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1 Introduction 

The high accuracy of present electroweak measurements make them sensitive to·the 
level of quantum couections in the.Standard Model (SM) of electroweak interactions. 

Different electroweak measurements complement each other in their :Sensitivity to 
the Standard Model parameters. By confronting these measmements to the theory 
predictions one can check the internal consistency of the Standard Model ;11(1 extract . 
the information on the SM parameters. . . • . . 

The SM predictions for electr.oweak observables arc usually made in teims of: 
experimentally well measured quantities- the mass of the z0

, Mz, the muon 
decay constant, Gµ, the fine-structure- constant i!l Mz-scale, a(Mi); 

and less known~ the strong coupling constant at J\[z-scale, a,(M:i), the mass of 
the top-quark, mt, and the.Higgs boson mass, M11: 

The ralue of a,(Mi) is measured now at LEP lo about 5% precision. 
Top-quark has been discovered recently at the TE\!ATRON and its mass was·· 

measured directly to a precision of ;._, '12 GeV. This direct ri1easurement is· in 
excellent agreement with the m1 prediction from radiative correctio11s, to which many 
of recent precise electroweak measureme1lts performed at LEP, SLC, TEVATRON, 
as well as some others,.had contributed to. · .. 

-With the direct. measurement of m1 the electroweak data already show
1 

weak 
sensitivity to MH, the most unknown and intriguing parameter.' 

In the subsequent sections the results of the most precise measurements of the W 
and zo masses, the wid.ths and various lepton and quark asymmetries are presented. 
Finally, the results of the gl~bal a~alysis of the declroweaK data are discussed .. 

2 zo · linesl~ape results 

2.1. Defi11itioi1of theparameters ' ·-~· J\ 

The, so-called, zo lineshape is-t_he measurem~nt of the eras~ se~tions of the produc
tion of different fermions at several energy points around the resonance.· From these·· 
measu~ements the basic parameters of the zo - the mass, the total and the partial 
~idths are extracted. . . . :. . . . 

At the energies· n~ar· the zo · resona'n~e the. total cross section for. the proc~ss 
e+e- ➔ ff with f =/= e is dominated by zo exchange. l_n· the lowest order it can be 
written as: · 

- ( I' 2 ar7 s) = a~l s z . . ...•. 
(s - Mz2)2 + (Mzl'z)2 ;t,zo+,,- (1) 

where',' and ',Z0 ' are small cont~ibutions from the photon exchange· and the ,z0
-

interference. The peak cross section. a~1 can l~e expressed. through the- total and 
partial.widths of the z0 : . -' · • ' • · · 

o r.eI'r7 · ( ) 
ar7 = 12rr M 21' 2, 2 
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'and' partial width~ are proportional to the c~nibin~tion of 
0

the z0 vector and axial~ ' 
y~ctor couplings to the fermi?ns:. · · ·' · . . ··' ·. , . 

1 
' •,' ', I 

( f 2 f 2) , . ( ) rri'"'." 9,, +Ya . . · · · 3 

\' 

. .Another ~ombinatipn of these coupli~g~; na~el; the ratio ·g~ jg(, is meas~r~d 
from the forward-backward asymmetries. ' · ,.. .\ · ' · · ' 
. Inthe Stand~{d Model'th~ polar· angular dependence ofthe cr~ss s~ction for.the 

1 
'proces~e,+~- ➔ ff(f#e)isgivenby:. , ·.· \. ·' .. • ';. • :, ' 

. ' ._ . ,. 

da(s) .. · • ,
2

' 8., (,: . ' ; 
dcosB ~,1 +c?s 0+3"11FB s)cos0, 

I 
(4)' 

whe~e B.is ari angie between ~he dir~ction; of the. ih~oming e+ and the ~mtgoing . 
, i.. 'antifermion f. ·: For f.:.::e a more complicated expression arises from the' t~channel 

involved. Parameter AFB(s) is:th~ forward-backward (FB) asy:inmet~y defined as: 
' > ., , • • :• ' ' ' ·., \'" , '·!. '' 

(:.!: :A,··:-(:.)' ,.a_ F_ (s)-h°B(s)· .. (
5
).r 

' FB S = . ·, ., · 
, . , , , , , , ,_'. · <·aF(s)+aB(s) /, . . . ' · 

' ' , '. , : ' , •, , ' ,, \"' ' ' . ,, '. '. ·. - I' . ·~' '; ' ·,· ., ' l, 1 t : 

Th~ experime~tal information about'FB asymmetry is often expressed in a single 
. · · .: ' · . ' . ·. · ' 0 f · •. · . . I ' 

number, so~called, · peak asymmetry ~B defined. as: · 
. , ' - . , iil , , . . 

o r : 
0

r . ,I . { · 3 .: .· · .. Ava= AFa(s = Mz) =; 4AeAr ;· 
., ' ' 

I' ·'·'·' ;,,t'' 2gt•g~ ,: .. '1·:, I f,=1 f2 f2" 
,- , i , , . . . , . . ·. • , 9v 7 9a . , , .• ' . ;' , .. 
• The ~~ak ~i'xing angle is defin~d as the ratio of the vec

0

tor, .;,nd axial~vector' CO~tpling 
constants ~f the fermi~ri t6· zo; ' ' 1 ' • • . •• - • • • • 

I '/'· •·. ' ·}',. ' I '' ' 
sin20eff,f, = -(1 ~ l / l). 

' - ,; , :' ' - ' ' . \ >t·, ' 4,: ··. ",· -~ ' . ' ' ' ,· ': . ·. ' 
',' : : Thus, the measurement of.the forward-backward asymmdry provides very impor-'. 

. : tant info~ination'On the value ofsin2BW, ¥1pich is comple~entary to the infor~atibri. 
from the-Z0 'Iineshape data. · ' · ·· · · 

.•. ·,. ,. ':·, -, • ' : , I • 

2~2 . The dataanalyses .. . . . . . . . _ , . 
"· ., on'e ~an !~isti~ghi~h .se~bral :i~p~rt~t irigredients of ,th: .lineshape ~ea~u~emen'ts: ' . 

._.y ~ ~ , , ,-, ' ,' ', \ I' ', ' \ t •. ~ ,' , i \ ' ' /,\ ,, ,· • ' '' '' '. ' , ',' . ' • 

. . '' • cent~;;of~~ass eii.~~gy 
: '·.I, ...... , . , 

• luminosity 

,: • selefo~n of z0-~vents 

ir~:~r,:·~, '., •~~;·:: ·: 
IJ . 3;.t; 
'·t ,._~•-~1.. 

~ ~ .. !-"' j'f' '""' ·.' ''. t~~§r,~ ,~!~ .... 
\.;;.-' .. *~-.'\.·Iii,.;, 

:,~·".':.·'.,. 
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',."- Significant progress has been achieved in the calibratio~ of th~ LEP energy using 
.the resonance depolarization ·technique. This method is 'a very powerful tool with 
'an internal precision of a fractions,of MeV in, a single energy measurement. A series 

• of calibrations of LEP were performed in 1993,when LEP was taking data at peak-2, 
peak and peak+2 energies.,· . . · ' .- · ': . · , ... · / . ' 

· ·. -· Analysis of these data along ~ith the information on many parameters ofLEP 
·. which were ~onito~ed during this scan allowed to 'calibrate energy points· to a 2.0, 
· 5.4 andL5 MeV, respectively [l]. Taking into:ac_count the corrdation between the_ 

: >alibration of energy·points and the weight of '93 data in the whole data set;- that 
resulted in the ~ystematic uncertainties of 1.5 MeV on Mz ancl L7 MeV on rz.' 
A.dditionalsystematic error ofl.O M~V on fz irises from the 5 MeV ?incertainty of 
the LEP cent~e-of-m~ss energy spread. . ' ' __ .·. . ,. , ' ' . 
. The luminosity pr~~ided hy LEP was-constantly, increasing from year to_year. 

·During the \1993 scan about 40 pb-1 ,we;e delivered by· LEP to ea~h experiment .. 
j S C r ' ' , '/ ,' • • • C , , • I,_ • •' • •~ 

:This luminosity was approximately equally shared_ between the peak and off-peak 
·. energy points. In 1994 more than 60 pb-1 were provided by LE~ at peak energy. 

