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Abstract 

A total of about 900000 Z ° --~ q~ decays have been analyzed to measure the B ° - / ~ o  mixing probability. Two different 
b tagging techniques have been used: events with two leptons and events with one lepton and one A. From a combination of 
the two methods the average mixing parameter, X, was determined to be (12.1 4- 1.6 (stat.) + 0.4(syst.) -4- 0.4(model))%. 

1. Introduct ion 

The B ° and /~0 mix through box diagrams made 
possible by second order weak interactions. The os- 
cillation frequency is expressed by the parameter Xq = 
Amq/F, where Amq is calculated from the diagrams 
with q = d, s. The top quark exchange dominates the 
process giving the expression for Amq: 

G2 m t  2 ) 2 • 2 Amq = ~ 2 67r mSrn'F( mb Bsf}~?QcDIVtb Vtql • 

This relation can be used to determine Vtq if  the top 
mass and the hadronic part of  the B meson (which is 
calculable),  BBfg r/QCD (where fB is the decay con- 
stant and Bs the 'bag' factor) are known well enough. 
The dependence on mt cancels if one considers the ra- 
tio Xs/Xa and the hadronic terms for Bs and Ba are 
expected to be similar; therefore the mixing measure- 
ment can give information on the Cabibbo-Kobayashi- 
Maskawa matrix elements. Time dependent measure- 
ments yielding xd have been performed at LEP [ 1 ]. 
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This letter presents a measurement of the time in- 
tegrated probability of mixing, X = x2/( 2 + 2xZ) : 
it is relevant for correcting the measured forward- 
backward asymmetry of the bb final state. 

Several measurements of the B ° - /~0  mixing pa- 
rameter X have already been reported at p - / ~  col- 
liders [2] and at e+e - machines [3]. In previous 
DELPHI publications B ° - /~0  mixing was measured 
using the average jet charge [4] and like-sign dilepton 
events [5]. As already stressed in [4,5], the value of 
X accessible to measurement at LEP with those meth- 
ods is an average value which is a combination of Xs 
and Xa. 

This letter presents an update of that measurement 
based on increased statistics and two different meth- 
ods to tag the initial flavour. The first is the already 
standard method of using leptons from the semilep- 
tonic decays of b quarks and observing the events with 
two leptons. The second method consists of tagging 
one b quark through its semileptonic decay and look- 
ing for a A (A_) on the opposite side of the event. The 
A (A) unambiguously flags the flavour of the b (b) 
quark whenever it originates from the direct decay of 
a b-hadron. This tagging of bb events can be applied 
also for different purposes [6]. The result from this 
method is however at present severely limited by the 
statistics available and the systematic uncertainties. 
On the other hand, it is worthwhile to describe it in 
this letter, mainly to point out a possible new method. 
Since the selected samples used in the two methods are 
independent and the measurements can be combined. 
Both measurements yield X = fsXs + fctxct where fs 
and fa  are the fractions of Bs and Ba produced in the 
b fragmentation, weighted by the respective semilep- 
tonic branching ratios. 

2. The DELPHI detector 

The DELPHI detector is described in Ref. [7]. 
The components relevant for this analysis are 

the tracking chambers, the barrel electromagnetic 
calorimeter, and the muon chambers. The central 
tracking includes the vertex detector (VD), the inner 
detector (ID),  the time projection chamber (TPC) 
and the outer detector (OD). In the forward region 
the tracking is provided by a system of two drift 
chambers (FCA and FCB) following the TPC. 

The barrel electromagnetic calorimeter (HPC) cov- 
ers the polar region 45 ° < 0 < 135 °, and provides 
the electron identification which is performed only in 
this angular region. 

The geometrical acceptance of the muon chambers 
is 9 ° < 0 < 4 3  ° , 52 ° < 0 <  128 ° and 137 ° < 0 < 
171 ° . 

