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.Al:tsir_acl.: We report a mca.surement of  the m ass and total wid th of  the  Z0  boson, based 
on 25,801 lrndronic decays selected over eleven energy points between 88.28 and 95.0·l GeV. 
We obtain a mass or M, = 91.145 ± 0.022(exp) ± 0.030(T,J;;p) Ge\', a nd  a total wid th of 
r, = 2.!i26 ± 0.0.\7 GcV. 
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1 Introd uction 

We present here a measu remen t  [ 1 ]  of the lr n d ronic d ecays of the Z0,  based on t h e  e n t i re d a ta 
sam ple collected in 1 989 wi th the OPAL detector. 

The cross sections were measured at l l centre-of-mass energies between 88.28 and 8.1.M GeV 

by repea.tedly scan ni n g  across the za resonance. Measu rements a t  nearby energies, \\'i thin JO 
MeV, were combined i n to one cln.ta poin t at the l u m i nosity-weighted avera ge energy. The L E P  
fractional error i n  t h e  energy o f  each beam w a s  3 · 1 0-4 , cor respo n d i n g t o  3 0  MeV i n  t h e  cc n t re­

o f-mass energy. The point-to-point rraction a l  error in t he energy was 1 · 1 0 - 1 .  

2 The OPAL Detector 

The d a.ta were recorded with I .he  OPAL d etec tor [2]  at the C RRN e + c  col l ider  L E P. Th e  d e­
tector consists of a set of la rge rnl u m e  drift ch a m bers ( vertex d etecto r , jct ch a mbe r , 1-ch amhcr) 

positioned i nsi de a .  sol en oid al coil ,  w h ich is  s u rrou n d ed h.v t i m e-o[- fl i g h t  coun ters, an rlecl .rornag­

n e tic calorimeter with a. presa rn plcr,  an i n s t r u m e n ted m a g n e t  ret u rn  yoke se rving as a h a d ro n 
calorim eter a n d  fou r  layers of m u o n  ch ambers. The clect rorrr n gn e t ic calor imeter co nsists of a 

cyl i n d rical array and two e n d  caps of lead gl ass bl ocks , cover i n g t h e  region !cos(O) I < 0.88. Each 
block s u b tends a solid angle of a pproxim ate ly ·10 x -10 m ra d 2 .  The blocks in the ba rrel re­
gion project towards the i n teraction p oi n t .  Th e  ti m e-o f- fl i gh t  s�·stem (TOF) covers t h e region 
!co.•(0) < 0.82. Sm all an gle fo mard De tectors serve a.s a l u m i n osi ty m on i tor . 
For Monte C a rlo stud ies the O f'i\ L d e tector was si m u l ated nsing a com pu te r progra m [.1] w h ich 

i ncl u d es t h e  d etector geometry a n d  materi a l as ll'el l  as e ffects or rcsol n l. ion a n d  e fficiencies. 

3 The Luminosity Meas urement 

The i n tegrated l u m i n osity of the col l id i n g  bea ms was d e te r m i n ed h.v t h e  m easu rem en t  of s m a l l  

a.n g l e. Rha bha. sca tteri n g, a .  proc.ess in sensi ti ve lo Z0  effects .  T h e  m easu remen t used l h c  forn·a rd 
d e tector, consis t i n g  of two identical  elemen ts placed a rou n d  t h e  beam pipe at either e n d  of l h e 
central  track i n g  cha m bers. In t h is an alysis two com ponents of t h is d etecto r were nserl in a 
corn plcrnenta.ry m a n n e r :  ( i )  a calorimeter prov id ed a. h i g h  statistics measu rem ent of t h e  rel a ti ve 

l u m i n osity a t  each bea m enc rg�·; ( i i )  a. set of p ro portio n a l t u be ch ;i m bers w i th a wel l d e fi n ed 
geometry a n d  accepta n ce provided the absolu te l u m i nosity cal ihrnt ion.  

