%.

The asymmetry data corrected for pure QED like the muon pairs (see chapter 3.1) are listed in table
2. The angular distribution obtained by the CELLO Collaboration at /s~43.6 GeV!! is shown as
an example in fig. 5. The asymmetries are shown as a function of s in fig. 3, the R-values in fig 4.
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3.3 Determination of Coupling Constants.

The vector coupling constants were determined for each experiment using their measured cross-section
ratios and equ. (3) with x; and Mz =93 GeV and assuming a,ay=1. The results which are shown
in fig. &, are closc to O everywhere. This reflects the good agreement of the measured values with the
electroweak or QED predictions.

The axial-vector coupling constants were calculated for each experiment from the measured asym-
metries using eq. (2} with x; and assuming |e,!=1. They are shown in fig. 7 for muons and taus.
They agree within errors with each other and with the standard mode! prediction. In fg. 8 they arc
averaged in the same three energy bins as in tables 1 and 2. The values are:

1‘}77"\,@((}9\"} ; la,: 775 - | Ei,t. ]
1 PEP 29 i 0.9940.12 F 0.8810.16
PETRA 345 1.2740.13 0.79+0.22
PETRA 434 | 1.16+0.13 0.85:+G.20
ALL 1132007 | 0854011
As noticed before®, at s~1200 GeV? Gy is two standard deviations higher than the prediction.

At the highest Petra energy of ~1850 GeV? a,, still comes out high but the difference to the prediction
is only one standard deviation.
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Figure.8 Average axial-vector coupling constants at three values of s for muons and taus.

Mz =93 GeV and sin® #yy =0.217 were used. The broken lines indicate the uncertainty due to
AMg=1 2 GeV for the two different parametrizations of x.
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Figure 9 95% confidence level contours in the (a,v) plane.
to averaged ve results (dashed lines).

et e~ results [full line) are compared

The axial-vector coupling constants of the taus at high energy have in contrast to muon pairs a
tendency to lie somewhat lower than the predicted value. The average differences {ay} — {a;) are
0.1250.20, 0.47£0.25 and 0.3140.24 at the average s-values of 841, 1200 and 1850 GeV?, respectively.
Within errors p-r -universality is confirmed, but a small difference cannot be excluded (fig. 8).
Assuming e-j-7 -universality the vector and axial-vector coupling censtants were determined in two
parameter fits. The measured asymmetries and R-values for ete”—pTu~ and r¥7r” were used as
input data. In addition Bhabha data were used from MAC™) at /5= 290 GeV, JADE®™, PLUTO!®)
and TASSO123%) 41 ,/5~34.5 GeV and 43.5 GeV. The resulting values (world average) are :

o] = 1.03 + 0.04 } for e, p, 7

v =0.26£0.10 combined

in good agreement with the predictions of the standard model. The effect of the Bhabha data is a’
reduction of the error of the vector coupling constant.

In fig. 9 the 95% confidence level contours of this fit {the symmetric solution at -jv| is not shown!)
in the (a,v)-plane are compared to the contours from neutrino scattering on electrons®’), which were
calculated from the measiired cross-sections. Good agreement of ete~data and neutrino data is
observed. The crosses in fig. 9 were obtained from the measured ratio of (v ¢} /o (Fz¢), which yields
a measurement. of the coupling constants at low Q7 almost free from systematic errors®®), They are
however not independent, of the neutrino contours (again the three symmetric solutions in the other
three quadrants are not shown).

3.4 Determination of sin® fy or Mz .

An alternative way of comparing the data with electroweak predictions is by determining constraints
on the electroweak mixing angle sin® 8w and the mass of the Z9 #9). The weak isospin structure of the
standard model is assumed and the values of a and v are therefore predicted. Using parametrization
Il of x with Mz =(93+2) GeV as measured at the pp cellider 10} ane determines from the combined
data from muons and taus:

sin® fy = 0.21 £0.019+ 0.013

The second error is due to the uncertainty in the Z-mass. For comparison, sin? #y =0.21740.014 is the
radiatively corrected *!) world average value, which comes mainly from deep inelastic v, scattering.
The average value from neutrino scattering on electrons which includes recent results not contained
in Lhe above average is sin® # =0.21140.02838).

The result for sin®fy from ete” —ut ™ alone is 0.18:40.02, about two standard deviations below
the neutrino data, while the taus give sin? @y =0.27+0.06, one standard deviation higher.

Alternatively one can use as input sin® fy =0.217:£0.014 from neutrino scattering and determines
from mupairs and taupair data: Mz = (91 j::tl) GeV in good agreement with the pp collider data.

