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Abstract. We have observed t pair production at
average CM energies of 139, 223, 345 and
43.1 GeV. The cross-sections are consistent with
QED, the cut off parameters being A, >161 GeV
and A_>169GeV (95% CL). The topological
branching fraction of the t to 1 charged particle, By,
is 0.84740.011 (stat)*2-91$(syst) and no decays to 5
charged particles were observed resulting in
B;<0.007 (95% CL). Within the 3 charged track
final state Bt —oa nta v)/(Brt o wxtr V)
+B(t~—»n nt " a%)=037+833

In this paper we report measurements of the re-
action e*e” -t 1~ at an average CM energy of W
=34.5GeV, based on an integrated luminosity of
69.4 pb~!. The tau decay branching fractions, the
total cross section and the forward-backward asym-
metry for tau pair production are determined. The
measurement of the topological branching fractions
B,,B; and B;, where the 7 decays to one, three or
five stable charged particles with or without neu-
trals, is of particular interest as there have recently
been substantial changes in the measured values [1].
We also present measurements of the total cross
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section for et e~ —t* 7~ at mean CM energies of W
=139, 223 and 43.1 GeV based on integrated
luminosities of 1.8, 3.2 and 13.0 pb~?! respectively. At
these energies the event sample is substantially
smaller and we have therefore concentrated on
the 34.5 GeV data for which we describe the analysis
in detail.

The experiment was performed at the electron-
positron storage ring, PETRA, with the TASSO de-
tector, which has been described in detail elsewhere
[2]. In this analysis particular use was made of the
event topology and of the electron, photon and
muon detection systems. The event topology was
determined from the charged tracks reconstructed in
the proportional and drift chambers [3] of the cen-
tral detector. Electrons and photons were identified
using the two different types of electromagnetic calo-
rimeter; the liquid argon barrel calorimeter [4]
(LABC) and the hadron arm shower counters [5]
(HASC) with geometrical acceptances of 409 and
189, of the solid angle. Muons were identified by
their ability to penetrate the electromagnetic calorim-
eters and iron absorber and to give hits in the
muon proportional chambers [6] (MUCH) behind
the absorber. The muon chambers cover 43 %, of 4,
and the overlap between the muon chambers and
electromagnetic calorimeters is 27 %, of 4x.

Table 1. Lone track identification (a) before and (b) after background subtraction. Regions with no muon

chamber coverage are denoted by MUCH. Entries marked — denote regions not used or not applicable. In
part (b) the (1 —1) channels e—e and p—pu were omitted due to severe background (see text)

Detector region:

LABC. MUCH LABC. MUCH HASC. MUCH HASC. MUCH MUCH only

(a) Number of events before background subtraction
1-1

u—p 132 - 73 — —
u—e 10 — 9 _

u—nh 48 — 26 - -
e—e 24 - 19 - —
e—h 38 — 29 - -
h—h 44 - 18 — _
1-3

u—3 5 — 13 — 6
e—3 17 18 9 1 —
h—3 30 50 24 16 -
(b) Number of events after background subtraction

1-1

u—e 9.9 — 8.9 - -
u—h 326 — 19.9 — -
e—h 237 — 22.8 — -
h—h 344 — 16.8 — —
1-3

u—3 4.8 - 12.5 — 5.8
e—3 154 16.5 7.8 0.9 —
h—3 273 473 22.5 15.5 —
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Table 2. Particle feed through and identification probabilities for
different regions of the detector

Particle type Original particle type

as identified by

the detector i e h
LABC. MUCH ¢ 0.933+0.002 0.00+0.00 0.02+0.01
e 0.000 +0.000 0.84 +0.02 0.01+0.01
h 0.067 +0.002 0.15+0.02 0.93+£0.02
LABC. MUCH u - - —
e 0.000 +0.000 0.84 +£0.02 0.01 +0.01
h 1.000 +0.000 0.1540.02 0.95+0.01
HASC. MUCH p 0.947+0.002 0.00+0.00 0.02+0.01
e 0.000 +0.000 0.77* 0.042
h 0.053 +0.002 0.232 0912
HASC. MUCH u — — —
0.000 £+ 0.000 0.772 0.04*
1.000 +0.000 0.232 0.93*
MUCH 0.940 +0.002 0.00 +0.00 0.02+0.01

