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The reaction e*e~—1" 1~ has been studied at centre of mass energies between 14.0 and 46.8 GeV with the CELLO detector at
the PETRA e*e~ collider. We present results for the cross section o, and the charge asymmetry A.. The results are in good agree-
ment with the standard model. We have also measured the topological decay rates BR|, BR; and BR; for the inclusive decay of
the 1 lepton into one, three and five charged particles. The results confirm and improve earlier CELLO measurements at other
energies. We find for the combined values at all energies BR;=(84.910.4%0.3)%, BR;=(15.0+0.4+0.3)% and

BR;=(0.16£0.13£0.04)%.

1. Introduction

17 pair production in e “e~-annihilations is a useful
process for testing various aspects of the standard
model [1]. The measurement of the charge asym-
metry in the differential cross section for t pair pro-
duction allows a determination of the axial vector
coupling constant a,, whereas cross section and po-
larization measurements give information on the
vector coupling constant v.. The results therefore
provide a sensitive test of lepton universality and of
the neutral current structure.

The decay of the 1 lepton proceeds via the charged
current interaction. The branching ratios for the ma-
jor decay channels are also predicted by the standard
model. Measurements of the exclusive decay widths
and of the decay widths into 1, 3, §, etc. charged par-
ticles plus neutrals, the so-called topological branch-
ing ratios, provide further tests of the nature of the 1
and allow for a powerful consistency check of the ex-
perimental data. Recently, a discrepancy has been re-
ported between the sum of the branching ratios for
the exclusive decays of the T into one charged particle
plus neutrals and the corresponding topological
branching ratio for one-prong decays [2].

We have performed measurements of the t pair
production cross section and topological branching
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ratios of the t at centre of mass (CM) energies be-
tween 14.0 GeV and the highest PETRA energy of
46.8 GeV. Results from data taken at CM energies of
14,22 and 34.2 GeV have already been reported [ 3~
5]. New data were collected between CM energies of
35-46.8 GeV. In what follows we refer to the new data
sample unless otherwise mentioned.

2. Experiment

CELLO is a general purpose magnetic detector,
equipped with a fine-grain lead-liquid-argon electro-
magnetic calorimeter. Charged particles are mea-
sured over 91% of the full solid angle in a cylindrical
detector made of interleaved drift and proportional
chambers in a 1.3 T magnetic field, yielding a mo-
mentum resolution of a(p)/p=0.02 p (pin GeV/c)
without vertex constraint and 0.01 p with vertex con-
straint. For neutral-particle detection and charged-
lepton identification we use the barrel part of the cal-
orimeter which covers a solid angle of 86% of 4. Each
of the sixteen calorimeter modules samples in depth
the energy deposited by particles in the liquid argon.
Up to a maximum of 20 radiation lengths for normal
incidence, the charge is collected on lead strips of
three different orientations. For each shower this in-
formation is combined to give seven samplings in
depth. The energy resolutionis o(E)/E=0.05+0.10/
\/E (E in GeV), and the angular resolution varies
from 6 to 10 mrad. Muons are detected behind an 80
cm thick iron absorber by large planar drift chambers
covering 92% of 4z, The spatial resolution of these
chambers is 0.6 cm. A detailed description of the de-
tector can be found elsewhere [6].

The new data sample corresponds to a total inte-
grated luminosity of 135.7 pb~' where the bulk of the
data (87.0 pb—!) was taken at a fixed energy of 35.0
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GeV. The rest of the data (48.7 pb~') was taken in
an energy scan ranging from 35.0 to 46.8 GeV and
corresponding to an average CM energy of 42.8 GeV.
Because of different experimental conditions our new
data sample is subdivided into six energy bins for the
measurement of the total loss section, and three en-
ergy bins for the charge asymmetry measurement.
Each bin corresponds to specific PETRA running pe-
riods at different CM energies between the autumn
of 1982 and the end of 1986.

The CELLO detector is able to detect all t decay
channels. In our selection, however, we did not at-
tempt to include t pairs where both 1 leptons decay
into either electrons or muons. These channels, rep-
resenting only 6% of all final states, are heavily con-
taminated by Bhabha scattering, two-photon annihi-
lation into lepton pairs or y pair production.

