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Chapterr 6 

ss quark asymmetry 

Inn this chapter we determine the following quantities: 

 the s quark forward-backward asymmetry Ab
FH as a function of energy; 

 the 5 quark pole asymmetry ,4°-, i.e. the asymmetry at the Z° pole as defined in 
equationn (1.24), 

Thesee quantities are derived from the charged kaon asymmetry AfiB of which the measure-
mentt was described in the previous chapter. Furthermore, a detailed evaluation of the sys-
tematicc errors on these values is presented. The results are compared with the Standard 
Modell  expectation. From A% we obtain the effective electroweak mixing angle sin2 0{*J'  In 
additionn the parity violating coupling As of the A- quark to the Z° is determined. 

6.11 Procedure 

Thee s quark asymmetry after QCD corrections and hadronisation, A^, is extracted from the 
chargedd kaon asymmetry using the expression (5.1) : 

o,(2c,, - 1) 

(6.1) ) 

>!=d,U.CJJ >!=d,U.CJJ 

Thee coefficients al{ correspond to the fractions of selected events with primary quark q. They 
cann be expressed as a product of R^, Rq = rjr ha,i with r,, the partial hadronic width for 
flavourflavour q and Thad the total hadronic width, and the flavour tagging efficiency r,y : 

2^f=,L2^f=,L UU.,.c.b.,.c.b Rf ff 

80 0 



6.1.6.1. PROCEDURE 

Flavour r 

d d 
u u 
s s 
c c 
b b 

Barrel l 

aaq q 

0.14255 3 
0.13566 2 
0.55233 9 
0.16000 3 
0.00911  0.0003 

ccq q 

0.3288  0.004 
0.2644 4 
0.8688 2 
0.8355  0.003 
0.8099 3 

Forward d 
aaq q 

0.10388 1 
0.09799  0.0020 
0.42900  0.0048 
0.23311 3 
0.13599 4 

ccq q 

0.3299 9 
0.2466 9 
0.8788 3 
0.8599 5 
0.8099  0.007 

Tabicc 6.1: Computed values for ihvour selected fractions (aq) and quark charge identification effi-
cienciesciencies (cq) for the barrel and forward regions in the 1994 data. The errors are statistical only. 

Thee values of Rq are computed with ZFITTER while the coefficients ey are evaluated using 
JETSETT PS 7.3 with the full DELPHI simulation. The values are given in Table 6.1. From 
thiss evaluation we also obtain the coefficients cq, which are the probabilities that the kaon 
chargee corresponds to the charge of the primary quark after the QCD parton cascade (see 
sectionn 1.5). 

Thee asymmetries Aqq in equation (6.1) can be expressed in terms of the the asymmetries 
AAqq

FBFB which are the asymmetries without perturbative QCD effects and before hadronisation : 

AAqqqq(s) (s) AU AU 'i'i  + ci (6.3) ) 

Thee coefficients Cq
hTU!>t take into account the fact that the quark direction as estimated from 

thee thrust axis differs from the true one. This is because of QCD gluon emission, hadro-
nisationn and decays, and experimental problems in the reconstruction of the thrust axis due 
too undetected particles and to the momentum and energy resolution. These coefficients are 
computedd using JETSET PS 7.3 and the full detector simulation : 

fithrust fithrust 
E, , 

ros(0") ) cos(ö ') ) 

ƒƒ V ] + c o s3 ( ^ ) l+coS2( 

cos(fl,{) ) 
(6.4) ) 

^f^f l+co*H6J
q) 

wheree 6l is the initial state quark polar angle (i.e., before gluon emission) and 6f
q the estimate 

off  this angle using the polar angle of the thrust axis. It should be noted that when we perform 
thee summing in (6.4) we flip both the sign of cosöf | and the sign of cosQq when cosö̂  is 
negative.. The Cq

hrusi values are given in Table 6.2. The JETSET 7.3 program includes apart 
fromm first order QCD corrections also higher order ones. We refer to [29] for details. 