S0 m > o

The total calculated feedthrough for any given particle does not
necessarily sum to unity due to some tracks not having associated
energy clusters

* In this analysis electrons and hadrons were separated in the
LABC region only (see text)

Event Selection

The number of charged tracks observed in the cen-
tral detector was used to select four categories of
events: one track recoiling against another (1 —1),
one against three (1—3), three against three (3—3)
and one against five (1—35). The categories (3—5)
and (5—5) were not considered due to their low rate
from tau pair production and the large backgrounds
from hadronic events. The event selection require-
ments are described in detail in Appendix A. Two
types of cut were used, the first selecting the re-
quired topology and the second reducing back-
ground. These cuts resulted in a total of 470 (1 —1),
350 (1—3) and 36 (3—3) events. No candidates for
the topology (1 —5) were found.

The events of categories (1 —1) and (1 —3) were
subdivided according to the identity of the lone
track as described in Appendix B if the lone track
was inside the particle identification acceptance of
the electromagnetic calorimeters and/or the muon
chambers. The results of these classification pro-
cedures are shown in Table 1a. Whenever at least 2
tracks in a 3-track 7 decay (1—-3 and 3—3 cate-
gories) entered the LABC then the 3-tracks were
divided into 2 categories depending upon whether or
not there were neutral energy clusters within 45° of
any of the charged tracks. The numbers of 3-track
systems falling into these classes where 62 and 41
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respectively. A neutral energy cluster was defined as
a calorimeter deposit of >200 MeV which was not
associated with any charged track.

The efficiencies and misidentification probabili-
ties for the particle identification criteria are shown
in Table 2. For all but hadrons these probabilities
were determined from data. The electron identifi-
cation probabilities were determined using the re-
action ete” —et e at beam energies of 7, 11 and
17 GeV and at lower momentum in the LABC re-
gion, using ete —ete ete” events. The muon
identification probabilities were determined from
ete —>u*u events at 7, 11 and 17 GeV. The prob-
ability for hadron identifications was determined
using the Monte Carlo program GEISHA [13] to
simulate hadronic showers. It is clear from Table 2
that the contamination (feed through) of any lone
track channel resulting from the other channels is
relatively small.

Background Calculations

The ete™ and u*pu~ classes in the (1—1) category
contained large contaminations from the reactions
ete"—>ete” and ete - putu~. These channels
were therefore excluded in the subsequent analysis.
The residual contamination of other classes in the (1
—1) category resulting from misidentification of
ete —ete and ete - putu~ were removed by
scanning. The contamination of the (1—3) and (3
—3) categories from e e~ events containing a ra-
diated photon was estimated by searching for 3-
track systems containing an identified electron. The
background in the (1—3) category was found to be
3.24+1.6%. The contamination in the (3 — 3) category
from et e~ events was negligible.

The contamination of the (1—3), (3—3) cate-
gories from (1—1), (1 —3) events with associated in-
teractions in the material of the detector was esti-
mated by Monte Carlo techniques to be 1.3+0.39%
and 2.5 9%,40.6 %, respectively.

The contamination resulting from two-photon in-
duced 177~ production was estimated using Monte
Carlo techniques [7]. A background of ~29, inde-
pendent of event category was found. The back-
grounds from two-photon induced hadron produc-
tion [8] were estimated in a similar way, and were
found to be negligible.

