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Abstract

The time dependence of Bj — B, mixing has been observed in events con-
taining high-P; leptons using a highly inclusive vertexing method to determine
the B decay position. The initial state B hadron flavor was determined using
the large forward-backward asymmetry provided by the highly polarized elec-
tron beam of SLC in combination with a jet charge technique. From a sample
of 150,000 hadronic Z° decays observed in the SLD detector at the SLC be-
tween 1993 and 1995, a preliminary analysis of the mass difference between the
two BS mass eigenstates yields Amg = 0.520 £ 0.072(stat) & 0.035(syst) ps~".
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I Introduction

Particle-antiparticle mixing is a quantum mechanical effect that can occur in neutral
meson systems where the flavor eigenstates and the mass eigenstates differ. In the
case of the neutral B meson systems, the flavor eigenstates B° and B’ are related
to the mass eigenstates, B; and B, , by

B, + B,

B =
V2

and B B
FO — 1 - 2 .
V2

If the width difference in the mass eigenstates, AT, is neglected, the probability that
a given B° meson remains a B° meson at time t is given by

r
P(B° — B°)= Ee_rt[l + cos Amit|,

and the probability that it oscillates into a B~ meson is

— T
P(B° —» B" )= —e'"

[1 — cos Amt].
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In these expressions, Am is the absolute value of the mass difference between the
two mass eigenstates. The time integrated probability that a B° mix into a B"

(F)
L+ ()

is given by

ik

[\Dl»—\

X =

This is completely analogous to what has been studied in great detail in the
neutral kaon system[l]. Time integrated mixing in the B meson system was first
observed in hadron collisions[2]. The existing measurements at T(4s) give an average
value of Am/I' = 0.69+0.10[3]. The LEP experiments have recently measured time
dependent BS — B, mixing using a number of different techniques[4]. In each of
these measurements the flavor of the B hadron decaying on one side of the event
is correlated with the flavor of the B hadron on the other side of the event to
provide the mixing information. The flavor information is derived from the charge
of high-P; leptons, jet charge or reconstructed D* charge. CDF has also observed
time dependent mixing in proton-antiproton collisions using the correlation between
lepton charges in high-P, dilepton events[5]. These time dependent measurements

yield a world average of Amy = 0.457 £+ 0.019 ps™' [4].

In this paper, results are presented on a measurement of time-dependent BS — B,
oscillations observed using data taken at the Stanford Linear Collider (SLC) with
the Stanford Large Detector (SLD). The combination of the small spotsize and po-
larized electron beam of SLC and the superb vertex detector of SLD are well-suited



for measuring the time evolution of B mixing. In the analysis presented here 2609
events containing high-P; leptons were selected from a sample of ~150,000 Z° de-
cays recorded between 1993 and 1995. The data sample from 1993 consists of 50,000
Z° decays with an average electron beam longitudinal polarization of 63.0 = 1.1%.
The additional 100,000 events collected in 1994 and 1995 has an average polarization
of 77.2 + 0.5%.

The technique used here to measure BS — B mixing includes a novel initial
state tag. In addition to using flavor correlations between the two sides of a given
event, via the opposite-side jet charge, the large forward-backward asymmetry pro-
vided by the highly polarized electron beam was used to tag the initial flavor of
the B hadron. The final state was tagged by the charge of high-P; leptons and a
maximum likelihood fit to the mixed fraction as a function of proper time was used
to extract Amy.

II The SLD Detector

This analysis utilized a subset of the SLD detector. Charged particle tracking was
done using the central drift chamber (CDC) and the vertex detector (VXD)[6].
The CDC is 2m long and extends radially from 0.2m to 1.0m. It consists of 10
superlayers, providing efficient tracking coverage out to |cos(8)|=0.75. An average
spatial resolution of 70 pm was obtained with this device. The VXD consists of
9.2 cm long ladders of charged coupled devices (CCD’s) placed on 4 concentric
cylinders. The inner ladders are located 29 mm from the beam line and the outer
ones at 4lmm. On average, 2.3 CCD’s are traversed by charged tracks originating
from the interaction point. Charged tracks were reconstructed in the CDC and
linked with pixel clusters in the VXD. A combined fit using the Billoir method[7]
was performed. The angular errors of the CDC combined with local o(r¢) and o(rz)
of VXD clusters of 5 pm and 8 pm, respectively, lead to an r¢ (plane perpendicular
to the ee~beams) impact parameter resolution of (a,8),4 = (13 pm, 70 gm). The
rz (plane containing the beam axis) impact parameter resolution is (a,3),, = (38
pm, 70 pm)*.