Each calori m eter consists of "· cylind rical l c a d-scin ti11ator s ;i n d wich d i vided in to ]6 a 1 i m n l. h a l  

seg me nts a n d  two longi t ud i n a l sections: a p resampler of 4 rad i at ion lengths ( Xo ) ,  a n d  "· m a i n  
calori metN o f  r n  Xo. For ·15 G e V  electrons, t h e  energy reso l u tion of t h e  ca lori meter w a s  mea­
sured to be 1 .3 GeV ( 1 9%VE), with 8,13 of the energy deposited i n  the main calorimeter.  Light 
sharing between adjacent segments and between i nner and o u ter readou ts o r  the main ca lorim e­
ter was used to determine the center of the sh owers. The polar angle resolu tion varied between l 
and 10 mra.d , being best near the in ner edge of t h e  calorimeter, wh ile the resolution in azi m u t h  

va.ried between 3 .5  a.nd 3.1 m ra.d , being best a t  the segment  bounda ries. T h e  accepta.ncc o f  the 

ca.lorimeter extends from 39 to 1 .15 mrad, and is essen ti a l ly com p lete i n  azimu t h .  
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The proportional tube cha.mbers arc positioned between the presampler a nd m a i n  sedions o[ 
the calorimeter. These chambers ea.ch consist o[ a. ver tica l , horizonta.I, and diagonal pl a.ne of  
proportional tu bes [4] of 1 c m 2  cross section. The positions o[ t h e  centroids of sl10\\'ers from 
incident electrons or photons are measured usin g the pulse height i n formation from the tu bes. 
For 45  GeV electrons, the t u be chambers h ave 1.3 mra.d resolu tion i n  0 and ¢ and detect 99.33 
of the showers. The tube chamber a.cceptance extends from 50 m rad to ] 3 5 m rad in pol a r  angle,  
an d covers 953 in azi m u t h .  The positions of the tube chambers were su rveyed to 1 .0 mm and 
were checked with electron tracks m easured in drift chambers [5 ]  i n  front of the ca.Jori m eter. 

To select events for the a.bsol u tc luminosity calibra.tion a fiducial reg ion was defi ned well w i th in  
the t u b e  chamber a n d  calorimeter a.cccpta.ncc, extending from 58 mra.d to 1 24 m rad i n  pola r  
angle from the nom i n a l  beam a xis , and exclu d i ng azi m u tha l  a.nglcs wi th in  J O  clegrees of  I .he 
h orizon tal a.nd vertical pla nes. Particles e m i t ted from the i n teraction poi nt  in t h is a n g u l a r  
region traversed o n l y  a. m i n i m u m  of mater ial before reach i n g  the forward d etectors ( less t h a n  
0 .2  X 0 ) .  T h e  a.verage o [  the a n gles mea.sured o n  t h e  two sides o[  the even t w a s  req ui red t o  l ie 
w i t h i n  this  fid ucial region .  Therefore the a.ccepta n ce \\'as la.rgely i n dependent  o[  the posit . ion 

a.nd size of the beam i n tersection region .  To reject backg rou nd due to olf-momeut. 1 1 11 1  beam 
par t. iclcs , t. h e  d i fference i n  t h e  oz imu thal a ngles betll"ccn the  two cn<ls, 6 ¢ .  was req u i red Lil he' 
in the  range bc l.ween l GO' and 200' . Fi na l ly, the  avernge or I.he energies of the  la rges t rl 1 1 sl.cr 
i n ca.ch calorimeter was requ i red to be la.rgcr t han  2/J or th<' beam energy. One q u a d ra n t  of 
the tube chambers was not used since one segment  in the correspo n d i n g  calorimeter reg ion ll"as 
defective. 
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Figure 1 :  Tl 1e energies measured in the two 
forward calorimeters, E1 VS E'2, ror luminosity 
cYcnt candidates passing tl1c tuhc chamber se­
lection cuts. The shaded region is excluded by 
the trigger requirement that al least 1 2  GeV 
be deposited in opposite calorimeter segments. 
Event• in the region above the diagonal satisfy 
the requirement that 2/3 of the centre-of-ma"" 
energy is obsen·ed in the calorimeter. 
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Figure 2: Angular distribution of l uminos­
ity c\·cnt candidates, as measured by the Luhc 
chambers. The arrows show the bonnrlarics or 
lhe fiducial region, inside of which the clala fol­
low the expected 1/03 distribution, shown by 
the curve. 
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The detector read-out was triggered when the energy sum in each forward calorimetN exceeded 
15 GeV overa.ll , or 12 GeV in back-to-back clusters. The overall trigger efficiency was fou n d to 