To estimate the contamination from e*e™ —
hadrons in the (1 —3) and (3—3) topologies the sel-
ection of the (3—3) sample was repeated without
making a 3-track effective mass cut of 2.0 GeV (see
Appendix A cut (3h)). The number of events where
at least one of the 3-track masses was greater than
2.0 GeV was then used to normalise the Monte Car-
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Table 3. Number of events in raw, background and final background subtracted event samples. Errors include statistical and background

contributions
Raw Background Process Final
Data Data
ete  — eTe 11-13 ete > ete  —ete” ete o
ete” utu~ 13-33 ete ttT” + hadrons hadrons
Sample with lone track identified:
LABC. p—e 10 0.0 0.0 0.1 0.0 0.0 9.9+ 32
MUCH pu—h 48 0.0 150 0.4 0.0 0.0 3264 65
e—h 38 14.0 0.0 - 0.3 0.0 0.0 237+ 57
h—h 44 4.0 5.0 0.6 0.0 0.0 344+ 65
HASC. pu—e 9 0.0 0.0 0.1 0.0 0.0 89+ 30
MUCH pu—h 26 0.0 6.0 0.1 0.0 0.0 199+ 47
e—h 29 6.0 0.0 - 0.2 0.0 0.0 228+ 50
h—h 18 1.0 0.0 0.2 0.0 0.0 16.8+ 4.1
LABC e—3 35 20 0.0 0.5 0.6 0.0 0.0 319+ 57
h=3 80 1.0 0.0 1.0 1.5 1.1 0.8 746+ 89
HASC e—3 10 1.0 0.0 0.1 0.2 0.0 0.0 8.7+ 3.0
h=3 40 0.0 0.0 0.5 0.6 0.5 0.4 380+ 63
MUCH u-3 24 0.0 0.0 0.3 0.6 0.0 00 231+ 49
Topological sample (1 —1 excludes p—pu and e—e)
1—-1 222 25.0 26.0 - 20 0.0 0.0 169.0 +£14.0
1-3 350 11.3 0.0 4.6 5.6 2.0 20 32454194
3-3 36 0.0 0.0 0.8 0.4 1.0 1.0 328+ 60

fo {97 prediction for the hadronic background to
the (3 —3) topology and was found to be 3.0+3.0%.
Using this normalisation the contamination of the (1
—3) category was found to be 0.6 +0.6 9.

The backgrounds in the various event categories
are shown in Table 3. The results of background
corrections to the lone track categories are shown in
Table 1b.

Acceptance Calculations

The acceptances for the reaction ete” >t 1~ were
determined for combinations of the possible 7 decay
modes [10], ie. lone track (t-—e vV, u~vv, n v,
7= 7', 7~ n°nly, n- nln%n’v), 3-track
(tT-nntn v, w wntn n%) and  S-track
(tT—=r wtn wtwv) using an ete —1¥ 7" event
generator [11] which included higher order QED
corrections and simulated the response of the de-
tector. The generated events were passed through
the same data reduction and track finding pro-
cedures as applied to the data.

The trigger efficiencies were determined from
events in the data satisfying more than one inde-
pendent trigger. The trigger efficiency for the (1-1)
category was found to be 93.7%,+0.2%, averaged
over the whole 34.5 GeV data sample. This corre-

sponds to trigger efficiencies of 96.8%+0.1% and
99.9%+0.1% for the (1—3) and (3—3) categories.
The efficiency of the track and timing cuts was
found to be 96.8%,+0.2% for the (1—1) category
and was 1009 for the (1 —3) and (3 —3) categories.

Corrections arising from the calorimeter total en-
ergy cut (Appendix A cut (1g)) in the (1 —1) selec-
tion were calculated using the (1 — 3) category where
the lone track entered the calorimeter acceptance.
The energy deposited by (1 —1) events was estimated
by combining lone tracks from different (1-—3)
events. Losses of events of the type e—h and h—h
were found to be 109, +59%,. Losses in the remaining
channels were negligible.