3. Selection of  events and lepton identification 

Hadronic decays, Z ° ~ q~, were selected requiring 
at least 7 charged particles and a total visible energy 
(from charged particles detected in the tracking cham- 
bers and neutrals detected in the calorimeters) larger 
than 0.3 x Ecru, where Ecru is the centre of mass energy. 
Tracks were accepted if they had an impact parame- 
ter to the nominal interaction vertex below 5 cm in 
the transverse plane with respect to the beam axis and 
below 10 cm along the beam direction. Charged parti- 
cles were required to have momenta greater than 200 
MeV/c. Both charged and neutral particles were used 
in the event reconstruction. A neutral particle was ac- 
cepted if the energy deposited in the electromagnetic 
calorimeter was larger than 0.7 GeV and the parti- 
cle started showering in the first 4.5 radiation lengths 
when it was inside the HPC. The selection of hadronic 
Z ° decays yielded about 207 000 events from the 1991 
data sample, and about 700 000 from 1992. 

Muon identification was based on an algorithm us- 
ing a chi-squared fit, calculated from the difference 
between the extrapolated track and the track element 
constructed with the hits in the muon chambers. The 
algorithm is described in detail in Ref. [ 8 ]. 

Electron identification was performed only in the 
barrel region (45 ° < 0 < 135°), using an algo- 
rithm combining the information from the electromag- 
netic calorimeter HPC (deposited energy, longitudi- 
nal shape of the shower) and the dE/dx  measure- 
ment from the TPC. A V ° search was applied to reject 
electron candidates coming from converted photons. 
Despite that, a Monte Carlo simulation indicates that 
(9.7 + 0.2)% of identified electrons in the final sam- 
ple come from unrecognized photon conversions. 

Both muons and electrons were selected with re- 
stricted criteria to enhance the purity of the sample 
used. A minimum momentum of 3 GeV/c was re- 
quired for the lepton to be accepted. 
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Using these algorithms, the identification efficien- 
cies for electrons and muons within the accepted ge- 
ometrical and kinematic regions were found to be 
(65 ± 3)% (measured from a sample of Compton 
electrons selected in the data), and (76 4- 1 ) % respec- 
tively. While for muons the agreement between data 
and simulation, checked with Z ° --- /x+/x- events 
was very satisfactory, the efficiency for electrons was 
found to be about 5 to 10% lower in the data than in 
a sample of simulated Compton electrons. The effi- 
ciency for identifying leptons is, however, not crucial 
in the measurement of the mixing parameter. 

The misidentification probability for a pion to be 
called lepton was checked with real data, using the K ° 
decays, and found to be Phaa-~u = (0.7 + 0.1)% for 
muons, in good agreement with Monte Carlo predic- 
tions. For electrons, a rescaling was necessary, because 
the simulation overestimated the number of hadrons 
mimicking electrons inside the HPC. After having ap- 
plied the rescaling, the misidentification probability 
Phad--~e Was (0.6=t= 0.2)%. 

4. Data and Monte  Carlo sample 

The final data sample consisted of 5182 events 
(2349/x/x, 658 ee and 2175 e/x) having two leptons 
in opposite hemispheres with respect to a plane per- 
pendicular to the thrust axis. Of these, I 116 events 
were collected during 1991, and 4066 during 1992. 
The number of events with two leptons having the 
same charge was 2177. 

Two samples of Monte Carlo generated Z ° --* qgl 
decays, corresponding to the 1991 and 1992 detector 
setups, were used for the analysis. The events were 
generated with the Lund Parton Shower (PS) model in 
the JETSET 7.3 program [9], passed through the full 
detector simulation and processed with the same event 
reconstruction as the data. Applying the same selection 
criteria used for the data gave 14 378 dileptons from 
which the composition of the sample was estimated. 

The total statistics of simulated Z ° ---* q~ decays 
were about 530000 for 1991 and 1 700000 for 1992. 

The heavy quark fragmentation process was de- 
scribed using the Peterson fragmentation function 
[ 10] with parameters eb = 0.006 and ec = 0.054. The 
branching ratios were set to 10.2% for b --* g and 9% 
for c ~ g. About 1.0 % of b decays occurred through 

the channel b --+ ~ --~ g and about 0.5 % through 
b--- ,r--+g. 