Thee final formula that is used to determine the s quark forward-backward asymmetry is : 

-41 1 Fli^ Fli^ 11 r C f " 1 as{2r, - 1)(1 + q w " ) 

qq = d.u.c.!> 

(6.5) ) 
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Flavour r 

d d 
u u 
s s 
c c 
b b 

fithrust fithrust 

Barrel l 
-0.0299 6 
-0.0299  0.006 
-0.0255  0.003 
-0.0200 5 
-0.0355 5 

Forward d 
-0.0133 4 
-0.0188 5 
-0.0122 2 
-0.0111 3 
-0.0055 2 

Tablee 6.2: Correction coefficients Cq
hrust take into account effects due to QCD gluon emission, 

fragmentationfragmentation and thrust axis reconstruction when the thrust axis direction is used as an estimator for 
thethe quark direction. 

Flavour r 

d d 
u u 
s s 
c c 
b b 

QED D 

-0.0042 2 
-0.0109 9 
-0.0042 2 
-0.0109 9 
-0.0042 2 

\fs\fs ^ mz 

0.0015 5 
0.0040 0 
0.0015 5 
0.0040 0 
0.0015 5 

7.7Z° ° 
0.0003 3 
0.0007 7 
0.0003 3 
0.0007 7 
0.0003 3 

Tablee 6.3: Correction coefficients {5Aqq)l calculated with the ZFITTER program as described 
inin [30], 

wheree ApB(s) is the measured charged kaon forward-backward asymmetry listed in Ta-
bless 5.3 and 5.4. We determine the asymmetries independently in the barrel and forward 
regionss because of the different systematic errors, in particular, due to the heavy quark rejec-
tionn applied in the barrel region. To take into account possible annual variations in the heavy 
quarkk rejection, the asymmetries are determined separately for each year. In equation (6.5) 
thee predicted asymmetries from the Standard Model for down, up, charm and bottom quarks 
{A{Aqq

FBFB{s),{s), q = d,u, c, b) are used. They are computed with ZFITTER, see Table 1.3. 
Too determine the s quark pole asymmetry A°s- (see Formulas (1.16) and (1.24)), we recall 

thatt AS
FB includes the photon exchange contribution to quark pair production (see section 1.3 

andd equation (1.15)). The asymmetries Aqq- in equation (6.1) are written in terms of the pole 
asymmetriess A°qq- according to the following expression (compare to (6.3)): 

AAqqqq(JS(JS = 9l.2GeVcmz) = (A^-^SA^)  (1 + C*™*)  . (6.6) 

Thee {&Aqq)i terms take into account corrections to the asymmetry due to QED radiative 
correctionss coming from photon emission, the fact that the asymmetry has been measured at 
v/ss  ̂mz, and the 7, -yZ terms in the Born expression. Al l these coefficients are computed 
withh ZFITTER, see reference [30]. They are listed in Table 6.3. 

Inn order to compute A% the c and b pole asymmetries are fixed to the values measured at 
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Figuree 6.1: The fraction of selected events with the primary s quark (left) and the probability that 

thethe kaon charge corresponds to the charge of the primary s quark in 1994. The errors plotted are due 

toto the limited statistics of simulated events. 

LEP/SLDD [30] 

0.09900 1 

0.07099 . 

(6.7) ) 

whilee the u and d pole asymmetries are fixed to the Standard Model values v4°—0.1031 and 
,4l . . 

6.22 Some checks 

Inn equation (6.5) we assume that nq and cq are constant as a function of the polar angle in 
bothh the barrel and forward regions. Figure 6.1 shows that the fraction of s quark events 
QSS indeed does not change with the polar angle within the barrel and forward regions. The 
fractionss are different, however, in these regions. The difference is due to the heavy quark 
rejectionn in the barrel region. Figure 6.1 also shows that cq=s increases slightly for increasing 
]]  cos0;c|. This is due to the fact that the kaon momentum spectrum is different for different 
polarr angle intervals. 



84 4 CHAPTERR 6. SS QUARK ASYMMETRY 

Barrell  region 

Ass mentioned in section 5.1 the bins of | cos6K\ where the charged kaon asymmetry is mea-
suredd correspond to the angular ranges covered by the RICH mirrors. Because the conditions 
forr Cherenkov photon production and detection vary with |COS0A-|, the kaon momentum 
spectrumm becomes harder for high values of | cos6K\. To illustrate this the kaon momentum 
spectrumm for the first and sixth mirror in the Barrel RICH is shown in Figure 6.2a and Fig-
uree 6.2b, respectively. A good agreement between the real and simulated data for the kaon 
momentumm spectrum is observed for all mirrors. 

