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ABSTRACT 

The lifetimes of Bo and B+ mesons have been measured using a sample 
of 150,000 hadronic Zo's collected by the SLD experiment at the SLC 
between 1993 and 1995. Two analyses are presented. The first identifies 
semileptonic decays of B mesons with high ( p , p t )  leptons and reconstructs 
the B meson decay length and charge by vertexing the lepton with a 
partially reconstructed D meson. This method results in a sample of 
428 (549) neutral (charged) decays with high charge purity. A maximum 
likelihood fit procedure finds: 

The second analysis isolates a sample of B meson decays with a 2-D impact 
parameter tag and reconstructs the decay length and charge using a novel 
topological vertex reconstruction method. This results in a high statistics 
sample of 3382 (5303) neutral (charged) decays with good charge purity. 
A maximum likelihood fit procedure finds: 

TBO 

TBt 

= 1.55 f 0.07(stat) f O.l2(syst) ps, 
= 1.67 f O.OG(stat) zk O.Og(SySt) pS, 

TBt/TBO = l.O8!~~~(stat) f O.lO(SySt). 
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1 Introduction 

According t o  the spectator model, the decay of a heavy quark is considered to  proceed 
independently of the other light quarks in the hadron. This model predicts that the 
lifetimes of all hadrons containing a given heavy quark Q are determined by the lifetime 
of that quark and are, therefore, equal. However, the hierarchy observed in the charm 
system, TDt > TDO N T t > T,,:, indicates the need for corrections to  this model. In 
the b-quark system a similar hierarchy, TBt > TBO N TB; > T o is expected. Here the 
lifetime differences are expected to be less than 10% since they scale with l /mi ,  A 
QCD calculation using an expansion in the inverse powers of the b quark mass predicts 
TB+/TBO = 1.0+0.05 x (&)2, where fB is the B meson decay constant [l]. Thus, 
measurements of the Bo and B+ lifetimes and their ratio provide tests of deviations from 
the spectator model. 

Da. 
' b  ' 

To determine the Bo and B+ lifetimes, the 1993 data sample of 50,000 hadronic 
2" decays (with an average beam polarization of (63.0 f l . l )%) collected by the SLC 
Large Detector (SLD) at the SLAC Linear Collider (SLC) is combined with an additional 
100,000 hadronic 2" decays (with an average beam polarization of (77.3*0.6)%) collected 
in 1994 and 1995. Two analyses are presented. In the first, the semileptonic analysis, 
the goal is to  reconstruct the total charge of tracks produced in B meson semileptonic 
decays. The algorithm reconstructs both B and D vertices, and takes into consideration 
the existence of decays of the type Bo -+ D*-l+u or Bo + D**- l fv ,  in which a slow 
transition pion, with charge opposite that of the lepton, is produced at  the B decay 
vertex. This technique does not rely on the charge correlation between the lepton and 
the D vertex to  determine the total charge of the B meson. It should be noted that a 
fraction of decays of the type B+ + D**'Z+u yields two slow transition pions which tends 
to dilute the charge assignment purity. The method has the advantage of a high charge 
reconstruction purity. The goal of the second analysis, the topological analysis, is to use 
the high resolution 3-D vertexing to  reconstruct the total charge of tracks produced in 
hadronic, as well as semileptonic, B meson decays. An original technique is employed 
which uses the parameters of high quality tracks in each hemisphere to  define a vertex 
probability function in 3-D space. This function is used to  t ry  t o  identify a seed vertex 
to  which further tracks may be associated in order to reconstruct a single secondary 
vertex. This vertex consists mainly of tracks of B and D decay origin. The decay length 
is taken from the reconstructed secondary. The charge is taken from the secondary plus 
the charges of tracks passing looser cuts consistent with the secondary. This analysis 
has the advantage of almost an order of magnitude more decays than the semileptonic 
analysis, but with a somewhat reduced charge reconstruction purity. 

