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central value 300 GeV.

sents the variation due to Higgs boson mass in the range 60 to IOOO GeV, with

)angle sin? Hg; : 0.2328 ;k 0.00l3(e:rpt.)§°8j888§(Higgs), where (Higgs) repre
quark mass mt : li57jg(e1‘pt.)i}2g(Higgs) GeV, and for the effective mixing
interpreted within the framework of the Standard Model, yielding for the top
onance parameters are obtained from modeleindependent fits. The results are
collaboration. Incorporating these new data, more precise values for the Z0 res
nificantly improved with respect to those previously published by the DELPHI
the cross sections and leptonic forward-backward asymmetries which are sig
decays into hadrons and charged leptons have been analysed to give values for
experiment accumulated approximately 24 pb‘1 of data at the Z0 peak. The

During the I992 running period of the LEP e+e‘ collider, the DELPHI
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progra.1n DELSlM which incorporates the resolution. granularity and efficiency ofthe OCR Output
The response of the detector to physics processes was modelled using the simulation

tracking chambers and from the calorimeters.
the detector is triggered by redundant combinations of signals from scintillators. from the
scattering events at small angle and is used to measure the luminosity. The readout of
(MUB) and forward (MUF) regions. A lead—scintillat.or calorimeter detects Bhabha
calorimeter (HCAL) and drift chambers for muon identification surround both the barrel
in the forward regions. The return yoke of the solenoid is instrumented as a. hadron
Density Projection (lhamber (HP(i`) i11 the barrel and by lead glass detectors (1•`EM(l)
drift chambers A and B (FCA and PCB). Electromagnetic energy is measured by the High
Outer Detector (OD). ln the forward region tra.ck reconstruction is complemented by the
Detector (VD). the lnner Detector (ID). the Time Projection Chamber (TPC) and the
measured using, (in order of increasing distance from the beams) the silicon Microvertex
barrel region the trajectories of charged particles in the 1.2 T solenoidal magnetic field are

A detailed description of the DELPHI detector can be found in reference ln the

2 The DELPHI Detector

a summary of the results.
the results are interpreted within the framework of the Standard Model. Section 8 gives
the combined 1990, 1991 and 1992 data of the DELPH1 collaboration, and in Section 7
T+T‘, as well as the results of an inclusive lepton selection. Section 6 reports on Hts to
tion and forward—backward asymmetry determinations in the channels e+e_, ,u+n' and
determination. Section 5 contains a description of the event selections, and cross sec

measurement is described and in Section 4 the hadronic event selection and cross section

ponents of the DELPH1 detector relevant for this analysis. In Section 3 the luminosity
This paper is organised as follows. Section 2 contains a brief description of the com

of approximately 24 pb‘
cross sections reported here. The data analysed correspond to an integrated luminosity
energies of 51 :|; 5 MeV Small corrections for this effect have been applied to all the
The energy spread of partic.les in the beams leads to an rms spread of centre—of—mass

Em, : 91.280 zi; 0.018 GeV.

the resonant depolarisation measurements was applied The result is a value of
by the integrated luminosity of each fill, was then calculated and an offset derived from
measured magnetic field in a reference magnet. An average of these energies, weighted
of mass energy was used for the 1992 data. Each fill was assigned an energy based on the

Following the recommendation of the Working Group on LEP Energy [3] a single centre
leptonic forward—backward asymmetries at the peak.
systematic errors allow significantly improved determinations of the cross sections and
of the resonance. However, the large increase in statistics and the reduction of some
close to the Z0 peak and therefore add little to the determination of the mass and width

The analysis of the 1992 data is reported here. All the data were taken at an energy
terminations of the Z0 resonance parameters
surements of the LEP energy [1], the DELPH1 collaboration has published accurate de
performed at LEP. These data have been carefully analysed and, using the precise mea

During 1990 and 1991 energy scans around the position of the Z0 resonance were
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the c:+c` channel. For events with i\~”,.;,, less than ll, it was required that
the forward region, an additional selection was necessary to reduce the background from
of the centreeofemass energy. However, because of more efficient track reconstruction in
Nd,. was required to be greater than 4 and the charged energy, Em, greater tha.n 12%
a polar angle between 200 and l60°. For an event to be accepted, the charged multiplicity.
particle tracks only. These were required to have at momentum greater than 0.4 GeV and

As in our previous analysis the hadronic event selection was based on charged

4 Hadronic Event Selection and Cross Section

precise.