In the analysis however, the branching ratios b ---, 
g and b ~ c --* g were rescaled to the values mea- 
sured from the LEP experiments [ 11,12], averaging 
those experiments measuring the branching ratios in 
the context of the ACCMM semileptonic decay model 
[ 13] with parameters as determined in [ 14]. The av- 
eraged values used were Br(b --~ g) = (11.0-t-0.4)% 
and Br(b --~ c ~ {) = (8.1 -1- 0.4)%. The mixing 
probability measured in the present paper is given in 
the context of the ACCMM model. 

5. Method 1: B ° -- /~0 mixing with dilepton events 

The first method presented here used events with 
two identified leptons as in Ref. [5]. Each lepton in 
the Monte Carlo sample was assigned, according to 
its origin, to one of the following classes: 
- PB (Primary b) : b ~ g (including b ---+ r -~ g) 
- SC (Secondary c): b ---* c ~ 
- SC (Secondary e): b --~ g ~ g 
- PC (Primary c) : c --~ { 
- BCK : hadrons misidentified as leptons,/X from 7r 

and K decays, electrons from converted y 's  or Dalitz 
decays, leptons from ~. 

Background to the muon sample originated from 
punch through hadrons, misassociations of hits in the 
muon chambers, and hadron decays. For electrons, 
background was generated by y conversions (the ma- 
terial in front of the HPC calorimeter corresponded 
to an average of 0.7 radiation lengths, of which 0.2 
was before the TPC), and misidentified hadrons. 

Each simulated dilepton event was then classified 
in a combination of two of the previous categories. 
The sensitivity to the mixing parameter in dilepton 
events is different for the various categories: for the 
classes (PB, PB) ,  ( SC, SC) ,  ( PB, S(~ ) the fraction 
of same sign dileptons is 2X( 1 - X), while for the 
classes (PB, SC) ,  (SC, SC)  it is the fraction of op- 
posite sign dileptons which has this dependence. The 
class (PC, PC) contributes only to the opposite charge 
configuration. 

Possible biases in the measurement due to correla- 
tions in the background class were investigated with 
simulation. The most important background came 
from the category (PB, BCK)  ( 17% of the total dilep- 
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ton sample), where BCK is a misidentified hadron. In 
a sizable fraction of  cases (54% of kaons and 22% of 
pions with Pt > 1 GeV/c)  the hadron came from the 
b-hadron and had the right charge, therefore it was 
correlated with the charge of  the lepton of  the oppo- 
site jet in the same way as in the (PB, PB) category. 
The correlation was parameterized as a function of 
the variable used in the analysis (Pt defined below), 
and the pertinent fraction of  background was treated 
as part of  the (PB, PB) category. The assignment 
of  the non-correlated fraction of  the background to 
the same or opposite charge configuration was taken 
from the simulation. 

In each event, a cluster analysis was made with the 
LUND algorithm LUCLUS [9] using both charged 
and neutral particles and a cutoff parameter d j o i  n = 2.5 
GeV. The transverse momentum, Pt, of a lepton was 
defined as the momentum component transverse to the 
rest of  the cluster to which the lepton belonged, after 
the lepton itself had been removed from the cluster. I f  
three or more leptons were found in the event, the two 
with highest Pt were considered in the analysis. The 
semileptonic b decays are expected to produce lep- 
tons with high p and Pt. In Fig. 1, the distribution of  
the lower transverse momentum of the two leptons is 
shown, together with the expectations from the differ- 
ent sources of  dileptons in the Monte Carlo. The sim- 
ulation predicts the transverse momentum distribution 
of  the lepton candidates quite well. 

The discriminating power of  several variables 1 was 
studied in order to try to enhance the signal to back- 
ground ratio. These variables were all found to have 
similar discriminating power and so the simplest vari- 
able, the smaller of  the Pt values of  the two leptons 
(p~n) ,  was used. 