Luminosity

The luminosity used in this analysis was measured
[12] using Bhabha scattering events recorded in the
small angle luminosity monitors, and the central de-
tector tracking chambers. The luminosities obtained
by the two methods were in good agreement
throughout the entire running period and the in-
tegrated luminosities of 1.8, 3.2, 69.4 and 13.0 pb~!
represent the average of these measurements at W
=139, 22.3, 34.5 and 43.1 GeV respectively. The as-
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sociated systematic errors were 5.0%, 5.09%, 3.0%
and 4.09 respectively.

Results
(i) 5-Track Branching Fraction

We observed no events in the (1—5) category. We
used this result to set a limit on o,,B; Bs. Assuming
the QED cross-section for t¥ 7~ production, a lone
track branching fraction B{=0.85 (see below) and a
5-track final state containing only five charged pions
and a neutrino, we obtain an upper limit for
B;<0.007 with 959% confidence. In the following
analysis B5;=0 was assumed.

(ii) Composition of the 3-Track System

Since Bjs is negligible the contribution to B; from
decays of the type t-—»rn ntn n’z%v is also
presumably small. Taking this contribution to be
zero and using the 62 and 41 3-track systems with
and without neutral energy clusters in the LABC,
the ratio F=B(t~—»n " n v)/B(t"—>n n"n"v)+
B(z~—n~nTn" 7)) was determined. Monte Carlo
[13] events of the type 1 —»n 't v(n ntn~ n%v)
were generated and passed through the detector sim-
ulation, 50 %, (68 %) had neutral energy clusters with-
in 45° of any of the charged tracks. Correcting for
the relative acceptance of the two decay modes we
find F=0.37"9333. Using this value of F the accep-
tances were then calculated for the topological event
categories involving 3-track decays of the 7.

(iii) Total Cross Section
and 1 and 3 Track Branching Fractions at 34.5 GeV

The t*t~ cross section, o,,, the lone track branch-
ing fractions into electron (B,), muon (B,) and had-
ron (B,) and the topological branching fractions B,
and B; were determined. To obtain the acceptances
of the (1—1) and (1—3) categories we assumed the
composition of the lone track hadronic system to be
am i nlin 1l n n0n% 7% =24:44:12:20 [1].
Changes in the acceptance due to uncertainties in
these ratios were included in the systematic errors.

A fit was made to the number of events in the
categories (1—1), (1—3) and (3—3) and to the num-
ber of events with identified lone track systems as
given in Table 1b. In the fit electrons and hadrons
were only separated in the LABC region, where the
detailed shower information allows reliable identifi-
cation. The chisquare, x*=) (N;—E;)*/(E;;+B;),

LJ
was minimised where N;; are the number of events of
type i—j seen in the data, E;; are the expected num-
ber of events and B,; is the square of the error on
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the background. The expected number of events E;;
contained contributions from those final states
where i and j were correctly identified and those
where i and/or j result from misidentification. The fit
parameters (the t© decay branching fractions and to-
tal cross section, o,) have been determined (y°
=6.3/7 df) to be

B,=0.12940.017(stat)* g:
B,=0.204+0.030 *8
B,=0.515+0.029 +5:

(syst)

giving
B;=B,+B.+B,=0.847+0.0117

B;=1-B,=0.15340.011%
and a total cross section of
7..=0.075+0.004(stat)* §:393 (syst)nb
corresponding to

O

=1.0340.05(stat)=3:2%(syst)
OQED
where the results were corrected for unseen K§ de-
cays (a 049, contribution to o,). No evidence was
found to suggest that the somewhat low value of B,
was due to the detector or the analysis used. We
have repeated the fit using the world averages [1] of
B,=0.171 and B,=0.176. The x> for the fit was
13.9/9df resulting in B, =0.846+0.011
(stat)* 391 (syst), B;=0.154+0.011(stat)*3:313(syst)
and o,./0qep=1.02+0.05(stat)£§-9¢(syst). The values
of B, and o,, are consistent for both fits and are in
good agreement with other recent publications [17].
The systematic errors on o¢,, and B; were ob-
tained by (1) varying the composition of the lone
track hadronic system (resulting in changes of 4 0.04
—0.10, +0.002 —0.008 to o,./ogen, B1 respectively),
(2) varying the composition of the 3-track system
using the error on the determination of F{+0.03,
+0.014 —0.010), (3) changing the LABC feed-
through probabilities within the measured errors (0,0),
(4) including the uncertainties from other selection
cuts (+0.02 —0.03, +0.007 —0.003) and (5) making
allowance for systematic errors in the radiative cor-
rection (£0.02, 0.0) and the luminosity measurement
(4+0.03, 0.0). The final systematic errors were ob-
tained by adding these in quadrature.