the luminosity measurement, since the determination of the absolute acceptance was less
mrad. was used in the on—line monitoring and for consistency checks. It was not used in

The Very Small Angle Tagger (VSAT), which covers the polar angle region 5 to 7
containing a component of $0.40% in common with that of 1991 and of 1990.
experimental and theoretical uncertainty on the luminosity is estimated to be $0.46%,
the event generator BHLUMI [6] and the uncertainty was taken to be 0.25%. The total

The theoretical cross section was calculated on the basis of detailed simulations using
$0.31% in common with it, and with that of 1990.
is lower than the $0.5% uncertainty of the 1991 luminosity and contains a component of
systematic uncertainty on the accepted cross section was estimated to be $0.38%. This
the acceptance borders of the unmasked calorimeter to be more precisely defined. The
energy deposits were eliminated. ln addition, the use of the silicon tracker [2] allowed
definition of the masks was more precisely known and the events with spurious high

Several sources of systematic error were reduced in the 1992 data. The geometrical

vertical axis.

in each calorimeter and azimuthal angle of the shower centroid greater than 8° from the
As in our previous analysis the selected events had energy greater than 0.65 Ebmm
Studies with a single arm trigger showed that the trigger efficiency was essentially 100%.
energy depositions of more than 12 GeV coplanar within $20° in each of the calorimeters.
deposits seen previously [2] were eliminated. The luminosity trigger was a coincidence of
entering the unma.sked ca.lorimeter at small angles, and so the spurious high energy
vertical junction of the calorimeter half-barrels. A lead cylinder prevented electrons
under the ring mask. An additional lead mask covers the $15° in azimuth around the
mask extended to smaller radii, thus preventing electrons from entering the calorimeter
one of tungsten, which could be machined to tighter tolerances. ln addition the new
the calorimeters. The original lea.d mask was replaced for part of the 1992 running by
mrad. The acceptance was defined by an accurately machined mask in front of one of
This calorimeter detected Bhabha scattering events in the polar angle range 43 to 135

The luminosity measurement in 1992 was based on the Small Angle Tagger (SAT).

3 The Luminosity Measurement

analysis chains as the real data.
detector components. Simulated data were passed through the same reconstruction and
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each method. both the electron and the positron were required to be within the range

the overall efficiency and to allow a better de1.ermination of systematic uncertainties. ln

As in Ref. two different methods of event selection were used in order to increase

5.1 The e+e` Channel

out in the following Sections.
were similar to those used i11 our previous analysis [2], but any differences are pointed
c+e_, ,u+,u” and T+r_ as well as in the inclusive lepton channel. ln general the techniques

Cross sections and forwardebackward asvmrnetries were determined in the channels

Forward—Backward Charge Asymmetries

5 Leptonic Event Selections, Cross Sections and

asymmetries.

the same quantities for the leptonic cross sections, and the leptonic forwardebackward
the hadronic cross section of the 1992 data are summarized in Table 1 together with

The event samples, acceptances, efficiencies, backgrounds and systematic errors in
results[2], and compared with the 5eparameter fit described in Section 6.
surement. This result is shown in Figure 1 together with previously published DELPHI
The systematic uncertainty does not include the contribution from the luminosity mea

0;, : 30.440 ;l: 0.053 (stat.) :1: 0.040 (Syst.) nb.

The resulting cross section over 4rr solid angle is:
which 0.08% are common to the uncertainties of the 1990 and 1991 analyses
23.955 pb`1. The overall uncertainty of the hadronic selection amounts to 0.13%, of

A total of 696,543 events was selected, corresponding to an integrated luminosity of
or beam—wall interactions and cosmic showers were negligible (less than 0.5 >< l0”4).
vector dominance contributions [10]. Other backgrounds such as p+;f events, beam—gas
be 13 i 4 pb based on simulation using a generator including quark-parton, QCD and
BABAMC generator [9] to be (0.06 :1: 0.02%). The two-photon background was found to
[8]. The background from e+e` final states was estimated from simulation using the
T+¢‘ background was found to be (0.58 :1; 0.05)% using the event generator KORALZ
less than 9) to the corresponding ones from simulation of qq, TTT- and e+e` events. The
energy, invariant masses per hemispherel) of the selected data for low multiplicities (Nd,
T background was estimated by comparing various distributions (e.g. thrust, charged

The significant backgrounds are from e+e‘—> T+T`, e+e` and two-photon events. The
be greater than 99.99%.
determined from the data by comparing sets of independent triggers and was found to
shower generator [7] with different sets of tuning parameters. The trigger efficiency was
tainty was reduced compared to our previous analysis [2] by using the JETSET 7.3 parton