The precise,'dete;rnination· of the luminosity in each expi;riment is.based on the_ 
' ' .• ·. \ . ' '. " . . . . . .· . ' .· .. ' 

• use of s-giall-angle Bhabha scattering (e+e- -t e+e-) as a reference process. The 
· absolute luminosity is obtained from the ratio of the· rneasure'd number ~f events. 

and the theoretic~lly predicted cross-section. visible in, the acceptance of the· _Small 
Angle raggefr(SAT). '. . ' ' .'' . ' .. ' .• I • ' '. • • • ' • · __ • ,• 

Due. to a very sharp angular dependence_ of the· Bhabha ·cross -section· at small, 
angles the u'ucertainty on the inner edge of the acceptan~e represents the majoi
experirri~ntal Uncertainty in luminosity determination'. Overall experimental tincer" 

-tainties in luminosity analysis of diffe~ent ;LEP experiments ranges from• o·.08 to 
0.15% now. . . . '_ . . ' ·.. . . " . • . - ·, , . , 

In addition, there is_a theoret_icalsyste~atic·error [2] of 0.16%mainlydue_to. 
__ '. uncalculated higher order terrns. · This_ error is treated as common for all experiments. 

Hopefully, with the ne~ calculatio_ns it can be reduced further to match experimental · 
. achievement'. · , . .. . . . . . . . _ _ . . _ ! ·, ,- _ . . 

_ The selection of zo eve~ts is based o~ the criteri~ of erietgy depi>sited in the det~c-' 

"\_, 

. tor and the'multiplicity of particles in the event. Lineshape analyses are performed· 
sepai:at_ely for el~ctrons, _IIJ.Uons a~d taus, and for hadr~ns inclusively. ' ' ' . ' ·_ '• 

•· -The hadronic zo decays are separated on_ the basis of large multiplicity of tracks , 
or calorimetric clusters and require some minimum amount' of energy: to rejecbesid~ ... 
ual background from "beam gas events an{ two~photon inter~ctions~ · Systematic ·, 
uncertainties -~n the selection. of zo h~dronic -~v~nts by· different. LEP ex'perimerits 
. b. .· . (rt. : . . . . . -·,.:,. . . 

are a out 0.1,o at present. . . ,· . . . l ,.1 :': • , .•· . . 

. Leptoni~ everits havii low multiplicities and, in additio;:, the detector particle . 
identification c~pabilities are used to distinguish betw~en the different lepton types. ,: 

- At present leptoriic arialyses are stiilstati~tically limited, typical experimental sys: 
tematic uncertainties are 0.3~0.8 %: , . . . 
.• The statistics of, the z0 events. collected by the LEP experiments [3] are shown . 
in table 1. Iri' tota1, from 1990 to 1994, ab~ut 12 million· hadronic and 1.3 million 

. leptonic decays of Z0
. were detect~d. The analyses of 1993-1994 data are preliminary. 

• ' - : , ' ~ • , -, ' : < •' • . • • ' . • • I ' ' • . ·, <· ' ' •· • ' 
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Table 1: Statistics of the LEP. experiments e~pres;ed in units 103
• · 

✓ • 

-II ALEPH· 1 DELPH[ I· · L3 I "OPAL 

qq · . 1- '90-'91 451 · · 356 416 454 

I . ' '92 680 697 678 733 
' 

'93_prel. ,. 640 ._677 , 654 646 
'94 prel. 1281 1144 1362 1524 

total 3052 2874 3110 3357' 
'90-'91 55 . 37 40 58, 

'92 82 , 69 58 88 • J 

'93 preL· ·.'. 78 71' 61 82 
'94 prel. .155 . 54 123 '184 

fotal 370 231 '., 282 · 412'. 
'•) 

/ . 
. I 

. --· 
< :, . r }• • • '• ~ ', • ,' • •. ; • '/ • -

. . In <!,ddition to _the total cross section'measurement,' the angular dependence of 
the·lepton cross. section provides an important information on "the forward-backwa~d 

,, / ·.'' ,. . ·., ' , ' -_ . . ','· ' . ' · ... ,--
asymmetry.:_ · · · , · · · · 

_. Experimentally the fonvard-backwar~ asym~etryi; determi;~d by fitting ,the 
.. ·angular distrihuticm of events at:each energy 1p6int. In the case ·of the e+e- .final 
\ state,. the calculated t-charinel contribution is 'ac'counted f~r. -· . ' . . · . : · . -.• 

• ~: In th~ measure~ent of the r~tio ~f the cross sections m~ny det~ctor syste~atics 
cancel ouf therefore, _the ~y~m~try measurement is robust. These measurements 
are stiU statistically'. dominated,' typical experimental systematics on the' analyses of., 
lepton' foi-~ard-backw~rd asy~~etrie.s are'0.001-0.003. SmaU common ~ystematic 

. err~r of 0:0005 between differ~nt experiments is due to the uncertaiilty in th~ absolute 
· LEP energy scale'. · .• ·. ·· ·- ' · · · ·· · " · · · · · , · · · 

. . I 

. 2.3 · Averaging procedure and r'esults 

hi orderto sim;iif/the. ~~~pc1.~i~6n a~d ~veragiii~ oLth~Jineshape and as~mmetry 
results · each LEP experiment provides. them in. the agreed·- form of 9~parameters. 
These parameters are: the zo mass (Mz), the total width' (rz), the' peak hadronic 
cross-section ( a~), the ratios of the ha.dronic to leptonic partial widths (R.:,, Rµ, RT) 

·_and leptonic peak_asymmetries (~~' ~{;, .A'/.,•8). This set is convenient for fitting 
and ii.veraging as it is, the least correlated parameter set closE: to th~ experimental 

measuremen!~-' ' . . ' ,, \ ' ' . ' 
..:..>:In the framework of the hypothesis of lepton universality this set is reduced to 
the·5-parameter set-;namely, Mz,fz, ag,~Rt ~ndA~·J. - ... '. _ _ _ . , · 

- To extract the' parameters the cross-sections· and asymmetries measure4 at dif
ferent ene~gy points a~e fitted to _the'. the6retirnl calculations ·and the~ the individual -
experiment results are averaged' taking into account common errors and correlations 
between the parameters [3]. The following common 'systematic errors. ~~i;e taken -

; "' . ', ' ~ 

,,. 

-r· 5 
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into account in this an~lysis: 

Table 2: SumU:ary of common systematic uncertairitie; 

parameter 
I: Mz 
; .. Tz f 

(70 
. h 

uncertainty 
·1.5 MeV 
1.7.MeV 

·1.oMeV 
0.16% 

source 
LEP energy scale_ 
LEP. energy· scale 
LEP energy spread 
Lu~inosity theory .· 

., t:"a; A';/;' t:~ 
or.t:·~ 0.0005 LEP e·nergy scale 

The results· of the Mz measurement by differe~:it LEP eicp~riments · and their · 
average ~re shown in figure l.·The errors'quot~d fdr the fodividuai' LEPexpe~i~ents. 

' are only statistical; . Combined r~sult includ~s corri~o;'i systematics. The'Ill~S of 
_the z0. is one of the mos~ preci~ely measured electrow~ak pa;~meters. 
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.. · •. ·• .. :- · '· .. : -· . · : ·. '.· O l . .. · · . . . 
The individual measurements of the fz, o-f, Re and ~B and_ their averages are 

presented in figures '2 ~ 5 .. · Also sho~~: iri thes~ figures are the Standard: Model . 
predictionsfor diffeient top-quark masses and the.range ofMH--:.and:a.(Mi). . 
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TheTz dependence on m{is:strcing compared to th~:m~asurement precision .. 
The totaLwidth, therefore, provides ·an important information for/constraining the 
Standarci-Model. · : .· · ·· •._ · ' . :_ · · · · ' · · .. •. . • ·· 

The_ hadronic peak cross-section· ~rid the: ratio· of"the hadronic to ieptortic z 0 
· 

partial widths,.' on the contr~ry, . depend only weakly on -the paran{eters. ml and. 
Mu because· of the cancellation of similar dependences in partial and total widths. 

·1n u~,the depen:dence on a&{Ali) also cancels_ out partially betw~n fhad. ancf fi. -· 
However, the depen'dence:of Rt on ·a.(M:i) is strong,. which_ makes· Rt the most 
impmtant observable fo~ the extraction of the 'strong coupling constant from the z 0 

;" 
line shape data. · .. . . •· . . . . . : . . 