In Fig. 2 the contributions from (PB, PB) and 
(PB, SC) are shown as a function of  p~n.  The data 
in the region where (PB, PB) dominates determine 
the final measurement of  X- 

The full data sample was used to calculate the frac- 
tion of  like sign dileptons 

( g - g - )  + (g+g+) 
Ree = 

(all dileptons) 

as a function of  p~n.  This distribution was compared 
with that predicted by the simulation as a function of  

mill I Variables like e,g. (Pl × P;~), Pcomb' (Ptl × Pt2), (Ptl -I-Pt2). 

X, and the X value determined using a chi-squared fit 
or a binomial likelihood method. 

The branching ratios for b ---* g and b --~ c --+ ~ of  
the simulation were rescaled to the values measured 
by the LEP experiments [ 11,12] as described at the 
end of  Section 4. 

The chi-squared fit has the advantage that the er- 
ror due to the limited Monte Carlo statistics is cor- 
rectly and straightforwardly taken into account, and it 
appears convoluted with the statistical error in the X 
value. With the available statistics, the content of  each 
bin was kept above 10 events. 

The results were: X = (11.9+_~7)% from the chi- 

squared method and X = ( 12.0+-11'. 6) % from the likeli- 
hood method where the errors are statistical only. Ap- 
plying the statistical method suggested in Ref. [ 15] 
to take into account the finite Monte Carlo statistics 
in the likelihood fit, the result was X = ( 12.1 4- 1.6) % 
and completely in agreement with the chi-squared fit 
result. Fig. 3 shows the result of  the fit to R. 

Another cross-check was to count same sign dilep- 
tons after having applied a hard Pt c u t  (Pt  > 1.4 
GeV/c)  in order to select a substantially pure 
(PB, PB) sample. The resulting 168 same sign dilep- 
tons and 426 opposite sign dileptons gave a value: 

X = (11.74- 1.9)% 

The method described in this section, applied to 
simulated q~ events generated with X = 13.4% yielded 
X = ( 13.8+_ll'. 3) % in good agreement with the original 
value. 

5.1. Systematic errors on method 1 

There were several sources of  systematic uncertain- 
ties intrinsic to the simulation used to estimate the 
background. The most important ones are shown in 
Table 1, together with the effects on X. The variations 
considered were 4-1o-, where or was the experimen- 
tal error from the available measurements, calculated 
combining the statistical and systematic errors. The 
error from the modelling of  the semileptonic decay 
was not added to the or considered here. Other sources 
of  systematic errors, like the change in the fraction of  
correlated background or changing the efficiency of  
lepton identification, were negligible. The stability of  
the measurement was checked against the binning, the 
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use o f  different  variables and the changes o f  the cri- 

teria for lepton identif ication.  All  the measurements  

were  found to be very consistent.  The  total system- 

atic uncertainty in the mix ing  measurement  was ob- 

ta ined by adding the contr ibut ions in quadrature,  tak- 

ing into account  the correlat ion [ 11,12] be tween the 

branching ratios B r ( b  ~ g) and B r ( b  --~ c ~ {).  

The  resultant  systemat ic  error was (4 -0 .4 )%.  This er- 

ror is largely domina ted  by the ratio o f  the above two 

branching ratios. 

The  differences be tween  the models  o f  the semilep-  

tonic decay also contr ibutes to the systematic  error. 

