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ABSTRACT

We present preliminary measurements of the average B hadron lifetime using

a sample of 50,000 Z0 events collected by SLD at the SLC in 1993. Our first

technique uses the impact parameter of tracks in jets opposite tagged b jets.

We obtain τB(δ) = 1.617 ± 0.048 ± 0.086 ps, and τB(
∑
δ) = 1.627 ± 0.054 ±

0.132 ps from single and summed impact parameter distributions. The second

technique uses inclusive vertices reconstructed in three dimensions. From the

decay length distribution, we extract τB = 1.577± 0.032± 0.046 ps.

1. General Description and Experimental Procedure

The precise measurement of the average lifetime of B hadrons, τB, is important
for the study of the b quark and its weak couplings to u and c quarks. Furthermore,
recent measurements have shown a marked departure from the 1992 world average.1

The preliminary results presented here use the pixel-based Vertex Detector (VXD)
and the Central Drift Chamber (CDC) for tracking, and the Liquid Argon Calorimeter
(LAC)2 for triggering and determining event shape properties. Within the VXD solid
angle, 96% of all CDC tracks correctly link to one or more pixel-clusters. Angular errors
in the extrapolated tracks combined with local errors σrφ and σrz of ∼ 6 µm for the
VXD clusters, lead to xy (orthogonal to the e− beam) and rz (plane containing the
e− axis) impact parameter resolutions of (α, β)xy = (11 µm, 70 µm) and (α, β)rz =
(38 µm, 70 µm).3 During the 1993 SLD run the 〈rms〉xyz profile of SLC beams was
2.4× 0.8× 700 µm3 at the interaction point (IP). The IP x and y positions are tracked
by SLD using reconstructed tracks from hadronic Z0 events. Muon pairs (not used
in the average IP determination) are used to check the IP xy position, giving σIPxy =
7 ± 2 µm. The z position of the IP is measured event by event with σz ' 35 µm as
determined by simulation.

The Monte Carlo (MC) physics simulation models Z0 and heavy flavor decays
with the LUND JETSET (version 6.3) Monte Carlo generator, which has been adjusted
to reflect current knowledge of the B and D decay spectra. The lifetime for B mesons
(baryons) is set to 1.55 ps (1.10 ps). The MC detector simulation is based on GEANT
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Fig. 1. Distributions of the impact parameter (a) and summed impact parameter (b).

and produces raw hits that are superimposed on randomly triggered events from the
data, to simulate the unique SLC backgrounds. A difference in track finding efficiency
between data and MC is observed and corrected for as a function of momentum, θ and
φ (polar and azimuthal angles), and ξ (angle to jet direction), by randomly removing
MC tracks. Approximately 7% of the MC tracks passing all track selection cuts are
removed.

Standard hadronic event selection cuts4 are applied, resulting in a sample of
29,400 Z0 events. Jet axes are determined from energy clusters in the LAC using the
JADE algorithm with ycut = 0.02. For each track passing selection criteria,4 we form
the xy impact parameter (δ) relative to the IP and δnorm ≡ δ/σ, where σ is obtained
from σδ and σIPxy added in quadrature. The impact parameter is signed with respect

to the nearest jet axis following the standard convention.4 An event is b-tagged by
requiring a minimum number of 3 tracks with δnorm > 3. A jet is b-tagged by applying
the same criteria to tracks in a given jet. The corresponding efficiencies and purities
are εevent = 69%, εjet = 30%, Πevent = 82%, and Πjet = 93% for event- and jet-tagging,
respectively.

2. Lifetime Analyses

The impact parameter lifetime measurements use 2- and 3-jet events and take
advantage of the fact that tracks resulting from heavy quark decays have large pos-
itive δ while those resulting from fragmentation and light quark decays have small
positive or negative δ. In the first method, the lifetime is determined from the impact
parameter distribution for all quality tracks in the jet(s) opposite the tagged jet (in
the case of double tagged events, for both analyses, all jets are used). Since all tracks
are used directly in the lifetime measurement, the method provides a high analyzing



   

Detector Modeling δ (%)
∑
δ (%) Physics Modeling δ (%)

∑
δ (%)

Track Resolution 1.4 3.6 Rb (0.218 ± 0.015) 1.9 2.3
Track./Link. Eff. 0.9 3.8 Rc (0.181 ± 0.030) 2.0 2.8
IP Position Tails 0.2 0.2 b fragmentation 2.9 2.9
Subtotal 1.7 5.2 (〈xE〉 = 0.700± 0.011)

c fragmentation 0.4 1.4
(〈xE〉 = 0.49± 0.03)

B multiplicity (5.5± 0.2) 1.9 3.1
B baryon fraction 2.0 2.0

(0.088± 0.050)
Charm content of B decay 1.3 1.3
Subtotal 5.0 6.2

TOTAL 5.3 8.1

Table 1. Systematic errors in the average B hadron lifetime for impact parameter methods.

power. In the summed impact parameter (
∑
δ) method,5 a scalar sum of the signed

impact parameters from quality tracks in the jet opposite the tagged jet is formed. The
advantage of this method is in its enhancement of the lifetime signal since jets from
light quarks will have

∑
δ ' 0.