. Figure 6 shows the correlation between .the measured ratios -~f hadronic to· lep~ 
• tonic partial widths aiid' peakasymmetri~s for different lepton species and for all 

:-.-

'~:-·, 

~~~ 

leptons assuming UIJiversality. · · · · ·· · •. · 

Table i Average '.lincshap~ arid !ep:. · 
ton forward-backo/a~d asymm,etry re
sults .. 

1· 

___ Mz(GeV) 91.1884±0.0022 
·. fz(GeV) . 2:4963±0.0032 

u~(nb) ··· : 41:488±0.078 
. With Lepton Universality 
Rt ·20.788±0.032 

- --~f' . 0.0172±0.0012 

Without. Lepton .Universality 
R,, 20. 797 ±0.058 c ·- , 
Rµ . . 20;796±0.043 _: 
R; . . 20·.813±0.061 . 

. o e, •' . ~ · · ~ , · :- , 
: t\r/13 .• ' O.Ol.'i7±0.p028 •· 

_ ffo:02s1 .... "':",...;,,...;,r.-.-.-;.:.......:...:~-.--..:;..~-
< ·· ~ ,.-; ..... .--,·•·~:~~ ......... . 
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: :< Figure 6:· Contour plot for Rt and ~B 

'\:--

-,~·;• .. 0.0206±0.002:J- . . ~e~urerrient: . . . ,. '. . . . . . . 
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.· Table 1: i\ veragivalues of the derived parameters. · 
' - .. ' . ' ,., 

l'..,(MeV) 
r,,,~(MeV) 
·r,.AMeV) 
T1(MeV)· 
L\..,1(MeV) 
I'inv(MeV). 

83.92±0:17 ::::.-
83.92±0.23 . ; .. 
83.85±0.29 
83.93±0.14 

17 44 •. 8±3.0 
499.9±2.5 
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Combined between experi~e'ots lineshape and asymmetry results 
0

with and with
out. assuming lepton universality ~e s'urnmarized in table 3: In addition, iO:. table 4 •. 
the liheshape data-a~e presented in the form of partial d~cay widths ·of the z 0 cal- .. 
cu:lated frorrdhe pcl.rameters of t~ble 3 an:d ~orrelations. · > . . · . .· . . . 

The measured__yalue of l:\nv/r,~5.956±0.031 corresponds _to the numbe~ of light 
,· neutri:O:o species: . . . . ' . 

, N., == 2.991 ± 0.016, , - (9) 
,' ., :··' : " 

when using-the Standard Model'predictionfor one generation r.,/ru=l.991±0.001.' 
. computed for Mz~9L1884 'GeV, ffit==l80±12 GeV and a V?,riation of Ma from 60 
to iOOO with the ceU:tral val~e of 300 GeV. . . . . 

. ; 

,_ 2'.4' Study ~f tihe 1z0 :interfer~nce' < , __ 

There~ults pre~eri.ted aiove are di,ffere~t paramet~rizations ~fpure z 0
• e~clrn.~g;,, In .. · 

extractirig the~ from the data thecommon approach of LEP experirnents was to fix. 
: the• smaU contri_butions of piJ_re photon exchange and 1 z 0 interference to the values · 
- predicted by the Standard Model. This· is ·well motivated by the small contribution 
i of thes~ te~J?S atz0 energies, ' - ·.•. ' ·. . ;. .. . .. , :; . ; \ . · .. ; . . . '· 
· -.--A more general' approach, however, is to·parameterize the 1 z 0

• interference fa~, 
dependently on the-z0 'exchange and try to extrictinformation·on~the int~rf~rence. 

·strength from th~ data (4]: A convenient framework for that is the s-matrix approach 
in which_the total cross s~ction ~f e+e- ;':+ ff depend upon ~he parameters g}°t, r:0\ 

,Wt~- the 1, the Z0-and tlrn'interf<;rence contributions, respectively. ./ 
. , -:,,..' ' i. ' ' ·--~· ... ' '._ ,. ,, • ' ," :··, ,·' \- - . 
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; _ The parameter jt:~, whi_ch characterize the hadronic interference term, is";trongly 
correlated·_ with the mass of zo .. This is shown in figure 7 for combined LEP data 
and for the data·which include the TOPAZ-experiment results.: _ · . · _ 

One notices that_ the data at low'er energy help to con~train the hadrcmic inter- .. 
ference term better than by LEP alone'. The precision is poor at present,· anyway .. 
To improve it .the'measui-ements:~t th'e ·ene~gi~s below (or above) zo,· ~here-the:' 

· - interference contribution is relatively more important; are required~ . - . . 
. At TEP _the lower energies alio could be probed studying the events with_ the _. 

Jnitial state radiation. The results of such analysis performed by'DELPHI and L3 (5] __ : _ 
_- for the muon channel are presented in figure 8. -- . 

Radiative µ Study at LEP 
,· . - -

DELPH( --
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~s: .[GeVJ-· 
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Figure 8: The c~ss s~clion and f~rward~backward asymmetry,m~~s~i-ement fro~ 
radiati~e rriuon events. !fhe line is the Standard Model expectation. -

'.• I • • • • .- • • ., ,• • ', 

Ir{ this figur~ the cros~ section 3:ncf th';; forwarlbacky:ard a;;inm~try are sho~n as 
a function'of energy which-in.these events effectively had changed'from the norninal 
<lueto the initi~lstat'e radiated.hard photon. Within the limits ofpi-edsion the <lat~.'. .• 
show no deviation from the behaviour predi~tedby the Standard Model (the line) .. 
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-3. : -i Polarization 
I 

\The fermi~ns. in _the z0. ·decays. are p~odt1ced polarized -and,_ in-· the c_ase- of th~ 'de
cay into +-lepton pair. this polarization co~ld be meisured e~p~rime~tally from the 

. analysi~ ofthe T decay properties. . . .• . . . 
The T polarization Pr is defined M: 

·..- _I. ::-- ;, •• .• 

, p- _ an.-ac 
. -~ - un. -tac 

- jlO) 

• , • ~ : : • -. • •• ; • ' ~ • • \. - ' • ; : - • ' •• - •• ', : ~ • • ✓ , 

_whe_re UR and UL are the cross~sectio_gs for thee production. of a right-han_ded and 
. left-handed T-, respectively .. -· .. . .... ' ' ·. / .. 

_· Neglecting small co~rections, the angular distribution of P,(s:::M:D is given by:· 
' - _. . . ~· ' .' . - . .., ' ' - - . - -'' , \-'-· , : ~ . 

A A 2cos0 . ,.+ ·~ 
1 +AA - 2cos0 

T e1+
1
cos2 0 

- P~(co;f}) = · (11) 

- where (/is r production angie (between the_ e- and the' r_:}, and A.; ~nd A, were 
defin~il in ~qn:,{7t~ . ' . , - . _. / . -, . >_ . • ' . , • ·_. - · • 

\, 

'-.: 

· r ·polarization 90- 91 :-:-92. Preliminary 93-94 
/ ,- , . ' . \ A.;. ' ' ' \ . . . s.:. 

0.136 ±-~.015· __ ,' ' 
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Mean 7-poliriiation· (i.e.", ·avera~~l over· .;,11 :producti~n ~ngles) · i; th~ ~eas{;re
meilt of .;!r,wµile as a functionofcosO, 7~\(cos0) provides both A~ and Ae thus 
allmving to test lepto11 u~iversality. . . . ·. - · . _. · 

For the T-polarization measuremenfLEi:' experirn'entsu~e T decay channels into 
e, µ, r.;p and a1. Tlie DELPHI experiment performed also _an iriclusi~e analysis 
using T hadr.9nic' decays .. ·. . . . . ·, . . ·. . . .· . : : - .. 

The results ·or. individual expei·iments and their· averages' [3] for A;,· Ae and a 
