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Chapterr 5 

Chargedd kaon asymmetry 

Too determine the s quark forward-backward asymmetry AS
FB one first has to measure the po-

larr angular distribution of events with a negatively and positively charged kaon. The asym-
metryy A$B derived from these events is referred to hereafter as the charged kaon asymmetry. 
Itt can be written as : 

AAFBFB = ^2®q{2cq-l)Aqq {q = d,U, S, C,b). (5.1) 

Thee coefficient aq is the fraction of selected events with primary quark q, while the coef-
ficientt cq is the probability that the kaon charge corresponds to the charge of the primary 
quarkk q. In particular, a K~(K+) in a given hemisphere tags a primary s(s) quark. Aqq is 
thee q quark forward-backward asymmetry. The aq in the barrel region are different from 
thosee in the forward region because heavy quarks can only be rejected in the barrel region, 
seee section 4.3. This implies that the kaon asymmetry A B̂ has to be determined in these 
regionss independently. 

Inn this chapter the measurement of AFB is discussed, while the details of the extraction 
off  AS

FB are described in the next chapter. 

5.11 Experimental procedure 
Thee measurement of AFB assumes the following behaviour of the asymmetry as a function 
off  the thrust polar angle 6 : 

Thee thrust axis is oriented parallel (anti-parallel) to the K~ (K+) projection along the axis 
itself.. It is assumed that the thrust axis represents the quark direction, which is a reasonable 
assumptionn given the fact that the difference between the quark and thrust polar angles is on 
averagee zero, independently of the quark polar angle. Another satisfied condition is that the 
r.m.s.. spread for the difference between these polar angles does not change with the polar 
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68 8 CHAPTERR 5. CHARGED KAON ASYMMETRY 

anglee in the barrel region, while its variation is negligible small in the forward region. The 
quarkk asymmetry is given by Formula 1.19. 

Everyy selected event has one leading charged kaon {see section 4.2). For this sample of 
selectedd events the asymmetry: 

betweenn the number of events with K and K+ falling in a given angular interval i is de-
termined.. The angular interval corresponds to kaon polar angles cos9K. Because positively 
andd negatively charged kaons are compared per bin of cosOK, possible differences in the 
acceptancee for the forward and backward hemispheres cancel. 

Thee measured A? values have first to be corrected to take into account the kaon purity 
off  the sample (due to misidentified pions) and the asymmetry resulting from the difference 
inn the K" and K+ cross-sections for interactions with the detector material. Both corrections 
dependd on the K*  polar angle. The cos QK bins are chosen in such a way that the corrections 
neededd vary only slightly over the width of the bin, so that an average correction factor can 
bee used for all the events in a given bin. The natural choice for the bin is the angular range 
coveredd by a RICH mirror (see Figures 3.4, 3.5, 4.1). 

Wee define A°bs as the kaon asymmetry after applying the above corrections. With cor-
rectionss Afs takes the following form 

,,, _ ( l - r , ) + / i r r ( l + r t ) „ , _ 1 n , 

withh Acr = ' l l) ' , (5.5) 
1 1 

P,P, is the purity of the kaon sample for a given cos#K bin. Af'rr  is accordingly the kaon 
asymmetryy corrected only for the kaon purity. A*-ckg is the asymmetry for the misidentified 
particless (not kaons) as kaons. We present the method and the results of the Abfkg determi-
nationn later in this section. The effect of different cross-sections for K" and K" interactions 
iss represented by the second term in (5.4). We define a ratio r, = fK-/<r<*  for a given 
cos0KK bin, where eK- (eK+) is the probability for a K"(K +) to reach the tracking detector 
positionedd behind the RICHs—i.e., the OD in the barrel region or the FCB in the forward 
region—withoutt interacting with the detector material. The asymmetry from interactions 
withh the material A"iat then becomes ^(1 - /,), and is described in more detail in section 5.2. 