be 99.0 ± 0.33 for the events selected by these cuts. Figure 1 shows the energies measured i n  
t h e  two ca.lorimeters for all events prior t o  t h e  energy cut .  T h e  vertical a n d  horizontal a.rms 
of the distribution correspond to radiative events in which one photon esca.pes undetected. A 
correc tion of 0.553, with a.n uncertainty of 0.53, was ap plied to account for the events  t h a t  
ha.d a. l o w  measured energy a.t b o t h  ends of the detector. Most of these events were fou n d  t o  
be sm all angle Bhabha events in  which the  electrons were outside the t u b e  chamber a.ccepta nce 
b u t  h a.cl showered into the ficl ucia.I volume. 

The BABAMC Monte Carlo program [5) wa s  used to genera.Le e+e- --+ c+c- (1) events, dis­
trihn tcd at various e n ergies a.cross the Z0 reson ance. A Ga.ussian smea ring of the a n gles and 
energi es of the gen era.tee! part.ides was  introd uced to simulate the e/fects of  d etec to r resol u­
tion seen in the d ata .  Interference with the Z 0  ch an ged the cross section for events w i t. h i n  t.h e  
t u b e  cham ber accept a n ce b y  a .  m aximum of 1 .03 from the si m ple 1 / .• Q E D  depen d ence. T h e  

cross section correspond i n g  to the selection cri teria. described a bove was ca lcula.ted to be 1 8 . 1 7± 
0.02 n b  at the Z0 pea.k . A theore tical system a tic error of 1 3 was ass ign ed to this c a lc u l a tion [7) . 
A 0 . 1 1 3  correction was a p plied to account for t h e  con tribu tion of the process e+e- --+ rt.  The 
r a d i a.tivc en crg�· tails i n  fi g u re 1 agreed well wi th th e pred ict io ns o f  the �!onte Carlo progra m .  
Th rou gh ou t  the fi d u cial  region the measured a verage pola.r angles agreed well with t h e  si rn n l a l ed 

distri b u tio n ,  w h ich corresponds a pproximately to 1 / 0 3 ,  as shown i n  figu re 2. 

The sou rces of error i n  the a.bsol u te luminosi ty norma.lisa.tion arc deta iled in  ta.hie 1 .  The 
d o m i n a n t  contribution is the l i m i ted precision in th e t u b e  ch a m bers survey, while [n rlhN errors 

a rise from s m a ll d isc repa n cies between the d a.ta a.nd the Mo n te Ca rlo prediction and resi d u n l  
u n certa i n ties i n  determ i n i n g  t h e  various correction fa ctors. T h e  fi n a l error of  2 .23 i n cl u des a 
sta.t ist ical  PTror of 0.73 co rrespond ing to 1 7,379 events i n  the c a librat ion s a m ple. 

Tuhl.e_i: Contribu tions to the ;ibsolutc lumi­
nosity mca!'inrcmcnt unccrtaint.y. The system­
atic errors contribu ting to the overall uncer­
tainty arc listed and then combined with the 
statistical error. 