T events are characterised by energy and momen-
tum imbalance in the event and low multiplicity final
states with energetic particles. For the selection pro-
cedure the event topology is defined using the spher-
icity axis calculated from all observed charged and
neutral particles. The particles are grouped into two
jets divided by the plane perpendicular to the spher-
icity axis. For each jet (i=1,2) the total momentum
vector ¢,= 2., p,,, the total charge Q, and the total in-
variant mass 1, (including photons and assuming
pions for the charged particles) are calculated. The
true charged multiplicity in each jet is restored by
identifying electron-positron pairs from y conver-
sions in the beampipe or in the chambers. A cut of 80
MeV for the invariant mass of the e*e ™~ pair was em-
ployed to define a converted photon.

Electrons were identified via their characteristic
shower pattern in the calorimeter and by comparing
the total energy with the momentum measured in the
track detector. For the identification of muons a hit
in the muon chambers and a shower profile in the
calorimeter compatible with the expectation for a
minimum ionizing particles were demanded. The ef-
ficiency to identify an electron (muon) was 68%
(72%) averaged over all momenta [7].

For the event selection we proceed as follows: A
cut in the acollinearity angle ., between the jet mo-
mentum vectors g; (0.5° <a,.,,<50°) removes a
large part of Bhabha, u pair, cosmic ray, two photon
and radiative 1 pair events. The remaining back-
ground from two photon collisions is removed by a
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cut in acoplanarity (0° <d,ep,<40°), and by re-
questing a minimum energy (E> 0.0S-ﬁ) in the
central barrel calorimeter. This cut also removes
beam-gas events. Multihadronic events are almost
completely eliminated by restricting the maximum
number of charged particles to 10 and limiting the
invariant mass per jet to less than 2.7 GeV/c?. Fi-
nally, cosmic ray events are efficiently removed by
demanding for a minimum opening angle of 0.5° in
the Rz-projection between the tracks in the wire
chamber. Additional cuts taking into account the
longitudinal shower development in the calorimeter
have been used in order to remove efficiently events
with only electrons in the final state. For further de-
tails of the selection algorithm see ref. [7].

These selections yielded 6144 candidates which
were all subjected to a visual scan. In the scan 2028
remaining background events were removed. These
events were Bhabhas or events with two low energy
electrons in the final state originating from either two-
photon collisions or T pair production (50%), events
with unreconstructed particles outside the accep-
tance required in the selection procedure, or with
badly reconstructed particle tracks inside the accep-
tance (14%), and cosmic ray events (10%). Further
contributions came from radiative two-muon events
(18%), multihadronic events (6%) and beam-gas
events (2%). A final sample of 4116 events was
obtained.

The residual background contamination of the ac-
cepted event sample was estimated using full Monte
Carlo simulations for the background channels in-
cluding scanning. The various selection efficiencies
and event contribution to the data sample are listed
in table 1. The total background is estimated to be
6.7%.

The efficiencies of the selection procedure were de-
termined by Monto Carlo methods using a detailed
simulation of the reaction e*e”—t*t~(y) in the
CELLO detector. We have used a four-vector gener-
ator incorporating spin effects of the final state 1’s
[8]. All known 1 decay channels have been simu-
lated with the measured branching ratios [3,4,9]. The
events were then passed through the same recon-
struction and analysis programs as the real data. An
overall selection efficiency, including the scanning, of
46% is obtain within our acceptance. The scanning
efficiency was determining to be 93% for two-prong
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Table 1
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Efficiencies and contributions to the data sample for signal and background processes.

