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Abstract

The total cross section and the forward-backward asymmetry for the process ete™ —
ptp~(ny) are measured in the energy range 20-136 GeV by reconstructing the ef-
fective centre-of-mass energy after Initial State Radiation. The analysis is based on
the data recorded with the ALEPH detector at LEP between 1990 and 1995, cor-
responding to a total integrated luminosity of 143 pb™'. Two different approaches
are used: in the first one an exclusive selection of events with hard Initial State
Radiation in the energy range 20-88 GeV is directly compared with the Standard
Model predictions showing good agreement. In the second one, all events are used
to obtain a precise measurement of the energy dependence of o* and ALy from a
model independent fit, enabling constraints to be placed on models with extra 7
bosons.
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1 Introduction

The muon cross section and forward-backward asymmetry have been accurately
measured at different energy points around the 7 mass [1]. These measurements
allow a precise determination of the effective couplings of the 7Z to muons. Once the
vector and axial coupling are measured, together with the known photon couplings,
they determine the complete behaviour of the cross section and forward-backward
asymmetry at any other energy if no new physics beyond the Standard Model is
present.

In a more general framework, however, the description of the energy dependence
of these quantities requires the introduction of new additional parameters which,
with the present measurements, can be determined at LEP only with limited accu-
racy.

In practice, by using a structure function representation for the initial electron
and positron, we know that the cross section measurements are a centre-of-mass
average of the actual “hard scattering” cross sections. Conceptually, the Initial
State Radiation energy losses are effectively “scanning” (although in a very non-
uniform way) the “hard scattering” process in a range of energies much broader
than the nominal LEP one.

Since we assume that QED is a well established theory which allows very ac-
curate calculations of such radiation probability, we know how this “ISR scan” is
performed. Thus we can derive from the data the probability for the “naked beams”
to collide at a certain energy. The idea, then, is trying to be more “exclusive” in the
measurements, extracting from the event characteristics the centre-of-mass energy of
the “hard scattering” process. Although this is not a rigorous statement in quantum
mechanics, we shall see that theoretically one can, with very good approximation,
justify its validity.

So far, the analysis of radiative muon events carried out by other experiments [2]
has been based on the specific selection of events with strong Initial State Radiation.
This approach has been followed and the results compare well with the Standard
Model (SM) expectations.

However, going one step further, a more general method to determine, on an
event-by-event basis, the actual centre-of-mass energy of the “hard scattering” pro-
cess has been developed. This approach allows the use of all muon events and
hence, the whole statistical power of the data, maximizing the sensitivity to the S-
matrix parameters [3]. A precise determination of the cross section and the forward-
backward asymmetry over a wide range of energies is obtained. These measurements
enable accurate determinations of the energy dependence of the cross section and
forward-backward asymmetry to be made as well as the existence of new 7 bosons
to be constrained.

The outline of this paper is the following: in section 2 we analyze the theoretical
justification of our new approach. Section 3 is devoted to the discussion of the event
selection, and of the two analysis methods. In section 4 the results and a summary



of the main systematic uncertainties are presented. Finally in sections 5 and 6,
limits on extra Z bosons and conclusions are given.

2 Theoretical formalism

The probability density that describes the process ete™ — ptp~(nvy) at a given
centre-of-mass energy (1/s), can be written as:

d*o

d:z;dcos@(s)
s = s(l—ux) (1)

= H(s, ) g(l + cos® ) o (s") + cos fatg ()

Here 0 is the scattering angle in the centre-of-mass of the hard process, and s is
the square of the modulus of the 4-momentum of the intermediate boson (v or Z),
x being the fraction of radiated energy. All the electroweak radiative corrections, 7
and v vacuum polarization, vertex and box corrections are absorbed in the defini-
tion of o9 and %5 , while H(s,z) is the radiator function that accounts for QED
bremsstrahlung corrections.

One can think of /s’ as the “effective” centre-of-mass energy after Initial State
Radiation (ISR). Of course, this interpretation is only valid if the interference be-
tween Initial and Final State Radiation (I-F) can be neglected. This is, in general,
the case at the 7 pole for inclusive observables where no strong cuts on the phase
space of the final state particles are applied. It is not, however, true when the vari-
able s (or #) in (1) is not integrated. Moreover, [-F QED interference also distorts
the angular distribution of (1). To avoid these effects, instead of using the differ-
ential expression given in (1), the z-distribution is binned in intervals wide enough
to be as insensitive as possible to them, and Az ~ 0.04 is chosen as a reasonable
compromise for the bin size. This corresponds to a bin size of the order of the Z
width which, somehow, separates physically the initial and final state wavefunctions
and hence the effect of the interference is small, at the price of being less exclusive.