universal At are presented in figure 9 .. Th~ Standard Model_prediction shown at the 
bottom of the figure illustrates the serisitivity o( this 1:1-easurement to the eled~oweak 

··parameters.· .c. ·,_., ' < .... : ....• ,. ,::; :.; ,_· ·-· . 

·4 ·._Th~-I~eft~Right ~sy~1;11etrY _ 
I • ~- .,:·"· • ~ ·, - •~,: ,.·:~- . , _, ·_ • '_, '. _;_/ _ , -,"/. ,· ."".· 

. The ne,v _ preliminary result. on the left-right ·asymmetry from the arialysis of the 
. SLD data colleded up to 1995 \Vas presented recently [6). . . . , . . . . 

· Experimentally the left-right asymmetry is measured as_ a relative difference in ' 
th~ 11umb:er ofZ0 's produced,in the collisio11s·of the left~ and right-hAnded electr<?ns;--. 

:with.positrons: · · · 

NL-,NR. 
·-ALR = . = P]Ae . -·. . ~NL+ N.R 

This measurement pr6~ides a direct ~ccess to the electron couplings to the zo: It' 
takes an advantage of th~ ~cry high ( ~. 80~) valu'e oft~~ longitudlnaJ pola;ization 
ofdectron beam, 'Pj,·ac;hieved at SLAC with .the strained GaAs polarized electron' 
source. · · · ·. ' '. · , · · '. . · ._.:._ ' , ' · · .. ' 

.Two basic .ispect~ of the left-right ·a;ymmeti-y a~aly_sis are:: 

·; the.rneas11rement ~fthe beam polariz~tion. 
I " -.\ ,• ' ' > ' ' • ' ~• ' , ' '• ' ' 

. • the z0 coiinting ·· 
/. ~ l_:_., 

/.' 

The dircction;of thctbeam polaiization\vas alternated du~i~g the run on a rail:·. 
<lorn' basis from bundito. bunch to avoid possible biases.' . The ievei ~f the' beam,:. 
polarizati~n. wasrriea~ui·ed in.the (;~i';;p_ton scattering. polari~~te~ situated after the . 
interaction poi~t. Ac~urate beam pofarization measurements were available approx~ 

• irnatdy ~:very Hfll)iri~1tc:s. . · . , . . . . ·· · .. . . . .. . . • . . ·_• . ·-.. 
Tl1e poh~rizatic~;10r'ctc'.c:tro11 beam versus.the integrated st.itistics ofZ0 's collect~d . 

liy SW i~ si1owi1 in figurrl-0_; . . ·.· . • . . . ·. '. :_ ,, . : . . . ' . 
SLD a11alysis reports a,i overall.relative systematic error of the polarization mea-: 

.. surcrnc11t;ro:s%. _-. • .. :. ·_·· . . ·. : ·. ''• .. ·:,· .· ,··· _ • _ 
Selection' of zu evc;nts is pcrforrned bi/ SLD experiment on tlie basis of purely . 

. calo;·i ;,Jetric in formition, -·For~ this· nieasure~ent. ~H final states could: be -~nalyzed -· 
ind1isi~ely (in practice, however, the e+e- final. state is rejected :beca~se _~f the 
additional. t_-channd ·coni·ributiori). i'fhe. sel~~ted sample contains 51446' left-· and_. 
'10815 rigl1t~handed Z0 's." ., .. · '< ..... · .. _\ : · .... · · .. · ··. ; .. · 
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Figure· 10: Measu~ed beam p~larization'. 
·1' . • . . '. . . ' 

. ·• The new result reaas: .A.~ 0,1524 ± 0'.0042,tat± 0.0012.;y~t.• Incfodi;g all'the 
SLD data c9llected from 1992' to 1995_ the're~ults is: , 

'·, :1>~ 0.1551 ± 0.0049 (13) 

or e:Xpress'ed in te:m~. of the effective \~eak mix;ing, angle:. 

· . · •. ,. . ~in;0W := 0;2io49 io.~0050 (14) 

f :- ! ._.- , 7- '; :' _ / 

. 5 · Effective :zo couplings :for.leptons .. 

\ 

• ~ . ' \. 1 - I 

'The dat~ p~esent~d abo~e, n~m;l~, the ~~rtial ~idthsi the leJton forward-backward .·, 
asymmetries; t}{e f-polariz~ti~n, the ~:..polarizatiori 1asymmetry and th~ l~ft-right, 
asymmetry could be analyzed together to. extract infor~ation ()11 Z-cottplings to·/ 

. charged leptons. . . . . . : . . , .• . . . , '· ... 
, Figur'eU _shows.the68% contour plots in the 9!~9~ plane derived from LEP 

. data. The band in this figure r~pr~sents the SLD,ALR measurement: The Standa'i:d 
Model prediction for mt=l80±12 GeV ar{d a variation of MH from 60 to iodo_with '. · 
the central value of 300 GeV is also shown·. . . . . ' .. 

· ... The result~ ofth~ c~mbined LEP+SLD analysis are presented 1ntable 5 .. The 
measured ratios of the e; µ ~d i c~uplings given in this table provide a test of the 

. lept~J} unive~salitf 'The neutrin~ couplings to z0 w~re derived from the.mea~ured 
, . invi~ibJe v;idth.assuming9~=9~~9"•and.the universality of three generations . 

: '. . '. ' :- \ ·, ;-. ' 
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Table 5: Results foi- the effectiv~ lepton couplings from the analysis of LEP+SLD 
dat~. - .• · . . . •. ·. 

,\ 

, . . / . 

,· 

I 

I 

Without lepton universality 

g! ' -0.03850±0.00087 
g~ :, . i-0.0354±0.0036· ' 
. g; . -0.0369±0.0018 
g! -0.50103±0.00051 
g~ -0.50124±0;00075' , I 

g!' -0.50152±0.00089 
g~/ g! , 1.0004±0.0018 

.· g! /g: . 1.0010±0.0020 
gi / 'g: ' _:. 0.92±0.10 ,' 
g; I g~ ' 0.959±0.052 
·.•With lepton' universality 

Yv · ·-0.03797±0.00071 
g!' -0.50111±0.00041: '. 

,'gV 0.5011±'0.0013 
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. _ ·• ' • .. ,. . . . . ; · . _ . ·. I . " . 
. · Figure 11: The 68%'probability contours in the (g~, g!)plane fromLE~:and SLC 
.. measurements.'· . . . ' 
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6 .Electroweak measur~ments with quarks 
i . 

• 6.1 The hadroni_c charg~ asymmetry_. 

. An inclusive hadronic forV\';rd~b~ckward charge asymmetry was. measured. at' LEP 
byALErH; DELPHI and OPAL , ( · , <· - · : .. : ... -,· .· 

• In these analyses the mean difference. in jet-. charges· in the fonvard. and back~ 
ward everi~ hemispl~e(~;;\(QpB\ is 1;elated to the original qu~rk f?rwa_,1·d-b~ckward 

t • J · · · · ·. h. • 29lept h- } .'A ,. , asymme nes; t IS sens1t1ve tote Sill eff t roug I ~-, . ·; · · ,' •. \, ,', • :, 

;The results on (Qpn) from .different experiments cannot, be·compared directly 
as they inchide. detector depende;1t effects, so,' the' comparison and combination of 
the individ!1al re~ults is. perf~i-med _usi~g _the sir?0~j] derived by ~ach. ~xperiii1e~t • 

•from the measured hadronic charge asym.mefries. · · / 1 
. • • . ·· · • 

'.:. The results of individual experiments and. their average (7] are presei1ted in t~-' 
'/ .. , hie 6. T~idomi_nant systema'.iic,error originates fromthc uncertaii1ti;s in ~1~delling 

-the fragmentation· process. 
"\" 

'. 

' 
' ' •.: '~' •; '. j > • ,\' "i • > ·• < •' • C : > •• • ;•" • ',•' •• ' "', ' • ' ' 

. Table 6:. Results op sin20.j] from the measm'cments of the hadro1iic charge, asym-
. metrics at LEP ... , ' "'· i 

. . :\ 

data . I sin20~•f; 
ALEPH 90~93 pre!. 0.2323 ± 0.0010 ± 0.0010 

··• 'DEIJPHI .. 90-91 final 0.2345 ± 0.0030 ± o·.0027 