4. ete- -~ HADRONS

At present two methods are used to compare electroweak predictions for quarks with the data. The
separation of quark flavours and the determination of a charge asymmetry has been successful only for
c- and b-quarks. An attempt to test the predictions also for light quarks has been made by analyzing
the total cross-section data. The electroweak effects in the total hadronic eross-sections are predicted
to be larger than for leptons due to the larger vector coupling constants of the quarks, vy=0.41 for
f=u,c and v;=-0.71 for f=d,s,b. But as all quarks are mixed in the hadronic final states, only global
statements are possible.
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Figure 10 Total cross-section measurements e e~ —hadrons as a function of /5. For details see
texd.

4.1 Total Cross-Section.

The toval cross-section for ¢t e~ -+hadrons is in the quark-parton- model with mass-less partons:

Thad
Riaa = a“ =3y Q}

»p 7

The sum runs over the flavours {, f=u,d,s,c and b at presently available energies. For massive quarks
with velocity 2 the electroweak cross-section with QCD corrections is in lowest order??):

1 O | ) -
Ruae = 3'2[5(3.@* B Cyv + 8% Caal+ () lreor - Cvv 4 11 Caal {4)
- 3

where 2 2 0,7,.2
Cyy = Q}' - 2Qf”:vfx + (Ur + ae)vf)(

Cap= (1)3 + af)aixz
The QCD correction functions ry, and r},,, the se called Schwinger terms, depend only on 2mj;/\/s

(my is the quark mass); for ms/+/s - 0 the QCD correction reduces to the well known 1+ea, /7.

The three PETRA experiments JADE*?), MARK 3% and TASSO*®) have analyzed the total cross-
section of e*e~ —hadrons up to the highest PETRA energies. Their data are shown in fig, 10 together
with the value from MAC*®) at /5= 29 GeV. The poini-to-point systematic errors are included in
the error bars. The total normalization errors of 2.5%, 4.0%, 4.5% and 2.3% respectively are shown
separately,
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Figure 11 6 for the 3 decay modes of D"* . The cuts are: a) z>0.4; 1.81< Mg, <1.92; b)
z2>0.6; 1.81< Mgs, <1.92; c) 220.4; 1.55< My, <1.70; cosf; <G.8 {all masses in GeV).

The data were fitted to the total electroweak cross-section (4) with free parameters sin®f@y and
a, using parametrization Ii of x. The energy dependence of &, was taken into account and the overall
normalization was allowed to vary for each experiment. The results are:

sin fy = 0257008

a.(y/5 = 30CeV) = 0.16 7207

—0.04

This fit result is represented by the full curve in fig. 10. The best normalization factors found in this
fit are indicated by the separate points on the right which-have as error bars the total normalization
error. The contributicns from the guark-parton-medel (horizontal line at Ry,.q =3.67), the electroweak
part (right hatched area) and the QCD contribution {left hatched area) are also indicated seperately
in fig. 10. The electroweak contribution shows a marked rise beyond cm energies of ~30 GeV. This
rise is reflected in the data. The QCD contribution on the other hand is almost independent of energy.

The QCD modification of the toial cross-section is independent of fragmentation models. Therefore
Rhad gives a model-independent determination of a, if  sin®fy is known. Leaving
sin® By =0.217:£0.02 fixed, we obtain:

ag(vs = 30GeV) = 0.20 + (.04 + 0.01

where the second error is due to the error in sin® fi . The resulling curve is the dash-dotted one in
fig. 10.

The data favour the electroweak fit which gives a x? of 42 for 45 degrees of freedom. A single constant
value cannct be excluded however; the weighted average (with fixed normalization) is {R)=3.96+0.02
with a x? of 68.5 for 46 degrees of freedom.

4.2 Axial-Vector Coupling Constants of Heavy Quarks.

The charge asymmetry of quarks is expected to be larger than that of leptons due to their {ractional

12



charge (equ. (2}). However, the separation of individual flavours is difficult and has only been
successful for heavy quarks. Two methods have been employed:

1) Analysis of D°F and D decays for the c-quark

2) Analysis of inclusive leptons, electrons or muens, for ¢ and b-quarks.

Method 1 was used in the published resalts of JADE!?) and TASS0?48) at PETRA; new data from
HRS*?! will be shown here. Method 2 was used by almost all groups working at PEP®%!) and
PETRA®!55, The PLUTO%?) collaboration has found a new variable to discriminate flavours and
their results will be described briefly. At the end of this chapter all available results will be surmmarized
and compared with theory.

4.2.1 ¢ete-—D** , D%, D=,

The D- or D* ¥ -mesons are assumed to contain the primary ¢ or & quark. This assumption is supported
by the hard fragmentation function which was found in many experiments®3).