The selection efficiency determined from simulation was (95.00 i 0.11)%. The uncer
would be rejected. The uncertainty due to this selection is estimated to be ;k0.02%.
selected events were rejected, whereas simulation indicates that only 0.04% of e+e“—> qc]
sections of the FEMC electromagnetic calorimeter. With this condition about 0.3% of the
where E fom and Ebac), are respectively the energies recorded in the forward and backward
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440 < H < 1360 was found to be

inition and was estimated to be j:0.0011. The e¤;+c‘ asymmetry in the angular range
contribution to the systematic error on the asymmetry was due to the acceptance def
charge assigmnents on the asymmetry result were evaluated as being j:0.0022. Another
tracks different from two in the TP( `) could be resolved. and the effects of possible wrong
ambiguous events (i.e. those having two tracks with the same sign or having a. number of
track and the most energetic 11P(` cluster in the same hemisphere. WVith this method the
to determine the particle charge. based on the difference in azimuth between the VD
mine the forward ebackward asymmetry. In this analysis a new method has been used

The sample of events used for the cross section measurements was also used to deter
ponent of 0.0038 nb common to the data of 1990 and 1991.
The systematic error does not include the error due to the luminosity and it has a com

0. (s—only) : 0.9182 i 0.0072 (stat.) i 0.0054 (syst.) nb.

section in the angular range 44°< 9 < 136° was found to be
programs AL1BABA[11] and TOPAZ0 [12]. After these corrections the s-channel cross
be defined by the electron only. Corrections for both effects were computed using the
exchange and its interference must be subtracted, and the accepted polar angle must

ln order to allow fitting of the results by the ZFITTER [13] package, the t—channel

as (s-1~t) : 1.0436 :1: 0.0072 (stat.) :1: 0.0036 (syst.) nb.

section in the angular range 44°< (9 < 136° and with an acollinearity less than 10° of
A total of 21,351 e+e` events were used in the method 2 analysis. This yielded a cross

two was used.

and efficiencies the two methods gave consistent results and the arithmetic mean of the
(1.23 i 0.04)% for method 1 and method 2 respectively. After correction for backgrounds
estimated by simulation using the KORALZ [8] generator. lt was (1.55 :h 0.05)% and

The only significant background in each selection came from T+T` events and was
triggers and was found to be greater than 99.99%.

The trigger efficiency was determined from the data by comparing sets of independent
independent programs ALlBABA[11] and TOPAZ0
the 4° polar angle region around 90° which amounted to 4.4%, as computed using two
the 9 acceptance region. Both efficiencies do not include the loss due to the exclusion of
two could be determined from the data, the latter being found to be (97.26 :1: 0.35)% in
correction for background, the efficiency of each selection and of the logical OR of the
including ionization information from the TPC and the hit patterns in the OD. After
HPC and the second using information from the tracking detectors (other than VD),

In method 2, two independent selections were used, one relying on the VD and the
azimuthal angle where the HPC has gaps between modules.
in the 0 acceptance region. This loss is mainly due to the fiducial cuts of the regions in
events produced using the BABAMC [9] generator and was found to be (89.42 :1: 0.38)%
hemisphere. The efficiency of this selection was determined from a sample of simulated
hits in the VD consistent with a final state containing at least one charged particle per
Events from the reaction e+e" ——> 77 were completely eliminated by the requirement of
calorimeter (HPC) and low charged multiplicity as indicated by the tracking detectors.

ln method 1, the selection relied on large energy deposits in the barrel electromagnetic
the electron beam, and the acollinearity was required to be smaller than 10°
44°< 0 < 136°, where 0 is the polar angle of the particle with respect to the direction of



common to the data of 1990 and 1991. The asymmetry. corrected to the full angular OCR Output
were found to give an overall systematic error of zh0.00l0. which can be considered as
possible angle-edependent momentum acceptances, were determined from the data and
arising from asymmetries in the detector, from the measurement of polar angle and from
this source. but with a. negligible effect on the asymmetry. Significant systematic errors
for the cross section showed that the sample contained (0.14zh 0.05)% background from
however these do not bias the asymmetry. A cosmic rav study similar to the one used
estimated that the sample contained a background of (2.00 dz 0.20)% of T+T” events,
acollinearity as for the cross section. 32.382 events were selected. Bv simulat.ion it was
since an absolute normalization was not required. \Vith the same cuts on momenta a.nd

For the asymmetry measurement, the angular range was extended to 1l°< 0 < 169°

data of 1990 and 1991.