(iv) Total Cross Sections at 13.9, 22.3 and 43.1 GeV

To obtain the cross section for tau pair production
at the energies W=13.9, 22.3 and 43.1 GeV we have
used only the (1—3) category. We observe 63, 46
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Fig. 1. a Measured tau pair cross section (nb). The solid curve
shows the lowest order QED prediction. b Normalised tau pair
cross section, o../oqep. The 95% confidence level limits on A,
(dashed curve) are shown, where the overall normalisation was
allowed to vary within the systematic error

and 46 events of this category at the three energies
respectively. Event selection, background subtrac-
tion, radiative corrections, acceptance corrections
and trigger efficiencies were calculated as described
above. Using our measured values of B, B, above o,
is determined to be 0.4740.06, 0.184-0.03 and 0.049
+0.008 nb respectively. The results shown in Fig. 1
are in good agreement with QED and with other
recent measurements [14].

In a previous publication [15] B;B3;=0.19 was
used together with the then existing t decay branch-
ing fractions. In this analysis the use of all decay
categories and improved knowledge of t decays in-
volving n%’s allows a better calculation of the cross
section.

The W-dependence of the cross section was used
to determine the t cut off parameters, A, and A _,
defined by

arr:GQED[l + Wz/(Wz - Azi)]z

Fits to the cross sections, allowing the overall nor-
malisation to vary within the systematic error, yield-
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ed the following bounds at 959, confidence level,
A, >161 GeV and A_>169 GeV as shown in Fig. 1.

(v) Asymmetry Measurements at 34.5 GeV
and © Neutral Current Couplings

The tau pair events were used to measure the weak
neutral current couplings of the tau lepton. Contri-
butions from electromagnetic and weak neutral cur-
rents lead to a differential cross section for t71~
production of the form [16, 17]:

99 _ %1 cos? 0)(1 +2g5g% Re(s)
dQ_4w2 Cos gugu € X
+(g57+ 88y +85)1x?)
+4cos 0(gog Re(n)+2gigrgoguln )} @)
GpM? w2
where y= Lkt is the weak

2y 2na (W?—M2+iM.L)
neutral current pole term with mass M, and width
I, 6 is the scattering angle measured between the
incoming e* and outgoing t* and g, and g, are the
vector and axial vector coupling constants. The pres-
ence of a weak neutral current can produce chang-
es in the cross section (~gigr) and introduce a for-
ward-backward asymmetry (~g2g?). The most prom-
inent effect at our energies is the forward-back-
ward asymmetry.

The differential cross section of (2) has the gener-
al form:

;%zbo(wrb1 cos 0+ cos? 0) (3)
where we define 0 by cosf=e*-(z* —z7)/et||z™
—17|, with e* being the momentum vector of the
incident positron and t™ and t~ being the summed
momentum vectors of the outgoing charged decay
products of the tau. Figure 2 shows the differential
cross section at W=34.5 GeV after applying cor-
rections for acceptances, QED radiative effects [18]
and backgrounds. The dashed curve corresponds to
the 1 +cos? (} form expected from lowest order QED.
To quantify any forward-backward asymmetry two
approaches have been used:

(a) The direct asymmetry was determined by count-
ing the number of events with 0.8>cos >0 (F) and
0> cosf#> —0.8 (B) and forming