Process (et Aey ™ Contribution
% events

ete -1ttt (ny) n=0,1 0.341+0.004 93.3+%1.1 3841.61£45.3
ete"—»ete (ny) n=0 (2.5 £0.7)x10-* 2.5%0.7 103.5+29.0
ete  sptpT (ny) n=0,1 (2.1 +0.3)x10°? 0.6+0.1 263+ 4.4
ete~—qd(ny) n=0,1 (54 *13)x107* 0.5+0.1 18.7+ 3.7
ete—ete ete” (0.0 *4.0)x1073 0.0£0.0 0.0 0.0
ete~—ete utp" (1.3 +£09)x10~* 1.1+£0.8 46.5+33.8
ete-—wete 1t (46 =*0.6)x10°3 1.72£0.2 69.8+ 8.2
ete " sete qq (7.2 £57)x107° 0.310.2 9.7+ 6.5

*) Including acceptance.

events and 96% for multi-prong events. The trigger
efficiency was derived by comparing redundant trig-
ger modes and was cross-checked by Monte Carlo
calculations. It amounts to 98.5% for the two-prong
and better than 99% for the multi-prong events.

3. Results
3.1. Topological branching ratios

From the previous discussion it is evident that a 1
decaying into m charged particles can be detected in
various charged topologies. For example, our algo-
rithm for the identification of converted photons may
fail to find the conversion pair owing to measure-
ment errors or may misidentify a pion pairasane*e~
pair. Furthermore tracks may overlap or may escape
detection due to limited acceptance. Thus, in general
the true number N,,; of T pairs where one t decays
into m and the other one into j charged particles is
related to the number 1 pairs 7, expected to be seen
in the detector by
Ry = Z €remiN (Lk=1,2,3,.),

mj
ijzNw,'ZBR,,,BRj (m9é]; m’j=1a395) 3
Nmmthol'BRgn . (1)

N,o is the total number of 1 pairs, corrected for all
efficiencies and the full solid angle, and the BR,,, are
the topological branching ratios for the decay into m
charged particles. €. ,,; represents the probability to
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detect T pairs with charge topology »ij as t pairs with
topology k. This matrix {€x. ,,} was determined by
Monte Carlo methods and receives contributions
from reconstruction, selection, scanning and trigger
inefficiencies. The matrix is shown in table 2.

In the new sample we observe 64.8% of events in
the 1-1 topology, 13.0% as 1-2, 18.2% as 1-3, 0.8%
as 1-4, 0.2% as 1-5, 1.8% as 2-3 and 1.2% as 3-3.
The number m; of events actually observed in the
detector is Poisson-distributed around the expecta-
tion n,. We therefore determine the parameters N,
BR,, BR;, BR; by minimising the likelihood function

F=—In l—[ @(m,k)
(1.k)

=—%}1n<(—n”")#lkexp(—n,k)>. (2)

My
The topological branching fractions into one, three,
and five charged particles from the data taken at a
fixed energy of 35.0 GeV and at an average CM en-
ergy of 42.8 GeV [7] are in good agreement with our
earlier measurements at CM energies of 14, 22 [4]

and 34 GeV [3] (see table 3). We therefore combine
the above measurements and obtain

BR, =(84.9£0.410.3) [%]
BR;=(15.0+0.4%+0.3) [%]
BR;=(0.161£0.13+0.04) [%] . (3)

Our results agree with recent measurements from
TASSO [10] and TPC [11]. The branching ratio
BR,, however, is smaller than results from other re-
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Table 2
1-1 -3 1-5 3-3 3-5 5-5

1-1 [ 30.17+£0.25 1.84+0.10 1.19%0.53 0.05+0.05 0.00+1.04 0.46%0.46
1-2 1.45+0.05 10.811£0.24 3.81+0.96 1.11£0.25 0.00£1.04 0.00x0.46
1-3 0.37£0.03 27.50£0.38 4.95+1.08 2.68+0.38 0.00+1.04 0.00+0.46
1-4 0.03£0.01 0.75£0.06 19.29%£2.15 0.06X0.06 1.04+1.04 1.83+091
-5 0.01£0.004 0.12+0.03 7.74%£1.35 0.05£0.05 0.00+1.04 0.46x0.46
1-6 0.00x0.002 0.00+£0.01 0.97+0.48 0.00x0.05 0.00+1.04 0.00x0.46
2-3 0.01x0.004 0.53+0.05 0.00+£0.25 1515091 2.07x1.47 3.20%1.21
2-5 0.00£0.002 0.00£0.01 0.00£0.25 0.00£0.05 4.13£2.06 1.83+0.91
3-3 0.00£0.002 0.13£0.03 0.00+0.25 18.48%+1.01 5.16x2.31 274%1.12
3-4 0.00x0.002 0.00+0.01 0.00x0.25 1.55£0.29 14.42+3.85 8.68*+1.99
3-5 0.00£0.002 0.00£0.01 0.25+0.25 0.16£0.09 6.19+2.53 1.37+0.79
3-6 0.00£0.002 0.00£0.01 0.00+x0.25 0.00£0.05 1.04+1.04 0.00x0.46
4-5 0.00£0.002 0.00£0.01 0.00£0.25 0.00+0.05 0.00Xx1.04 5.02%+1.51
5-5 | 0.00+0.002 0.00£0.01 0.00£0.25 0.00+£0.05 0.00£1.04 0.4610.46