The systematic error does not include that due to the luminosity and is common to the

0,, : 1.3450 zh 0.0076 (stat.) zh 0.0054 (syst.) nb.

the cuts on momenta and acollinearity given above was found to be
the events in which the negative muon was in the angular range 20°< 9 < 160° and with

After subtraction of backgrounds and correction for inefficiencies, the cross section for
but outside the limits allowed for selected events, and was found to be (0.15 zh 0.05)%.
ground was determined by studying events which originated close to the interaction point,
ground. lt was found to be (2.00 zh 0.20)% in the selected sample. The cosmic ray back
generator, and also by studying variables in the data which are sensitive to this back
T+*r` background was determined from Monte Carlo simulation using the KORALZ [8]

The significant backgrounds were from the T+T` final state and from cosmic rays. The
(99.87 dz 0.08)%.
efficiency was computed by comparing sets of independent triggers and was found to be
event selection and identification probability was found to be (94.63dz0.30)%. The trigger
The muon identification efficiency was determined directly from the data. The overall
by the study of a sample of simulated events produced using the DYMU3 [14] generator.
selection due to the tracking detectors was estimated from the data itself, supplemented
particle. A total of 31,044 events passed these selections. The inefficiency of the event
the electromagnetic calorimeters HPC or FEMC, consistent with a minimum ionizing
chambers MUB or l\/[UF, or by energy depositions in the hadron calorimeter HCAL, or
identified as a muon. Identification was achieved by requiring associated hits in the muon
15 GeV, and with acollinearity less than 20°. lt was required that each of the particles be
l60°. Events were required to have two charged particles each of momentum greater than
in Ref. The polar angle range for the determination of the cross section was 20°< 9 <

The selection procedure for the e+e‘—> ,n+n` candidates was similar to that described

5.2 The ,u+n` Channel

and contains a component of 0.0024 in common with the data of 1990 and 1991.
The systematic error includes effects due to the LEP energy and the t-channel subtraction,

A§B (s-only) : 0.0206 i 0.0079 (stat.) 1 0.0030 (syst.).

44°< 9 < 136° was deduced to be
the electron be in the acceptance, the s—channel e+e` asymmetry in the angular range
Correcting for the t-channel and interference effects, and for the requirement that only
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TPC and a small smearing of the Monte (tarlo momentum and HPC energy distributions.
imperfect modelling of the loss of charged particles in the azimuthal dead regions of the
produced using the KORALZ [Sl generator. After applying a small correction for the

The tau pair selection efficiency was determined from Monte Carlo simulated data

asvmmetrv measurement.

average interaction point. A total of 16,919 events were selected for the cross section and
events were removed with tight cuts on the impact parameters of tracks relative to the
decays, two—plioton events, ,u+,u‘ and c+< ` events. Cosmic ray, beam—gas and beam»wall

These cuts efficiently removed most of the potentia.l backgrounds from hadronic Z0
c+c“—-> c+e_ events from the tau pair sample.
data because the radial momentum selection was no longer effective in eliminating the
be less than 0.6. This requirement was more severe than in the analysis of the 1991
boundary then the radial energy was required to be less than 0.9, otherwise it had to
extrapolated trajectories of both these particles was more than 1.5° from the nearest
where a substantial fraction of the deposited energy was lost. If the entry point of the
to the boundaries between adjacent HPC modules (at intervals of 15° in azimuthal angle),
selection depended on the proximity of the highest momentum particle in each hemisphere
the momentum spectrum of high energy electrons in the detector. The radial energy
of the background from e+e` ——> e+e` events due to the difficulty in precisely simulating
described in the Section 5.2 above. This removes a systematic bias in the determination
at least one of the hemispheres satisfied very similar muon identihcation criteria to those
was consistent with being a muon pair by requiring that the highest momentum particle in
momentum had only to be less than unity (as in the analysis of the 1991 data) if the event
maximum allowed value which depended on several other features of the event. The radial
direction of the thrust axis in each hemisphere) were both required to be less than some
deposited in the electromagnetic calorimeters inside a 30° half—angle cone around the
radial energy Emd (defined as Emd : + Eg/Ebeam where E1 and E2 are the energies