Thee distribution of the Afs is fitted to the function (5.2) to extract A!£H. A binned \2 fit 
iss used to extract A Ĥ: we minimise the \2 function : 

V-- = £ ( "; , j  <5.6, 
z = ll  X / 

wheree ox is the statistical error on the asymmetry Af\ and / runs over the m bins in cosOK, 
122 for the Barrel region and 4 for the Forward region'. The weight w, takes into account 

'inn the analysis the row of FRICH mirrors closest to the beam pipe is not used, see also section 4.2. 
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thee fact that the Afs is determined in a cos 6 K K bin, while A B̂ is the forward-backward 
asymmetryy of the charged kaon as a function of the thrust polar angle, see equation (5.2). 
Forr a given bin i with n, events the weight a\ is calculated according to (5.2): 

88 1 y . coss Oj 

++  cos2 6j' 
(5.7) ) 

wheree 6} is the thrust angle of the j- th event with a K  polar angle falling in bin . This 
weightt w2 also takes into account the fact that the asymmetry has an angular dependence 
insidee the bin. 

Afterr the weights u\ are determined, the asymmetry for misidentified particles At 

equall  to 

ibckgibckg iit  ̂ bcky 

bck< bck< 

IL'iA IL'iA FB FB (5.8) ) 

with h x x ckg ckg 

x;< fc9(2<fcs s l)Al)Arr. . qq = d. u. s. c. b. (5.9) ) 

wheree abrk9 is the fraction of qq events with a particle misidentified as K, cbck9 is the proba-
bilit yy that the primary quark charge is correctly tagged by the particle misidentified as K and 
AAqqqq are the quark asymmetries. 

ApApFFff is computed directly from the full detector simulation. The dominant background 
iss due to pions misidentified as kaons. In order to reduce the statistical error on our estimate 
off  Apg, tracks have been identified as pions in the RICHs. The pion momentum spectrum is 
re-weightedd to make it similar to the spectrum of misidentified kaons. The coefficients a^9 

andd c^ck'J are computed for these events. All the quark asymmetries are fixed to the Standard 
Modell  values calculated by ZFITTER [7] with Mz = 91.1866 GeV/c2, mt = 173 GeV/c2, 
milmil — 115 GeV/c2, as = 0.122 as input parameters. The background asymmetries computed 
forr the three centre-of-mass energies (see Table 5.1) have statistical errors which are small 
comparedd to the systematic ones. The systematic error on A£B

g is obtained by recalculating 
thee abqkg and cbckg coefficients by changing the relevant parameters in the simulation (listed in 
Tablee 6.6) for charm, bottom and light quark events. The results are summarised in Table 5.1. 

v ^^ (GeV) 

89.5 5 
91.2 2 
93.0 0 

syst.error r 

44 t'tky I 
AAFBFB  i 

Barrel l 

0.0104 4 
0.0020 0 

-0.0037 7 

0.001G G 

Forwardd j 

0.0122 2 
0.0046 6 

-0.0056 6 

0.0030 0 

Tablee 5.1: The background asymmetry for different centre-of-mass energy and the systematic error 
onon it. 
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5.22 Asymmetry from interactions with the detector  mate-
rial l 

Wee use 2.4 M simulated hadronic events to extract the asymmetry from interactions of the 
chargedd kaons with the detector material. The fraction of positively charged kaons that 
interactt with the material in front of the OD/FCB, aK +, is evaluated in bins of the kaon 6K\ 
QA ++ is corrected for kaons decaying on their way to the OD/FCB. The quantity 1 - r,, which 
iss equal to 2A™at, is evaluated as a function of aK+. The result is shown in Figure 5.1. The 
distributionn of 2Amat versus aK+  is fitted using a parametrisation derived in Appendix A : 

2A?2A?atat = l-ri  = 1 - ( 1 - Q K + ) £ + (5-10) 