Source of Error 

Theory 

Radial survey 

Efficiency of  lube chambers 

Trigger efficiency 

Energy cut 

Radial cut 

B ackground su btradion 

Total systematic error 

S tatistical error 

Total uncert<•inty 

Magnitude 

13 

1 .5 3  

0.53 

0 .33 

0 .53 

0 . 5 3  

0 .53 

2 . 1 3  

0 . 73 

2 .23 

A check was m ade on t h e  a.ccuracy of t h e  tube ch a.mbcr lu m inosi ty calibration h y  u s i n g  ll1e 
s h adow of th e  beam pipe su pport ring to esta.blish a. well defi ned i n ner edge for the ralorimel.cr. 
This su pport is a. precisely ma.chined alu minium ring wi th a. conical outer surface that  points to 
the i n terac tion regi on at a. pola.r angle of 4 7  m ra.d . It has a thickness of two rad i a t i o n  l engths  
a nd is loca.ted 10 cm in  front of t h e  forward calorimeter. The :tddition o[ this  material in front 
of the calorimeter alters the energy sharing between the prcsampler and the main  calorimeter 
significan tly. The energy deposi ted i n  the main ca.lorimeter is about 1 5 GeV lower in th e sha.dow 
of the bea.m pi pe support ring than beyond i t .  This discontinui ty o[ the energy distribution in 
the m ai n  calorimeter accurately defines the edge of the a.ccept:rnce a.t sma l l 0. A measu rem en t 
using this method, which is independent of the tube chamber�;, agreed with the tube cha.mber 
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meas u rement to wit h i n  0.8 ± 2.63. 

The relative l u m inosity between points of d i fferent beam energy wa.s measu red u s i n g  t h e  m ai n  
ca.lorimeters o n ly. Events were selected i n  which t h e  average energy o f  the largest clusters seen .
i n  the m ai n  sections of each calori meter exceeded 703 of the beam e nergy. This req u i rement 
was h ig h  enough to elim i n ate the backgro und , but  was 3 stan d a rd deviations below t h e  peak 
from well contained B h abha events.  It rejected B h abha events only partially cont a i n e d  due to 
the ra.diation o f  an energetic phot0n or shower leakage at the edges o f  the calorimeter. To red uce 
backgrounds, the difference, 6 ¢ ,  in  the a.z im n thal angles o f  the largest clusters was req u ired to 
be i n  t he range 1 60° < 6¢ < 200° . A total of 58 , 1 2·1 events were selected by these c u ts ,  o f  
w h ich less than 0. 1 3  were backgrou n d .  

The energy ca.l ihration o f  t h e  m a i n  calori m eter could b e  m a. inta ined t o  wi t h i n  0.53 over I.h e  
ent i re period o f  d a ta ta.k ing.  As a consequen ce, the cross section for l u m i nosity eve n t s  defi n ed 
by these reqn i rern e n t.s was stable w i t h  t ime t.o w i t h i n  0.83. \Vi i.h  a.n effective geo m etrical  
an:cptance exten d i n g  from 47  to 142 rn rad i n  pol a r  an gle, the cross section was affected by zn 
i n terference by a .t  most 0.33. Because the energy cut was i m posed on the average of the ene rgies 
in the two calori m e ters, the accepta nce was la rgely i n<kpen d e n t  o f  beam d isplacements a n d  I.he 
size of the bea.rn i n terncction region . 

The accept.a.nee of the cal0r imeter selec tion was normal ised to the t u be chamber accepta nce 
fo r  a. s a m ple wh ich i n cluded 703 of the <l a.ta. taki n g  period . The R h abha cross section for t h e  
calorimeter based l u m i nosity m ea s u rement w a s  thereby fo u n d  t o  b e  , 10 .2 ± 0 . 9  nb a.t t h e  zn peak.  
The sta.bi l i ty o f  the measurement was checked by com par ing the t u be cha mber and calori m eter  
l u m i n osit ies as a fu nct ion or LEP f i l l  and beam energy. No statist.ica.lly sign i fica n t  s)·s terna.tic 
d i fferences \\'ere observe d .  The beam energy dependent system a ti c  error o f  the i n tegra ted lumi­
n osity was esti m ated to he 13 a n d  was taken i n to acco u n t  as a poi n t- to-point  system a tic error 
in t h e  cross section measu rern0nt.s. 

The d a ta recorded in 1 989 correspond to an i n tegrated l u m i n osi f.)' 0f a b o u t  l A pb- 1 • For t h e  
ful lowi n g  a n a lysis only I.hose periods o f  d at a  t a k i n g  were used i n  wh ich a l l  detector rn rn ponent.s 
essen tial  for the measurement were opernti n g  properly. 