On the other hand, the probability density (1) is only well defined (dx;liise (s) > 0)

for all values of cos @, when | opp |< %O'TOT. This is a consequence of the fact that

the helicity amplitudes that build it need to be positive defined. This is not a prob-
lem when the measured asymmetry is far from this theoretical constraint, but would
introduce strong correlations between the fitted parameters when it is close to it as
is the case at /s’ ~ 80 GeV or v/s' ~ 113 GeV (see for instance [6]). In order to
overcome this problem, the angular distribution is also binned in two regions defined
by cosf > 0 (forward hemisphere) and cosf < 0 (backward hemisphere). This is
equivalent to computing the forward-backward asymmetry counting the events in
both hemispheres, and consequently not imposing any hypothesis on the angular
distribution of these events.

Therefore, the probability density for an event being in the interval z; < = < x;14



will be given by:

1
P(x;,cos6;,8) = 5/ " deH (s, z)(ox(s,z) £ o%g(s,z)) (2)
where the positive sign corresponds to the case cos > () and the negative sign to
the case cosf < 0.

The simplest S-Matrix [3] parameterization for the process ete™ — utpu~™ pre-

dicts the total and the forward-backward cross section as

(3)
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The forward-backward asymmetry is given by
App = LB (5)

Assuming that the photon exchange parameter gfft is known from QED, ( as it has
been done for the radiator function H(s,x) ), then the simplest S-matrix parameter-
ization requires 6 parameters:

T T _tot ctot _fb -fb
Mz,FZ,TM s Ju T s Ju

There is a simple relation between M 7, 'y and the usual definitions of the Z mass

and width:

My = MpJ(1+T, /M)

Iy = Ta/(1+T,/My) (6)

which corresponds to a shift in My of 34 MeV and in 'y of 0.9 MeV.

3 Event selection

As mentioned in the introduction, two different approaches have been followed. In
both cases, the selection of dimuon events starts from the standard cuts applied in
previous ALEPH [1] analyses to identify muon pair candidates, except that no cut
on acollinearity or particle momentum is applied.

In order to study the effect of the experimental cuts, more than 2 x 10° events
have been generated and fully reconstructed through a detector simulation, using

the DYMU3 [4] and KORALZ 4.0 [5] (for the inclusive approach) Monte Carlo

generators at several nominal LEP energies. The latter treats the radiation of hard
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photons in the initial and final state to O(a®) and the former only to O(«a). In
the case of KORALZ the radiation of soft photons is considered at all orders by
exponentiation.

To reconstruct the effective centre-of-mass energy (\/?), it is considered that
the only effect of the initial-state photon radiation is to boost the centre-of-mass
system along the beam direction, (i.e. the photons are emitted in that direction). In
this approximation the radiated energy EWISR can be computed from the measured
directions of the final state particles.

The boost , = %, that relates the LAB system and the C'M system determines
the radiated energy along the beam pipe through:

ISR __ |6|
EISE = Tlﬁl\/g (7)

where /s is the nominal centre-of-mass energy.

In the case where there is no FSR, both particles will be back-to-back in the C'M
system. This condition determines (3 as a function of the measured polar angles of
the two muon candidates (#; and ;) through:

g = | sin (61 + 65) | (8)

sin 8 + sin 6,

If one considers also the possibility to have one radiated photon in the final state,
the three particles (1~ ~vrs) will be contained in a plane in the C'M system. So,
from the relative angles measured in the LAB system, 6;;, one can compute 3 such
that the angles in the C'M system, §}; satisfy the condition that defines a plane. In
this case, one can only solve numerically the equation to find 3. Once 3 is known,
s" is determined through:

2] 5]

F15] ®)

The only limitations come from the experimental precision on the measurements
of the directions of the detected particles, and from the error induced by the ISR
collinear approximation. The resolution on x is very good; as can be observed in
fig. 1, the RMS of the differences between the reconstructed (z,..) and generated
(24en) radiated energy is around 0.01.

3.1 Selection of dimuon events with hard ISR

In the first analysis, an exclusive selection of dimuon events with hard ISR is per-
formed. The process allows a clear separation between photons and the outgoing
leptons, and hence gives a good rejection of the final-state bremsstrahlung events.
The effective centre-of-mass energy /s’ is computed with (8), and only events in

the range 20 GeV < /s’ < 88 GeV are analyzed.