The paper is organized in six main sections. The first presents a brief description 
of the SLD, the tracking system performance and general features common t o  both 
analyses. This is followed by a description of the semileptonic analysis, which is followed 
by a description of the topological analysis. A fourth section discusses the overlap of B 
decays between the two analyses. The fifth section discusses the contributions to  the 
systematic error for the two measurements. The final section presents a brief summary. 
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I 2 ,  The SLD 3.1 B Vertex Reconstruction 

Observations of the hadronic 2" decay products are made using the SLD [2] which 
consists of a Warm Iron Calorimeter (WIC) for muon identification, a Liquid Argon 
Calorimeter(LAC) for measuring energy flow and performing electron identification, a 
Cherenkov Ring Imaging Detector (CRID) for particle identification, a Central Drift 
Chamber (CDC) for charged track identification and momentum measurements, and 
a CCD pixel Vertex Detector (VXD) for precise position measurements near the in- 
teraction point. The LAC, CRID, CDC and VXD are immersed in a 0.6 T magnetic 
field. 

' 

The calorimetry and tracking systems are used in the analyses presented here 
and will be briefly discussed (reference [3] contains a detailed description). The LAC 
barrel covers I cos 6'1 < 0.84 and endcaps cover 0.82 < I cos 6'1 < 0.98 for the full azimuthal 
range. The electromagnetic energy resolution of the calorimeter barrel is measured to be 
u / E  = 1 5 % / , / m .  The hadronic energy resolution is 6 0 % / , / m .  The CDC 
has maximal efficiency for lcos 6'1 < 0.72. Charged tracks are reconstructed in the CDC 
and linked with pixel clusters in the VXD, and then a combined fit is performed. The 
momentum resolution of the combined fit is u,,/pT = (0.01)2 i- ( 0 . 0 0 2 6 / p ~ ) ~ ,  where 
p~ is the track momentum transverse to  the beam direction in GeV/c. 

The micron-sized SLC Interaction Point (IP) centroid position in the zy plane 
transverse to  the beam axis is reconstructed with a measured precision of a y p  = (7k2)pm 
using tracks in sets of N 30 sequential hadronic 2" decays. The z position of the 2" 
primary vertex is determined on an event-by-event basis using the median z position of 
tracks at  their point-of-closest-approach to the IP in the zy plane. The 2" -+ b i  Monte 
Carlo estimates a precision of N 52pm in this quantity [3]. 

3 Semileptonic Analysis 

The initial step in this analysis is to  identify a track as a lepton from a B meson 
decay. Electron candidates are required to have energy deposits in the LAC which agree 
with the momentum of tracks extrapolated from the CDC, to have little or no LAC 
hadronic energy, and to have front/back electromagnetic energy ratio consistent with 
that expected for electrons[4]. Muon candidates are required to have a good match 
between hits found in the WIC and tracks extrapolated from the CDC, taking into 
account track extrapolation errors and multiple scattering[4]. To enhance the number 
of 2" + bb events, lepton candidates are required to pass relatively loose cuts: total 
momentum > 2 GeV/c and momentum transverse to  the nearest jet > 0.4 GeV/c (where 
jets are found from tracks using the JADE algorithm [5] with ycut = 0.02). Application 
of these cuts yields a sample of 34K events. 

The B decay vertex reconstruction proceeds separately for each event hemisphere by 
first reconstructing a D decay vertex in 3-D from a set of tracks classified as secondary. 
Then, the B decay vertex is defined by the intersection between the D vertex total 
momentum vector and the lepton direction. 

The tracks used for secondary vertex reconstruction are required t o  have at  least 
one associated hit in the VXD, and not to have originated from 7 conversions,or from 
KO or A decays. Furthermore; tracks are requiredto have either p > 0.8 GeV/c or 

6:gm 5 ,/(S/a,)Z + (Sz/a6z)z < 3.5 to remove residual 7 conversion and KO or A decay 
tracks (6 is the 2-D impact parameter in the zy plane and 6, is the distance of closest 
approach along the I axis). 

