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We review recent B physics results obtained in polarized ete™ interactions at the SL.C by the SL%
experiment. The excellent 3-D vertexing capabilities of SLD are exploited to extract precise B* and By

lifetimes, as well as measurements of the time evolution of B — B} mixing.
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Figure 1. Decay length distributions for data
(points) and best fit MC (histogram) in the topo-
logical analysis.

come from uncertainties in the detector modeling,
B? lifetime, fit systematics, and MC statistics.

The second lifetime analysis [3] is restricted to
semileptonic decays. This reduces the overall ef-
ficiency compared to the topological method but
results in an improved charge reconstruction pu-
rity. In this method, a D decay vertex is recon-
structed topologically and the B decay vertex is
formed by intersecting the D meson trajectory
with that of an identified lepton. An attempt is
then made to attach a slow-pion candidate to the
B vertex to reconstruct the track topology of B
decays into D*t mesons.

The analysis selects identified electrons and
muons with momentum transverse to the nearest
jet axis > 0.4 GeV/c and results in a sample of
634 charged and 584 neutral decays. MC studies
show that the remaining charged (neutral) sam-
ple is 97.4% (98.9%) pure in B hadrons. The
simulated flavor contents are 66.6% B*, 22.9%
BY, 5.5% B?, and 2.4% B baryons for the charged
sample, and 19.5% B*, 60.2% BY, 14.8% B?, and
4.4% B baryons for the neutral sample. The sen-
sitivity of this analysis to the individual Bt and
B§ lifetimes can be assessed from the 3:1 ratio
of B* (BY) decays over BS (B+) decays in the
charged (neutral) sample.

As for the topological analysis, the Bt and
B9 lifetimes are extracted from the decay length
distributions of the charged and neutral samples
(Fig. 2). The fit yields:
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Figure 2. Decay length distributions for data
(points) and best fit MC (histogram) in the
semileptonic analysis.

g+ = 1.61%013(stat) £ 0.07(syst) ps, Tgy =
1.5610 14(stat) £ 0.10(syst) ps, with a ratio of
7p+/7pe = 1.08%01i(stat) + 0.09(syst). The
dominant sources of systematic error are the same
as for the topological analysis.

The two analyses described above yield lifetime
measurements in agreement with those from other
experiments and with the expectation that the
B+ and BY lifetimes are nearly equal.

3. B°-BY MIXING

Transitions between flavor states B® — B0
take place via second order weak interactions
“box diagrams.” As in the case of the K¢ — K0
system, the weak eigenstates are linear combina-
tions of the flavor eigenstates. Due to the differ-
ence in mass between the weak eigenstates, they
propagate differently in time, which gives rise
to time-dependent oscillations between B and
BY flavor eigenstates. The oscillation frequency
Amg for B3-BS mixing depends on the Cabibbo-
Kobayashi-Maskawa (CKM) matrix element |V;4]
for which little is known experimentally. Theo-
retical uncertainties [5] are significantly reduced
for the ratio between Amy and Am,. Thus, com-
bining measurements of the oscillation frequency
of both B3-BY and B°-B? mixing translates into
a measurement of the ratio {V;4]/|Visl.

Experimentally, a measurement of the time de-
pendence of B°-BY mixing requires three ingre-
dients: (i) the B decay proper time has to be




reconstructed, (ii) the B flavor at production (ini-
tial state t = 0) needs to be determined, as well as
(iii) the B flavor at decay (final state t = tgecay).
At SLD, the time dependence of BJ-BY mixing
has been measured using four different methods.
All four use the same initial state tagging but dif-
fer by the method used to either reconstruct the
B decay or tag its final state.

Initial state tagging takes advantage of the
large polarization-dependent forward backward
asymmetry in Z° — bb decays

A, — P, cos Op (1)
1—A.P. 14 cos?26p’

where A; = 0.94 and A, = 0.15. This only re-
quires knowledge of the electron beam polariza-
tion F. and the cosine of the angle between the
thrust axis direction 7" and the electron beam di-
rection, cosfr. For left- (right-} handed electrons
and forward (backward) B decay vertices, the ini-
tial quark is tagged as a b quark; otherwise, it is
tagged as a b quark. The initial state tag can be
augmented by using a momentum-weighted track
charge in the hemisphere opposite that of the re-
constructed B vertex, defined as

Qi =Y Qi -1 sign (5 - 7), 2)

where p; is the three-momentum of track ¢ and @,
its charge, and ¥ = 0.5. Figure 3 shows the distri-
butions of cos 87 signed by the electron beam he-
licity and opposite hemisphere jet charge. Clear
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Figure 3. Distributions of (a) polarization-signed
cos 87 and (b) opposite hemisphere jet charge for
data (points) and MC (solid line). The MC b and
b components are shown with dotted and dashed
lines respectively.

separation between initial  and & quarks is ob-
served. These two tags are combined to yield
an initial state tag with 100% efficiency and ef-
fective average right-tag probability of 84% (for
(Pe) = TT%). _

The first two BJ-BY mixing analyses [6] use
topological vertexing to select the tracks from the
B decay and measure its decay length. A sam-
ple of 16803 vertices is selected after requiring the
mass of all tracks in the vertex, corrected for the
amount of missing transverse momentum, M > 2
GeV/c? (no explicit cut is placed on the decay
length). The first analysis uses charged kaons
from the B decay chain to tag the final state.
This tag relies on the fact that most B decays oc-
cur via the dominant b — ¢ — s transition. Thus,
K~ (K*) tags BS (BY) decays. The fraction of
charged kaons produced with the right sign has
been measured to be (82 % 5)% in BY decays [7].
Charged kaons are identified with the Cherenkov
Ring Imaging Detector, using both liquid and gas
radiators to cover most of the kaon momentum
range: 0.8 to 25 GeV/c. The rate of pion misiden-
tification as a function of momentum is calibrated
from the data using a pure sample of pions from
K? decays. The kaon tag yields a sample of 5694
decays with a correct tag probability of 77% for
BY decays.