Both muon candidates are required to have an energy of at least 10 GeV and
a total energy greater than 45 GeV. In order to eliminate the remaining tau back-
ground and FSR dimuon events, the following cuts as a function of the reconstructed
s" have been applied:

o \s'-M,, <Cy(s'), M,, being the invariant mass of the two muon candidates.
e N, <2and |cos(8,)| > Cy(s)
e acoplanarity < Cs(s)

e missing Py < C4(s')

The values of the cuts C; for each bin are given in table 1. Data from the years 92
to 95 corresponding to a total luminosity of 138 pb™! are used. A total of 986 di-
muon events are selected compared to 1026.7 expected from Monte Carlo simulation
(normalized to the same luminosity), with 25 of the events coming from two photon
background. The results of this direct comparison with the MC predictions are
shown in table 2.

3.2 Inclusive selection

In this case, no specific selection of hard ISR events is made, and the only require-
ments added to the standard muon selection are:

e pl > 35 91\/.;27 pl being the momentum of the most energetic track.

o N, <2, 1i.e., only one object in the EM calorimeter with more than 0.3 GeV.

. (EfSR — ECAL) < 4o, EfSR being the energy of the FSR photon determined
from the kinematics of the event, and ECAL the associated signal in the EM
calorimeter.

o (\/s— EWISR) — (pu+ + pu- + ECAL) < 4o, EWISR being the energy computed
with (7).

The first cut, eliminates completely the two photon background. The last cut re-
quires the total energy to be conserved, and gets rid of the remaining tau back-
ground. The only remaining background is misidentified Bhabhas (0.09%). The
total efficiency of the selection of dimuon candidates is (80.34 4+ 0.05)% at the Z
peak.

The probability density (2) needs to be corrected for the experimental efficiency
as a function of (#,..). The efficiency in both hemispheres in the interval z; < = <
Tit1, (6%73), is expected to be different due to the fact that Apgp # 0 at « # 0, and
the angular acceptance is restricted to | cos @ |< 0.9. Moreover, there is a kinematic
effect when = # 0 due to the boost of the centre-of-mass system that reduces the
efficiency inside the angular acceptance.



The qualitative picture of these efficiency functions does not change with /s.
Nevertheless, they have been computed for all the different LEP nominal energy
points.

4 Results and systematic studies

The data sample used in the inclusive analysis was recorded in the years 1990 to 1995
at centre-of-mass energies from 88.2 up to 136.2 GeV, and corresponds to a total
integrated luminosity of 143.5 pb™'. A total of 130,233 events pass the selection
cuts.

The probability density of (2) corrected for the experimental efficiency at each
energy point, is used to build a normalized log-likelihood function defined as the sum
of the logarithms of the single-event probabilities. These probabilities are convoluted
with a “gaussian” probability density due to the beam energy spread. The residual
effect due to the I-F QED interference on o%5 is taken into account, with an analytic
expression that computes such corrections to O(«).

The total normalization of the probability density is used as a new constraint
(x37), together with the experimental measurements of Mz and 'z (y3), determined
from the hadronic lineshape [7], (Mz = 91.2027 4+ 0.0077 GeV and 'y = 2.4935 +
0.0058 GeV), so that, with the above constraints, the final function to be minimized
is:

I = =2 > In (P(:z;i,cos (92',3)) + x4 x2 (10)
izlyNevt
The results obtained are shown in table 4 together with the SM predictions. The

x? of the fit is dfff. = % corresponding to a confidence level of 18.6%.

The results are in perfect agreement with the SM, and the statistical precision

of the measurements of jfft and ]ib is now about two times better than the previous
measurement in ALEPH [7] and is of similar precision than the LEP average.

A direct comparison with the predictions of the fit as a function of the /s’
interval is shown in table 3.

One can also define ¢° and A%, as:
FB

) Nobs
AUVT>) = off(<vi )N
F
) Nobs
VT = o< VT
B

o’ = U%—I—O‘%

Orp = Op —0p

Consequently, a measurement of the total cross-section and forward-backward asym-
metry is obtained over a wide range of energies, where the effect of the ISR has



been deconvoluted. The results of this exercise are shown in tables 6 and 5 for
the exclusive and inclusive analyses. In fig. 2 and fig. 3 one can compare also
these measurements with previous measurements made at PEP [8], PETRA [9] and
TRISTAN [10] at lower energies. The low energy data from these experiments are
corrected to include the effect of the running of the fine structure constant, a.