P2 the momenta of the highest momentum charged particle in each hemisphere) and the
The radial momentum variable Pwd (defined as Pmd : \/P? + P3/Pbeam, with P1 and

the conversion pair tracks were replaced with a photon of the appropriate energy.
pairs which satisfied the charged particle multiplicity and jet isolation requirements after

which converted before the TPC. The effect of this was to increase the number of tau

detector simulation. A new feature of this analysis was the reconstruction of photons
88°< 9 < 92°, where the track reconstruction efficiency is not well modelled by the
momentum particle in both hemispheres were reconstructed in the polar angle interval
at least one of the event hemispheres. Furthermore, events were rejected if the highest
lie in the polar angle interval 43°< 9 < 137° as did the highest momentum particle in
isolated jets. The thrust axis, computed using both charged and neutral energy, had to
below. The events were required to be of low multiplicity and to consist of two well
sample described in reference [2) but with several important changes which are described

The selection of tau pair candidates followed quite closely the analysis of the 1991 data

5.3 The r+r‘ Channel

A§B = 0.0056 i 0.0053 (stat.) i 0.0010 (syst).

likelihood fit to the lowest order form of the angular distribution, and was found to be
range, but not for the momenta and acollinearity cuts was determined by a maximum
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QED radiative corrections to the fitted angular distribution. A component of 0.0010 of
mined from the number of like—sign tau pairs and the estimate of the effect of neglecting
e+c` subtraction, the contribution from the charge misidentification probability deter
corresponding to 4rr solid angle. The systematic error includes the uncertainty on the

ALB : 0.0092 ;b 0.0088 (stat.) i 0.0017 (syst).

was found to be

the angular distribution. taking into account the angular distribution of the background,
asymmetry, calculated by the maximum likelihood method using the lowest order form of
refer to the number of charged particles in each hemisphere). The forward—backward
charge determination in these cases was not reliable (the numbers defining the topologies
not belong to the 1eN (N:1,2,3.4,5) or 343 topologies were rejected since the hemisphere
these were discarded from the asymmetry measurement. Finally, 369 events which did
(228) events in which the charge sum in both hernispheres was positive (negative) and
of the thrust axis and the charge sum of particles in each hemisphere. There were 231
section. The forward or backward scattered events were defined using the polar angle

The asymmetry analysis was carried out in the same polar angle range as the cross

nent of 0.007 nb common to the data of 1990 and 1991.

The systematic error does not includes that due to the luminosity and includes a compo

0, : 1.491 i 0.012 (stat.) ;l; 0.009 (Syst.) nb.

section in 4rr solid angle was found to be
After subtraction of the backgrounds and correction for selection efficiency, the cross

systematic error on the cross section was 0.63%.
ror on the cross section due to the background subtraction was 0.26% and the overall
The residual cosmic ray background was estimated to be (0.11 i 0.05)%. The total er
with the dominant contributions coming from e+e` —> e+e"e+e` and e+e` —> e+e`,a+,a`
tau pair sample. The non-resonant 2—photon background was estimated to be 3.3;t0.9 pb,
observed to be (1.14j;0.15)%, (0.46;b0.07)% and (0.84:1:015)% respectively ofthe selected
simulated data the resonant backgrounds from e+e‘, ,a+,a‘ and hadronic iinal states were
of ref [10] for the two—photon processes. By applying the tau pair selection cuts to the
[9] (e+e‘), DYMU3 [14] (a+a‘), JETSET 7.3 Parton Shower [7] (qq) and the generator
account in these computations. The background samples were generated with BABAMC
rections and smearings to the Monte Carlo samples described above were taken into

All backgrounds were estimated using Monte Carlo simulations. The various cor
determination was 0.58%, which includes the Monte Carlo statistical error.
in the event generator. The total error on the cross section from the selection efficiency
of identifying converted photons, and the tau polarisation and branching ratio values used
sources of systematic errors are the choice of the radial impact parameter cuts, the effect
the HPC energy response and the radial momentum and energy cuts. Other smaller
efficiency are the TPC track loss correction, the smearing of the Monte Carlo momentum,

The most significant contributions to the systematic error on the tau pair selection
by examining a set of independent trigger components and found to be (99.98 :1; 0.01)%.
quoted is solely due to the Monte Carlo statistics. The trigger efficiency was calculated
number of tau pairs generated in 4rr solid angle, was (48.01 :1; 0.16)%, where the error
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range, the asymmetry is found to be
account the fraction of OW ` events in the 1--1 topology. (Yorrecting to the full angular
due to the t-channel contribiition in ¢+e` was estimated as in Section 5.1, taking into
corrections were applied for cosmic ray a.nd two-photon backgrounds. The asymmetry
50,356 events was ob1ained. The asyninietry was computed by the counting method and
1-1 topology, and having two particle tracks of opposite charge were used. A sample of

l*`or the deterinination of the forward-backward asvnnnetrv, onlv the events of the

data of 1990 and 1991.