Too find a correction to the s quark asymmetry obtained from (6.5) due to the dependence 
off  the kaon momentum on polar angle, 2cq - 1 and aq are parameterised as a linear function 
off  the the polar angle and the s quark forward-backward asymmetry is determined in each 
polarr angle bin. The asymmetries obtained in this way are combined and the resulting value 
iss compared with the one obtained from (6.5). The difference was found to be 0.0006. 

Forwardd region 

Thee average number of Cherenkov photons is smaller for the FRICH than that for the 
BRICH,, see Figure 3.7. The requirement for a Cherenkov ring to have at least 2 photons 
rejectss kaons with momentum close to the threshold where no Cherenkov light can be pro-
duced.. This effectively enhances the contribution of high momentum kaons. The kaon 
momentumm spectrum of the FRICH is shown in Figure 6.2 c. Again, a good agreement be-
tweenn the real and simulated data is observed. As the momentum spectrum is similar for 
bothh FRICH mirrors, no further corrections to the s quark asymmetry obtained from (6.5) is 
needed. . 

Conclusion n 

Wee can conclude that one can use the approximate formula (6.1) in the barrel region if the 
asymmetryy is shifted by 0.0006. In the forward region no shift has to be applied. 

6.33 Results 

Thee determination of AS
FB depends on the value assumed for the strange quark suppres-

sionn factor 7,, which is the probability for the primary quark to pick up an .s-quark in the 
fragmentationn process. A value ->s=0.307 is used in the DELPHI JETSET simulation. The 
DELPHII  tuning of 7S in JETSET using the A'0 and K  momentum spectra gave inconsistent 
resultss [14]. The s quark pole asymmetries in this analysis will therefore be evaluated using 
aa more recent value of 0.285 for 7, [31] with a systematic error accounting for this shift. In 
sectionn 6.4.2 it will be shown that the change in the calculated s quark asymmetry due to a 
variationn in % can be parametrised as A.4°- = 0.17 A-.s. 

Usingg the results for the charged kaon forward-backward asymmetry A$H in Table 5.3, 
thee s quark pole asymmetry is computed as explained in section 6.1 for each data set. The 
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Figuree 6.2: The momentum distribution of the selected kaons for 1994 data (dots) and simulation 

(histograms):(histograms): a) for the mirrors closest to the Central Wall of the BRICH or the so-called first mirrors 

(see(see Figure 3.4; b) for the mirrors that are closest to the end of the BRICH or the so-called sixth 

mirrors;mirrors; c) for the FRICH mirrors combined. 
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Year r 

1992 2 
1993 3 
1994 4 
1995 5 

1992-5 5 

.4°--
A S S 

Barrel l 
0.0811  0.033 
0.0077  0.048 
0.1155  0.016 
0.1200  0.028 
0.1044  0.012 

Forward d 

0.0588  0.034 
0.1400  0.050 
0.0844  0.028 

Tablee 6.4: Summary of the determination of A  ̂ for the 1992-1995 data. The errors are statistical 
only. only. 

x/ii  (GeV) 

89.5 5 
91.2 2 
93.0 0 

4s s 

Barrel l 
0.0733  0.051 
0.1022  0.012 
0.0955  0.043 

Forward d 
-0.0133  0.119 
0.0811  0.028 
0.0655  0.092 

Tablee 6.5: Summary of the determination of AFB for the 1992-1995 data. The errors are statistical 
only only 

resultss are summarised in Table 6.4. They are compatible for the different years. 

Usingg the results for the AFB in Tables 5.3 and 5.4, the forward-backward asymmetry 
att centre-of-mass energies of 89.5, 91.2 and 93.0 GeV are calculated. The results are sum-
marisedd in Table 6.5. 