Different sources of possible systematic errors on the measured S-matrix param-
eters have been investigated:

e The statistical uncertainty due to the finite number of MC events used to
determine 6%73, has been propagated in the fit, and the error is quoted in

table 7.

e The uncertainty associated with the calculation to O(«) of the I-F QED in-
terference corrections. This has been evaluated from the data itself comparing
the change on the asymmetry after a cut on the radiated energy, with the one
predicted by the analytic calculation. A discrepancy of ~ 70% is observed,
and propagated to the S-matrix parameters as shown in table 7.

e The limitations of the MC simulation to reproduce the angular distribution
of hard photons emitted in the FS at large angles with respect the muon
direction. The effect of cutting these events on the EW parameters has been
quoted as systematic errors in table 7.

o The effect of the remaining Bhabha background has also been considered as a
systematic error in table 7.

e The uncertainty on the beam energy spread has been propagated in the fit,
and the effect is quoted in table 7.

5 Limits on extra Z bosons

Despite the excellent performance of the SM so far, there is a general consensus
that it is not the “final” theory. Most of the attempts to unify the strong and
electroweak interactions predict additional neutral heavy gauge bosons Z’. New
interference terms, such as v — 7’ and Z — 7’ will appear at the Born level and will
modify the cross-section and angular distribution at energies far from /s ~ M.

After specifying the model (and without any assumption on the structure of the
Higgs sector), only two free parameters remain: i) the mixing angle 65 between 7
and 7', ii) the mass of the heavier-mass eigenstate, M.

To obtain exclusion limits, a x? has been computed comparing the values that
appear in table 6 with different theoretical models. The ALEPH measurements of
the hadronic cross section reported in [11] have also been included, but they only
improve the sensitivity to the mixing angle.

Four of the most popular models that introduce a new 7 boson have been con-
sidered. Three of them (x-model, »-model and n-model) are superstring-inspired
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models based on the Fg symmetry group. The other one is a left-right symmetric
model that includes a right-handed SU(2)g extension of the Standard Model gauge
group SU(2);, @ U(1). These kind of models are characterized by the parameter
o, _g that describes the coupling of the Z’ to fermions. The specific value ap_p =1
has been chosen.

The effects of the Z’ for the L-R and Fg models on the cross sections and asym-
metries have been calculated using an addition to the ZFITTER program, called
ZEFIT (vers. 3.1) [12], that provides radiatively corrected cross sections and asym-
metries for the process ete™ — ff. As the standard Z° mass changes due to
the presence of a mixed 7', My was also fitted (using the direct Mz measurement
constraint) along with the mixing angle 5 and the Z’ mass.

The region defined by x? < x2. + 5.99 correspond to 95% confidence level for
one sided exclusion bounds for two parameters. This is plotted in fig. 4 for the
models considered, and in table 8 one can explicitly see the limits. In the same fig. 4
one can see the exclusion limits published by CDF [13], in a direct search of new
produced Z’ bosons.

6 Conclusions

An exclusive selection of hard Initial State Radiation events has been performed.
A total of 986 events are selected, and good agreement with the Standard Model
expectations is observed at centre-of-mass energies between 20 and 88 GeV.

Going one step further, the full statistical power of the event sample has been
used by reconstructing, for all events, the effective centre-of-mass energy /s’ on
an event-by-event basis. A precise measurement of the total cross section and the
forward-backward asymmetry in a range of energies still uncovered by present accel-
erators, extending from 60 up to 136 GeV, has been performed. As a result, the EW
parameters that describe, in a general way, the energy dependence of these observ-
ables are determined with an unprecedented precision equivalent to the one obtained
by the four LEP experiments together using the standard analysis described in [7].

The results obtained for the S-matrix EW parameters are:

ri% = 0.14201 £ 0.00084 + 0.00005

I

j = —0.017 £ 0.020 £ 0.007
rf® = 0.00272 £ 0.00054 % 0.00037
7% = 0.804 £0.024 £0.014