The remaining tracks are initially classified as secondary tracks if they satisfy 
> 3.5 and as primary tracks otherwise. In addition, primary tracks which form a 

2-prong vertex (with any other track) which is displaced from the IP by more than 3u 
are reclassified as secondary if the vertex is < 1.5 cm from the IP, but these tracks are 
removed from the sample if the vertex is > 1.5 cm from the IP. 

p o r m  
3o 

This track classification is used in a 3-pass algorithm to reconstruct the B and 
D vertices. In the first pass, the D vertex is formed by combining all tracks classified 
as secondary into a single vertex (if there is only one secondary track the second pass 
is attempted, see below). The B vertex is then formed by intersecting the D vertex 
total momentum vector with the lepton. Subsequently, an attempt is made t o  attach 
one primary track to the B vertex to form a 2-prong vertex. 

The requirements that must be met for this assignment (or any other assignment 
in a later pass) to  be identified as a B semileptonic decay are: 

1. D vertex: 

a. Absolute value of the charge 5 1, 
b. Mass (charged tracks assumed to be T ' S )  < 1.9 GeV, 
c. Vertex displacement from IP > 4a, 
d. x 2  (2,3,4 prong vertex) < (4,6,7). 

2. B vertex: 

a. Absolute value of total charge ( B  +D) 5 1, 
b. Mass ( B  + D tracks) > 1.4 GeV, 
c. Observed decay length (displacement from IP)  > 0.08 cm, 
d. Momentum of non-lepton track (if any) > 0.4 GeV/c. 
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3. D to E Linking: 

a. Distance between D and E vertices > 200 pm, 
b. 1-prong B: Distance of closest approach of D vector with lepton, 

< (130,100,70) pm for (2 ,  3, 4) prong D vertices, 
2-prong E:  Three-dimensional impact parameter of D vector with respect to  
the B vertex < 200 pm. 

In the second pass, if there was more than one secondary track in the hemisphere, 
an attempt is made to add one of the remaining primary tracks to the existing D vertex. 
If there was only one secondary track in the hemisphere, a 2-prong vertex is formed by 
combining the lone secondary track with a primary track. If more than one primary 
track can be added to the D vertex or combined with the lone secondary track, the 
track which gives the smallest distance of closest approach between the lepton and the 
D momentum vector is chosen. If the resulting B and D vertices satisfy the above cuts 
the algorithm stops. 

If both first and second passes fail, a final pass is attempted in which one sec- 
ondary track is combined with the lepton to form the B vertex and one or more primary 
tracks are combined with the secondary tracks to  form the D vertex. 

I B Vertex I 
Bo I 1 prong I 

D Vertex 
3 prong 

I 2 prong I 2 or 4 prong 
E+ I 1 prong I 2 or 4 prong 

Table 1: Topologies reconstructed by the semileptonic analysis. 

The B decay topologies reconstructed by this algorithm are listed in table 1. As 
observed in this table, only neutral D vertices are accepted in the selection of E+ decay 
candidates since E+ semileptonic decays are expected to produce mostly Bo mesons. 

3.2 Event Sample and Cross Checks 

From the initial sample of 150K hadronic 2" decays the analysis described above isolates 
977 semileptonic E decays. Of these, 428 are reconstructed as neutral decays and 549 as 
charged decays. Monte Carlo studies indicate that the neutral sample is 98.7% pure in 
B hadrons consisting of 15.8% E:, 65.4% E:, 13.6% E:, and 3.9% B baryons. Similarly, 
the charged sample i s  94.9% pure in B hadrons consisting of 70.1% E:, 18.4% B:, 4.1% 
E:, and 2.3% E baryons. Note that within the neutral (charged) sample there is an 
excess of Bj(Bf) decays over B,+(E,") decays by about a factor of four. The rate of 
lepton misidentification is 8.9% (6.9%) for the neutral (charged) sample in the Monte 
Carlo. 