4 The Hadronic Decays 

The selection o r  h a d ro n i c  zn decays was m a i n l y  based on energy clusters i n  the electromagnet ic  
ca lor imeter.  Clustern in  the ba rrel region were req u i red to h a.ve a n  energy o r  a t  least  1 00 �!c V ,  
a n d clusters i n  t h e  e n d  c a p  were required t o  con t a i n  a t  least two adjacent lead glass blocks a n d 
h a ve an energy o[ at least  200 �fcV. Th e following th ree req u i rements defi ned a m u l t i h a d ro n  
c a n d i d a te: ( i )  a t  lea st. 8 clu sters, ( i i )  a total energy deposited i n  the lead glass o f  a t  least 1 03 
of the centre-of- m a ss energy 

Rvi• = Ef:c1u• /.;;, > 0 . 1 ,  

where Echu i s  the energy o f  each cluster, and ( i i i )  a n  en ergy i rn ba.lance along the beam d i rection 
which satisfied 

Rbal =I E(Eduo · COS 0) I /EEc1u• < 0.65. 

The measured d istrib u tions o f  these variables are shown in fi g u re 3 .  The c u t on the n u mber of 
clusters efficiently eli m i n a.ted Z0 d ecays i n to e + e - an d  r+r- . The R.;, c u t  d iscarded two-photon 
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and beam-gas events. The cu l in Rba1 rejected bea m-wall , beam-gas and beam-halo e1·cnts, and 

cosmic rays in the end caps. 

l l:::1 · (\ 400 • .j, f \ 
. I 
], 0 1 0 20 30 40 50 60 

N c l u s  
Figure 3: The meMurcrl distribut.ions or t h e  
w1riahles used in  t h e  S('lcction of hadronic 
r:vcnts, each shown after applying all other 
cul.:;: (a) N u mber or clusters in the clcct.romag­
ncl.ic cnlorimdcr; (h) Visible fraction of ccntre­
of-rna!'iS energy, n'llil (sec tcx:t) ;  (c) Longitu­
dinol energy imbal;ince Ri.1 (sec text).  The 
simulated distributions using a QCD parton 
shower model are shown. T11c arrows jndicatc 
the cuts applied. 
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Jn order t o  reject cosmic r a y  backgro u n d  i n  t h e  ha.rrel region ,  i n form at io n rrom the TO P rnu n tc rs 

was used . All events for wh ich a t  least 4 TOF' co unters fired wi th i n 8 ns or the expected t ime 
were accepted. Events with less t h an · 1  TOF' co u n te rs ror wh ich a.t least  503 or t h e  ohscn·ed 
energy was seen in the barrel leacl glass were rejected. All rem ai n i n g events w i t h  Nror < I were 
visu ally i n spected. The backgro und rrom cosmic-mys, bea.rn-1rnll a n d  bea m - h a lo was rs t. irnat.cd 
to he less t h a n  0.13. A tot a l of 25,801 lr n d ron ic z0 decays rem a.i n ed a rtcr a l l these c u ts, 

correspon d i n g  to a.n i n t egra.ted lu m i n osi ty o f  1 .25 p b- l .  

The m a i n  con t a m i n a tion i n  t h e  h a dronic d a ta sample ca.me from ,-+ ,..- events 11·i th a. ba C"kgrn n n d  
fraction o f  0 .33 ± 0.0·13 e.sti m a ted b y  using �fon te Ca rlo a nd checked w i t h  t h e  d a ta. usi ng t h e  
ch a.rgerl t rack m u l t i plicity. The contr ibut ion o f  the process e + e - -> e + e - t o  t h e  h ad ronic 
event sam ple was found to be less than 0.13. The backgrou nd from two- photon procrsses was 
es ti rna.ted by a. Monte Ca.do calculation usi n g  a q n ark-parton mod el [8] and was checked w i t h  
t h e  data b y  m easu r i n g  t h e  ratio or  t h e  num bers of events wi th h igh a.nd low Rvi• as fu n ction of 
beam energy. Roth est.irn a.tcs gave consistent results; t h e  background was 0.03 ± 0.033 1 1  ncler 

the Z" peak and 0.2 ± 0.23 in the tail region .  