Table 3

Measurements of the topological branching ratios (in %) of the t lepton. The errors quoted are statistical and systematic ones.

/.

BR, BR; BR; NG Ref.
84.0+2.0 15.0+2.09 1.0 £0.4® 34 (3]
85.2+2.6+1.3 14.8+2.0+1.3 <1.0(95% CL) 14 [4]
85.1+2.811.3 145£2.2+1.3 <1.0(95% CL) 22 [4]
84.5+0.9%0.8 15410.9+0.8 <0.5(95% CL) 42.8 [7]
85.0+0.5x0.3 14.9+0.5+0.3 0.16+£0.13+£0.04 35.0 b)
84.9+0.4+0.3 15.0+£0.4£0.3 0.16+0.13+0.04 all b)
) Statistical and systematic error added in quadrature. ® This analysis.
cent experiments at PETRA [12,13] and PEP [14-
16]. Correspondingly, BR is larger by 2% compared —e— BR BRy o DELCO
to those experiments. The significance of the discrep- - - HRS
ancy between our data and the previous world aver-
age is 3.4 standard deviations (see fig. 1). Our five- - " HAC
prong branching ratio is in accordance with the very —— MARK I1
small experimental value for the five-prong branch- . ——— TPC/2
ing ratio from other experiments [19] and we ob-
. . . - .- CELLO
serve no candidate with a higher topology than five,
consistent with the existing experimental limits —e —— JADE
[20.9]. —— - PLUTD
It should be noted that the determination of the
. . . . . — —e—— | TASSD
branching ratios with the method described above is
not affected by luminosity errors. This is important ™ T T

in reducing the systematic uncertainties. We have also
checked with Monte Carlo test samples that the whole
analysis chain is free of bias. Using the experimental
values for the topological branching ratios deter-

Fig. 1. Topological branching ratios BR, und BR; for the 1 lepton
from the various e * e ~-experiments (DELCO [17],HRS [15,16],
MAC [14], TPC [11], MARK II [18], JADE [12], PLUTO
[13], TASSO [10]).
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mined above as input, the 1t Monte Carlo simulation
accurately describes the distribution of the events in
the different charge topologies as shown in table 4. In
order to estimate the systematic uncertainty of the
efficiency matrix we studied various differential event
distributions for data and Monte Carlo. From these
comparisons and from the overall consistency be-
tween data and Monte Carlo (see table 4) we esti-
mate the systematic error of the individual matrix
elements to about 2%.

Table 4

Fractions of expected and observed events in the different topol-
ogy classes for the 35 GeV data. For this consistency check the
topological branching ratios used in the Monte Carlo simulation
are taken from the data.

PHYSICS LETTERS B

Topology Monte Carlo [%] Data [%]

1-1 64.38£0.48 64.51+1.42
1-2 11.56+0.21 11.10+0.60
1-3 19.93+£0.27 20.00+0.83
1-4 0.8910.06 1.01£0.26
1-5 0.1810.03 0.181£0.08
2-3 1.4210.01 1.69+0.25
3-3 1.23£0.01 1.40£0.20