6.44 Systematic errors 

Thee systematic errors on the s quark asymmetry are due to uncertainties on the aq and c(j 

coefficientss in Formula (6.1) and due to the systematic error on the value of AFD given in 
Tablee 5.5. A detailed breakdown of all the error sources is discussed below with an estimate 
off  their effect on /I"- , see Table 6.6. The systematic errors are quite different for the barrel 
andd forward regions due to the different event selection used. The rejection of heavy quarks 
inn the barrel region substantially reduces the systematic error coming from charm and bottom 
quarks.. The first three lines in Table 6.6 give successively the contributions to the systematic 
errorr on .4°- due to : 

 the uncertainties for the charm and bottom forward-backward asymmetries as given in 
(6.7)) taking into account a 10% correlation between these two quantities: 

 the systematic error on the kaon asymmetry Al
FB listed in Table 5.5; 
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 The effect on the s asymmetry from the finite momentum resolution of the K was 
computedd with the full DELPHI simulation selecting events according to the true mo-
mentumm of the K instead of the reconstructed one. 

Thee rest of Table 6.6 gives all other contributions to SA% from uncertainties in the Monte 
Carloo modelling. They can be split into four classes: systematic uncertainties from the 
charmm quark, bottom quark, light quark fragmentation, and heavy quark rejection in the 
barrell  region. They are discussed in more detail in the following subsections. 

6.4.11 Systematic error  due to uncertainties in the modelling of heavy 
quarkk fragmentation and decay 

Thee contribution to the systematic error for heavy quarks comes from uncertainties in: the 
productionn fractions of charmed (bottom) hadrons; the average decay multiplicity of c (6) 
hadrons;; the mean fraction of the energy of the primary c (b) quark taken by the c- (b-) 
hadronn < xc > (< xb >); the branching ratios into K  for D°, D* , Ds, B°, B*  and 6-quark 
decays.. In the case of b~quarks there is in addition a contribution due to the uncertainty in the 
mixingg parameter xd for Bd. The uncertainties on the above-mentioned quantities are listed 
inn Table 6.6. They are taken from [29], [32], [33]. 

Thee simulated events are re-weighted according to the uncertainties in these quantities. 

Forr example to propagate the uncertainty in ƒ (D* ) the selected event with a kaon coming 

fromm a D  decay is given a weight / ( D jjffi/ 0 '  T n i s l e a ds t 0 d>ff erent values of aq and cq 

whichh then are used to determine SA%. 

6.4.22 Systematic error  due to uncertainties in the modelling of light 
quarkk fragmentation 

Uncertaintiess in the parameters describing the fragmentation process of up, down and strange 
quarkss are studied using the JETSET 7.3 PS, using as a starting point the values of these 
parameterss obtained by a tuning procedure described in [14] for LEP data. The JETSET 
parameterss are varied within the statistical and systematic errors given in Table 6.7 and in 
Tablee 48 of reference [14]. 

Too determine which parameters are the most important, an analytic (quadratic) approxi-
mationn is used for the variation of the asymmetry as a function of the model parameters : 

óA%óA% = J2<" ]6p> + È E « ! ; V ^ (6.8) 

Inn this equation, n = 9 is the number of parameters considered (see Table 6.7), dp, is the devi-
ationn of parameter / from its nominal JETSET value. To determine the m = n + n(n + l ) / 2 
coefficientss a{i-->  of the expansion m reference samples of 2 million events are generated 
withh different parameter settings. For each parameter three different settings were used: the 
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Systematicc source 

.4̂ ^ and Au
b 

K^11 momentum resolution 
Total l 
/ (D )) = 0.233 8 
/(D°)) = 0.557 3 
/(Ds)) = 0.102 7 
f(cf(cbaribarion)on) = 0.065 9 
cc hadrons decay multiplicity = 2.35  006 
<< xc >= 0.484  0.008 (charm fragmentation) 
BR(D°° -»K"X ) = 53 % 
BR(D°° -^ K+X) = 3.4  0.6 - 0.4% 
BR(D++ -*  K-X ) = 24.2 % 
BR(D++ -> K+X) =5.8 % 
BR(DB -^K-X )) = 13 % 
BR(DSS -+ K+X) = 20+ 18 - 14% 
Totall  uncertainty from c quark sector 
/ (B )) = 37.8 % 
/(B°)) = 37.8 % 
/(Bs)) = 11.2 % 
f(bf(bbabari<ri< mm)) = 13.2 % 
bb hadron decay multiplicity = 5.73  0.35 
<< xb > = 0.702  0.008 (bottom fragmentation) 
BR(BQQ -^K^X ) =0.13 4 
BR(B°° - ^K + X ) =0.73 8 
BR(B++ ->K"X ) = 0.13 5 
BR(B++ - ^K + X ) = 0.58 8 
BR(DS^K~X )) from 6 quark 
BR(fc-*K X)) = 88 % 
BR(D,, -> K+X) from b quark 
Bdd mixing: xd = 0.70  0.04 
Totall  uncertainty from b quark sector 
Impactt parameter resolution 
photonn conversion % 
K°(u, f i l 5 % % 
A(v,d,s)A(v,d,s) . 
gg -> cc  50%o 
gg  50% 
bb hadrons lifetimes 
DD mesons lifetimes 
Totall  uncertainty from the heavy quark rejection 
Statisticall  error on ~ïs 