Two checks of the charge assignment algorithm are performed. In the first, the 
requirements on the D and B charges are removed and the Monte Carlo compared with 
the data. The resulting charge distributions are shown in figure 1 and display good 
agreement between data and Monte Carlo. In particular, figure l(a) displays the charge 
distribution resulting from the lepton-slow transition pion vertex (from D" and D** 
decays) showing excellent agreement between data and Monte Carlo. Figure l (a)  also 
indicates that the track combined with the lepton to  form a 2-prong B vertex most 
often has charge opposite that of the lepton, as expected for D* decays. The second test 
takes advantage of the electron beam polarization. The Forward-Backward asymmetry 
is formed using the thrust axis to  approximate the angle (cos 6) the b quark makes with 
the electron beam and using the sign of the lepton to determine the charge of the b 
quark. This asymmetry is formed separately for the left- and right-handed electron 
polarizations and for decays reconstructing as neutral and charged. The left and right 
samples are combined to  form the Left-Right Forward-Backward asymmetries [4] for 
neutral and charged decays, as shown in figure 2. The presence of Eo-Bo mixing causes 
the dilution of the asymmetry observable in the neutral plot. In the limit of random 
charge assignment both plots would display the same asymmetry. Figure 2 also shows 
the good agreement between the data and Monte Carlo for the neutral and charged 
asymmetries. 

3.3 Lifetime Fits 

The lifetime is extracted from the decay length distribution of the selected secondary 
vertices using a binned maximum likelihood technique. The distributions for the neutral 
and charged samples, shown in figure 3, are fitted simultaneously to determine two 
parameters: the lifetime ratio r B t  /TBO and either the Eo or the E+ lifetime. The values 
of the ratio are varied between 0.6 and 1.4, and the Eo or E+ lifetimes are varied 
between 1.0 and 2.0 ps in the fit. For each set of parameters, Monte Carlo decay 
length distributions are obtained by reweighting the original Monte Carlo decay length 
distributions for Eo and Bf with 

1 
W(t,r)  = 1 e-t/rgs.n' (1) 

?en 

where r is the desired Eo or Bf lifetime, T~,,,, is the lifetime value used in the Monte 
Carlo generation, i.e. 1.55 ps, and t is the proper time of each decay. 

The maximum likelihood fit yields lifetimes of: 

TBO = 1.602::;: PS, 

TBt = 1.49-0.10 ps, +0.11 

with a lifetime ratio of: 
- _  rBt - 0.94:::::. 
TBO 

The best fit Monte Carlo distributions (the overlays in figure 3) have a xz = 24.2(19.1) 
for 18 degrees of freedom for the neutral(charged) sample. 
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4 Topological Analysis 

The goal of the topological analysis is to associate tracks with a single reconstructed 
secondary vertex in an event hemisphere in order to reconstruct the charge of the B 
meson decay. Such tracks result both from the B and the cascade D decays (as well 
as background, primarily from the IP) and hence do not originate at a true common 
vertex. High quality tracks are selected for use in B event tagging and vertexing. Tracks 
reconstructed in the CDC are required to have 2 40 hits (of a maximum of 80), have a 
hit at radius < 39 cm, have transverse momentum > 400 MeV/c, extrapolate to within 
1 cm (1.5 cm) of the IP in oy ( z )  and have a good fit (x2/d .o . f .  < 5). In addition, after 
the combined CDC/VXD fit, tracks are required to have at least one associated hit in 
the VXD, and a combined fit X2/d.o.  f .  < 5. 

Following standard hadronic event selection cuts [3] a sample of 2" -+ b6 enriched 
events is obtained. This is done by requiring that three or more tracks in an event have 
normalized 2-D impact parameter 6/u6 2 3. This 2" + b6 event selection has an 
efficiency of 60% and produces a sample with a purity of 90% [3]; application of this 
b-tag yields 14K events. 