The systematic error does not includes that due to the luminosity, and is common to the

al : 1.4938 zh 0.0059 (stat.) dz 0.0045 (syst.) nb.

cross section for one flavour was found to be over 477* solid angle:
After subtracting backgrounds and correcting for selection efficiencies, the s—channel

The corresponding uncertainty was estimated to be dz0.05%.
that described in Section 5.1, taking account of the fraction of e+e“ events in the sample.

The t-channel contribution in the e+e" channel was subtracted in a similar manner to
from hadronic decays was estimated to be (0.14 zh 0.02)%.
photon processes within the acceptance was found to be 5.8 dz 0.3 pb and the background
The other backgrounds were estimated from simulated samples. The cross section for two
distribution of impact parameters within the data and was found to be (0.52 i 0.03)%.
cesses and from hadronic decays. The cosmic ray background was estimated from the

The significant sources of background were from cosmic rays, from tw0—photon pro
selected sample. lt was found to be (99.95Jjgj?g)%.
separated channels, weighting by the estimated number of events of each type in the

The trigger efficiency was taken as the average of those determined for the flavour
efficiency of (57.40 dz 0.43)%, corresponding to events over the full solid angle.
KORALZ [8] was used to determine the efficiency. The result was an event selection

For the TTT- channel a sample of Monte Carlo events produced using the generator
(94.83 dz 0.24)% for [4+,LF events and (94.27 jh 0.24)% for e+e` events.
for muons and (0.86i0.20)% for electrons. The overall selection efficiencies were therefore
(4.87 i 0.14)%. Within the sensitive region the track loss was found to be (0.30 dz 0.20)%
of these types. The dead regions of the TPC were found to give a track inefficiency of
region. Both of these effects were measured from the data using events identified as being
regions of the TPC, and failure to reconstruct a particle passing through the sensitive
determined principally by two sources: loss of those particles passing through insensitive

For e+e“ and ,u+,u' within the accepted polar angle range, the selection inefficiency was
required to have momentum greater than 3 GeV. A total of 65,200 events was selected.
the other hemisphere, was required to be less than 20° and one particle in the event was
defined by the isolated track and the resultant momentum of the group of particles in
one charged particle, and the other between 1 and 5 charged particles. The acollinearity,
in the polar angle range 43°< H < 137°. At least one hemisphere was required to contain
2 and 6 charged particles with momentum greater than 0.2 GeV, with at least two lying
procedure was the same as for the 1991 data, that is, events were required to have between
to provide a cross-check on the leptonic analyses described above. The event selection

As in our previous analysis [2] a flavour independent analysis was carried out in order
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backward asymmetries of 1990, 1991 and 1992. were made using the program ZFITTER

Fits to the hadronic cross sections a.nd tl1e leptonic cross sections and forwarde

6 ZU Parameters

resultsI2I, and with the results of the 5 ceparameter fit described in Section 6.
are shown in Figures 2 and 3 respectively. together with previously published 1)ELPHl

The cross section and forward--backward asymmetry results for the leptonic channels

Ilncludes the uncertainty due to the t-channel subtraction.
luminosity is not included in the above numbers.
specihcally to analysis method 2. The total systematic uncertainty of dz0.46% in the
and the leptonic forward—backward asymmetries for the 1992 data. The e+e“ data refer
tances, backgrounds and systematic errors in the hadronic and leptonic cross sections,
Table 1: Summary of event samples, angular acceptances, efficiencies within the accep

Tot. syst. error i0.0030I I zh0.0010 I zh0.00l7 I dz0.0025

Selected events 21,351 I 32,382 I 16,091 I 50,356
H acceptance (°) 44-136 I 11-169 I 43-137 I 43-137
Asymmetry AQB

rec. syst. error (%) I $0.13 I 40.601 I 40.37 I 40.63 I 40.30
Cosmic ray bkgd. (%) 0.15 zh 0.05 I 0.11 dz 0.05 I 0.52 zh 0.03

3.3 dz 0.9 I 5.8 i 0.6Two—photon bkgd. (pb) I 13 dz 4
1.60 zh 0.17 I he+e_ -I— ,u+;4“ bkgd. (%)I 0.06 dz 0.02
0.84 i 0.15 I 0.14 dz 0.02qi] background ((70)