Shiftt in -/s 

Variationn of the A'/TT ratio 
Totall  uncertainties from light quark fragmentation 

Totall  systematic error 

^ ( x l O - 1 ) ) 
Barrel l 
16.5 5 
11.9 9 
6.5 5 

21.4 4 
0.2 2 
7.3 3 
5.6 6 
1.0 0 
0.2 2 
1.2 2 
2.5 5 
1.4 4 
1.4 4 
2.2 2 
1.7 7 
7.0 0 

12.4 4 
0.2 2 
0.1 1 
0.2 2 
0.1 1 
0.2 2 
0.2 2 
0.9 9 
0.2 2 
0.5 5 
0.3 3 
0.3 3 
1.4 4 
0.1 1 

1.9 9 
0.3 3 
1.2 2 
0.3 3 
0.3 3 
0.5 5 
0.1 1 
0.1 1 
0.1 1 
1.4 4 
11.9 9 
18.7 7 
7.8 8 

23.5 5 

34.2 2 

Forward d 
26.7 7 
25.8 8 
4.8 8 
37.4 4 
0.4 4 
15.2 2 
12.0 0 
1.9 9 
0.5 5 
2.3 3 
5.0 0 
3.0 0 
3.1 1 
4.7 7 
3.3 3 
15.5 5 
26.5 5 
4.7 7 
1.2 2 
3.5 5 
2.0 0 
4.9 9 
4.3 3 
17.9 9 
6.2 2 
11.7 7 
8.5 5 
7.9 9 
34.6 6 
1.6 6 
2.3 3 

43.8 8 

--

--
11.9 9 
18.7 7 
7.8 8 
23.5 5 

67.6 6 

Tablee 6.6: Summary of the systematic errors on s quark pole asymmetry using the Standard Model 
valuesvalues for the up and down quark pole asymmetry. 
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Groupp 1 

Groupp 2 

Parameter r 

PCSoU PCSoU 

PCSiU PCSiU 

s s 

PCSPCS00))S S 

P(P(33Si)Si)s s 

AQCD D 

<2o o 

a a 

Gt Gt 

Name e 

— — 

— — 

PARJ(2) ) 

— — 

— — 

PARJ(81) ) 

PARJ(82) ) 

PARJ(41) ) 

PARJ(21) ) 

Rangee gen. 

0.172-0.372 2 

0.2066 - 0.406 

0.257-0.357 7 

0.311 -0.51 

0.197-0.397 7 

0.247-0.347 7 

0.84-- 1.84 

0.3099 - 0.609 

0.3611 -0.441 

Fitt result [14] 
Value e 

0.272 2 

0.306 6 

0.307 7 

0.416 6 

0.304 4 

0.297 7 

1.34 4 

0.409 9 

0.401 1 

stat. . 

0 0 

9 9 

7 7 

9 9 

3 3 

5 5 

8 8 

0 0 

6 6 

syst. . 

+0.108 8 
-0 .008 8 

+0.006 6 
-0 .031 1 

+0.002 2 
-0 .017 7 

+0.015 5 
-0 .003 3 

+0.017 7 
-0 .002 2 

+0.012 2 
-0 .007 7 

+0.15 5 
- 0 .09 9 

+0.009 9 
-0 .013 3 

+0.003 3 
-0 .013 3 

Tablee 6.7: Parameter settings, range of parameter variation and parameter errors as in [14] for JET-
SETSET 7.3 PS with DELPHI decays. The parameters a, at and j s are also defined in section 1.5. 

nominall  value and the two extreme values of the range given in Table 6.7. The coefficients 
a(1,2)) are determined by fitting equation (6.8) to the set of the m values of A>4°-. 

