
Pro
eedings of the DIS'2004, �Strbsk�e Pleso, SlovakiaELECTROWEAK B PHYSICS AT LEPV. CIULLIIstituto Nazionale di Fisi
a Nu
leare, Sezione di Firenzevia G. Sansone 1, 50019 Sesto Fiorentino (FI), ItalyE-mail: Vitaliano.Ciulli��.infn.itThe de
ay width of the Z into b�b quark pairs and the forward-ba
kward asymmetryof b quarks 
oming out of su
h de
ays are powerful tests of ele
troweak intera
tions.The measurements performed at LEP are reviewed and 
ompared to the resultsobtained at SLC and the Standard Model expe
tations.1 Introdu
tionA total of 17 millions Z de
ays into hadrons and leptons have been 
olle
ted al-together by the four experiments at LEP 
ollider between 1990 and 1995. The Zve
tor and axial-ve
tor 
ouplings to fermions, gVf and gAf , have been measuredwith high pre
ision using this sample and in parti
ular the Z ! b�b de
ays.The ratio Rb of the de
ay width into b�b to that into any q�q pair is espe
iallysensitive to the top-quark mass, while it is almost independent from the Higgsboson mass. Therefore it has been very important until the top mass has been�rmly established by dire
t measurement at Tevatron. As the measured value ofRb has not 
hanged re
ently, however, this review will 
on
entrate on the b forward-ba
kward asymmetry, AbFB, whi
h depends on the e�e
tive ele
troweak mixing anglesin2�lepte� .2 Forward-ba
kward asymmetry measurementsThe b forward-ba
kward asymmetry, AbFB, is measured from the distribution of theangle between the dire
tion of the outgoing b quark and the in
oming ele
tron,1� d�d 
os � = 38(1 + 
os2 �) +AbFB 
os � ;at ea
h 
entre-of-mass energy point. Results are then extrapolated to s = MZ and
orre
ted for the e�e
ts of higher order QED and QCD diagrams and for Z � 
interferen
e [1℄ to obtain the pole asymmetry A0;fFB = 34AeAb, whereAf = 2gVfgAfgV2f + gA2f :To measure the forward-ba
kward asymmetry the quark 
avour needs to betagged and the quark has to be separated from the antiquark. Several methodshave being exploited. In parti
ular, leptons issued by dire
t b! ` de
ays provideboth 
avour and 
harge tag. A lifetime based tagging allows the sele
tion of a highpurity sample of b-quarks. In this 
ase the quark 
harge is estimated from jet orse
ondary vertex 
harge.
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Figure 1. Results for the partial de
ay widths Rb and R
. The arrow represents the the StandardModel expe
tations for mt = 178:0 � 4:3 GeV/
2.
3 LEP and SLD 
ombinationThe four LEP 
ollaborations and SLD have agreed on a 
ommon list of inputparameters needed to extra
t the most important ele
troweak observables from dataand on an averaging pro
edure to take into a

ount 
orrelations between them [2℄.The �2=d.o.f. of this 14-parameter �t [3℄ is 51/91. Results for Rb and R
 are withinone sigma of the Standard Model expe
tations, as shown in Fig. 1. The spread ofA0;bFB results around the average value < A0;bFB >= 0:0997�0:0015(stat)�0:007(syst)is shown in Fig. 2. The un
ertainty is dominated by the statisti
al error, whilesystemati
s are mostly un
orrelated sin
e the error 
ommon to the four experimentsis only �0:0004.The parameters Ab and A
 are also measured dire
tly by SLD from the 
orre-sponding AFB's with left and right polarised ele
tron beam. It is therefore possibleto 
ompare these results with the ones obtained from AbFB and A
FB and dire
tmeasurements of A`. In Fig. 3 the results are shown in the (A`,Ab) plane. Themeasured AbFB is 
ompatible with Ab measured by SLD and the Standard Model,but the resulting predi
tion for A` is signi�
antly lower than the measured value.The 
ombination of all the asymmetry measurements yields sin2�lepte� =0:23150� 0:00016, but as shown in Fig. 4 the most pre
ise results, those from ALRand AbFB, di�er by 2.9 standard deviations. Altogether, the �2=d.o.f. of sin2�lepte��t is 10.5/5, whi
h has a probability to o

ur of 6%.
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_Figure 2. AbFB measurements used in the heavy 
avour 
ombination. The AbFB measurementswith D-mesons 
ontribute only very little weight and are not shown in the plot. The values shownare 
orre
ted to the same input parameters (in
luding the other �tted observables whi
h are �xedto the results of the full �t).4 Con
lusionsAn impressive pre
ision has been rea
hed on Rb and on AbFB by the four LEP
ollaborations. A three sigma dis
repan
y, however, is found between the valuesof sin2�lepte� extra
ted from ALR and AbFB. A deviation of the Z 
ouplings to thequarks whi
h shows up only in these measurements is unlikely. Only a large sys-temati
 e�e
t, either 
ommon to all LEP experiments or mu
h larger than theestimated systemati
 un
ertainty on ALR, 
ould explain su
h a di�eren
e, if it isnot a statisti
al 
u
tuation.Referen
es1. The LEP/SLD Heavy Flavour Working Group, Final input parameters for theLEP/SLD heavy 
avour analyses, Preprint LEPHF 2001-01,http://www.
ern.
h/LEPEWWG/heavy/lephf0101.ps.gz2. LEP and SLD Collaborations, NIM A 378 (1996) 101.3. The LEP Ele
troweak Working Group and the SLD Heavy Flavour Group,\A Combination of Preliminary Ele
troweak Measurements and Constraintson the Standard Model", hep-ex/0312023;http://lepewwg.web.
ern.
h/LEPEWWG/Wel
ome.html for winter 2004 up-dates.
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Figure 3. Comparison of the measurements of Ab, AbFB and A`. Bands of �1 standard deviationare shown, together with the 68% 
on�den
e level 
ontour for the joint analysis. The arrowspointing to the right and to the left show the variation in the Standard Model predi
tion forvarying mt in the range 178:0� 4:3 GeV/
2 and mH in the range 300+700�186 GeV/
2, respe
tively.
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χ2/d.o.f.: 10.5 / 5

A
0,l

fb 0.23099 ± 0.00053

Al(Pτ) 0.23159 ± 0.00041

Al(SLD) 0.23098 ± 0.00026

A
0,b

fb 0.23212 ± 0.00029

A
0,c

fb 0.23223 ± 0.00081

Q
had

fb 0.2324 ± 0.0012

Average 0.23150 ± 0.00016

∆αhad= 0.02761 ± 0.00036∆α(5)

mt= 178.0 ± 4.3 GeVFigure 4. Results for sin2�lepte� . The Standard Model predi
tion is also shown.