The  lepton m o m e n t u m  distr ibut ion in the rest f rame 

o f  the B hadron was reweighted  according to different  

decay models .  The  A C C M M  [ 13] and t h e I G S W  [ 16] 
models  were  considered.  The A C C M M  model  pre- 
dicts 2 the inclusive b --+ g spectrum, whi le  in the 

I G S W  mode l  the spec t rum depends  on the relative 

product ion  rates o f  D,  D* and D**. The  I G S W  model  

was adjusted to the fraction o f  D** (21 + 8 ) %  mea-  

Table 1 
Contributions to the systematic uncertainty in the measurement of 
the mixing parameter. Variations given in percent are relative to 
the values in the simulation 

Source Relative variation Effect on X 

Br(b --~ g) ±4% 
Br(b ~ c --~ g-) -[-5% =[=0.4% 

Br(b ~ ~ ~ g) 4-50% < 0,05% 

Br(b ---* 7-) [18] 4-23% < 0,05% 

Br(c ~ g-) 4-10% < 0.05% 

Hadron misidentification 4-10% < 0,05% 

Fragmentation function Eb = 0.005 - 0.007 4-0.1% 

Total 0.4% 

Semileptonic IGSW with 
decay model (21 4- 8)%D** 4-0.4% 

sured f rom the C L E O  data [ 17].  The  variat ion quoted  

in Table 1 corresponds to 4-1o- o f  this percentage.  

The  final result  was: 

2 It was checked that the X value was not significantly affected 
when the ACCMM parameters values changed from the ones in 
[11]. 

X = ( 12.1 ± 1.6 5: 0 .4(sys t . )  4- 0 . 4 ( m o d . )  )% 
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6. Method 2: mix ing  with  Ag + events 

Final state A and A baryons originating from the 
cascade decay of b-hadrons through charmed baryons 
are of interest because they flag the flavour of the 
original h-quark, in the same way as the charge of 
the leptons from the semileptonic decay of b-hadrons 
does. Thus the set of bb events where one b-hadron 
decays semileptonically and the other cascades to a A 
baryon in the opposite hemisphere can be used to tag 
the initial sample to study B ° - /~0  mixing. Once the 
sign combinations of the baryon and lepton number are 
considered, the presence of a like sign Ag pair (Ag-  
or Ag+) is the signature of mixing, while an opposite 
sign pair (Ag + or Ag- )  indicates that mixing did not 
occur. The dependence of the fraction of like sign Ag 
pairs on the mixing parameter X for bb events is given 
by: 

Ag-  + e]g + 
R -  - 2 X ( 1  - x ) A + x ( 1  - a )  ( I )  

Ag + Ag 

where 

A = B I ~ (  B ---+ A ) / [  BR( B ---+ A) ( 1 - f b - b ~ o m )  

+ f b - b ~ o , ~ B R ( b  -- baryon ---+ A)] (2) 

and fb--baryons is the fraction of b - baryons. The pa- 
rameter A takes into account the fact that B mesons can 
undergo baryonic decays but with different branch- 
ing ratios from b-baryons. The baryonic decay of B 
mesons to A has been measured by CLEO [19] to 
be BR (B --+ A) = (3.8 4, 0.7)%. 

The LEP experiments have measured the product 
of the b - baryon production fraction and semilep- 
tonic branching ratio to a final state including a A, 
fb-baryonsBR ( b - b a r y o n  -+ A g - X )  [20]. Assuming 
the Standard Model ['bb value and taking into account 
the common systematic error, the combined measure- 
ment value is fb-baryonsBR (b - baryon --~ A g - X )  = 
(0.31 4.0.08) %. The A production in b-baryon decays 
has been extracted from it assuming a semileptonic 
branching ratio common to all the b-hadrons; system- 
atics due to this hypothesis have been taken into ac- 
count allowing a 4.10% variation of the semileptonic 
branching ratio of  b-baryons with respect to the mea- 
sured value, averaged over the b-hadron species. The 
b-baryon fraction fb-baryons can also be extracted, fol- 
lowing the OPAL analysis [20], assuming Br (b - 

baryon --+ Ac) = ( 8 0 +  20)%, and Br(Ac --+ A) = 
(45 4, 15)% as measured by CLEO [19]. The esti- 
mated value is fb-b~ryons = (7.8+5'.~) %, where the sys- 
tematic errors on the branching ratios have also been 
taken into account. Using the above results the value of 
the parameter A was calculated to be A = 0.60 4- 0.07 