OPAi> 91'-94 preL 0.2326 ± 0.0012 ± 0.0013 

Average ! I 0.2325 ± 0.0013 

.. l 
6.2 · Res{11ts<frcn'n b~ ,and c:.qu~~ks 

. y . .' .. ,·.' :_ . ·, -··' '. ,..,_ •. . ' . •·'. . ; I 

The ineasu~·einents of partial widths and forward-h'admard :asy111111<'tries for l~~ and 
,c-quarks were performed by ALEI~H: DELPHI, L:Land OPAL al LEP [8,,!) .. 10)-'. 
The SLD experiment at SLC has presented recently.the measuremenfof the b-quark 
partial width and,~ au'd c-quark polarized 'forward-b~rk\vard 'asymml'lrie~ [l i,· 12] . 

, The experimentally'mcasurcd qua·ntitit;s,R1, and I{... a'rc th;~ i~tios of tli<' b-' and 
-c0 qua&1)artial widths ofthe zo to th<': tot.al. hadionir .. part.i:1.I _width .. ·, ... · '; •. 
< Thcs~ ratios ctc'pericl r1tthf.)1' weaklyou th\' J)ari1111et1·rs i111 ar;d 1~/11 lwca1:sl' of the 

: cancelation of.the vacuu1n polarization rorn·dions in th<' I'r,j;•r .. ~·,rnd .1'1,a,l•· 

. ·In thc)?i,, however, th<;rc is.a uniqu<' clepend,•nn• on '111i' arising from th,: b-v<~rtex: 
' .. ,._-- '.' ·. '•) . ' '],? '' ' ··:· . 

· · ·. 20ci 1//j, J:I I/It · .·· ·. '.· 
. . U1,~R,1(l-;--:,--c(,\/ 2 +-6 /o!J,\/ 2 )) • (15) ... 

. . • . _· ."_·.· -. L_,rr , z 1 
' z · ' ' ' ' i . ' ' -~, .\ . . . ! . . • 

. As:in the case of lcpt~ns;'the quark forward-hat·kward asymnwtril'S ar:e defir1e1l, 
'by formula.(6). With.respect to Ac, ACJ is.large. (~0.G(i for ttp and ~0.!J;! for down' 

• . .. ' . o . .. . J • • • ' . I . .. 
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. typ~1q~a;ks) and depends only \Ve.;kly on sin20W. The ~ain
1
sensitivity of the quark.· 

. forward-backward asymmetries i~ on sin20W·l through A/,. . .. · ' .· , .. ·. , 
;The:left-right forward-backward asym"ru~tries for b-' and c-quark~ measured by 

SLD in' the polarized beam are only sensitive to the final state couplings Ab and A . ' 
. ~~~ned in, 7. • / . , ' · . ·: '·. , . ' , : . ' 1 . , · · ' . , · , , 

The.exclusive measurements of partial widths in the quark sector require quark 
· flavour tagging. In additi~ri, charge tagging is need~d for the' asymn1etry ana.lysis. ·.· 

' Se~eral methods are used to· identify heavy flavour b~: and c-quark final states . 
. The tagging techniques are bas~d cm: t.he long lifetime of be-hadrons, special event ' 
. shapes; which,are due to high·n1ass ·a~d.high'moinentum of b~ a;,.d c-hadrons, in-
. elusive leptons with·higli momentum ~nd high Pi from b- arid c-quark decay; a11d , · 

I I a re~onstru~tion of.exclusive de~ay modes: . ' .. I ·•·. I . '/ . ' . . ;. ' · . 

: 1'he m~astir~ments performed by'exp~riments could be subdi~ided into t~o basic 
. . categories: single- arid do1.1bl~tag ones.' .. ·· . i _: . , \: .. ••' 'i I 

· .. · ··. ''. I • ' .. c J' . • I • ' . · · 

I In the single~tag technique the number of the identified events is corrected for th~ ' .. 
,· ' , . ' '. . .,, ,· ' ' \' • '•' 1 

' background arid efficiency calculated using the Monte Carlo. The main systematics· I 

~f these measurem~nts c~me from the uncertainties in simulating the produ~tion and 
1 de~ay properties ofb~ and c-hadro11s which influence the overall tagging efficiency.· 

'\ The second ~lass 6f measur'eme~ts uses the double-tag technique in which' the · 
. 'taggiJg ~fficien~y is' calculated directly from the data. Each eve_nt in these analyses ·. 
·. is divided into two'hemispheres and tagging i; applied t() e~ch hemisphere ind~pen~ 

. >" dently: '.The efficiencyis de'ri~ed froin. theratio of the events tagged.on both side~•· 
. to the number of tagged single herni~phcres .. .The dominant systematic~~rors 6f the 
. d~uble-tag measurerrie~ts are from theyncertainties iii the 'estirnatio11_ofth~ residual 
backgrounds and the.c'o'rrelation between faggingefficiencies in the two he111ispheres. ' 

.The results of diffe~ent melsurements ?f Rb and Re are presented in figures 12,13, 
resp~ctiv~ly'. -'.I'hey compi.-ise Ute rrsults' o!,Jtain~d 'witli the leptonj event-shape and 

. lifetime IJ~quark tags; and lepton and various D-rriesori 'tagging of c-quarks.' . ·. . ' 
, , ' ' , '. , , , . , , ' : . ' ' I ~ : ' , , 

At pres;nt. the most precise results. ori R1:, are from the combined lifetime and 
. . ,lci;ton double0 tag' meas~rements performed_by ALEPH, DELJlHI, OPAL ~nd·SLD.' 
! · :; · Total relative error ofthe combined result of the Rb m~asurement is ~-,0.7%, 

> ! ' ' , ,· ,• ' ' l . '. ' . • , • ' • j' ' • ' " ' ,.' ~ ' ' ' " 

! 

this measurement is sysfomatics limited.· A. dominant systematic error;,' of the.~' 
•' , . • . . . . . . . .. . . . •. ·. I . . 

measnrernent come· from the· uncertainties in the production fractions and decay 
multipliciti~s .~f 'different c-hadrons.'' 1)ese uncertainties could be' red~ced with, 
further.analyses of the LEP data, whic~ are pow. competitivein precision with the'. 
,lata froin lowe(e'nc~gi;:s.' ·., . ' ,.: .,,. ' . ; I .' I ' .• I.,. ) ,· ' . · .. ' _·: 

Totai, frlativc'.crior. 6f t.l;e coml>ined res~lt of the R/ mca~urement is ~ · 5%,. 
,~bout-h~lf oftl;is error'is systematics commo~ bet0~en diffe~~nt expeririie~ts'. The 

. . , • . I : . . . . . ' ' , . , . , , 

so11rce of this common error 1is in the ·uncertainties of the cliarm production and 
hrai1chir1g[ractions) .· ' , , , . .\.'. •.•.. i' , . '· . :\ 

.. ··.The•n1<·~s111:ements C:if the h-and·~-quarkforward-backward 'asyfumetries ~re 
pres1:nted in tables 7,8 .. For the .'chargt! det_ermination in these_ measur~fuents _the 
charge of the lepton, in. lepton tags, jct chc1;rge algorithms· in_ lifetime. tags· and a 
IJ•±-mcson reconstruction analyses were used. . ·· · '. '. : . · . . ' .. 
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Fi~ure :12: ' Rb 
. mt=180±20 GeV. 

.11 
~\ 

0.18 ' 0.19 . 0.2 0.21 

·. . 

•' ,m:?J:1> 
DELP·H{1~~~~;J prel.~ 

DELPHI (92+93 prel.) , 
, " (mixed) . · ~> 

Ca.PHI (92+93 P.re. I.) , 
: ~m~tivoriate) 

0i,f.;1f!~.t.~r.~;> · 
/l!LPH (90+9\) . 
{even~ ~ape 

· •c ucs1i · .. 
. event shape) , 

. ·: LEP / . , 
(lepton fits) 

. ~ fff,!t!~f"~~ 

. ,Averagf: ' . 

·1 

0.24 0.25 

0.2192 :!: 0.0022 :!: 0,0026 

. 0'.2216 ¼ 0.0017 ± 0.0027 

0.2231 :!: 0.0029 :!: 0.0035 . 

·0.2186 :!: 0.0032 :!: 0.0022 

0.2197 :!: 0.0014 :!: 0.0022 
I ,t 

0.222 :!: 0.003 :!: 0.007 

0.2219 :!: 0.0039 ,· 
0.2171 :!: 0.004 :!: 0.0037, 

'0.2205 ± 0.0()16 

,o: •.•• .•..• • .•• 