HRS used in their analysis of D*% decay the well known method of cutting in the mass difference &
of D*% and its decay product D°. The HRS detector is particularly suited to this analysis due to its
good momentum resalution. The data from 255 pb~ !were analysed using the following decay modes:
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Figure 12 Angular distribution of Olilevsinrabiniienlds
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No particle identification was used. In decay mode {5.3) no attempt was made to identify the x
rather the so-called 7S%” peak at 1.6 GeV in the Kn mass distribution, which is a reflection of the
decay of the D° into K#7®, was used. The histograms for § are shown in fg. 1la-c. The additional
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euts in the D° mass and in zp-=2Ep. /E,.,,, which were used to suppress background are listed there.
For decay (5.3) an additional cut in the angle 8, of the pions in the DY center of mass system was
applied. The same cut was applied for decay (5.1) at low z-values {not shown}.

The histograms show a sharp peak above a small background. For the K~ n*x? decay the peak is
somewhat wider due to the missing 7%, The angular distribution for all D*2 ’s observed is shown in
fig. 12 together with a fit allowing for an asymmetry. The asymmetry is A="-0.15+0.06.

HRS has also analysed the decays D =K~ a1 and DF—K¥rind by reconstructing the invariant
masses. The mass peaks show up above a large background, which has to be fit simultaneously with
the signal. Separate fits in the forward and backward hemisphere gave an asymmetry of —0.09+0.09.

The combined HRS result for the c-quark asymmetry is A =—0.14£0.05 and the expectation from the
standard model is -8.9%, this yields an axial-vector coupling constant of a.a,=1.610.6.

4,2,2 Inclusive Muons and Electrons.

The weak semileptonic decay of the ¢- and b-quark into either muons or electrons is used to separate
the heavy quark from the light quarks. ln addition the lepton allows the determination of the charge
of the primary quark and therefore the classification into forward and backward events.

For the flavour separation all groups (except PLUTOQ) use the transverse momentum of the decay
lepton relative to an event-axis, e.g. the thrusti axis, as a distinguishing parameter. In addition most
groups use an event-shape variable, which can alsc distinguish heavy quark from light quark decays.
Almest every group has found its own “best” variable: Thrust was used by MARK J, the jet-mass
and missing transverse momenturmn by JADE, TASSO used the sphericity of the quark jets in the jet
centre of mass system and MAC has used the mass of the jet opposite to that containing the lepton.

Some groups have tried tc produce an enriched event-sample by cutting in the chosen variables, others
just apply weight functions in their fits. In either case Monte Carlo models have to be used heavily,
either to compute efficiencies or weight functions.

PLUTO%) has analyzed inclusive muons corresponding to 44pb~!. They have used only one variable,
E#, the sum of the energy contained in a cone around the muon. The hall opening angle of the cane
was optimized at 27°. The distribution of data and Monte Carlo calculations are shown in fig 13a. A
good separation of b-decays from the rest is observed. The angular asymmetry as a function of E,, is
shown in fig.13b. A turn-over from negative to positive values is observed, when the b-enriched region
is compared to the c-entiched region. They determine a b-asymmetry of —0.36+0.25.

In fig.14 all axial coupling constants determined at PEP and PETRA are displayed assuming Mz =93
GeV, Q.=+% and Qy=—1. Although the error bars are still large, a clear difference between the’
coupling constants of ¢ and b can be seen. The agreement of the experiments with each other is good.
The world averages give: . ’

2, = 1.0+ 0.3

ap = —0.9%0.2

in agreement with the prediction from the standard model of +1 and —1.
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5. SELECTED RESULTS FROM » DECAYS

In the last months many new improved analyses of v decays have been presented by groups working
at SPEAR, DORIS H, PEP and PETRA. The improvements are due to higher energy, more statistics
and better detectors. In this chapter new results on the following topics will be presented:

5.1 Branching ratic r —5 charged particles, Bg
5.2 Branching ratic 7 —3 charged particles, Bs

5.3 Lleptonic branching ratios B, and B,

5.4 Limits on v, mass

5.1 r —5 charged particles,

Until recently only upper limits have been published for this decay, the lowest of which was 0.16%
at the 95% confidence level by the MAC Collaboration®?). The experimental difficulty s -beside the
low rate- recognizing the background, which comes mainly from twe sources: Hadronic events and
7 —3n% +#%4 v, where one of the decay photons from the n¥ converts in the matetial of the detector.