The mixing signature in the sample is diluted by 
the background and the experimentally measured frac- 
tion of like sign pairs does not correspond directly to 
RpB,p~. Possible sources of leptons have been already 
summarized in Section 5; A candidates are assumed 
to be produced only by: 
- b-hadron cascade decay (PB)  
- primary c baryon decays (PC) 
- hadronization and combinatorial background in the 

A mass region (BKG) .  
Defining qi,j as the fraction of pairs coming from the 
A source i and the lepton source j and Ri, j as the 
corresponding ratio of like sign pairs over the sum of 
opposite and like sign pairs, the measured value of the 
ratio may be parameterized as 

Rmeas = RpB,PB qPB,PB+ RpB,sd qpB,s~ + RpB,SC qPB,SC 

+Rpc, Pc qPc, Pc + R~KG qBKG (3) 

The ratio RpB,PB has been defined in Eq. (1). As- 
suming that whenever the A and/or the lepton comes 
from the background like and unlike pairs are pro- 
duced equally results in Rexc  = 0.5; with Rpc, Pc = 1, 
R m s  ~ = RI,8,eB and taking into account the X depen- 
dence of Rinse ,  Eq. (3) may be written in suitable 
form for extracting the mixing parameters: 

Rmeas = a X - b X 2 + c (4) 

where 

a = (1 + A) (qp~,pB -- q m s c  + qP~,SO) 

b = 2 A(qpB,pB -- qps,SC + qe~,Sd) 

c = qp~,SC + qec, ec + 0.5 qBXO 

6.1. Results f rom method 2 

The result presented here is from the 1991 and 1992 
data taking periods. The A selection criteria were stud- 
ied and the cuts were optimized for this analysis. The 
A ---+ rrp candidate was required to fulfill the follow- 
ing: 
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Table 2 
Sample composition after the selection cuts, estimated from the 
full DELPHI simulation. The percentage of each event class cor- 
responds to the qij coefficients in Eq. (4).  
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Event type Total (%) 

PB, PB 37.84-2.2 
PB, S-C 0.64-0.1 
PB, SC 4.54-0.9 
PC, PC 5.2-t-1.2 
BKG 51.94-2.3 

- Good secondary vertex reconstruction probability 
(chi-squared probability larger than 1%); 

- Collinearity between the line of flight of the A and 
its reconstructed momentum; 

- The dE/dx measured in the TPC for the proton 
(defined as the higher momentum particle) consis- 
tent with the proton hypothesis and similarly the 
dE/dx of the other particle consistent with the pion 
hypothesis; 

- Rejection of reflection from K ° decays and from y 's  
converted in the detector. 
The information from the RICH detector, whenever 

available, was used to confirm that the higher momen- 
tum particle was a proton and not a pion. The average 
reconstruction efficiency after all the cuts was found 
to be 17% for A momenta larger than 4 GeV/c. In 
order to enhance the (PB, PB) purity in the Ag sam- 
ple, kinematic cuts were applied on both the A and 
the lepton candidates. The contribution from SC and 
PC decays was suppressed by requiring that the lepton 
has transverse m o m e n t u m  (Pt)  o f  at  least 1 GeV/c 
with respect to the axis of the closest hadronic jet. The 
requirement for high lepton momentum (greater than 
3 GeV/c)  reduces the hadron misidentification prob- 
ability. Setting a 5 GeV/c lower threshold on the A 
momentum strongly reduces the background from A 
produced in the hadronization process. 

Fig. 4 shows the invariant mass spectra for A can- 
didates belonging to opposite and like sign Ag pairs 
which satisfy the event selection criteria. The signal 
was integrated over the region 1.106-1.126 GeV/c 2 
giving a final sample of 162 opposite sign Ag pairs 
and 117 like sign pairs. 