4.1 Topological Vertices 

The philosophy adopted by this analysis is to search for the vertices in 3-D coordinate 
space. To do this a function is defined (see V(r) below) to quantify the relative proba- 
bility of the candidate vertex at r. Initially, individual track probability functions, fi(r), 
(Gaussian tubes in 3-D space) are derived for each track i, 

where the o, y coordinates have been transformed into o',y' for each track such that 
at ro, the point of closest approach to the IP, the track momentum is parallel to the 
positive y' coordinate axis in the zy plane. The first term inside the exponential includes 
a parabolic approximation to the circular track trajectory where n is determined from the 
particle charge and transverse momentum, and the SLD magnetic field. The quantities 
ul and u2 are the measurement errors for the track, at the point of closest approach, in 
the zy plane and z direction respectively. The trajectory is propagated into the third 
dimension z via the helix parameter X in the second term of the exponential. 

The Gaussian track function is left unnormalized so that the vertex function 
introduced below approximates to track multiplicity counting. The relative probability 
of there being a vertex at r is derived taking into account that 2 2 tracks must have 

f;(r) > 0 in this region. A smooth, continuous function is desired so that its maxima 
may be found. These requirements result in the form: 

(3) 

The second term on the right hand side of equation 3 insures that V(r) = 0 in regions 
where fi(r) is significant for only one track. The vertex function is modified by the 
angular parameter -a, 

V(r) -+ V(r) exp( -5a2) (4) 

where the angle a is defined in figure 4. The cylinder of radius 50 pm centered on the 
jet axis is constructed and equation 4 is applied only on the outside in order to protect 
the primary vertex area. This modification biases the topological vertex finding towards 
the core of the jet of tracks in the hemisphere where the B decay is expected. (In the 
regions where the distance from the IP projected onto the jet axis is < -100 pm or 
> 2.5 cm, V(r) is set equal to zero since these locations are unlikely to contain useful 
vertices.) In addition, information about the size and location of the IP is folded into 
the definition of V(r), to add extra weight to this location and to ultimately identify 
the tracks associated with the primary vertex. 

An example of the zy projections of xi f,(r) and V(r) is shown in figure 5(a) and 
5(b) respectively. These plots are obtained by integrating the function over the third 
dimension z within the limits of ic8 mm from the IP in the z direction. The hemisphere 
of tracks chosen for this plot is taken from a Monte Carlo 2 -+ b6 event in which the jet 
momentum is directed from left to right in figure 5. While the trajectories of individual 
tracks can be seen in figure 5(a), the regions where vertices are probable can be seen 
from the distribution of V(r) in figure 5(b). In this case the algorithm resolved the 
hemisphere into two vertices, i.e. the primary vertex and a secondary vertex. The peak 
in V(r) produced by the primary vertex can be seen in figure 5(b) at a = y = 0, the 
secondary peak is displaced to the right of the IP by N 1.5 mm. 

The 3-D space is divided into 'resolved' regions which are associated with tracks 
to form candidate vertices. The two locations rl and 12  are said to  be resolved if: 

where min{V(rl), V(r2)) is the lower of the two values and the numerator in equation 5 
is the minimum of V(r) on a straight line joining rl and 12. 

A 3-D spatial point is associated with all track pairs which is the nearest local 
maximum in V(r) to  the point of normalized closest approach to  both tracks. These 
spatial points are clustered into separate spatial regions using equation 5. The tracks 
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associated with each spatial region form a candidate vertex. If a track has a x2 contri- 
bution to  the vertex of greater than 10 it is removed and the remaining tracks are refit. 
This process is repeated until no vertices contain tracks failing this x2 cut. Remain- 
ing ambiguities, in which a track is associated with more than one region, are decided 
by fixing such tracks in the region with the greatest value of V(r). The final set of 
tracks associated with each spatial region are fit together to  form the topological vertex 
structure. 

The efficiency for reconstructing a secondary vertexis a function of the true decay 
length of the parent particle. The inclusive efficiency for reconstructing a secondary 
vertexin a B hemisphere after event selection is about 67%. The B vertex reconstruction 
efficiency reaches a constant maximum of over 80% for B decays more than 3 mm from 
the IP. 

4.2 Charge Reconstruction 

The charge is reconstructed by associating tracks with a single secondary vertex in the 
hemisphere. The seed of this secondary vertex is taken to  be the non-primary topological 
vertex furthest from the IP (the fraction of hemispheres reconstructing more than one 
secondary vertex is 10% of the total which reconstruct at least one). A vertex a x i s  is 
formed by a straight line joining the IP to  this secondary, or seed, vertex (figure 6). 