F—B
Adir(|cos 0] << 08) = m

Higher order QED processes [17] lead to a radiative
correction to Ag;, of 0.007 +0.005, higher order cor-
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Fig. 2. The measured tau pair differential cross section at W
=34.5GeV. The dashed line has the form (1+cos?6) expected
from lowest order QED, normalised to the data and the full line
is the result of the fit

rections to the weak current are ~0.006 [19] and
are not applied. The corrected asymmetry was found
to be Ay (jcos 0f <1)=—0.048 +0.043.
(b) The angular distribution was fitted using (3) and
the asymmetry, 4, for the entire range determined
from A(lcos 0| <1)=3b,. The results of the fit are
shown in Fig. 2 by the solid curve. The asymmetry
determined was A(|cos 0] <1)= —0.049+0.053+3:913.
This result is consistent with the GWS prediction of
—0.092 (sin?0,,=0.228 [20], M, =93 GeV [21]).

The asymmetry was used to calculate g} using the
expression derived from (2) i.e.,

WZ
A=—27-10"*.gg" —
5w
where we assume M,=93 GeV and gi=—-0.514
+0.058 [22]. The value obtained, gi= —0.26+0.34,
1s consistent with the GWS model and with other
measurements [1, 14].

Conclusions

We have used the distinctive topology of tau pair
final states to select event samples of the 1 —3 and 3
—3 topologies and have used the particle identifi-
cation properties of the TASSO detector to select a
sample of 1 —1 topology events. No events of the 1
—5 topology were found, resulting in an upper limit
for the 5-track topological branching fraction, Bs,
where the 7 decays to 5 stable charged particles of
Bs<0.007 (95% CL). In the 3-track sample the z°
composition was found to be F=B(t~—>n ntn " v)/
(Bt = ntn v)+Br —r ntr n%)=0.37%533,
under the assumption that B(t~—n ntn n°2%)
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=0. The event samples have been used to calculate
the topological branching fractions B, and B;. Assum-
ing B;=0 we find B, =0.847 +0.011 (stat)* 3 315 (syst),
giving B,=1—B,=0.153+0.011(stat) " 5:31 3 (syst)
confirming recent results [1]. The total production
cross section has been found to agree with that
expected from QED for pointlike spin 1/2 particles,
leading to cut off parameters of A, >161 GeV and
A_>169 GeV (95 % CL). The differential cross section
for tau pair production has been used to determine
the forward-backward asymmetry 4. We find
A(lcos 0] <1)= —0.049+0.053+5:913,
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Appendix A. Event Selection Requirements

In this appendix we describe the selection criteria in
searching for the various 7 topological samples.

Topology (1—1)

To be considered as a candidate (1 —1) event the
following cuts had to be satisfied:

(la) exactly two reconstructed charged tracks
should be seen in the event, where each track satis-
fied: (i) do<0.4 cm, (ii) |z] < 10.0 cm, (iii) —3 NS <t cas
—tyea<2mns and (iv) p>2 GeV/c, where dy is the
radial distance of the track from the beam line at its
point of closest approach (the resolution of the mea-
sured position of the beam line, determined from
Bhabha scattering events, was 0.1 mm and the d,
resolution was 0.15 mm), z is the distance along the
beam line from the interaction point to the point at
which dy was measured, t,,.,. i the measured time of
flight to the inner time-of-flight counters, f,.q that
calculated using the measured path length and as-
suming the particle to be travelling at the velocity of
light, and p is the measured track momentum,

(1b) the difference in the measured time of flight
of the two tracks, t; and t,, satisfied |t; —t,] <5.0 ns,

(1c) the event satisfied the coplanarity trigger,
which required that at least two tracks back to back
within 27° in the plane perpendicular to the beam
line,

(1d) the summed charge satisfied )’ 0 =0,

(le) the opening angle, o,,, between the two
tracks satisfied 120° <aq, <178°,

(1f) each track was projected to enter the MUCH
and also the LABC or HASC acceptance,
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(Ig) the total eclectromagnetic shower energy,
E .., deposited in the calorimeters satisfied
E_ ;<20 GeV and

(1h) the summed transverse momentum relative
to the beam line satisfied ) p,,|>0.5 GeV/c.