The liquid argon calorimeter (LAC) was used in the event trigger and in the
determination of event shape quantities, such as jet and thrust axes. The LACI8]
covers 98% = sr. The radiator is Pb. It consists of a 21 radiation length thick electro-
magnetic (EM) section followed by a 2.8 interaction length hadronic (HAD) section.
Each section is subdivided into two longitudinal layers. The tower segmentation is
approximately 33 mrad in the EM section and 66 mrad in the HAD section. The
electromagnetic energy resolution of the calorimeter is ~15%/+/E. The hadronic
energy resolution is ~60%/v/E.

!The impact parameter resolution function is parametrized as a @ 3/P+/sin36.



The warm iron calorimeter (WIC) was used for muon identification[9]. This
device is constructed from four interaction lengths of 2 inch thick steel plates inter-
leaved with sixteen layers of plastic streamer tubes. The WIC surrounds the LAC
and magnet coil of SLD. It provided hit resolutions of 0.4 cm and 2.0 cm in the
azimuthal and axial directions, respectively.

IIT Interaction Point Determination

The SLC Interaction Point (IP) centroid position in the zy plane transverse to the
beam axis was reconstructed with a measured precision of o;p = (7 + 2)pm using
tracks in sets of ~30 hadronic Z° decays. The z position of the Z° decay was
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. Monte Carlo studies show this
quantity is known to a precision of ~52 um|[10].

IV Monte Carlo Simulation

Parts of the analyses described in this paper used simulated events created with
the Lund JETSET 7.4 Z° event generator[ll] and the GEANT 3.21 detector
simulation package[12]. The b-quark fragmentation followed the Peterson et al.
parametrization[13]. B mesons were generated with 7 = 1.55 ps and B baryons
with 7 = 1.10 ps. B hadron decays were modelled according to the CLEO B decay
model tuned to reproduce the semileptonic B decay lepton spectra and the inclusive
charmed hadron spectra, as well as the track multiplicities measured at the T(4S)
by ARGUS and CLEO[14]. B baryon and charmed hadron decays were modelled
using JETSET with, in the latter case, branching fractions tuned to ARGUS, CLEO
and Mark IIT data[14].

V Event Selection

The SLD trigger was based on loose calorimetric criteria to eliminate primary beam
related backgrounds such as conventional e* and v scattered from the beam pipe
and masks and upstream beam-induced muons (unique to SLC). The former were
reduced by total energy and asymmetry cuts, while the latter were reduced by
utilizing the fine grained tower structure of the LAC and the pattern of energy
deposition of the muons. Approximately 150,000 Z° decays were recorded by SLD
during the runs used for this analysis.



Hadronic Z° events were selected off-line for analysis. For this analysis, the
total energy from charged tracks was required to be >18 GeV. The thrust axis was
required to lie well within the acceptance of the VXD (| cos(8) |< 0.71). A minimum
of seven reconstructed charged tracks was required in the drift chamber (to reduce vy
and 77 backgrounds). Finally, to insure optimal CDC and VXD operation, known
bad running periods were rejected and at least 3 tracks were required to have VXD

links.

VI Track Selection

CDC tracks were required to start at a radius, r<40cm, have >40 hits, extrapolate
to the IP within 1 cm in xy and 1.5 cm in z, and have good fit quality (x?/d.o.f.< 5).
At least one good VXD link was required and the combined CDC/VXD fit satisfied
x?/d.o.f.< 5. In addition, tracks having a 2-d impact parameter error greater than
250 pm and tracks with a 2-d impact parameter greater than 3 mm were removed.
The former removed poorly measured tracks and the latter helped remove tracks
from long-lived decays, i.e., strange particle decays and gamma conversions. Tracks
that passed these cuts were considered to be of high quality and were used in the
analysis.