Table 5

11 May 1989

To study the systematic uncertainties of the
branching ratios due to our cuts we varied the selec-
tion criteria over a wide range. As an example, we
have chosen four different sets of selection cuts and
repeated the whole analysis procedure. We show in
table 5 the observed topology distributions and re-
sulting branching ratios after simultaneously tight-
ening the cuts for the minimal acoplanarity angle ¢,
from 0° and 2° and for the upper limit of the calo-
rimeter energy from 0.75\/3 to 0.5,/s in roughly
equidistant steps. The results of this investigation
show that the systematic bias due to our selection cuts
is well below 0.2%. The systematic errors for the
branching ratios are finally determined by varying all
the efficiency matrix elements, including scanning
and trigger inefficiencies, used in the likelihood fit
(eq. (2)) within their combined statistical and sys-
tematic errors. This procedure yields a systematic er-
ror of 0.3% for the one-prong and three-prong
branching ratios.

3.2. Cross sections and asymmetries

In the standard model [ 1], the lowest order differ-

Observed events in the various charge topologies, and resulting branching ratios and total cross sections R, for four different sets of event

selection cuts at V/G: 35 GeV (seetext). Set 1 is the standard cut set.

Topology Cut sets
1 2 3 4
1-1 1991+44.6 1711+£41.4 1483+ 38.5 1318+36.3
-2 319+£17.9 288117.0 242+ 15.6 212+14.6
1-3 590+24.3 524+229 453+21.3 403+20.1
1-4 30% 5.5 27+ 5.2 24+ 49 23+ 48
1-5 6% 2.4 6t 2.4 6+ 2.5 41 2.0
2-3 53+ 7.3 48+ 6.9 37+ 6.1 33+ 5.7
3-3 43+ 6.5 32+ 5.6 27+ 5.2 24+ 5.0
sum 3032+55.1 2636+51.3 2272+47.7 20174449
_Signal 13.1 217 25.3 313
background
R, 0.98+0.02+0.02 1.00£0.02+0.02 0.98+0.0240.03 0.98+0.02+0.03
BR, [%] 85.0 £0.5 203 849 *0.5 £04 849 +0.6 04 84.9 +£0.6 £0.5
BR; [%] 149 £0.5 £0.3 149 +£0.5 £04 148 £0.6 +0.4 14.8 £0.6 £0.5
BR; [%} 0.16+0.13+0.04 0.20+0.141+0.07 0.26+0.15+0.08 0.25+0.15£0.08
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ential cross section for 1 pair production, as a func-
tion of the polar angle 6, is given by

d
dc:se (ete=>1t17)
not 5
:—ZS—[CI(S)(1+cos 0)+ Cy(s)cos 9] , (4)
with

C (s)y=1+2v.v.Re x(s)
+@itad)(vi+ad)|x(s)I*,

Ci(s)=4a.a.Re x(s) +8vcacv.a.|x(s)|?,
Ve=U,=—1+4sin%6y ,
o=, =~1, (5)

and y(s) given in the so-called “on-shell” renormal-
ization scheme as

1 s
16 spin26y cos®Oy s—M2%+il, M, °

x(s)= (6)
where \/A: is the centre of mass energy, M, and I, are
the mass and width of the Z° intermediate vector bo-
son and 8y, is the Weinberg angle. The terms propor-
tional to Re x(s) arise from the interference between
v and Z° exchange and those proportional to | x(s) |2,
from the direct Z° exchange. The forward-backward
asymmetry in the differential cross section is given
as:

_ Jo(do/d cos 8)d cos 6—[2(dg/d cos 6)d cos §
- /1 1(do/d cos 8)d cos 6

=1C(s)/Cy(s) . (7)

A

At energies relevant for this experiment, A4, can be
approximated with an accuracy of better than 1% by

A.=3a.a.Re x(s) . (8)

With sin?0w=0.23 and M,=93 GeV, the standard
model predicts —8.8%, —11.5%, and —15.5% for the
lepton charge asymmetry at the centre of mass ener-
gies 35.0, 38.1, and 43.8 GeV, respectively.

The total cross section g, relative to the lowest or-
der QED cross section g,=4na>/3s is given by

RT=UT/JO=CI(S)7 (9)
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where o, is connected to NV, (eq. (1)), which we ob-
tain from our fit, and to the measured luminosity L,
by

Ur=Nlot/(L'rQED)- (10)

roep 1s the radiative correction factor, mainly due to
initial state radiation. The factors rqep, which in-
crease with the CM energy, have been calculated by
Monte Carlo methods.