The time dependence of BJ-BY mixing is mea-
sured from the fraction of decays tagged as mixed
as a function of decay length. A decay is tagged
as mixed if the initial and final state tags dis-
agree. A binned x? fit is performed by compar-
ing the distributions of the mixed fraction as a
function of decay length obtained for the data
and the MC for a range of Amy values. Fig-
ure 4(a) shows the mixed fraction distribution for
the charged kaon analysis. The fit yields a fre-
quency of Amy = 0.580+0.066(stat)£0.075(syst)
ps™! with a x?/dof = 10.2/10. The main con-
tributions to the systematic error arise from un-
certainties in the 7 — K misidentification cali-
bration from the data, in the rate of right-sign
kaon production in B* and BJ decays, and in
the dependence of the fit results on binning and
fit range, as summarized in Table 1.

The second analysis exploits the B — D cas-
cade charge structure to tag the final state. To
enhance the BY fraction, we require the vertex




Table 1

Systematic uncertainties for the different Amg measurements (in ps~1).

Analysis Kaon Charge Dipole Lepton+D Lepton+Tracks
Detector simulation 0.036 0.010 0.020 0.013
Physics modeling 0.048 0.027 0.024 0.032
Fit systematics 0.045 0.026 0.038 -
Total 0.075 0.039 0.049 0.035
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Figure 4. Distributions of the fraction of decays
tagged as mixed as a function of decay length or
proper time for data (points) and best fit MC
(dashed histograms) for the various analyses: (a)
charged kaon, (b) charge dipole, (¢) lepton + D,
and (d) lepton + tracks. The dotted histograms
correspond to MC distributions with no BJ-BJ
mixing.

charge @ = 0. This requirement also improves
the probability of correctly assigning all of the B
decay tracks. The direction of the vertex axis is
adjusted to minimize the impact parameter sum
of the tracks in the vertex and the mean track im-
pact parameter is required to be less than 50 pum
at this minimum. A sample of 3291 decays satis-
fies the selection criteria. The “charge dipole” ég
of the vertex is then defined as the relative dis-
placement between the weighted mean location

L; of the positive tracks and of the neg-
ative tracks: 6¢ = (LT wil)/(Ttw) -
O-7 wiLi)/(3" wi), where the first (second)
term is a sum over all positive (negative) tracks
in the vertex. The weight w; for each track ¢ is
inversely proportional to the uncertainty on the
quantity L;. The correct tag probability increases
with the magnitude of ¢ and reaches a maximum
of 84% at large |8g|. A fit to the mixed frac-
tion distribution as a function of decay length
[Fig. 4(b)] yields Amy = 0.561 £ 0.078(stat) %
0.039(syst) ps~! with a x?/dof = 8.8/7. The
main contributions to the systematic error come
from MC statistics and fit systematics (Table 1).

The next two analyses select semileptonic de-
cays. The first of these (lepton + D, Ref. [8]) is
identical to that used to measure the Bt and B
lifetimes. As for the charge dipole analysis, a set
of neutral vertices is selected. The charge of the
lepton tags the BS / Bg flavor at decay with a cor-
rect tag probability of 85%. As for the above two
analyses, a fit to the mixed fraction distribution
[Fig. 4(c)] yields Amy = 0.452 £ 0.074(stat) &
0.049(syst) ps~! with a x?/dof = 7.8/7. The sys-
tematic error is dominated by MC statistics and
fit systematics (Table 1).

The last analysis (lepton+tracks, Ref. [9]) se-
lects semileptonic decays by identifying electrons
and muons with high transverse momentum pr >
0.8 GeV/c with respect to the nearest jet axis.
This enhances the fraction of Z° — bb events and
allows for the use of a fully inclusive vertexing
technique. The B decay vertex is estimated by
computing an average intersection point between
the lepton trajectory and all well-measured tracks
in the jet, each track being weighted according
to its probability to originate from the decay of
a short-lived heavy hadron. Here, the B decay
proper time is reconstructed by estimating the
B hadron momentum based on track and energy




clusters in the calorimeter. The final sample con-
tains 2609 semileptonic decay candidates with an
estimated B hadron purity of 93% and correct
final state tag probability of 85%.

For this analysis, the value of Amg is extracted
from an unbinned maximum likelihood analy-
sis with parameterizations estimated from the
MC. The fit yields Amg = 0.520 £ 0.072(stat) +
0.035(syst) ps~! and the corresponding mixed
fraction distribution is shown in Fig. 4(d). Main
systematic uncertainties are presented in Table 1.

The preliminary results from the four analyses
have been combined, taking into account statis-
tical and systematic correlations, to produce the
following SLD average:

Amg = 0.525 +0.043(stat) = 0.037(syst) ps~1.(3)

This average is consistent with the world average
value of 0.466 £ 0.018 [5].

4. SUMMARY AND FUTURE

Using a sample of ~ 150, 000 hadronic Z° de-
cays collected between 1993 and 1995, the SLD
Collaboration has produced precise Bt and B9
lifetime measurements, as well as measurements
of the time dependence of BY-BY mixing. In
1996, SLD installed an improved CCD Vertex
Detector. This new detector allows for signifi-
cant improvements in resolution. In particular,
the decay length resolution improves by roughly
a factor of two. SLD is looking forward to per-
forming many exciting B physics measurements
over the next few years.
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