The transverse impact parameter T is the shortest 3-D distance between a track 
and the vertex axis. The distance L along the vertex a x i s  to the point from which T 
is measured is also calculated for each track. 'Backs which are not directly associated 
with the secondary vertex but which have small values of T are likely to be associated 
with the decay sequence. The value of L for such tracks, compared with the vertex 
decay length D locates the track position along the decay chain. Good quality tracks 
with T< 0.1 cm and L/D> 0.3 are added to  the set of tracks forming the secondary 
vertex. In addition, the charge of tracks which fail the good quality selection but have 
transverse momentum (relative to the beam) > 250 MeV/c and d m  < 700 pm, 
as well as T< 0.1 cm and L/D> 0.3, is also added to the secondary vertex charge. All 
other secondary vertex properties, such as mass and decay length (the distance from the 
IP to the vertex formed by all high quality tracks in the secondary), are derived from 
the high quality tracks alone. 

The neutral sample consists of hemispheres with secondary vertex charge equal to  
0, while the charged sample consists of hemispheres with secondary vertex charge equal 
to  f 1,2 or 3. Figure 7 shows the reconstructed charge distribution (after application of 
the cuts on mass and decay length to be discussed in the next section). 

4.3 Event Sample and Cross Checks 

The above procedure yields 20022 hemispheres with a reconstructed secondary vertex. 
A comparison of the reconstructed mass (assuming A tracks) of the vertex between data 
and Monte Carlo is shown in figure 8, which also demonstrates that essentially all of the 
charm contamination in the sample can be eliminated by requiring the reconstructed 
vertex mass be 2 2 GeV. A final cut requires that the reconstructed decay length is 
> 1 mm. The B charge reconstruction for hemispheres failing this cut is poor due to 
the proximity of the IP. Application of these cuts yields a sample of 8685 reconstructed 
vertices with 3382 reconstructing as neutral decays and 5303 reconstructing as charged 
decays. Monte Carlo studies indicate that the resulting neutral sample is 99.3% pure in 
B hadrons consisting of 22.2% B,f, 55.5% Bj, 15.3% B:, and 6.3% B baryons. Similarly, 
the charged sample is 99.0% pure in B hadrons consisting of 56.2% B,+, 29.8% Bj, 8.2% 
B:, and 4.8% B baryons. Hence within the neutral (charged) sample there is an excess 
of Bj(B,f) decays over B,f(Bj) decays by about a factor of two. 

As with the semileptonic analysis, two checks of the charge assignment can be 
performed. The first compares the reconstructed charge between data and Monte Carlo 
and is shown in figure 7. The second again uses the electron beam polarization, this 
time exploiting that left-handed electrons preferentially produce b quarks in  the electron 
direction (and $ quarks in the positron direction). The distributions of the cosine of the 
angle between the event thrust a x i s  and the incident positron direction (cos e),  signed 
by the product of the electron polarization and the reconstructed vertex charge (for 
charged decays), are shown in figure 9 (separately for 1993 where the average electron 
beam polarization was 63% and 1994/95 where it was 78%). Bo decays with the wrong 
charge assignment will cause a dilution of the observed asymmetry tending to  flatten the 
distributions as a function of cos 6'. Figure 9 also illustrates the good agreement between 
data and Monte Carlo. 

4.4 Lifetime Fits 

The resulting decay lengths for the neutral and charged samples are shown in figure 10. 
A fitting procedure identical to  that employed for the semileptonic analysis is used to  
obtain values of: 

TBO = 1.55 & 0.07 PS, 

TBt = 1.67 f 0.06 PS, 

with a ratio of: 
TB+ - = 1.08!::::. 
TBO 

The best fit Monte Carlo distributions (the overlays in figure 10) have a x2 = 37.8(48.1) 
for 38 degrees of freedom for the neutral(charged) sample. 
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Semileptonic Topological Data Data Monte Carlo 
Number Fraction Fraction ____ 

Charged Charged 194 44% 44% 
Neutral Neutral I 160 I 36% I 39% 
Charged Neutral 1 27 1 6% I 5% 
Neutral Charged 59 13% 11% 

Opposite Charge 4 1% 1% 
Total: 444 

lle 2: Number of decays common to the semileptonic and topological analyses by 
vert ex type. 