Thee relative difference of K~ and A'+ cross-sections with the detector material in front of 
ODD or FCB, e+, is found to be 0.089  0.005(stat.). The systematic error on =:+ is 0.011 and 
iss mainly (90%) coming from uncertainties in the difference in the nuclear cross-sections of 
p(n)K++ and p(n)K~. Using the parametrisation (5.10) and the values aK+  obtained from 
thee full simulation, the ratios rx are extracted per mirror. The asymmetry .4"'"' as a function 
off  the cosine of the polar angle is shown in Figure 5.2; it ranges from about 0.7% at small 
absolutee values of cos 9K to 2% at values close to 1. The same parametrisation (5.10) is used 
too propagate the systematic error on e+ to the charged kaon forward-backward asymmetry. 
Thee overall effect on the kaon forward-backward asymmetry is very small due to the fact 
thatt the asymmetry from interactions with the detector material is symmetric in cos#. 

Inn deriving the parametrisation (5.10) or (A.5) we made two assumptions; firstly, that 
onee can average over the material and secondly, that one can average over the kaon mo-
mentumm spectra for different mirrors. In order to check that the averaging over the material 
iss justified, a fast analytical calculation is done using the DELPHI materials database and 
thee nuclear interaction cross-sections for a grid of points in the 3-dimensional space of K 
momenta,, polar and azimuthal angles. The kaon momentum spectrum is considered to be 
thee same for all polar angles. A weighted-mean according to the distributions of these three 
variabless is computed for every mirror. The statistical error in this procedure is negligible. 
Thee points obtained in this method perfectly lie on the curve (5.10) with z  ̂ = 0.089. The 
systematicc error on e+ due to the averaging over the kaon momentum spectra, which are 
slightlyy different for different mirrors, amounts to 0.004. 
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Figuree 5.1: The asymmetry from interactions with the material (2A\nat = (1 - n)) versus the 

fractionfraction of stopped K + due to the interaction with the detector material. The superimposed curve 

representsrepresents the result of the lit;  the dashed curves correspond to one standard deviation. 
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Figuree 5.2: The asymmetry from interactions with the material (A\ 

thethe cos 8 of the kaon. The errors are statistical only. 
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0 .11 r 

00 F i  i i i ' i i i i I  i  I i i i I i i I i i i I I i 
- 0 .88 - 0 .6 - 0 .4 - 0 .2 0 0 .2 0 .4 0 .6 0 .8 

coss 0K 

Figuree 5.3: For the 1994 data the charged kaon purity in the momentum range 10 < p < 24 GeV/c 
inin both RICHs is plotted as a function of the cos 8 of the kaon. 

5.33 Purity evaluation 

Thee kaon purity is defined as the fraction of true kaons in the tagged kaon sample. It is 
obtainedd in two steps. In the first step the full DELPHI simulation is used to give the purity of 
thee tagged kaon sample as a function of the kaon polar angle. In the second step a correction 
onn these purity estimates is obtained. This accounts for small residual discrepancies between 
reall  and simulated data as become apparent from Figures 4.6 and 4.7 in Chapter 4. These 
discrepanciess suggest that there is a correction to the TI  misidentification rate. 

Thee distribution for the kaon purity in the real data is shown in Figure 5.3. On average 
itt is 80% in the barrel region and 74% in the forward region, almost constant in the en-
tiree momentum window. The misidentified particles are mainly pions and only 20% of the 
misidentifiedd particles are protons. 
Twoo methods are used to estimate the correction to the MC kaon purity to obtain the purity 
forr the real data. 