T+T` background (%) I 0.58 i 0.05 I 1.23 zh 0.04 I 2.00 i 0.20

Selection efficiency ((70) 95.00 i 0.11 97.26 i 0.35 94.63 dz 0.30 81.71 i 0.47 92.65 dz 0.27Trigger efficiency (%) I > 99.99 I > 99.99 I99.87 i 0.08I99.98 i 0.01I 99.9518%
Selected events I 696,543 I 21,351 I 31,044 I 16,919 I 65,200
0 acceptance (3) I 0-180 I 44-136 I 20-160 I 43-137 I 43-137
Cross section

[1,-1-[VLHadrons I e+e` T+T_ I l+l‘

of the lepton—identified results.
asymmetry was found to be —0.0075 1 0.0055. The good agreement supports the validity
inclusive lepton and the mean of the lepton4identified results for the forward—backward
errors due the incomplete overlap of the different channels. Similarly the difference in the
be 0.9972 zh 0.0052, where the error takes account of the systematic errors, and statistical
section for e+e‘—> l+l` to the mean of the lepton—identified results was then found to
mean of the lepton—identilied results was then computed. The ratio of the measured cross
I13I, so that they corresponded to a 4rr detector with no cuts applied. The weighted
identification. To do this the leptoneidentified results were corrected, using ZFITTER

The inclusive lepton results were compared with those of the analyses with lepton
charge misidentification, and is connnon to that of the 1990 and 1991 data.
where the systematic error comes mainly from the t-channel subtraction and possible
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llere Rl is defined for the Z0 decay into a. pair of massless charged leptons and is treated
The correlation coefficients ofthe parameters of the 5—parameter fit are given in Table 3.

\2/DF : 110/108.
A§B : 0.0177 i 0.0037

20.62 i 0.10

O' (1 41.23 i 0.20 nb

2.483 j; 0.012 GeV

Z 91.187 A; 0.009 GeV

carried out and yielded the following results:
l\lodel. A 5eparameter fit assuming flavour independence of the couplings was therefore
Rf for each lepton species are shown, together with some predictions of the Standard
of the couplings. This is demonstrated in Figure 4 where the allowed regions of A§Bj and

These fit parameters are in good agreement with the hypothesis of lepton universality
cients for the parameters ofthe 9—para1neter fit are given in Table 2.
where gy, and gAf are effective vector and axial—vector couplings. The correlation coeffi

*7 ') 7 (gv. + air.) (yt, + yi,)
A;)`Bf I 3 gvggfle

respectively. The parameters A§Bf are defined as:
where Thad and l`f are the partial decay widths into hadrons and the lepton species f

7
R Z I had

pole cross section. The parameters R f for lepton species f are defined as
where MZ, FZ and 00 are respectively the mass and width of the Z0 and the hadronic

108/104,X2/DF

0.022 i 0.007Ag;

0.014 i 0.005AEBU

0.025 i 0.009Aiise

20.68 i 0.18

20.54 5; 0.14

20.74 :|; 0.18

41.23 :1; 0.20 nb

2.483 :1; 0.012 GeV

N12 91.187 1 0.009 GeV

for the different lepton species then a 9—parameter fit yields the following parameters :
18 lVleV [3], uncorrelated t0 that 0f the other years. lf independent couplings are allowed
ref. The single centre—0f-mass energy ofthe 1992 data was assigned an uncertainty 0f
26 MeV The energies ofthe 1991 data were obtained by the procedures described in
comclations The ovcrall energy scale ofthe 1990 data was assigned an uncertainty of

10



unknown parameters. Taking the mass ofthe top quark, nz,. as 180 GeV and the mass OCR Output
\’V1l·l1l11 the Minimal Standard Model the ratio 1],/I`; shows little dependence on the

Model

7 Interpretation of the Results within the Standard

Table 3: The correlation coefficients for the parameters of the 5—pa.rameter fit.

0.01Ii,

0.13 -0.01

FZ [ -0.14 0.00 -0.01
MZ |-0.01 0.01 0.00 0.16

FZ O`(] R] A;B

Table 2: The correlation coefficients for the parameters of the 9—parameter fit.

0.04A3!

0.03 0.02A3;

0.00 0.00 0.01

0.010.05 0.00 0.00R,.