The improved precision on the measured energy dependence, specially the energy
dependence of the forward-backward asymmetry j ib, allows the existing limits from
LEP for Mz to be improved. The sensitivity to the mixing angle 65 is determined
by the existing measurements at the 7 peak.
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Figure 1: Monte Carlo study of the performance of the s’ = s(1 — x) reconstruction at
Vs ~ 91.2 GeV. The size of the squares is proportional to the logarithm of the number of
events.
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Figure 2: Measured cross-sections of muon-pair production compared with the fit results. The
ALEPH measurements below 60 GeV correspond to the exclusive hard ISR selection that have not
been used in the fit. For comparison the measurements at lower energies from PEP, PETRA and
TRISTAN are included. The region around the Z pole has been amplified in the inserted box.
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Figure 3: Measured forward-backward asymmetries of muon-pair production compared with
the fit results. The ALEPH measurements below 60 GeV correspond to the exclusive hard ISR
selection that have not been used in the fit. For comparison the measurements at lower energies
from PEP, PETRA and TRISTAN are included. The region around the Z pole has been amplified
in the inserted box.
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Figure 4: Curves corresponding to 95% confidence limits, dividing the Mz - @5 plane into allowed
and excluded regions.

14



Tables

Vs C1(GeV) | Cy | Cs5 | Oy (GeV)
20 — 30 20 1.0 | 0.60 10
30 — 40 15 0.2 | 0.60 8
40 — 50 10 0.2 | 0.94 6
50 — 60 8 0.1 ]0.94 5
60 — 70 6 0.05 | 0.94 3
70 — 80 3 0.03 | 0.94 3
80 — 85 2 0.02 | 0.94 5
85 — &7 2 0.02 | 0.94 5
87 — 88 2 0.02 | 0.94 5

Table 1: Cuts used to identify hard ISR events as a function of the reconstructed
effective centre-of-mass energy.

‘\/?GGV‘<\/§>G6V‘N°55

NME | Pull | Ny, Backg.

20 — 40 30.94 56 | 54.6 | +0.2 14.3
40 — 50 45.11 28 | 31.0 | -0.5 9.0
50 — 60 55.12 17 | 23.8 | -1.3 0.0
60 — 70 65.15 33 | 36.1 | -0.5 1.8
70 — 80 76.08 77749 | 40.2 0.0
80 — 85 83.37 167 | 167.3 0.0 0.0
85 — 87 86.13 256 | 264.8 | -0.5 0.0
87 — 88 87.53 345 | 354.8 | -0.5 0.0

Table 2: Number of observed hard ISR events in the different intervals of v/s” compared with the
number of events predicted by the MC and the number of two photon background.
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|V GeV [ < /s> GeV | N | NI | Pull| Ng* | N | Pull|
55 — 65 63.12 11 ] 103 [+01| 17 | 19.8 [ 0.5
65 — 75 72.18 22 | 164 | +12| 37 | 39.6 | -04
75 — 80 78.29 17 | IL7 | +413| 35 | 37.6 | 04
80 — 84 82.50 26 | 222 |408| T4 | 6.2 | 03
84 — 86 85.20 70 | 633 |+0.8| 169 | 167.0 |+0.2
86. — 87.8 87.49 160 | 151.6 | +0.7 | 307 | 296.2 | +0.6
87.8 — 88.6 88.37 89 | 881 |40.1| 145 | 142.7 | 40.2
88.6 — 89.6 89.42 3336 | 3398.6 | -1.1 | 4683 | 4563. 9 | +1.8
89.6 — 90.3 90.21 376 | 376.5 | 4+0.0| 459 | 436. 1 | +1.1
90.3 — 91.3 91.23 55258 | 54872.8 | +1.6 | 53974 | 53784. 4 | +0.8
91.3 — 92.3 92.05 619 | 6122 |[403 | 511 | 539.7 | -1.2
92.3 — 93.3 92.99 5268 | 5393.1 | -1.7 | 4036 | 4133.4 | -1.5
93.3 — 100 94.03 247 | 2362 | 40.7| 190 | 162. 5 | +2.2
100 — 127 110.46 12 | 113 | 40.1] 2 3.2 | 0.3
127 — 133 130.20 32 | 244 | +15| 4 4. 6 0.0
133 — 136 136.21 28 | 195 [+19] 5 4.0 [+403

Table 3: Number of observed events in the different intervals of v/s’ for the inclusive analysis
compared with the number of events predicted from the fit results.