Inn the first method the ratio of the n  misidentification efficiencies in real and simulated 
dataa is found assuming that the kaon identification efficiency is the same in real and simulated 
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data.. In the barrel region samples of high purity muons and of pions identified in the TPC 2 

aree used to compare the TT  misidentification efficiency in real and simulated data for tracks 
withh momenta between 10 and 24 GeV/c. The particle is selected as a pion (muon) candidate 
iff  its ionisation loss dE/di is measured in the TPC using at least 80 wires and when the 
followingg conditions are satisfied : 

(g)> > 
ii  dE 

-(f) ) 
((dEdE) ) rneasrneas \ j r ) h 

> 3 3 

wheree ( ^ ) ^ , ; J,K ' is the expected ionisation loss for the corresponding particle hypothesis. 
Furthermore,, the muon candidate has to be tagged in the muon chambers in order to be put 
intoo the muon sample. The residual kaon contamination estimated from the simulated data is 
0.35%% in the muon and 2.0% in the pion samples. The results for different years are shown 
inn Table 5.2. 

Thee statistics in the //-sample after kaon identification by the RICH is very small and 
noo momentum or angular dependence of the correction to the [i  misidentification efficiency 
iss therefore possible. For muons the average ratio of the misidentification rates in real and 
simulatedd data amounts to 1.41  0.12(stat.) with a systematic error of 10%. The systematic 
errorr is due to the possible difference in the probability of a charged kaon to reach the muon 
chamberss between real and simulated data. The simulated data indicate that the kaon con-
taminationn in the ---sample after kaon identification by the RICH is 25%. Therefore only a 
roughh estimation of the TT  misidentification efficiency can be made. For pions the average 
ratioo of misidentification rates amounts to 1.34  0.02(stat.) with a systematic uncertainty 
off  20%. There is a good agreement between results of different years (see Table 5.2). This 
methodd can not be used in the forward analysis, as the pion (muon) sample can not be se-
lectedd with a reasonable pion (muon) purity and statistics. 

Thee second method, which is the method actually used to correct the purity, is based on 
thee mean Cherenkov angle distribution. The Cherenkov angle distribution has two compo-
nents:: one Gaussian component centred around the expected Cherenkov angle for a given 
particlee hypothesis, and one background term which is approximately a linear function of the 
Cherenkovv angle (see section 3.5). Particles can be misidentified either because of the small 
minimumm separation—only two standard deviations—from the pion hypothesis, or because 
off  the presence of background. To estimate these effects, particles with a Cherenkov angle 
99CC outside the pion and kaon bands are selected in real and simulated data. Two regions are 
definedd in which the number of particles is counted for the real and simulated data : 

:Thee in- - mh mass difference cannot be resolved by the TPC and the RICHs, see Figure 2.2 and 3.2. 



74 4 CHAPTERR 5. CHARGED KAON ASYMMETRY 

Year r 

7TT sample 
7T-++ K 

PPnn̂ K̂K = Prob(7r -  K) % 
P^P K̂K (Data) / P K̂ (MC) 

jiji  sample 

M ^^ K 
P^P K̂K = Prob(/i -f K) % 

P^P K̂K (Data) / P K̂ (MC) 

Year r 

7TT sample 

P^KP^K = Prob(7r — K) % 
P^P K̂K (Data) / P K̂ (MC) 

/ii  sample 

P^P K̂K = Prob(/x -  AT) % 

/ ^ (Data) / /V^(MC ) ) 

1992 2 
Data a 

10598 8 
575 5 

5.422  0.23 

Montee Carlo 

84791 1 
3177 7 

3.755  0.07 
1.455 7 

781 1 
18 8 

2.300  0.55 

5862 2 
110 0 

1.888  0.18 
1.222 2 

1994 4 
Data a 

48570 0 
2641 1 

5.444  0.11 

Montee Carlo 

281258 8 
11182 2 

3.988  0.04 
1.377 3 

3623 3 
116 6 

3.200  0.30 

21521 1 
413 3 

1.922  0.10 
8 8 

1993 3 
Data a 

9685 5 
468 8 

4.833  0.23 

Montee Carlo 

86651 1 
3309 9 

3.822  0.07 
1.266 6 

734 4 
13 3 

1.777  0.50 

6074 4 
107 7 

1.766  0.17 
1.00 3 

1995 5 
Data a 

20783 3 
1082 2 

5.211  0.16 

Montee Carlo 

60071 1 
2509 9 

4.188  0.09 
1.255 5 

1517 7 
48 8 

3.166  0.46 

4381 1 
104 4 

2.377  0.24 
1.333 4 

Tablee 5.2: Comparison of the misidentification rate in the barrel RICH for real and simulated data of 
pionspions and muons samples. 