HRS$®) and MARK II°%) have presented the first measurements of Bs, three and two standard devi-
ations from 0. HRS has found 10 events of the topology 1 track recoiling against 5 in a data sample
corresponding to ~170 pb~!. The background was estimated to be 0.5 events. 5 of the 10 events have
an additional ° on the side of the 5 charged pions.

MARK IT has analysed 207 pb~'. They required that the single track is not an electron. They found
4 events with an estimated background of 0.08 events. The results for the branching ratios are:

Bs = {0.13 £ 0.04)% HRS
Bs = (0.16 £ 0.08 + 0.04)% MARK 11

The new measurement by the JADE collaboration ?7), By =(0.340.240.1)% corresponding to 8 events
from ~ 90 pb~', is compatible with these values but has larger errors, which are dominated by
uncertainties in the background.

5.2 Topological Branching Ratios.

The determination of the topological branching ratios B; and B;~1-B; improved dramatically when
data at high cm energies became available, because the separation of r s from the hadronic background
was easier 7. The recent determinations of the topological branching ratic Bx into 3 charged particles
are summarized in table 327-29:3%:58) The new world average value is By =(13.340.3)%.

16
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Table 3. Branching Ratic By

Experiment B3 (%) ) IR
PDG 1984 16,5+2.7 —
MARK I 14.042.0+1.0 ——
CELLO 14.741.5+1.3 e
TPC 14.8409+1.7 —
TASSO 1534117} -
MAC 13.540.3+06 —-—
PLUTO 12.241.3+3.9 e
HRS 13.04+0.240.3 e
JADE 13.6+0.5+08 ——
Average 13.3+0.3 L™ 1
10 20 (%)

5.3 Leptonic Branching Ratios.

Since the last publication of the leptonic branching ratio by the Particle Data Group, the measurements
in table 4 have been made. In particular one should mention the rmeasurement of MARK FI%®) at
SPEAR which was done on the ¢, The decay leptons only have energies E< 1.5 GeV. Therefore
particle identification is easier than at PEP or PETRA, hence the small error bars.

Table 4. Leptenic Branching Raties in %

T —ery T —pry Experiment R;z}e}_el_lge_-
16.510.9 175415 | PDG198d | 7
20.4£3.0700 120217707 | TASSO 1984 30
13.0£1.942.9 | 19.4+1.641.7 | PLUTO 1985 29
18.240.7+ 0.5 | 18.041.0406 | MARK IIT 1985 66
17.51-0.67 17.1x0.77 Average

The weighted averages of the electronic and muonic branching ratios are also given in table 4. A
constraint fit which assumes untversality and which takes into account the theoretical relationship
B, = 0.97-B, yields B,=(17.6+0.5)%.

The theoretical value for the decay branching ratio of the tau into electrons is given in terms of the
partial decay width " and the life-time of the 1 54

B(r — ev,p.) =T(1 — evpp.) 7y

_cim
192x% 7
The recent average of r lifetime measurements is: 7, = (2.95 4 0.2011071% gec®), which gives a

predicted branching ratio into electrons of B,= (18.521.25)%, with which the data agree well.

5.4 Upper limits on the mass of the v,.

7 decays with a low Q-value are sensitive to the v, mass. Therefore the HRS®") and MARK 1192
group have used their five-prong r decays to obtain upper limits on the mass of the v,. They compazed
the mass of the hadronic system to the theoretical prediction and obtained limits of ~120 MeV; all
upper limits in this section are at the 95% confidence level.
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Figure 16 ARGUS:
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HRS also used the 5 events, which have an additional 7°. The theoretical calculation which uses CVC
and the measured cross-secticn ete~ —6 1 is indicated in fig. 15 for m({y,)=0. An upper mass limit
of 84 MeV was obtained.

ARGUS®®) at DORIS II has used the decay of the 1 intn?charged particles to determine an upper
limit on the ¥, mass. They selected more than 1500 v decays of the topology 1-3 at a /s of ~ 10 GeV.
The high end of the energy spectrum of the 3 charged pions is sensitive to the mass of the v, (fig.186),
whereas background would mostly contribute to low energies. Their simulation of the decay uses
isotropic decays in the 7 rest frame. The prediction for the neutrino energy spectrum is shown for two
values of the v, mass together with the data in fig. 16. ARGUS obtains an upper limit of 70 MeV at
95% confidence level. All upper limits are summarized in table 5.

Table 5. Upper limits at 95% confidence level on the mass of the v,

Experiment | Reference Decay Limit m,, (MeV)
DELCO 689 r— KKzv, 157
MARK H i 70 T — 47V, 143
MARK H 62 7 - SRV, 125
ARGUS B8 . T — 3Ry, 70
HRS : T — 57, 131
HRS 67 r— SrEaly, 84
HRS : combined 82
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