Itt is found that the parameters describing the fragmentation process of light quarks 
(u,, d, s) can be divided in two groups. The first group includes the parameters that are related 
too primary quark fragmentation, the second one includes parameters related to the fragmen-
tationn in general (perturbative and non-perturbative QCD processes). The most important 
parameterss for kaon production in the first group are the s-quark suppression factor (7J and 
thee probability that a strange meson wil l have spin 1, P(1P0)S. In the second group the most 
importantt are AQCD and Q0 (cut off of gluon/quark virtualities in the perturbative QCD pro-
cess).. The uncertainties on parameters of the last group give a negligible contribution to the 
systematicc error because the extra kaons created due to changes in these parameters carry no 
informationn about the charge of the primary quark independently of the flavour. The corre-
spondingg changes in .4"- are less than 10- 4. The second parameter from the first group, the 
probabilityy that a strange meson wil l have spin 1, gives a shift in the momentum spectrum 
off  kaons which is approximately the same for all light quarks. The contribution to SA°S- is 
aboutt 0.0002. 
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Sincee the most important contribution to the systematic error comes from 7S, the s sup-
pressionn factor, several data sets were generated with values of -ys ranging from 0.257 till 
0.357.. The effect on the asymmetry can be parametrised as 

AA ^^ = ^ ( 7 , = 0.307 + A%) - A%(Js = 0.307) =0.17 A % . 

Inn the DELPHI JETSET 7.3 simulation a nominal value of 7S — 0.307 was used. This value 
wass obtained by a tuning procedure described in reference [14], giving 7S = 0.307  0.007 
(stat)) 7 (svs0- I" the tuning procedure inconsistent K  ̂ and K° data were used, which 
resultedd in an asymmetric error on j a . Redoing the tuning of JETSET using more recent 
dataa [27] and replacing the inconsistent kaon data gives 7S = 0.285 [34], consistent with 
resultss obtained by the ALEPH collaboration [31]. The systematic error on j s is taken as 
halff  the difference between the values 0.307 and 0.285. The error on the ALEPH result for 
7ss is consistent with this. 

Thee variation of the fragmentation parameters listed in Table 6.7 leads to a change in the 
KK /TT/TT  ratio, which is relatedd to the kaon purity. The variation of the K //T  ratio is at most 
5%,, which gives a systematic error on the s quark pole asymmetry of 0.0008. 

Thuss the combined error on the s quark pole asymmetry from light quark fragmentation 
iss 0.0024. This error happens to be the same for the barrel and forward analyses. 

6.4.33 Systematic error  due to uncertainties in the heavy quark rejection 

Heavyy quark rejection in the barrel region also contributes to the uncertainties in A%. Be-
causee of secondary vertices from, for example, photon conversion, and Kg and hyperon 
decayss P  ̂ (see section 4.3) is peaked towards lower values. The rate of photon conversion 
iss allowed to vary by % and that of Kg and A decays by % in the simulation. The 
simulatedd events are re-weighted according to these uncertainties in photon conversion, Kg 
andd A rates. From the resulting changes in the coefficients aq and cq the contribution to 5A% 
iss determined. 

Anotherr source of errors is gluon splitting. This results in pairs of c and b quarks in 
thee fragmentation process. The gluon splitting rate g —> cc and g —+ bb are measured to be 
(2.388 % [35] and (0.33 % [36], respectively. The g ^ cc and g ^ bb rates are 
conservativelyy varied by % in order to evaluate the effects on A%. Also, the uncertainty 
inn the lifetimes of b and c hadrons can change the fraction of rejected b and/or c events. 

Thee simulation may not reproduce correctly the observed resolution on the impact pa-
rameter.. As a result also the distribution of the probability PiV" is different in the simulated 
dataa from that in the real data. To estimate the contribution to the systematic error on the 
asymmetryy we are first computing a probability P.v for tracks with negative impact param-
eterss in the sample which has been selected by a cut P,y > 0.15. In this sample of events 
thee contribution of heavy flavours and secondary decay vertices to Py is highly suppressed 
ass described in section 4.3. The difference between the selection efficiencies using the cut 
PYY > 0.15 for real and simulated data is determined. This difference is used to estimate the 
uncertaintyy on aq and subsequently to A%. 