regionn Ri : 

regionn R2 : 

&71TIG &71TIG 

Orinc Orinc 

>>  2.5 

>> 2.5 and << -2.5. 
0~nr 0~nr 

Figuree 5.4 shows the ratios of the number of particles in these regions for the 1994 data. 
AA small Monte Carlo program described in the next paragraph shows that at most 10% of 
thee total number of tracks in each of these regions can be attributed to the Gaussian tail. 
Backgroundd photons, accordingly, have to play a dominant role in the misidentification. 
Thee results for the ratios and the fact that the Cherenkov angle distribution for background 
photonss depends almost linearly on this angle imply that the number of background photons 
perr track in the simulated data has to be increased with a scaling factor that for the 1992-5 
dataa amounts to 1.4  0.1 in the barrel region, and 1.05 1 in the forward region. The 
scalingg factors are similar for regions 7?i and R2. The misidentification rates ratio for pions 
andd for muons shown in Table 5.2 is compatible with this result. 
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Figuree 5.4: The ratios of data to Monte Carlo backgrounds in the regions R\ and i?2- This figure 
correspondscorresponds to the 1994 data. 

AA small simulation program was written to understand these results. This is done in the 
followingg way : 

1.. IT'S, K 'S and p's are generated with the proper momentum spectra, according to the 
measuredd fractions, with momenta p between 10 and 24 GeV/c. 

2.. A number of Cherenkov photons is generated according to a Poisson law with mean 
Nsignai-Nsignai- The average number of signal photons Nslgnai is according to equation (3.9), 
aa function of the expected Cherenkov angle. Moreover, it varies as a function of the 
mirrorr number because the track length in gas radiator and the detection efficiency of 
photoelectronss are different for different mirrors. 

3.. A number of background photons is generated according to a Poisson law with mean 
Nbckg-Nbckg- The average number of background photons varies as a function of the mirror 
numberr because the background conditions vary from mirror to mirror. 

4.. For each photon an expected error on the angle, crV )̂ton, is generated according to a 
Gaussiann distribution: 

aa exp(-
lal lal 
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Thee momentum dependence of the error for a given mirror is described by o}l — A + 
BB • \/l + C/p. The a,, reflects the fact that tracks of the same mirror can have different 
photonphoton regardless of their momentum due, for example, to a dependence on the polar 
anglee of the track. The coefficients ,4, ö, C and the ar must be determined per mirror. 

5.. The background photons are generated according to a linear distribution: 0'""-1 • J7, 
wheree r is a random number between 0 and 1, and 0]nax = 0.09 rad is the maximal 
allowedd Cherenkov angle. This corresponds to a uniformly distributed background in 
space. . 

6.. The Cherenkov angle for a Cherenkov photon is generated according to a Gaussian 
distributionn with mean equal to the expected Cherenkov angle of the corresponding 
particlee hypothesis 9"'^ and with a r.m.s. of (r']lPoton. 

7.. The RIBMEAN clustering algorithm is applied to combine photons into a ring and 
determinee the average Cherenkov angle 0'"f'°". It gives also the number of photons for 
thiss ring A'. 

8.. The expected error per ring aring is defined as n"fl'otuii f \f~X. 

9.. No ambiguous photons are generated. 