To extract τB, the δ and
∑
δ distributions are fit to their corresponding MC

distributions. Since the b MC sample is generated at fixed lifetime, the τB dependence
is introduced to the fitting function through a weighting procedure. Jets containing a
B hadron are given a weight which represents the probability of its being generated
with a new lifetime, relative to the probability for its generated lifetime. Each entry
in the δ and

∑
δ MC distributions is weighted by the product of the weight for the

un-tagged jet to which it belongs and the weight for the jet tagging the event. This
accounts for the b-jet tagging purity and efficiency as a function of B hadron lifetime.
MC δ and

∑
δ distributions are formed ranging from τB = 0.5 to 2.5 ps in 0.02 ps

steps. The data distributions are fit to each of the MC distributions using a Maximum
Likelihood procedure utilizing a multinomial probability function. The resulting δ and∑
δ distributions for data and best fit MC are shown in Fig. 1.

Table 1 summarizes the fractional systematic errors for the δ and
∑
δ lifetime

measurements. The detector errors contribute 1.7% (5.2%) for the δ (
∑
δ) method;

these are expected to improve in the near future as our understanding of the tracking
systems continues to improve. The systematic errors are dominated by the uncertainties
in b-quark fragmentation and modeling. The physics modeling errors contribute 5.0%
(6.2%) for the δ (

∑
δ) method. Added in quadrature, the net systematic error is 5.3%

(8.1%) for the δ (
∑
δ) method. The resulting values for the lifetime are τB(δ) = 1.617±

0.048(stat.)± 0.086(syst.) ps, and τB(
∑
δ) = 1.627± 0.054(stat.)± 0.132(syst.) ps.

The fit results are stable with respect to the following: different tag requirement,
maximum number of jets allowed in the event (2 or 3), average lifetime of generated
MC (1.55 ps or 2.00 ps for B mesons), fit method, range and binning.



    

The lifetime is also extracted us-
ing 3-D reconstructed vertices. In
this technique we use quality tracks
from b-tagged events to reconstruct all
possible geometrical vertices in three
dimensions. The number of vertices is
then reduced by looking at the global
event topology and by choosing the
set of independent (i.e. not sharing
any track) vertices that maximizes the
product of the vertex fit probablities.
Further cuts are applied to remove
vertices containing tracks originating
from the IP. In particular, the decay
length is required to be greater than
1 mm. Only the vertex closest to the
IP is kept in each event hemisphere.
The final sample consists of 4294 b-
tagged events with 5427 selected ver-
tices. Monte Carlo studies indicate that
88% of selected vertices carry B hadron
lifetime information.
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Figure 2. Decay length distribution for
selected vertices.

The lifetime is extracted from the decay length distribution (Fig. 2) by following
a similar weighting and fit procedure as described above. The lifetime is measured to
be τB = 1.577±0.032(stat.)±0.046(syst.) ps, where the systematic error is dominated
by the uncertainty in the b-quark fragmentation. A complete account of this analysis
technique and results is given elsewhere.6

3. Conclusions

We have made preliminary measurements of the average B hadron lifetime using
2-D impact parameters and 3-D vertices. Each of these measurements is currently
limited by systematic errors which should decrease as we continue to improve our
understanding of the detector and the physics modeling. In addition, we hope to be
able to extend the 3-D vertexing technique to study exclusive B decay lifetimes in the
near future.
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(13)INFN Lab. Nazionali di Frascati, I-00044 Frascati, Italy

(14)University of Illinois, Urbana, Illinois 61801
(15)Lawrence Berkeley Laboratory, University of California, Berkeley, California 94720

(16)Massachusetts Institute of Technology, Cambridge, Massachusetts 02139
(17)University of Massachusetts, Amherst, Massachusetts 01003

(18)University of Mississippi, University, Mississippi 38677
(19)Nagoya University, Chikusa-ku, Nagoya 464 Japan

(20)University of Oregon, Eugene, Oregon 97403
(21)INFN Sezione di Padova and Università di Padova, I-35100 Padova, Italy

(22)INFN Sezione di Perugia and Università di Perugia, I-06100 Perugia, Italy
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