. DELPH.I (~0-93) 
· ~. (D-mesons) , : · 

• • 0~1 (so-'••> ·•,· · 
, (sl~w.n dou.bSe tog) , 

OPAi. (90·92) i 
. . (D') 

,•. OPAL (90-94) 
(doublo tag) 

OPA!.
0 

(90-93) 
co•.D".o.,,,J .. 

LEPAverage 

LEP+SLD. 
1 \' 

' 0:1~37 ± 0.0074 • ·: 

... ' .. 0.154 ± 0.0074 

.\ 

·I 

'\ 

/, 
'' ,,·, 
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. Figure 13: ,'fi;, measurerile~t.,.The Standar1 .M~Jel predi~tion is for. ~t~180±W Ge V ... 
.: ' ... , .' . . . ' '' .''. . . ' '' ',. . - '. ' ' . ' ' . ~ , ' . ' 
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For. the consistent treatment of different results on b- and c-quark asymmetries: 
several small correctio~s were appli~d, whe;e necessary, to produce the pole asym-

·• ,1.0,b d,1.0c -- • ' · metr1es,'·I"{i8 an •'F'.B· 
/ 

Table 7; Res~lts on i;quark forward-backward asymmetry, measureme~ts. 
' ': . ' ' . ~ ·, : ·, ·. ·_ •. ,' \ ':---1 ,· ., 

\ 

ALEPH(lept.) 
DELPHI(lept.) 
L3(lept.) , · .. 
OPAL(lept:). 

·ALEPH(jetc.) _ 
DELPHI(jetc,) 

,, OPAL(j~tc-1 ' 

, 
/ 

90-93_', 
_91794 prel. 
90~93' prel. 

.90::94 prel., 
90'-93 

91-94 prel. 
91-94 prel. 

0.0846 ± 0.0068 ± 0.0022 . 
o.io49 ± 0.0076 ±0.0035· 

0:103 ±'0.010 ± 0.004 
0.1030 ± 0.0090 ± 0.0040 . 
OJJ992 ± 0.008tf± 0.0047 
0:0999 ± 0.0072 ± 0.0Q38 
0.0963 ± 0.0067 ± 0.0038 

1. 

Table 8:, Result~ on_ ~-~u!lrk forwarcl-b~cl<ward _ asymmetry m:easuiement~. 
' ' " , , ., \, 

ALEPH(lept.) 
'DELPHI(lept.) 
L3(lept.) . 
OPAL(lept:) . 
ALEPH(D*)• 
DELPHI(D*). · 
OPALLLY} 

,-. 

90-91 0.099 ± 0.020 ± 0.018 · .. _ 
91-94 prel.. · 0.084 ± 0.014 ± 0.013 • 
90-93 · pre!: 0.083 ± 0.038 ± 0.025 
90~94· pr~L 0.049 ± 0.009 ± 0.012 

,91-94 p;el: 0.064 ±,0.013 ± 0.004 
91-94 prel.' 0.075 ± 0.012 ± 0.006 
90-94' preL 0.068 ± 0.014 ±' 0.007 

,·.,: .... , 

r 

' ' • ·. . :· ' ' ' ,' . ,1., , ,: _.':_, '·.•, \ '. ·,. ·-

' The ·heavy flavour forwardcbackward asymmetry measurements are still st a tis ti-
' ~ally do~inated;-they could :be improved with i~creased statistics. ,, . . · -
.. ' In addition to ,the pol~ asymmetries ~; and -~~' the energy. dependence of 'tlie 
asymmetries was measured. The energy dependence of the b- and c~quark forward~'.. 
backward asymmetries is shown in .figure 14: It follo~s. well tlie Standard Mod~l 
prediction also sli6wn _in tliis figure. , _ . , _. . . _ . 

For tlie combination of the heavy flavour ele~troweal~ results a special procechire, 
was developed. by a LEP /SLD working group· [13). It ~Ilo,v's.for an account .of co~
mon systematic errors and interdependence of parameter~ measUl:ed in the analyses 
simultaneously. The combination wa1· performed as a ~ultipai-~meter fit to the input 
data/which were_ inc!_ividual r~sult; with th~ detailed breakdown of sy~tematic errofs : 
ai-td correlations .. -The fitt~d electroweak pirameteis were:'.Rb, R~, /\i!;, ~•;; Ab and 

. Ac• The latter t~o w~re introduced to parameterize the LEP-Jorward-backward·and 
the StD polarized for'wa;d-backward. asyinmetries simultarie0usly without ass ump-

. tiOnS On /4 .. , : \ . . . .. . . ·-:c• . .. I -·~ ; , • ' • 
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_ Figure 14( Energy dep~ndenCf,> ~ftlie b- ai1d c- ., 

. ', 

1-: 
--.-

'l 

i, 

. ,( 

Tab!~ 9:; Ek;~trow~•ak rPsults froni h;~vy qua,rks> 
> , ' ·, i .' ' ·:,: ,.''· • ' 

(,·,. Rb q.2219 ± 0.0017, , 
R-c .. 0.1540 ± 0.0074 ob. . ·, ' . ,va · 0.0997 ±.0.0031 

,./. 

' ,\f.,~, 0.072!}± 0.0058 
Ab , . _0.841 ± 0.05:l 

•·· 0.606·±0.0!J0 

i _., 

,( 

. / 

:;. 

\' 
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The fitted values of the" parameters are presented in table 9. Values of Rb and 
R.;, were already ·given in figures 12, 13 as the result~ of av~raging. In these figures 
one·can U:otice poor agreement wi~h the Standard Model, the value of Rb is ab~ve, 
and R.: below the SM prediction. ' . ,' ,,' ' , ' . \ ' ' ' ' ' > 

, There is ,a- significant
0

correl,ation ('." .. -35%) between these two measurements. 
, Confiden:ce lev,el, contours in Re - Rb' plane are shown in· figure 15. -

i, 

\, 

u 0.18· ~ ·a:: ' · ~:.; 99% CL I 

•\ 

0.215 ( 0.22 

.:[ ( 

0.225 
Rb:. 

; ~/ 

I -

_ Figure' 15: Cqntour plot-of'Rc versus Rb measur~ment/·The Standard ModeLpr~ 
dictioU: is for mt=l80±20 _GeV. ·· ,: . ' : ;>,' . · J •· :, " - · '· '< , 

..._·_ ·_: ''.-' •· ··., .·1. , \ \ ,·::<',,' ,_1 (·; ', ,.,->' , ~-- ,.'.' ·;, ._' ~- :· .• :_,;. ,.> i/ 
If R.:_is fixed to its Standard Model predi~tiori of 0.172, then the result for.Rb is: 

,,· • :,,,._· ,•' . ·: • ' " -· " i .. 

R,,( Re =)l:172) = 0.2205' ± 0.0016 , . , · .. _._.- . · (16) •· 

,\ 
' ' 

'-. ~: ... ."··, - ,: ·, ,~ .', ~ .·'; -~\; ;_ '1'._ -~ C, . , ~ ·. -...._ :" ~: ,• 

The va,lues ~f b~ and cacptark pole,asymmetries,'~:8 ari~!J~·8 ,are less cor~dated 
and agree 'rat.her well wit)1 the Standard Model expectation'(figure 16). Figure, 17 
shows the con:i.pari8on i>f _the direcLr~cas~11:ements of the' co~pling parameters Ae . < 
and Ai: performed by SLD ,vith their pr6d11ct mea.5ured.at 'LEP.. . . ,· . 

. . . _, \ ., ' - ' ' . ' ' . ~ _.,. 

,, ,· 

. , I 

'20 · 
,', .' ,. 

( 

_,,,.-· 

E 0.1 
u ' o· 
< .99% Cl 

; .:, ... 
,.,.,,,../ 

0.08 
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_;_\,. 
'• • ' , 0 e. 

Figure 16:. Contour·,plot of. ~•8 _ versus 
prediction is for ff!t7 180±20, GeV. 
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8. : Sumlllary,of el~ctroweak_measureme~ts •· '-7: M~asurement of the ·Mw 

, At pr~sent the most precise r.esults of the W-boson mass ineasµr~'inents are from the 
analyses oflepto.nic decays of_W.'s, produced at hadron colliders. :In particular, recent -· 

· results ar~ froin CDF and DO~;periments operating at·FNAL Tevatron tollider with · 
the centre-of-mass eriergy of-1.8 Te V. . . - _ . . . : 

In the CDF analysis. the W decays into both ev- and ,_iv-channels we~e used. 
,This published analysis, based:on ~ 19 pb-1'data sample, gives: · · " 

:,, • ' , • • ' ' • < ',, 

Mw = 80.410 ± 0.180 Gev: : (IZ) 

as· a combined result for both decay niodes. .. . . . 
'The DO Collabor~tion.has r;poi-ted in·.19~4 a preliminary r;sult: 

_Mw ::C 79.86 ± 0.40 GeV, (18) 

. for th~ e;-chai:mei, based ~n ~ ·13 pb-1 • .. _ · • 

• 1 . These two measurem~nts, combine? with older CDF and UA2 1'~sults, give: 