Thee unknown parameters in this Monte Carlo, which cannot be directly determined, are 
thee expected numbers of Cherenkov photons in the real and simulated data (X^D

rtal, A ^ m / ) 
andd the average numbers of background photons in the real and simulated data (X^[}

t , A ' ^ ' ) . 
Forr the average numbers of photons in the real and simulated data we use the following 
constraint:: X^£g = X^ • R. Where R for a given mirror corresponds to the weighted 
averagee of the ratios R{ and R2 of tracks in real and simulated data in the regions ƒ?, and R2, 
respectivelyy (see Figure 5.4). Three unknowns are therefore left. Four observables are used 
too determine these free parameters, they are the average numbers of observed photons per 
trackk in the real and simulated data and the observed values of R{ and R2. These observables 
definee the \2-function as a function of the three variables (A^ /^ , , A ^ m / , X^). For 
onee degree of freedom the \2 equals approximately unity at the minimum. For different 
valuess of these variables two sets of 100k tracks were generated. One set is generated with 
thee parameters A. D. C. ar determined from the real data and the other with the parameters 
.4.. D. C. or determined from the simulated data. For each set of tracks the kaon purity was 
determinedd by identifying kaons using the criteria on the average Cherenkov angle f)'"'"" 
(seee section 4.2, Equations (4.1)-(4.2) ). 

Forr the minimization the algorithm described in Appendix B was used. For the numer-
icall  calculation of the derivatives a step of 0.2 was used for each variable. This guarantees 
aa correct sign for the function derivatives. The fit is done separately for each of the six 
mirrorss in the Ban-el (we consider the BRICH to be symmetric in c:os0K) and for each of 
thee four mirrors in the Forward (the forward and backward halves of the FRICH are con-
sideredd separately for the purity analysis). For all mirrors the \2 is well behaved. As an 
example,, for one of the BRICH mirrors a y2 minimum of about 1 is obtained for values 
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(N™(N™nalnal = a/ = g = 1.4 . We have used different starting 
points,, \2(7.9.2) = 45, \2(9.7.2) = 54, \2(7.7.2) = 16, \2(9.9.2) = 37, to verify the 
convergencee of the fit. In all cases the above minimum is successfully reached after 6-12 
steps.. The parameters found at the minimum have errors due to the limited statistics of the 
Montee Carlo function. After the fit is done, the final difference between the kaon purities 
iss obtained. These purities correspond to the two Monte Carlo samples. One sample was 
generatedd with the input parameters A, D, C\ ar for the simulated data and with fitted values 
° ff  -^Lckq> -^simiai* m e o m er w as generated with the input parameters ,4, £?, C, or for the real 
dataa and with fitted values of N£j?g, Ng£ial = R • N^al. The shift in the kaon purity is the 
correctionn to the purity obtained from the simulated data in order to estimate the kaon purity 
inn the real data. 

Ann increase in the number of background photons that are generated according to a linear 
functionn can explain the observed scaling factors. After scaling up the background, the kaon 
puritiess extracted from the simulated data are decreased depending on the polar angle by 
0.4%% to 4.9% (the correction term decreases when |cos#K | increases). In Figure 5.3 the 
purityy is shown after applying this correction. With the simulation program the systematic 
effectt due to a shift in the mean Cherenkov angle and discrepancies in the expected error 
perr ring can be evaluated. From the comparison between real and simulated data it was 
foundd that the Cherenkov angle can be shifted at most by 0.25 mrad and the resolution of 
thee Cherenkov angle per ring is at most 5% larger than in the simulated data. The systematic 
errorr on the kaon purity due to the background, Cherenkov angle shift and ring resolution is 
1%.. The purity is evaluated for each data-taking year. 

5.44 Results 

Thee corrected kaon purities, the results for the asymmetry of misidentified particles and for 
thee asymmetry from interactions with the material are used to evaluate the asymmetry A°bs 

(5.4)) for each 0K bin, as explained in section 5.1. The corresponding weights ir, (5.7) are 
alsoo evaluated and used to fit the \2 function (5.6). 