To calcula.te t h e  acceptance of  the event selection proced u re, t h e  process e + e - -> qq  w i t h  s u h­
seqnent had ronisation was si m u lated using the .J ETSET pa.rton shower m o d el wi th fi ve fl avo u rs 

and string fragmentation [9]. There is good a greement between the model predictions a n d  th e 

properties of the h a.dronic event sample (see for exa.mple fi g u re 3 a.nd reference [ 10]) .  An ac­
ceptance of 97.7% with a negligible statistical error was calculated for m nltihadronic events. 
The ell'ect of uncertainties in the fragmentation model was estimated to be 0.53 by va rying the 
para.meters of the .JETS ET model and by using the HERWIG h ad ron isation model [l l ] .  Im per­
fections in the detector simulation lead to a. va.ria.tion of the acceptance of 0.53. The energy 
dependence of the acceptance in the region of the scan was 0.23. The error due to thr specific 
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choice of the hadronic selection cu ts wa.s estim ated to be 0.23. The resulting tota.1 s�·stcma.tic 
error on the selection and acceptance of hadronic events was 0.83. 

The overall trigger efficiency for hadronic decays of the Z" that would pass the a.ccepta.nce cri teria. 

was determined from the red u n d a.ncy between the three ma.in trigger modes: the TOF trigger, 
the t ra.ck trigger and the electromagnetic energy trigger . The overall trigger i n e fficiency was less 

than 0.13. 

Jn t a.ble 2 t h e  n u m bers of events, the integrated l u minosities a n d  the corresponding cross sections 
a.re listed as a. function of the ce n tre-of-ma.ss energy. The error on the cross section i n cludes 
the statistical errors of the ha.d ronic event sa m ple a.nd of the l u m i n osi t�· as well as a. 1 3  poi nt­
to-poin t  systematic error from the l u m inosity. Tn the a.na.lysis of the cross section an overall 
norma.lisa.tion error of 2.33 is ta.ken i n to acco u n t  wh ich i n cl u d es both the systema.tic error of 
2.23 on the l u m i nosity and the systematic error on the a.ccepta.nce o f  0.83. 

JS (GeV) .Cint ( nb- l )  N had lihad ( nb )  
88. 278 1 1 5 . 1 ± 1. 6  5 6 9  5 . 04 ± 0 . 2 3  

89.283 80.  7 ± 1 . 4  7 6 6  9 . 6 8  ± 0 . 4 0  

Tuhk..2.: The hadronic cross section, 9 0 . 284 1 03 .7± 1 . 6 1 9 9 0  1 9 . 5 6  ± 0.56 

fT h a d ,  as a function of the luminosity- 9 1.034  2 10 . 9 ± 2 . 3  6 1 92 29.94 ± 0 . 5 8  
weighted centre-of-mass cncrp;y. Listed 

9 1 .289 186.2±2. 1 5633 3 0 . 8 6  ± 0.62 
arc <t.lso the in tegrated luminosity and 

9 1 .5 2 9  230 .8±2.4 6 6 1 2  2 9 . 2 1  ± 0 .55  the  number of  obsen·ed had ron ic events. 
The cross sections arc quoted with their 92.282 85 .5±1.5  178 1 2 1.24 ± 0.66 

statistical and point-lo-point systematic 92.562  9.2±0.5 150 16.66 ± 1.62 
hnninosity error of l %. The overall 93 .286  1 1 1.4 ± 1 . 7  1286 l t .77 ± 0.3!) 
systematic error on the  cross scclion is 

94.277 95 .4±1.6  710  7.5 9  ± 0.32 2.3% and on the energy scale is .10 Mev. 
The point-to-point error in the energy is 95.036 1 7.7±0.7  112  6.44 ± 0.66 

J O  Mev. Total 1 246.6 258 0 1  

5 A nalysis of t he H adronic C ross Sectio n  

To extract t h e  Z "  resona.nce pa.rnmetcrs from t h e  cross sections given i n  table 2 a n d  shown i n  
fi g u re ·1, w e  perform a fi t t o  the d ata. assum i n g  the l ine shape pa.ra.m etrisation of reference [ 1 2] .  