5 Overlap Sample 

The overlap of B decays between the two analyses has been studied and the 
numbers are presented in table 2. It is found that (80 f 2)% of the decays have the 
same charge assignment, in good agreement with the prediction of 83% from the Monte 
Carlo. Figure 11 shows, for decays with the same charge assignment, the distributions 
of the differences between the decay lengths and the differences between the momenta 
of vertices reconstructed by the two analyses. The decay length difference distribution 
displays a shift towards negative values due to the different strategies employed to re- 
construct the B meson decay length. As discussed in section 3, the semileptonic analysis 
attempts to  explicitly reconstruct both the B and D meson vertices. In contrast, the 
topological analysis attempts to  reconstruct the decay length using tracks from both 
decays, resulting in a larger decay length than found by the semileptonic analysis. An 
identical set of tracks is assigned to the secondary vertex in 85% of the decays with 
the same reconstructed charge in both analyses. This demonstrates the high level of 
agreement between the two analyses. 

6 Systematic Error 

Systematic uncertainties due to detector and physics modeling, as well as those 
related to the fitting procedure, have been investigated. Since many of these uncertain- 
tities are common to both the semileptonic and topological analyses they are treated 
together in this section. The individual contributions to the total systematic error esti- 
mates on the lifetimes and lifetime ratios for both analyses are summarized in table 3. 

The main contribution to the systematic error due to detector modeling originates 
from the uncertainty in the track reconstruction efficiency. For the semileptonic analysis, 
the uncertainty in the rate of fake lepton identification was investigated by varying this 
rate by f 5 0 %  in the Monte Carlo. 
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Semileptonic Topological 
A r ~ o  ArBt A ($) ATBO ArBt A ($) 

Systematic Error (ps) (ps) (PSI (PS) 
Detector Modeling 

Charge assignmt. 0.004 0.016 0.014 0.040 0.040 0.040 

Physics Modeling 
b fragmentation 0.056 0.026 0.022 0.032 0.032 <.005 
B decay charm 0.009 0.006 0.007 <.005 0.020 0.020 
BR(B + D**ZuX) 0.011 
B decay multipl. 0.011 0.015 0.016 0.010 0.030 0.030 
B, fraction 0.006 0.004 0.005 0.005 0.019 0.010 
B baryon fraction 0.014 0.004 0.007 0.021 0.014 0.006 
B, lifetime 0.029 0.001 0.017 0.053 0.013 0.051 
B baryon lifetime 0.005 0.002 0.003 0.016 0.004 0.012 
B + D spectrum - 0.025 0.006 0.019 
Charm hadron 7 0.011 0.001 0.007 

MOI e Carlo and Fitt ig 
Fit systematics 0.060 0.010 0.040 0.087 0.057 0.056 
MC statistics 0.042 0.030 0.039 0.021 0.018 0.027 

I TOTAL 0.100 I 0.047 0.068 I 0.122 0.091 0.100 I 

- - Lepton ID 0.001 0.006 0.002 - 

Table 3: Summary of contributions to  the systematic error for the Bo and B+ lifetime 
analyses 