‘ ‘ SM predictions ‘ Fit results ‘ Correlation matrix
ot 0.14268 0.14201 + 0.00084 | 1.00 0.06 0.04 0.12
i 0.004 -0.017 £ 0.020 1.00 -0.04 -0.33
rib 0.00271 0.00272 4+ 0.00054 1.00 0.12
jib 0.799 0.804 + 0.024 1.00

Table 4: Results obtained for the EW parameters from a maximum log-likelihood fit to the events
selected in the inclusive analysis.
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| <Vs'>GeV]  o%(mb) | o/ [ pull] A%, | AL | pull|
30.94 0.105£0.016 [ 0.1007 [ +0.3 | +0.56 £0.38 [ -0.07 [ +1.7
45.11 0.043 £0.011 | 0.0484 | -0.6 | —0.39 £0.46 | -0.17 | -0.5
55.12 0.0243 £ 0.0083 | 0.0336 | -1.1 | —0.37 £0.30 | -0.29 | -0.3
65.15 0.0240 + 0.0056 | 0.0265 | -0.4 | —0.44 +0.28 | -0.48 | +0.2
76.08 0.0285 £ 0.0034 | 0.0286 | 0.0 | —0.52£0.14 | -0.71 | +1.4
83.37 0.0600 £ 0.0047 | 0.0602 | -0.1 | —0.62 £ 0.08 | -0.61 | -0.1
86.13 0.1177 £ 0.0075 | 0.1226 | -0.7 | —0.28 £ 0.07 | -0.44 | +2.2
87.53 0.208 £0.011 | 0.2144 | 0.5 | —0.33 £0.06 | -0.32 | 0.1

Table 5: Measured cross-sections and asymmetries in the exclusive analysis compared with those
predicted from the fit results.

[ <Vs&'>GeV]  o®(mb) | o/ | pull] AV | ALL | pull ]
63.12 0.0252 +0.0075 | 0.0274 [ -0.3 —0.357015 ~439 | 40.5
72.18 0.0261 £ 0.0036 | 0.0259 | 4-0.1 —0.531943 645 | +1.0
78.29 0.0324 £ 0.0048 | 0.0324 | 0.0 —0.60197 ST27 | 411
82.50 0.0519 & 0.0052 | 0.0516 | +0.1 | —0.591735%5 | -.649 | 40.7
85.20 0.0955 + 0.0061 | 0.0922 | 4+0.5 | —0.470709% | -.503 | 40.6
87.49 0.2192 £0.0099 | 0.2102 | +0.9 | —0.317130: | -.325 | +0.2
88.37 0.336 £0.022 | 0.3317 | 40.2 | —0.250 £ 0.067 | -.247 | 0.0
89.42 0.6734 £ 0.0075 | 0.6686 | +0.6 | —0.171 £0.011 | -.149 | -1.9
90.21 1.278 £0.044 | 1.2440 | +0.8 | —0.101 £0.036 | -.074 | -0.7
91.23 2.0011 £ 0.0060 | 1.9905 | +1.7 | 0.0218 4 0.0030 | 0.0200 | +0.6
92.05 1.321 £0.040 | 1.3453 | -0.6 | 0.128 £0.030 | 0.095 | +1.1
92.99 0.6382 & 0.0067 | 0.6535 | -2.3 | 0.178 £0.010 | 0.177 | 0.0
94.03 0.367 £0.017 | 0.3362 | +1.8 | 0.209£0.049 | 0.262 | -1.1
110.46 0.0179 +0.0090 | 0.0176 | 0.0 0.8670:22 0.769 | +0.3
130.20 0.0106 £ 0.0016 | 0.0085 | +1.4 0.8015:10 0.719 | +0.5
136.21 0.0104 £ 0.0017 | 0.0074 | +1.8 0.731012 0.696 | +0.2

Table 6: Measured cross-sections and asymmetries in the inclusive analysis compared with those
predicted from the fit results.
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‘ Source of Syst. ‘ Arff’t ‘ Ajff’t Arib ‘ Ajj:b ‘
MC statistics | 0.00003 [ 0.006 | 0. 00003 | 0.009
LF QED interf. | 0.00002 | 0.002 | 0. 00037 | 0.010
FSR nil | 0.003 | 0. 00005 | 0.004
Background nil 0.001 | 0. 00002 | 0.003
Aoy, 0.00003 | mnil nil nil

| TOTAL SYST. [ 0.00005 | 0.007 | 0. 00037 | 0.014 |

Table 7: Breakdown of the different contributions to the total systematic errors.

Es(x) B (1)) Es(n) L-R(1.0)
Mz > | 245. GeV | 164. GeV | 181. GeV | 193.GeV
05 > -0.0015 -0.0014 -0.021 -0.0015
0; < +0.0033 +0.0034 +0.013 +0.0033

Table 8: 95% confidence limits on Mz and 65 from fits to the predictions of several models.
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