As a result we obtain the cross sections g, and the
ratios R, shown in table 6 for the different energy re-
gions. The systematic errors given in the table con-
tain contributions from the luminosity determina-
tion (3%), the background subtraction (2%), the
radiative correction (0.2%) and overall efficiency
uncertainties (2% ), as well as contributions due to
the trigger, the selection criteria, the Monte Carlo
simulation and scanning (in total 3%).

The measured values agree well with the standard
model and the QED expectation (fig. 2). For
sin?6y, =0.23 one expects an excess of 0.8% over gy
at energies \/s~43 GeV due to Z%exchange. The
measurement errors of 3%, however, do not allow us
to discriminate this additional contribution in the
cross section from the pure QED cross section.

One can translate the measurement of R, into a
limit for the charge radius of the 1. With the
parametrization

s 2
O'T=O'0<1$S_A2> (11)
¥

we get A_>231 GeVand 4, <318 GeV at 95% CL.
This corresponds to an upper limit of the t charge
radius of 2.1 X 1073 fm.

To determine the charge asymmetry 4., we have
used the event sphericity axis to estimate the 1 scat-
tering angle and have verified by Monte Carlo calcu-
lations that by this method, at our energies, the 1 di-
rection of flight is approximated to better than 1.9°.

In the on-shell renormalization scheme the charge
asymmetry only has to be corrected for pure QED ra-
diative effects at least within the accuracies of our ex-
perimental results, since the QED radiative correc-
tions to the Z" exchange happen to cancel the one loop
corrections to the Z° propagator at our energies [21].

The charge asymmetry has been determined in a
likelihood fit where also the expected differential
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Table 6
Cross sections for 1-pair production.
J5 [GeV] Lpb~!] Events Forn ® . [pb] R,
14.0 1.01£0.03 234 1.23 483 £32 *17 1.09£0.0710.06
22.0 2.4810.08 186 1.28 183 +14 * 6.9 1.02+0.08£0.04
34.2 11.30£0.34 434 1.33 767+ 3.7+ 51 1.03+0.05+0.07
35.0 87.00+1.74 3032 1.34 69.5+ 1.3+ 1.5 0.98+0.02£0.02
38.1 8.62+0.18 260 1.36 59.6+ 3.9+ 2.6 0.9940.06 £0.04
411 4.18+0.11 88 1.37 499+ 55+ 25 0.97+0.11+0.05
43.6 18.38+0.38 376 1.38 438+ 23+ 1.8 0.96£0.05+0.04
44.2 12.98+£0.21 266 1.38 43.0+ 2.8+ 1.7 0.97+0.06+0.04
46.1 4.55+0.10 94 1.38 481+ 52% 22 1.17+0.13£0.05
) rqen=radiative correction from QED.
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Fig. 2. Measurement of the total cross section R, with the CELLO 3 CELLO

detector. The dashed lines correspond to 95% CL lower limits on
the parameters A, used to describe the t charge radius.

background contributions and the differential radia-
tive correction factors have been taken into account.
We have evaluated the residual background from the
reactionse*e~—e* e~ (ny), n=0 which, due to their
strong positive charge asymmetry, will bias the 1 lep-
ton asymmetry towards smaller absolute values. This
background was estimated by subjecting Monte Carlo
generated Bhabha events to a complete simulation of
our analysis chain. The generator is based on a stan-
dard generator fore*e~—»e*e(y) [22] using a fur-
ther method proposed by Yennie, Frautschi and Suura
[23] and Jadach [24] to add further radiative pho-
tons to the final state.