0.01 0.00 0.000.05 0.04

0.00 0.00 -0.010.07 0.10 0.07

0.000.00 0.00FZ | -0.14 0.00 0.00 0.00
0.070.00 0.08MZ |-0.01 0.01 0.01 0.01 0.00

rn n r
Aiig Ai;AiiuFZ G0 R8 RH RT

agreement with those published by the other LEP collaborations [15117].
The results ofthe 5—parameter and Qeparameter {its to the DELPHI data are in good

width for Z0 decays into invisible final states.
where l`], gw, gA, and l`m,, are defined assuming lepton universality, and l`im, is the partial

1.723 1 0.010 GeV,Fhad

509.4 1 7.0 MeVFinv

9];, 0.2499 1 0.0014

9% (1.50 dz 0.31)><10“

83.56 1 0.45 MeV

83.55 ;k 0.91 MeV

84.15 j; 0.77 MeVFH

83.311 0.54 MeV

parameters:
Alternatively the results ofthe preceeding fits can be expressed in terms ofthe following

11



$1112 0Qyj : 0.2:12s 4 0.<10i:s(1.11,11.)i3;3g3},( 11*z_q_q.$) OCR Output

GeV, with central value 300 GeV. This value of 77It corresponds to:
where (Higgs) represents the variation due to Higgs boson mass in the range 60 to 1000

J

nz, : 15TJfi3(c.1·p/.)f;3(IIiggs) GeV.

for the top quark mass:
os measured by the D1til1PHl collaboration 1181 as a constraint, yields the following value

A Standard l\1lodel fit to all the cross section and asymmetry data using the value of

sin: 0.2306 :h 0.0020.
g

then the leptonic vector and axial—vector couplings correspond to

gme/at = (1 — MinGtjrpf)1

If the weak mixing angle is defined by the relation

ds : 0.108 :1: 0.012.

unconstrained, then the fit yielded the value:
was obtained. If the number of neutrino species was lixed to be three, but cvs was left

NL, : 3.023 :1: 0.035,

was used as a constraint then the result:

as I 0.123 :h 0.005

ration [18],
If the value for the strong coupling constant as as determined by the DELPHI collabo

N, = 3.057 :1: 0.040.

as : 0.098 :1: 0.014

were:

of neutrino species and the value of the strong coupling constant, cvs, free. The results
An alternative procedure is to carry out a Standard Model fit, but leaving the number

N., = 3.060 d: 0.041.

can be derived, and hence the number of light neutrino species can be deduced to be

Fm/I`; : 6.10 :1: 0.08

results given in Section 6 the ratio
130 GeV < mt < 230 GeV and 60 GeV < mg < 1000 GeV respectively. From the
where the uncertainty corresponds t0 variations of mt and my within the ranges

I`.,/I`; : 1.992 :1: 0.002,

of the Higgs boson, mg, as 300 GeV the model predicts

12
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then the Standard Model fit yields
by the DELPHI collaboration from a study of hadronic final states is used as a constraint,
strong coupling constant ds. We {ind cvs : 0.108 j: 0.012. lf the value of ds determined

Within the context of the Standard Model the data can be used to determine the

2sinGL?} : 0.2306 :1; 0.0020.

angle of
widths and couplings. The leptonic couplings correspond to a value of the weak mixing
give improved determinations of the resonance parameters, notably the leptonic partial
have been combined with the previous DELPHI results at energies around the 20 peak to
backward asymmetries, all at a mean centre-of~mass energy of 91.280 GeV. These results
have been analysed to give hadronic and leptonic cross sections and leptonic forward

During 1992, DELPHI accumulated approximately 24 pb`1 at the Z0 peak. These data
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shows the ratio of tl1e measurements to tl1e best {it values. OCR Output

are sl1ow11 together with the result of tl1e 5-parameter fit described in Section 6. Plot (b)
amounts to 0.6% and that between the 1992 and 1990/91 results 0.30%. In (a) the data
statistical only. The uncorrelated systematic error between the 1990 and 1991 results
Figure 1: Hadronic cross sections from 1990, 1991 and 1992 data. The errors shown are
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60 GeV to 1000 GeV.

prediction as nz, varies from 100 (1eV to 250 GeV, as from 0.118 to 0.128 and my from
for my : 180 GeV. as : 0.123 and my : 300 GeV. The arrows show the changes of the
is indicated by l and is sliziclecl. The point shows the expectation of the Sta.nclzrr<l Model
e, iz. and T, while the region allowed by the 5r])&l`H.I11€‘t€1` fit assuming lepton universality
Contours from the 9 eparameter fit, without assuming lepton universality. are inclicated by
Figure 4: Allowed contours at the 68% confidence level in the A§Bf — Rf plane. The
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