The value of Rmeas obtained is: 

(s) Rmeas = 0.419 & 0.030 
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~ "  40 'S 3o 
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Fig. 4. pTr invariant mass distribution for A candidates correlated 
to either a negative or a positive lepton. Charge conjugated corre- 
lations are implied 

The sample composition has been determined ap- 
plying the same reconstruction method and selection 
criteria to events simulated in the complete detector. 
The combinatorial background underneath the A peak 
in the simulation has been scaled to match the data 
and the error on the scaling factor has been taken into 
account; the cross section for A produced during the 
fragmentation process has been scaled to the latest 
published measurements [21]. 

Relying on the sample composition shown in Table 
2, the mixing parameter value can be extracted from 
Rmeas via Eq. (4) : 

X =  ( +75 12.9_615) % (6) 

where the error is only statistical. 

6.2. Systematic errors on method 2 

The main systematic uncertainties affecting the 
measurement are due to the errors in the measured 
branching fractions appearing in Eq. (4) and to the 
limited statistics of the simulation used to estimate 
the sample composition. The effect of the former is 
summarized in Table 3. The latter, corresponding to 
the sample composition uncertainties shown in Table 
2, induces a -t-2.5% error. Uncertainties on the back- 
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Table 3 
Systematic error in the measurement of the mixing parameter X 
from branching ratio uncertainties. Variations are relative to the 
values used in the simulation. 

Source Variation Effect on X 

Br (b - baryon ~ Ac) 4-20% 4- 0.2% 
fb_baryonsBr (b - baryon ---+ At?) 4-25% 4- 2.1% 

Br (b -- baryon --* gx) 4-10% 4- 0.7% 

Br (B --+ A) 4-18% 4-1.3% 
Br (Ac ~ A) 4-33% 4- 2.2% 
Br (b ~ g) 4-4% 4- 0.2% 
Br (c ~ g-) 4-10% + 0.8% 
Br(b---~c--~{) 4-5% 4-0.2% 
Br (b ---+ g ---~ ~) 4-50% 4-0.5% 

Total 4- 3.6% 

ground contribution arising from the disagreement 
between the data and the simulation as well as un- 
certainties on the A production cross section and the 
lepton purity add a further ±0.4% error. Taking all 
systematic errors into account the measured mixing 
parameter value was: 

9 0+7 5 X = ( 1 . . . .  6~5 (stat.) ~z 3.6(syst.) ± 2 .5 ( MC stat) )% 

(7) 
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pletely by the more precise measurement with the 
dilepton sample. 

The measurement presented here can be combined 
with the published DELPHI result based on the aver- 
age charge of jets correlated to a lepton with high Pt 
[4].  To do so, one has to take into account the statis- 
tical correlation due to the fact that the data samples 
used in the present analysis are included in the sam- 
ple used in Ref. [4] and that the measured X corre- 
sponds to a different combination of Xa and Xs. The 
combined result is 

)( = f d x a  + 0.96fsXs = (13.1 ± 1.4)% 

where the error includes the statistical and systematic 
uncertainties. The coefficient 0.96 is determined by 
the weights in the combination of the two different 
definitions of X in [4] and in the present paper. 
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7. Conclusions 

Using a total sample of 5182 dilepton events, con- 
taining both muons and electrons, the average B ° - / ~ o  
mixing parameter in the Z ° decays has been found to 
be:  

X = ( 1 2 . 1  ± 1 . 6 ( s t a r . )  i 0 . 4 ( s y s t . )  + 0 . 4 ( m o d e l ) ) %  

A s a m p l e  o f  2 7 9  gA  e v e n t s  w i t h  Pt > 1  G e V / c  

y i e l d e d :  

+75 X = ( 12.9-6~5 (stat.) ±3.6(syst .)  +2 .5 (MC stat.) )% 

(8) 

The combined result is: 

X = ( 1 2 . 1 +  1 . 6 + 0 . 4 ± 0 . 4 ) %  

w h e r e  t h e  l a s t  0 . 4  i s  t h e  e r r o r  d u e  to t h e  m o d e l  o f  

s e m i l e p t o n i c  d e c a y .  T h e  f ina l  r e s u l t  i s  d o m i n a t e d  c o r n -  
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