The angular distribution for 1 pair production, cor-
rected for radiative effects and background contri-
butions, are shown in fig. 3 for \/:v=35.0, 38.1 and
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Fig. 3. Measurements of the differential cross section for 1 pair
production at /5=35.0 GeV (a), \/s=38.1 GeV (b), and
\/§=43.8 GeV (c). The full lines show the results of fits allowing
for an angular asymmetry and the dashed lines the symmetric
QED expectation.
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43.8 GeV, respectively. The values of the charge
asymmetry for the three energy bins and earlier
CELLO measurements are shown in fig. 4 and listed
in table 7. The measurements are all in good agree-
ment with the expectations from the standard model.
The systematic errors for the three new asymmetry
measurements given in the table include the uncer-
tainties from the radiative corrections (0.7%) and the
background contributions (0.9%). The results from
the likelihood fit have been cross-checked with var-
ious other methods such as fits to the binned angular
distributions, counting events in forward and back-
ward directions, and calculating weights. We obtain
consistent results with all these methods [7].

Taking together all CELLO measurements of o, and
A, (tables 6, 7) and assuming the validity of the stan-
dard model, we performed a common fit to g, and 4,
to determine the weak coupling constants ¢, and a..
Using v.=—0.088+0.072 and a.=—0.996 +0.054
from neutrino electron scattering [25,26] we obtain
(see e.g. refs. [7,27] for details of the fitting
procedure)

v.=—0.99+2.45,
a,=—0.88+0.23, (12)

which is consistent with the expectation from the
standard model of a,=—-1 and v,=-0.08
(sin%0y,=0.23). With the result for v, from the
CELLO polarisation measurement [28], v, can be
improved to .= —0.6 = 1.8, in agreement with a re-

ee =TT CELLO

IRARERARS)

TTTTTT

T T T T Ty T T T T

--- QED
— GSW
-2
| BTV SIS AU VS T S S U S U VU P NI S T R S .
0 200 400 600 800 1000 1200 1400 1600 1800 2000
s (GeV?)

Fig. 4. Measurements of the charge asymmetry parameter 4, with
the CELLO detector.
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Table 7
Charge asymmetries for 1 pair production.

Js Events A, [%] Agsw [%]  Ref.
GeV]

14.0 234 10.0+7.0 13 (5]
22.0 186 1.1+7.8 32 [5]
34.2 434 —10.3%5.2 _85 (3]
35.0 3032 ~7.0+1.940.9 —88 a)

38.1 263 _11.8462427 =115 a)

43.8 813 —16.34£35+13 155 a)

2) This analysis.

cent measurement by MAC [29]. If we assume uni-
versality, i.e. v=1v, =1, a=a.=a, the result of the fit
is

12=0.17+0.28 ,
a?=0.88+0.23 . (13)

These values are compatible with results from other
experiments [12,30,16].

Alternatively, fixing a. and a, to — 1 as expected in
the standard model, we have determined sin’6y, from
our data and obtain, in good agreement with other
measurements (see e.g. refs. [26,31]), sin%fy, =
0.25+0.05+0.01, where the second error is due to
the uncertainty in the Z° mass.

4. Conclusion

Our results for the cross section and charge asym-
metry in t-pair production show good agreement with
the expectations from the standard model. The mea-
sured values for the weak charges are consistent with
the hypothesis of universal coupling of the weak neu-
tral current to all sequential leptons.

We have improved and reconfirmed our previous
measurements of the topological branching ratios.
The precision of our new measurements is similar to
that of the high statistics experiments at PEP [14—
16]. Compared with these experiments, we observe
a significantly smaller branching ratio for one-prongs
and, correspondingly, a significantly larger branch-
ing ratio for three-prongs. The difference is 3.4 stan-
dard deviations in comparison with the previous
world average. These results are interesting in con-
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nection with the problem of the “missing” one prong
decays, with arises when the sum of exclusive chan-
nels yielding a single charged particle are compared
with the topological one-prong branching ratio [2].
Since in many experiments the exclusive decay chan-
nels have been normalised to the three-prong branch-
ing ratio due to the fact that 1 pair candidates have
been searched for only in events where a one-prong
recoils against a three-prong, a too low value of the
three-prong branching ratio may be partially respon-
sible for the large fraction of “missing” exclusive one-
prong decays [32]. Our measurements, indicating a
larger three-prong branching ratio, may thus be
viewed as a step towards a consistent interpretation
of the 1 decay pattern. We are further pursuing the
question of missing exclusive decay channels by
measuring the various decay modes, in particular
those involving additional n%’s.
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