\/V e  trea t M . ,  r, a n d  u�:; as free parameters where u�:; represents the peak h a d ronic  cross 
section a.t s = M? without photonic corrections. The pa.ra.meter values obtained a.re 

M, = 9 .1 . 1 15 ± 0.022(exp) ± 0.030(LEP) GcV 

r, = 2.526 ± 0.047 GeV 

Ii�:; = 4 1 .2 ± 1 . 1  nb. 

The x2 value for this fi t  is 4.5 for 8 degrees of freed om. The errors on M ,  h a,·e been scpa.rated 
into the experimen ta.1 error and the uncerta.inty due t.o the LEP beam energy. 

Figure 5 shows the central va.lucs a.nd the confidence contours for our measurement o[ r, and a1::;. Also shown arc the S ta.ndard Model predictions for u�:'; and r., for 3 and 4 li ght 
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neu trino . generations. For the top q u ark m a ss m1 and the Higgs m a.ss m11 we ass u m ed m.1 = 
m11 = JOO GeV, a.nd we set the strong cou pl ing  cons t a n t  a, = 0 . 1 2 ,  consisten t ll' i t h  l h e va l u e  
derived from t h e  measured h a d ronic j c t  production ra tes [1. 1]. T h e  errors on the predictions 
a.re derived by a.llowi ng a. va.ria tion of m1 from 50 to  250 GcV, mu from 20 to 1 000 (;cV a n d  
a, from 0.09 to 0 . 1 5 .  Figure 5 shows that t h e  e ffect of varying t h e  number o r  l ight n e u tri n o  

gen erations from 3 t o  ·1 is la rge com pared to the u n certa i n ty in t h e  predicted values or  rr�:� a nd 
r,.  The probability for obtai n i n g  o u r  measu reme n t  a.ss u m i n g  th ree neu tri nos is 5•1 % whereas 
the assum ption of four neutr inos would resu l t  in a probabi l i ty of only 0.00 ! %. 

!:_igure 4: �lcasnred multilrndron 
crnss sections nt the 1 t poi n !  s of the 
sr�n. Th e solid (rlashcrl) curYc is 
the l ineshapc prcdict.cd by the St.an­

rlarrl f\ forlcl assuming the mefls11rcd 
M ,  for J ( ' I )  l ight  neu trin o  gcncrn­

tions (sec text) . 

I!gure 5 :  T h e  o n c 1  t w o  r'lnd f h rcc 
s t:rn d rt rd deviation conlldcncc con­

tours o f  our mcasnrcmcnt in thr. r:: -rr��� p lane. The small squrl.rc slinws 
the best fit  t.o the data; the circle 
shows the SLitnrlan] Model prcrlic:. 
Lion for J l ight. neutrino gcnrrations1 
the large square the prediction for rf 
ncn trino::i. Th e hars rcnccL the un­
certainty i n  the predictions whrn the 
top quark mass is \'nricd from fiO to 
250 G c V ,  the Higgs mass from 20 to 
1000 GcV and "' •  between 0.09 and 
0.15.  
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To determ in e the n u mber of l ight neutrinos, Nv, one ca.n use the Ste nd e.rd \Todcl i n  a fi t II' here 
the only free para.meters arc M ,  a n d  Nv. Though this mP.th ucl is the sta.tistically most precise 
o n e ,  it relics on the  validity of t h e  S tand a.rd Model p red ict ion for t h e  7,0 partial wid ths.  \Ve 

removed this  constraint by a combined measurement of the h acl ron ic and the lcpton ic partial  

widths [ 1 ] ,  w h ich is  reported in a .  separate con tri b u t i on to t h is con ference [HJ .  
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