Resultss for  the on-peak measurements 

Inn the barrel region, 73329 events are selected and used to compute the charged kaon 
forward-backwardd asymmetry. 

Thee results of the fit minimizing the \2 function (5.6) are summarised in Table 5.3. 

Ass a consistency check the asymmetries are fitted separately for each detector side, giv-
ingg the compatible results : 
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Year r 

1992 2 
1993 3 
1994 4 
1995 5 

1992-5 5 

Barrel l 
## events 

10171 1 
4948 8 
43523 3 
14687 7 

73329 9 

nnFB FB 

0.0322  0.013 
0.0022  0.019 

0.04500  0.0063 
0.0477  0.011 

0.04055  0.0049 

Forward d 
## events 4A ' ' 

'^FB '^FB 

Z Z 
9342 2 
4151 1 

13493 3 

0.0311  0.011 
0.0588  0.015 

0.0399  0.009 

Tablee 5.3: The measurements of AkR at 91.2 GeV for the 1992-1995 data. The errors are statistical. 

A$A$BB{z{z > 0) = 0.0421 ) 

A$A$BB(z<0)(z<0) = 0.0387 . 
(5.11) ) 

Inn the forward region, 13493 events are selected and the results are also summarised in 
Tablee 5.3. 

Resultss for  the off-peak measurements 

Thee statistics and results of the fit  for the off-peak measurements are listed in Table 5.4. 

V^^ (GeV) 

89.5 5 

93.0 0 

Year r 

1993 3 
1995 5 

1993,5 5 

1993 3 
1995 5 

1993,5 5 

Barrel l 
## events 

1981 1 
2305 5 
4286 6 

3020 0 
3362 2 
6382 2 

nnFB FB 

0.0233  0.029 
0.0288  0.028 
0.0255  0.020 

0.0100  0.024 
0.0677  0.023 
0.0400  0.017 

Forward d 
## events 4A A 

^FB ^FB 
— — 

719 9 
719 9 

-0.0055  0.037 
-0.0055  0.037 

— — 
1193 3 
1193 3 

0.0444  0.029 
0.0444  0.029 

Tablee 5.4: The measurements ofA$B at 89.5 GeV and 93.0 GeV for the 1993 and 1995 data. The 
errorserrors are statistical. 

AA consistency check for  the forward measurements 

Ass a consistency check, the asymmetries are fitted separately for each FRICH detector 
side.. In order to gain statistics we use the on-peak and off-peak measurements in the for-
wardd region. Since the asymmetry is a function of energy, only the difference between the 
measuredd forward-backward asymmetries can be used for the comparison. The difference is 
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compatiblee with zero : 

A$A$BB{z{z < Q) - A%B{z > 0) = 0.015 6 (stat.). <5-12) 

Systematicc errors to the charged kaon asymmetry 

Thee contributions to the experimental uncertainty of A B̂, come from the uncertainties 
onn the kaon purities, the uncertainty in the E+ determination and the propagation of the 
systematicc error on AbpB

g. They are the same for on and off peak measurements and are 
listedd in Table 5.5. The parameterisation (5.10) is used to propagate the uncertainty in e+ 

intoo a systematic error on the charged kaon asymmetry. The systematic error on ApB comes 
fromm the variations in the coefficients ab

q
ckg and cb

q
ckg, which are evaluated by the procedure 

describedd in section 6.4. One can see that the total systematic error on A B̂ is one order of 
magnitudee smaller than the statistical error. 

Contributionss to the systematic error on ApB (x 10~4) 
Kaonn purity 

K+/K~~ interactions with material 
AA bckg 

Total l 

Barrel l 
1.3 3 
0.2 2 
4.6 6 
4.8 8 

Forward d 
2.5 5 
0.7 7 
8.2 2 
8.6 6 

Tablee 5.5: Contributions to the systematic uncertainty on the charged kaon asymmetries in the Barrel 

andand in the Forward regions. 