Mw·= 80.26 ± 0.16 GeV, (19) 

as th~ present world averagefor the direct me~urement of the W-boson _mass [14,, 
15].: Iri deriving this n~mber a crimmon systematic ~r;or of85 MeV d~e to 'the 

: u~certainties in the proton structure f~nctions was used.' ·.· . . _ .. . 
With the increased statisti~s at the Tevatron and with, LEP ;perition at higher 

energies (above the WW-production thresh~ld) there at~ distind perspectives to 
1 

improve the measurement of Afw_to the leyelof~ 50 MeV or.even below,.. . .. 
Recent measurements of the e-p and e+p crnss section performed at HERA also 

. "·, 

·-.... 

show a sensitivity to the W propag~tor effects. - · · 

-80 ~------------~ 
:~ . 
'~70 

" 
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0 o, 30, 40 
' o(8+p) /pb 

Figure 18: Measurement of the pr~pagato; effects _at HERA. 
- ,- ,·, 

)' 

This is illustrated in figure i8 :a:s a ia (39% probability) contour plot ~Lthe: 
\~ .. 

'· 

· .. combined Hl/ZEUS,rneasur~ment (16] compared to th~-Stanclard Model prediction .-
for d.ifferent II1asses of Mw: · · · '

1 

· · · · - ~ · 

-, -"<: 
I 

The precise dectroweak- meastir~~ents discussed above are s~mmari;ed in tab!~ 10.·1 

The ·results on sin20~jJ extracted from dilfererit asymmetry measurements pre-
sented in this .table are show_n in·figure 19. : · -. . · . . . · · .· _ · 

- One can notice. three Classes of asynimetry measurements leading Jo about the -
_same pre~isi~Il of Cl:_0005_ in ·sin20~1J: ·com_bined LEP ~easuremerit of. th~ lepto~ 
forward-backward asymi:netries and T-polarization, combined LEP measui·ement of 
tlie b-quark forwarcl-back\vard asyn~inetry and the left-right asymmetry measured 
bySLDatSLAC1. - ·' · · •. · ,, 

,..... 
, •5-_j n21.5llepf' _ 

· •· . ·, eff----

A°',. 
A; 

A;·· . Ao·-,. 
: .· -.,,,,,A"--,. , 
- - <o,.::,> 

LEP aver~·ge' 

Au, (SLCf. 

LEP+SLC 

-oL' ,· 
•·J..o-·1 ; 

L-O
I 
l-0-
1 

-0-,, . 
-r-0--

. 0.23096 ± 0.00068 .. 

o·.23219 ± 0.00095 

0.2325 ± 0.0011 ,• 

-0.23209 ± p.00055 

0.2318 ± 0.0013 

0;2325·± 0.0013. .·, ·:. 
'..·-:-·: 

' o-• 
' ' I 
• 
' 

·, 

,t / dot - 0.5_ · 

0.23187 :f: 0:0003 

::~0.2;05 ~ 0.0005 -

',t;oo,.,;. ,_; 
0.23143.± 0.0002 

0.235 

• ' • >. 

Figure 19: Tlic l'('HU!t.s Oil tl;c effoctivP dc;~t1·owcak mixing'a11gl<', 
< • I •• ' ~ • • > 

All togd.hPr. these IH(',istrrt!llH'llls t>rovide ;II imprc·ssively 1>rPcisc. dc;tciminat i,~n 
?f the sii?O~'}f at. thelcvPI of 0.00028. - ·.· '- • . . - • .. . . . _ 
, :. 'The .. sci1sitivit.y of individual elPctroweak llll'HSlll'C'lll('llfS fron1 t.ahlr IO {'()llld lw 

:co~nparcd iri t.c·rn;s of t.hc• indiri·ct. rnirstr;fnts whi~I; t.h,,;. proviclP ~)II. the;. t 01;-q11ark 
- . c' - .,, .. : - . ·,. , :. ', 

masH;m 1._ . 

. ·;,This compa~is~n is shownin lig11rc 20, \Vi,e~(' 1n1 vah11·s W(;('(' extract.c·cl from ('iH'h· 
single measurerrient using Uic constraints Oil M;1,, n,(MJ,}tn(MJ,) and Mu.'. . 

, . ·. ' . i. ,- - ·. ·. . ·. ·, ' . . -

,I I~r _the, drtermination ?f I~'";' MJv/ AF}, froni th~ 11N-~c~ti~~~1g da~:i. ""; (Ii) 
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Table 10: S{1mmary of el~ct~mveak measure~ents 
I 

/,. 

I I Standard I Pull· II 

LEP . 
Mz [Gey] . 91.1884 ± 0.0022 
·rz [GeVF ' -

2.4~63 ± 0,0032 · 
·;g [nb] 41.488 ± 0.078 

"·.,, 
20.788 ±·0.032' . Re .. · 

Af//' 0:0172 ± 0.0012 ~ .. B , 
,0.1418 ± 0.0075 ' Ar ~ 

Ae. . 0.1390 ± 0~0089 . 
'. ,__. 

Rb 0.2219 ± 0.0017 

C o.1543 ± o.bb7 4 . 
o;b · 0.0999 ± 0.0031 · 'FD '·' O,c · .' 0.0725'± 0.0058 B 

20lept , 
eff , . 

)I .0.2325 ± 0.0013 .. 
SLD 

· 2
0

Iept 
sm eff .. , 

from•,1LR · 
Rb 
Ab:, 

pp and vN. 

Mw[GeV] 
1··.:.::. l\l{~/Mi 

.·,," 

" j - ·_, 

'0.23049 ± 0.00050 
. ' 

.0.2171 ±0.0054 
·,· 0.841 ± 0.053 

0.606 ± 0.090 
...... 

80.26 £0.16· 
· 0.2257 ± 0.00,47 

4 __ ,..._ 

24 ! 

'; 

· Mod~i · 

9L1882 ~0.l 
·2.4973 ·:-0.3 

· 41.450 0.5 
20.773 0;5 

,. '0.0159 
. ' 

cLl 
0:1455 ', ~0.5 
0.1455 '...:0.1 
0.215(3' · 3.7 

.. 
0.1724 ..,.:2.5 

•' 

0.l020 
0.0728 · 

0.23172. '.12.5 

· 0:2156 , 0.3 
" 

0.935 .:-1.8 
0.667 ·.,0.1 

80:35 ' . 1 ·-0.5 
• 0.2237: . 0.4 

-

·, 

I_.\ 

.. , 

.,,, 

';, 

In addition to the alre~dy mentioned precisely determined asymmetries; which 
constrain well the m~, one can notice from this figure ·an important· role ·of the 

. 'precision I'z measurement . .,:. . ' ., . ' . ' . ' 
' Indirect ~oristraints on fit co~pare-well with_ the dhect CDF/DO m~asurement. 

;~--~ .. 

~--... 

·r. 1·· . ~ ·. . : a." .· . ' :,LJ • '.·. I constraints . 

,R,.~-. 

'' A,.~ 
A.· .. 
·~ 
R •. 

A,. 
I\. .• A. 

M_. 
11N. 

' . .75' 

M,~91 .188±0:ooz_.: 

a.=0.123±0.004 

lla_,,,;0.0009 

MH=300 

. - . ) ', 

Figure 20: Sensitivity oLdifrcrent elect~a'weak ob~~rvables to mi. The ;t!ighted 
average; mt ~ 1~0 ± 12 GeV, of the· direct measurement~ by C_DF and DO is showri 

. as a band. . . . .· . . ·. ·• .. . . .. , 

-· 
. 9 : Re~ult~ and ~oriclu~i<>ri~: .. :. . 
· The <lat~ from_ table 'io 'Yei-e used ~· an input' to the global electr~weak. fit to 

· ·determine 'the Standard Model paramete~s mt arid a •. · The results· arc presented 
. . · in'. the .11pper part of tabl~ H -arid _in _figure 21. .·The. ~ntr~l va.lues _ of the fitted>· 

parameters are given for Mn == 300 GeV_and the second error. corresponds to the· 
.. variation of Mn from60 to 1000 GeV. . _ .. •, · _: · .... · . . . 

• .1n:this arialy;is the:most·u~t~date Standa.i-<l Model calculations we~eused [18) .. 
'\ • ;;~ • > , '. 1 : '. • •, •' >. _, . 0 > •, •' ' C • 
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Ta,bleJl::R~sults of fit t~ the ele~troweak, precisi~n d;ta for~; and a,(Mi). 

I 

r LEP. 

m, (GeV) 170±10:g 
,, .•, 

a~(Mi) 0.125 ± o'.oo4 ± 0.002 ' 

..,.,;.--· 

LEP 

+SLD 

, 180 :i :;~ 
.0:123 ± 0.004 ± 0.002 

T 
LEP 

· +SLD 

+ pp and 11N data 

. ' 178±8 :;~ -

· ,0.123± 0.004 ± 0.002 .,, 
' ,x2/d:o.r. 18/9. '. 28/12 28/14 

,.• 

. _ _,, 

. sin20~j;. · 
1.::. M0/Mi 
Mw (Gev)· 

0.23206 ± 0.00028 :g:ggg~~ 0.23166 ± 0.00025 :g:ggg~; · 
. 0.2247 ± 0.0010 :g:ggg; 0:2234'± 0.0009 :g:ggg; 

., - 80.:!95 ± 0.057 :g:gg 80.359 ± 0:051 ~tm · 
·--...-· 

· LEP +SLD + pp + vN Data 
N -~ 

25 
mH=60 Ge~ 

0.23172±0.00024 :gggg~! 
,0.2237 ± 0.0009 :g gggi 

80.346 ± 0.046 :i:i;r 
>, 

'· 

/ I 

.·-- ·) 

.. -

.-· 

,. 