Cut (le) reduces ete™—ete™ and ete > putu~
backgrounds, (lg) e*e —e*e” and (lh)
etfe"—sete ete” and ete —ete utu  back-
grounds. Events which satisfied all these cuts, ex-
cept for having additional tracks failing the track
requirements of (la) (i.e. not originating from the
interaction point), were scanned to find those where
these extra tracks were due to back-scattering in the
coil (back-scattering is not accounted for in our de-
tector simulation program). Five events were found
by scanning, which were retained, resulting in a total
of 470 (1 —1) events.

Topology (1—3)

To be considered as a candidate (1—3) event the
following cuts had to be satisfied:

(2a) exactly four reconstructed charged tracks
should be seen in the event, where each track satis-
fied: (1) do<20cm, (i) |z]<100cm and (i)
Pxy>0.1 GeV/c, where p,, is the momentum com-
ponent perpendicular to the beam line,

(2b) the event satisfied the coplanarity trigger,

(2¢) the summed charge satisfied Y Q =0,

(2d) the summed charged track momentum satis-
fied )" p>5.0 GeV/c,

(2e) the tracks satisfied the following topological
requirements: (i) one track (lone) was separated from
each of the other three by ojon.>90° (W< 25 GeV) or
Oyone > 120° (W >25 GeV) and (i) within the three
other tracks (3-track system) the angular separation
of any pair did not exceed 90°, 60°, 45° for W< 15,
15<W<25, W=>25GeV respectively,

(2f) the lone particle momentum satisfied p>0.82,
1.29, 20 GeV/c for W< 15, 15<W<25, W>25GeV
respectively,

(2g) the polar angle, 0, of the lone particle satis-
fied |cos 0] < 0.8,

(2h) the invariant mass, M, _, of all pairs of
oppositely charged tracks within the 3-track system,
when assigned electron masses, satisfied
M, _>150 MeV,

(21) the radial distance, r, from the beam line to
the intersection point of track pairs in (2h) satisfied
r<6.0 cm and

(2j) the invariant mass of the 3-track system, M,
considering all particles to be pions, satisfied
M3 <2.0 GeV.

Cuts (2h) and (21) reduce background from
radiating Bhabha scattering events, (2¢) and (2]) re-

M. Althoff et al.: Production and Decay of Tau Leptons

duce background from single photon hadron pro-
duction. As in the case of the (1—1) selection, 21
events which failed due to back-scattering in the coil
were retained, resulting in a total of 350 (1—3)
events.

Topology (3—3)

To be considered as a candiate (3—3) event the
following cuts had to be satisfied:

(3a) exactly six reconstructed charged tracks
should be seen in the event, where each track satis-
fied: (1) do<20cm, (i) |z|<10.0cm and (i)
Pxy>0.1 GeV/e,

(3b) the event satisfied the coplanarity trigger,

(3¢) the summed charge satisfied )’ Q =0,

(3d) the summed charged track momentum satis-
fied ) p>6.0 GeV/e,

(3e) the tracks satisfied the following topological
requirements: (i} two groups of three tracks were
present and within each group the angular sepa-
ration of any two tracks did not exceed 45°, (i) the
summed momentum vector of one 3-track system
was separated by at least 90° from that of the other,

(3f) the polar angle of at least one of the summed
momentum vectors satisfied |cos 0] <0.8,

(3g) the invariant mass, M, _, of all pairs of
oppositely charged tracks within a 3-track system,
when  assigned  electron  masses,  satisfied
M, _>150 MeV,

(3h) the radial distance, r, from the beam axis to
the intersection point of track pairs in (3g) satisfied
r<6.0 cm and

(31) the invariant mass of each 3-track system,
M, considering all particles to be pions, satisfied
M3 <20 GeV.

