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Abstract

The four LEP experiments have cach performed precision measurements of Z° pacameters. A
method is described for combiaing the results of Lthe four experiments, which takes into account
the experimental and theoretical systematic errors and their correlations. We apply this method

to the 1989 aad ta, corresponding to approximately 650,000 Z° decays into hadrons
and charged leptons, to obtain precision values for the Z° parameters. We use these results to

test the Standard Model sad to constrain its parameters.
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Figure 16: Measurement of the Z line shape, and compariesa with the MSM expectation for N, =
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error, a significaat improvessent of N, is expected from farther running. Ultimately, Lhe mumbey
of neutrino families will be measured to £0.03 (£1%).

Figure 18 shows the most prominest achievement in the fzpt your of dats taking at LEP: the
precise mapping of the Z lme shape as nesoured with hadrouic evests. Tha deta are quite consistent
with N, = 3, whereas N, = 2 and N, = 4 are dearly rulad out. The detn shown in Fig. 16 aee
from the DELPH] experiment. The analogous data from the ALEPH, L3, sad OPAL experiments
ook of course squally convimcing. - :

2.6 Forward—backward asymmetry of leptens
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0.104 | 0.092 | 0146 | 0.191 e FYC IR YRR N

0.105 || 0.099 | 6.156 | 8.203 aiss ] 0.519 | 0388 | 0.TE8 ;

0.106 || 0.107 | 0.167 | 0.216 s fosa|ensjam wh

0.107 [| 0.114 | 0.177 | 0.228 anxsy | eses |72 | omy of -
0.108 || 0.122 j 0.188 | 0.240 axs | 0588 ) 0.760 | 0043

0.109 || 0.131 | 0.200 | 0.285 e ] ea1s | 01os | asm

0.110 ]| D.140 | 0.213 | 0.289 o | 6537 | 0836 | n008

T.IIT | 0.14% ).283 M § 6053 | 4,954 | AN

0.112 || 0.159 | 0.238 | 0.208 ez ] ame|oees |amm -

0.113 || 0.169 | 0.252 | 0.313 e e ess | asm 1 8 G0 /0

0.114 | 0.179 | 0.265 | 0.328 ans l a%3 ] 0.547 | LOS AIET L

0.115 | 0.100 | 0.280 | 0.344 ous form | 0978 | LA g—=99 99}

0.116 || 0.202 | 0.298 | 0.362 005 J 0 | 1500 | LOGR LEP ! 20+03 03402 ;
0.117 I 0.214 | 0.312 | 0.379 esrfeam 104 ] Lol - .
0.118 || 0.226 | 0327 | 0.s06|  [anenJasse | 1076 | 1120 QCD | 225 0378 i
0.119 § 0.239 | 0.344 | 0.414 ase fesee] 1100 1.148 abelian 0 3
.10 1 8. 0.362 | 0. a1 o) ruas (101

Table 5.2: Color factor ratios
Table A.1: Relation between a,(msz) and A% according to formula (2.19)
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Llﬂk oW €o and mz' d‘m LEP Table 1

‘1 Vector and axial couplings of fermions to the unmixed new vector boson Zy in the
‘ case of extra U(1) and LR modeis. For left-right models, we have put in the text
A=gr/9r = 1. As a consequence y = Vcos2f.

ﬁ.“’v', s =

_ 3 ~ 1 a2
F(z=4D)= SEMs N [T +a]

‘. 1[ ﬁ Extra U(1) Models

veze) )
A — 3 k!——_z‘:_'_—-——- T H - ay = —%sin ficos 83,
— -~
FB ~ e T ~ @ ks ('v {) + ( ) N / ‘f vd: = sin #(cos & + ﬁsin 83)

kv ) . 1 La A \ afv = sin §(—Lcos 2 + :lj %sin 2),

Z v% = —}sin 8(cos 8; + |/ 3sin 6),
4 ay = a‘fv.

vy = —sin G(é-cos 8 + %\/gsin 82}
= aly = —viy.

3 G ¢ Mt 4 - Left-Right Models

+f{a YA RS /A
gﬂ' C%((l\ MV"t /‘) o =[ Aain®d

(T — 207sin?0Qem) + 22Ty, - 25in28Q,m] ,

D L _ £ {f |
~ 161 SW f S'h s v w‘,< afy = | ST - 20Ty,
V;" s, Vg ¥ > - " ¢ Z, Mg |
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Z, Ze Zy Zia F4

oo — free | 322(3A3) 15B8(172) 181(194) 360(419}  T56(824) |
po =1 | 321(340) 160(174) 182(195) 389(431) 7TT9(85S)
o = 0| 553(502) 585(624) 211(221) BS7(914) -
o =1|553(592) 183(178) 483(531) 857(914) -
o =5|553(502) 716(T85) TT3(842) 857(914) -

o= oo | 553(502) 912(1000) 923(1004) 857(914) -
15-plet 273 250 266 299 335
16-plet 248 246 236 28] -
27-plet 224 160 182 - -

Table 9: Lower Limits on the mass M, of an extra Z boson for the Z,, Zy, Z,, Zpa,
sad Z’ models. The indirect limits are for the py =free, py = 1, and for minima) Higgs
models with ¢ = 0,1,5,00. Both the 95% CL and 90% (in parentbeses) CL hmits
are given. In all cases, my > 89 GeV and sin’ bw{Ms) are free parameters. The
direct limits are 95% CL based on the CDF result {58}, sssuming B(Z; — ete~) for
models with three 15-plets, 16-plets, and 27-pleta of fermicas Lght enough for the 2,
to decay into. The 27-plet limits for the 2, and Z, assume that the Z; — tf chanmel
is closed. From [12)].

Zy : Zin
po = free, § | 0.0012 (50} ﬂ.mu; —0.021112% 00015(41) —oﬁla;

Onin —0.0070  —0.0080 ~0.038  -0.0043 —0.0087
fmax +0.0004 +0.012 +0.002 +0.0079 +0.0020
[]

o= 1,0 | 0.0010(41) 0.0047(47) —0.02i{11) 0.0024(32) —0.0086(32)
8| -0.0048 —0.0025  —0.038 -~0.0025  —0.0086
o...| +00007 +0m3 0002 +0.0083  +0.0005

Table 10: Best fit values and 95% CL upper (fua.) and lower (#,;,) Emits on the

mixing angle # for the py = free and pp = 1 models. The numbers in parentheses are
the uncertainties in the best fit values. From [12].

Z, Zy Z, Zia Z' [ S0, x U,
= 0(282) 30T(200) 204(275) 300(293) 307(290) | S10{204)
po=1|182(174) 183(172) 187(156) 181(172) 183(175) | 182(174)

Table 11: 95 (90)% CL upper limits on m, for the ZyyZyy 2y 210, Z' models for the
cases po = free and py = 1, compared to the kmits obtained sssuming 5U; x Ur. The
direct CDF Lmit m, > 8% GeV is incorporated in the nualysis. The Limits in the
minimal Higgs models are similar to the py = 1 case. From {12].
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