I Preliminary I 

2~oo. . . . . 150 

Figure 21: The ·;2 c~rve~ for the st:~c1a;d Mocld fit of electrow~ak d~~-. . '·" ,· - . . "'::"'·. ., . , . . . ' -
., , 
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Th~retical uncertainties.in the .iriterprctati~n ~fthe data are at present <lorn
'. inat~ by the unc~rtai~ty in th~ vahie of the fine st~ucture constant, o(Ml).' For 
. the results presei{ted i~ this report the value of(o(Ml))-1 =· 128.896 ±'0.090 w~ 

used [19, 20]. This uncertainty propagates into the u·nccrtaii1ty on the si1i20!1J pre:
:diction of 0))0025_or 4 GeV_in terms of111;,.which was accounted for in'the fit 
· procedure: -· · · , . .. ·. · 

" 'The bottom part of the table co~tains res_ull~ for sin2~!'l],;1-: Mf.;iMI and~Mw , . 
d_erived from· the fitted paranieteis., •· ... . •. ·. C / •• • • •• ·, •• • ••••• • • , • •• 

. The x2 values of the fits repe~ted with different sets of data have poor probabil-: 
iti.es (0.6-3.5%), which is almost exclu~ivelydue to the clcviations observed for Rb 
and·.Rc.. . . ... _,·. . . .. . "~-- ~-:, .· . /. . .. , .·. . . 
. · To shtdy the influence of these particula1: data on the Standard Model parameters . 

. determination, the. fit was repeated. cxduding · R.; and ll,c; nieas~irements· fr~m the 
~ input. As~ result tlii~in, value inc1\-;ases by_ ,fGcV'and the. value of o,(.\li)stays. 
· app·roximately constant. · . . . . . . . . 

·· The fitt~d v~ltic-ofmi is in' excellent agreement with.the result~ofthcdirect~·· 
measurement ~f the top~quark Iitass by GDF [21] (111, = 176 ± 8 ±)0 Ge\') ami 

,r, 

DO [2~ (mt= 199:!:1i± 22 G_eV) at the TEVATRON. · · ·.. ···.. . .. . .. . _, .. · 
. . The value o(o,( Mi) derived from the fit ~f 1;recisi!)n electroweak data agrees ':ell · ,· :--' 

' \Vith that obtained frori1 event-_shape rn~~urcments a_t LEI>: o,(Mi) = 0.12:J±0.006 .. 

a(m!),.1/128.89-t0.'09 

a,-0.123±0.006 
0.23 •· 

PRELIMINARY 
LEP/SLO/COF/O0 July 1995 
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Figure 22:' Tl~e measureme1its of si1t2_0:7} and fl,;.' ;\!so ~I;jlW;; 'isth~·. ,.;Hist.rain! 
resulting frorn the measuremcrit of Re, a.:,s111i.1i11g o,(M,t) = 0.123 '± O,OOti. 
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This value depends, however, on the interpretation given to the deviation of Rb 
· ·~nd· Re.' For ex'ample, if the fit is repeated propagating the observed de~iation ·in· 
:1 .• < , • ,.. /' , ,. .: • • • • ' •• 

· b-quark partial width (11.7 :I: 3.8 ± 1.4 MeY)·into rhad,whicnis measured indepen-
denUy, the r~;ult is a,( Mi) == 0.102 ± 0.008 and the ·value of mt incre~es by 3 GeV. i • 

... only ... ·', ·· .. · , .· ... · ...... ,· .'·· . .C: .•. .' • 
· This is·. illustrated in· figure 22 where the constraints from the measurements ·of 

• •20Iept .. R R d, · ( u2) · ·· ·h · · · ' · sm .eff• b, · e an a. Mz _ares own .. - . ,. • ... _ . 
. The change in thex2 minima for the fits with.different masses of the·Higgs- , 

boson in figure 21. suggests that so~e inforrr1ati~n on Mli could' be ex'tracted from ·, . 
the analysis of precision electroweak data .. One wo{1Icl ~xpect; however, the present 
constraint on, 1W11 to be rather weak bec~u~e the main. Mn depende~ces of the Stan~ 
<lard Model predictions for clec.troweak observables are logarithmic and the effects 
of M11 a~d mt ari correlated. The ;esults ~f the fiHo the electroweak data, which '. 
include also combined CDF/DO l:~sult (mt =:-180 ± 12 GeV), are presented in fig
ure 23 .. The minima.of the ·x2 of the fits o~ci1i at low.values o(M?i (below 100 GeV 

· · . for the data indudin.g Rb and Re): . · ' -· ., · ( · 

/, 

. ·-········-· 
/.'.• 

' 5rhc1Uding Rb.l 
;, / 

"' 

/ 

4 

/ . 
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· Figure :n: The ~ \'~ curves for. the fits ·with Mu free. - ·- - . . 

' •, ' :_ \ . ! '"" .\ -

· . The range up to-;::,. GOO GcV is accommodated within the 95%,confidence lev.el 
interval, .. When. Rb and ~Ile or AL!l 'measurements are exclu'decl from _the fit the 
position of the minim1im is shifted towards :high~r values of Mn. -- :.' . " - ..... '\ 
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· fo ~on.clusion: 
Recent electroweak results significa~tly incre~ed the precision of our tests of the 

Standard Model. · ·. · · · 
. • An indirect determination of the mt established by the global fit to the 'elec-
. troweak obs~r~ables shows very good agreement1with the direct measu'reme~t of the:· 

top-quark mass. ., · · · · , . . · · ·. , . . . · · · . · · 

··.· The l~rge-x2 of the global fits is almost·ex'clusively ·due. to the devic1.tions in· 
'Rb-. and Rc~Ineastirements. These 'measurements are largely dominated by' system~ 
ati~s. and need further e~perim~ntal stu'die;, in partirnlar' on the product.ion ~nd 
fragmentation of c-hadrons. r • ' • • • • · · , i · · 

· , The prese~t data sl;ow weak sensitivity to Afn, low j\.111 value; art'; s,lightly pre
ferred. Better sensitivity is expected with the new measurements in quark sector,··' 

, 20Iept · •[· . · cl , ' ' '/ sm •ff, JY. w, an ·.!'llt; , . 
. . , \._~',, . ' 
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OJibUieBCKHii A.r. · El-96~45 
TipeUH3HOIIHrul nposepKa CTat1JJ.aprnoi1 'MOJleJIH 

TipttBe)l~Hbl H o6c}',KJ:{aIOTC~ pe3yJibTaTbl cospeMellllbIX npeUll311011HblX ll3Me
peHHii BeJIH4Hll, npeJlCKa3hIBaeMblX B CTallJJ.aprnoii MOJleJIII 061,eJllt11eH1rn 3,ne.KTJ)O
MarHHTHOro H cna6oro B3aHMOJleiiCTBHH. CoBOKYnIIOCTb 3THX mi1epe1mi1 CJI)')KIIT 
3KCnepmteHTaJibHOii OCIIOBOii, n03BOJI~IOIUei1 nposepl!Tb. nplt11Ultnbl II onpeJleJIIITb. 
napaMeTpbl CTal1JJ.apn10ii MOJleJIH Ha HOBm.i BblCOKm.l ypoBHe T04IIOCTH. 

Pa6orn BbmonHe11a s na6oparnp1rn ~nep11b1x npG6neM Ol151l1. 

npenpm~r 06,,e)lHHeflHOro IIHCTHTyra llJICpHhlX l;CC.~e)lOBaHllii. )ly6Ha, ) 996 . _. ,__ . ~ 

. O,Ichevski 'A.G. El-96-45 
Precision Tests ofthe Standard Model 

The present status of the precision measurem~nts of electroweak· observables 
is discussed with the special emphasis oqthe results obtained recently. All together 
these measurements provide the basis for the stringent test of the Standard Model 
and de.termination of the SM parameters ... · 

Th~ investigation h~s been performed at the 'Laboratory of Nuclear P~oblems, 
JINR. . . 
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