6.4.6.4. SYSTEMATIC ERRORS 91 1 

900 91 92 93 94 

Centerr of Mass Energy (GeV) 

Figuree 6.3: The s quark forward-backward asymmetry as a function of the centre-of-mass energy. 
TheThe points correspond to the data, the curve to the Standard Model expectation (ZFITTER: Mz = 
91.18666 GeV/c2, mt = 173 GeV/c2, mH = 115 GeV/c2) 

6.4.44 Total systematic error 

Summingg all contributions discussed above, the total systematic error on the s quark pole 
asymmetry,, A0^, is 0.0034 for the barrel region and 0.0068 for the forward region. The 
systematicc errors on the forward-backward asymmetry for the points on and off the Z° peak 
aree the same. 

6.55 Combined results 

Thee combined results of the barrel and forward analyses for AS
FB are shown in Figure 6.3 

andd listed in Table 6.8. Correlations between the errors for the barrel and forward regions 
aree taken into account. They are compared with the Standard Model prediction. 

Thee s asymmetry at a centre-of-mass energy of 91.2 GeV as a function of the polar angle 



92 2 CHAPTERR 6. s QUARK ASYMMETRY 

>> >> 
fefe 0.4 

s s 
EE 0.3 

«« 0.2 §§ 0.1 

w== 0 

-0.1 1 

-0.2 2 

-0.3 3 

-0.4 4 

'-'-

— — 

i i 

E--

--

DELPHII  1992-5 

Jtf^"' Jtf^"' 
i i >> ^y^\ 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 11 1 

i_Urr - + " " 

^ " \ \ 
1 1 

11 1 1 1 1 1 1 1 1 1 

-11 -0.8 -0.6 -0.4 -0.2 0 0.2 2 0.44 0.6 0.8 

coss 6 
thrust t 

Figuree 6.4: The s quark asymmetry as a function of cos 6thrust- The data points are the values 
computedcomputed in bins of cos 9thTUSt for the asymmetry between s and s quarks. The errors are statistical 
only.only. The superimposed curve represents the result on AS

FB at 91.2 GeV listed in Table 6.8. The 
dasheddashed curves correspond to the one standard deviation from this value. 

iss shown in Figure 6.4. 
Fixingg A^,A% to the Standard Model values of 0.1031 and 0.0736 respectively and 

A°rA°r and A% to the measured values, gives for the s quark pole asymmetry: A°sl = 0.1008
0.01133 (stat.)  0.0040 (syst.). The s quark pole asymmetry as a function of the up and down 
quarkk asymmetries can be written as 

A%A% = 0.1008  0.0113 (stat.)  0.0040 (syst.) (6.9) ) 

+0.0121 1 
A°A°nn-- 0.1031 

dd dd 

0.1031 1 
0.0115--

_A%-_A%- 0.0736 

0.0736 6 

Too determine the effective electroweak-mixing angle sin 0^?, defined in section 1.4.1, 
thee experimental result given in equation (6.9) is used as the observable. The asymmetries 
A%,A%, A°2 and A°ull are expressed in terms of sin2 (9eJ,f using Equations (1.23) and (1.24). The 
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[[  v ^  (GeV ) 
4 s s 
f\f\FB FB 

89. 5 5 

0.06 00 ±  0.04 7 

91. 2 2 

0.09 88 ±  0.01 2 

93. 0 0 

0.09 00 ±  0.03 9 

Tablee 6.8: Summary of AS
FB values obtained from the 1992-1995 data. The quoted errors combine 

statisticalstatistical and systematic errors. 

effectivee electroweak-mixing angle is determined in this way to be : 

sin22 e[ff = 0.2321  0.0029 (6.10) ) 

Too determine the parity violating coupling of the s quark to the Z° (As), we use the 
expressionn for the pole asymmetry obtained in section 1.4.1 (see equation (1.23)): 

AASSss — ~;AsAe . 

Takingg for A% the value obtained by assuming the values for the up and down quark asymme-
triess from the Standard Model and using for Ae the measured value of 0.1479  0.0051 [30], 
thee coupling is determined to be : 

AAss = 0.909  0.102 (stat.) . (6.11) ) 