Cuts (3g) and (3h) reduce background from
radiating Bhabha scattering events, (3e) and (31) re-
duce background from single photon hadron pro-
duction. Two events which failed due to back-scat-
tering in the coil were retained, resulting in a total
of 36 (3 —3) events.

Topology (1—-5)

To be considered as a candidate (1—35) event the
following cuts were required to be satisfied:

(4a) exactly six reconstructed charged tracks
should be seen in the event, where each track satis-
fied: (i) dy<20cm, (i) |z/<100cm and (iii)
Pxy>0.1 GeV/e,

(4b) the event satisfied the coplanarity trigger,

(4c) the summed charge satisfied )’ 0 =0,

(4d) the summed charged track momentum satis-
fied ). p>5.0 GeV/c,
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(4e) the tracks satisfied the following topological
requirements: (i) one track (lone) was separated from
each of the other five by oy,,.>120° and (i1) within
the five other tracks the angular separation of any
pair did not exceed 60°,

(4f) the lone particle
p>2.0GeV/e,

(4g) the polar angle of the lone particle satisfied
[cos 0] <0.8,

(4h) the invariant mass, M, _, of all pairs of
oppositely charged tracks within the 5-track system,
when assigned electron masses, satisfied M, _>150
MeV,

(4i) the radial distance, r, from the beam line to
the intersection point of track pairs in (4h) satisfied
r<6.0 cm and

(4j) the invariant mass of the 5-track system, Ms,
considering all particles to be pions, satisfied
Ms<2.0 GeV.

No candidate for the (1—35) category survived
these requirements. As for previous categories,
events failing due to back-scattering in the coil were
searched for and none were found.

momentum  satisfied

Appendix B. Particle Identification

When inside the particle identification acceptance of
the electromagnetic calorimeters and/or the muon
chambers, the events of categories (1 —1) and (1—3)
were subdivided according to the identity of the lone
track as described below.

(a) Muon

If the track when projected into the muon chamber
was associated with muon chamber hits with a
muon confidence level >1%, then the track was
considered to be a muon. Once identified as a muon
then no further classification was attempted.

(b) Electron

To be identified as an electron within the LABC
acceptance the following requirements were made:

(1) the track projected to within 2.0° of the cen-
troid of an energy cluster deposited in the calorim-
eter,

(2) no other cluster was within 45°, subtended
from the interaction point, of the cluster in (1),

(3) the track momentum, p, measured in the cen-
tral detector matched the cluster energy, E, accord-
ing to the relationship:

104p—-250<E<104p+250¢ (1)
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where:

o=(ci+02)*

6,=0.017 p?
op=0.16 E*4+0.03 E for p<4.1 and
og=011E for p>4.1 GeV/c

where E is measured in units of GeV.

(4) the ratio, R, of the energy deposited in the
front towers (6.1 radiation lengths) to that deposited
in the back towers (7.6 r.l.} of the calorimeter satis-
fied 1/(0.65+0.1 p)<R <10

(5) the total number, N, of the orthogonal po-
sition measurement strips satisfied N;>4(5) for p<5
(>5)GeV/c

To be identified as an electron within the HASC
acceptance the following requirements were made:

(1) the track projected to within 5.0° of the cen-
troid of an energy cluster deposited in the calori-
meter,

(2) no other cluster was within 45°, subtended
from the interaction point, of the cluster in (1) and

(3) the track momentum, p, measured in the cen-
tral detector matched the cluster energy, E, accord-
ing to Eq. (1) with

=029 E* for p<3.7 and
op=0.15E for p>3.7 GeV/c.

(¢) Hadron

A track having an associated energy cluster in the
electromagnetic calorimeters, but not identified as a
muon or electron was called a hadron.

Tracks which were not identified as muons and
had no associated energy clusters were not classified.
This identification loss within the LABC and HASC
acceptance was small, 2-3 9] per track, and was ac-
counted for in the acceptance calculations.
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