The contributions to  the systematic error due to  physics modeling include the 
uncertainties in the b quark fragmentation and the B meson decay model, as well as 
the sensitivity to assumptions concerning B, and B baryon production and lifetimes. 
The uncertainty in b quark fragmentation was determined by varying the Eb parameter 
in the Peterson fragmentation function [6], corresponding to ("E)  = 0.700 f 0.011 [7]. 
The systematic error also includes a variation in the shape of the OE distribution [8]. 
The branching ratios for B+ + D o X ,  B+ + D - X ,  Bo + D o X ,  and Bo -+ D-X 
were varied by the uncertainty in the current world average [9]. The average Bo and 
B+ decay multiplicities were varied by 0.3 tracks [lo] in an anticorrelated manner. For 
the semileptonic analysis, we investigated the sensitivity to  B+ + D'*Eu decays which 
produce two "slow" charged pions at the B decay vertex in about 8% of all semileptonic 
decays. This rate was varied by &loo% by increasing or decreasing the charged and 
neutral sample purities accordingly. The lifetime fit assumes particular values for the 
B, and B baryon lifetimes and production fractions. These were varied according to 
r ( B B )  = 1.55 f 0.15 ps, r (B  baryon) = 1.10 f 0.11 ps, f (B , )  = 0.12 f 0.04, and 
f ( B  baryon) = 0.08 f 0.04. For the topological analysis, the D meson spectrum from 
B decays is not known as accurately as in the case of semileptonic decays. To account 
for that, an error was assigned by requiring the Monte Carlo spectra to  match recent 
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CLEO data [ll]. Finally, the lifetime of charm hadrons (Df,  Do, D,, A,) was varied 
according to the uncertainty in their world average [9]. 

The largest contribution to  the systematic error arises from uncertainties in the 
fitting procedure, and also from Monte Carlo statistics in the semileptonic analysis. 
The fitting uncertainties were conservatively estimated by varying the bin size used in 
the decay length fit distributions, and by modifying the cuts on the minimum and/or 
maximum decay lengths used in the fit. These effects are partly accountable for by 
statistics but are included until further studies are completed. 

~ 

7 Summary 

The Bo and B+ lifetimes have been measured from a sample of 150K hadronic 2" 
decays collected by SLD between 1993 and 1995. The semileptonic analysis isolates 
977 B hadron candidates, 428 neutral and 549 charged, and determines the following 
preliminary values for the lifetimes of the Bo and Bt mesons: 

TBO = 1.60+::::(stat) k O.lO(syst) ps, 

TBt = 1.49f:::A(stat) f O.O5(syst) ps, 

with a ratio of: 

The topological analysis isolates 8685 B hadron candidates, 3382 neutral and 5303 
charged, and determines the following preliminary values for the lifetimes of the Bo 
and B+ mesons: 

TBO = 1.55 f O.O7(stat) f O.l2(syst) ps, 

TBt = 1.67 f O.OG(stat) f O.OS(syst) ps, 

with a ratio of: 
= l.O8+:::i(stat) f O.lO(syst). 

TBO 

The systematic errors in the two analyses are currently dominated by uncertaintities 
in the binned maximum likelihood fit procedure and are expected to  decrease with 
additional data. The overlap between the two analyses is found to  be 444 decays (or 
N 45% of the semileptonic sample). The results presented here are in good agreement 
with the current world averages. 
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Figure 1: Comparison of charge assignment between the data (points) and Monte 
Carlo (histograms) for the semileptonic analysis. 
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Figure 2: The Left-Right Forward-Backward asymmetry for charged and neutral 
decays in the semileptonic analysis for data (points) and Monte Carlo (histograms). 
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Figure 3: Decay length distributions for charged and neutral decays in the semileptonic 
analysis for data (points) and Monte Carlo corresponding to the best fit (histograms). 

Figure 4: Construction of a, the angular displacement. 
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Figure 7: Distribution of charges reconstructed by the topological analysis for data 
(points) and Monte Carlo (histogram). 
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Figure 6: Impact parameter of a track to the vertex axis. 
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Figure 8: Mass of reconstructed secondary vertex for charged and neutral decays in the 
topological vertex analysis for data (points) and Monte Carlo (solid histograms). The 
dashed(dotted) histograms represent the charm(uds) contribution from Monte Carlo. 
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Figure 9: Distribution of B line of flight with respect to the positron beam, signed by the 
product of electron polarization and reconstructed charge for data (points) and Monte 
Carlo (histograms) . 
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