VII B Selection

Events used in this analysis were selected by making use of the kinematic properties
of semileptonic decays of B hadrons. Electron candidates were required to have en-
ergy deposits in the LAC which agreed with the momentum of tracks extrapolated
from the CDC, to have little or no LAC hadronic energy and to have a front/back
electromagnetic energy ratio consistent with that expected for electrons[15]. Elec-
tron candidates consistent with having come from a gamma conversion were removed
from the sample. Muon candidates were 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[15]. The sample was enriched in
events containing B hadron decays by requiring that the lepton candidate have a
momentum transverse to the nearest jet, P, > 0.8 GeV/c, where jets were found

using charged tracks with the JADE algorithm[16] with y.,,=0.015.

A total of 5200 event hemispheres contain leptons passing the cuts described
above. In instances where more than one lepton in a hemisphere passed the cuts,
the lepton candidate with the highest value of

P
S:Pt2‘|’(ﬁ)2



was assumed to come from the B decay. Figure 1 shows the P; distribution of the
selected leptons for both the Monte Carlo and the data.

VIII B decay proper time determination

VIII.A Decay length estimate

The determination of an accurate proper time for each B hadron decay was essential
to observe the time evolution of mixing. There were three important elements in
the calculation of the proper time. They were the spatial position of the interaction
point, the spatial position of the B decay and the relativistic boost of the decaying
B hadron.

The B hadron decay length in the laboratory was determined from the difference
between the positions of the interaction point and the B decay. The determination
of the spatial position of the interaction point is described above in section III. The
B hadron decay position was estimated as the weighted average position on the
lepton track of the points of closest approach of all the quality charged tracks in the
hemisphere containing the high-P; lepton. Figure 2 provides a useful illustration
of the method. This technique takes advantage of the fact that, after the P; cut,
the lepton is most likely from the B decay vertex, i.e., it should pass close to the
B decay position. Intersecting this track with other tracks from the B or cascade
charm decays should provide a reasonable determination of the B decay position.
The weights are adjusted to lessen the contribution to the weighted average from
tracks emanating from the interaction point or long-lived cascade charm decays. By
taking the average over many tracks (~4 on average) the resolution on the B decay
position is improved. More specifically, the vector from the interaction point to the
B decay vertex, Xth:ra is found by

; E Wik
Xthl‘ = T—11r

Wi
where X; is the vector from the interaction point to the point on the lepton track
that is closest to the path of track i. W; is the product of three weights, W, W,
and Wj.

W, is given by
T 2
W, = 1— el
1 iI:—I—A( € )a
where x = 03/B and A=0.5 and B=4 are constants determined by Monte Carlo
studies. o3 is the normalized three dimensional impact parameter of the track. This

function is designed to give more significance to tracks that are from secondary ver-

tices. It takes advantage of the fact that tracks from the B and cascade charm decays



are more likely to have a large three dimensional normalized impact parameter. It
approaches zero at small impact parameters and becomes approximately constant
at very large impact parameter.

W, characterizes how well the intersection between the given track and the lepton

is determined. )
sin §

§r’
where 6 is the opening angle between the given track and the lepton and ér is the
width of the track error ellipse as projected onto the lepton track.

WZZ

W3 gives more significance to tracks that intersect the lepton relatively close to
where the jet axis intersects the lepton. It is given by

ale

Wgze_ )

where « is the opening angle between the jet axis and the vector from the interaction
point to the point on the lepton closest to the given track. C=2.5 is a constant
determined from Monte Carlo studies. This component to the weight is desirable
because Monte Carlo studies show that the jet direction is very close to the B hadron
direction.

Figure 3(a) shows the reconstructed B hadron decay length distribution in the
laboratory determined using the method described above for both data and Monte
Carlo. Note that the backgrounds from non-B events is concentrated at small decay
lengths. This background was removed by requiring that the decay length be greater
than 200 pm and that the reconstructed proper time of the event (described below)
be greater than 0.25 ps, leaving 2997 lepton candidates in the analysis. An additional
cut requiring the 3d normalized impact parameter of the lepton to the interaction
point to be greater than 2.5 was also used to improve the B purity, leaving 2609
leptons for the mixing analysis.

Figure 3(b) shows the decay length residual for Monte Carlo events passing the
cuts described above. This curve is well-described by two gaussians of widths 170
pm and 550 pm, respectively, where the core gaussian constitutes 58% of the sample.

VIII.B Boost estimate

The relativistic boost of the B hadron was estimated by assuming energy and mo-
mentum conservation to determine the total energy of the jet containing the lepton
(including any missing energy). Within the jet containing the lepton, the missing
energy and that due to fragmentation tracks was estimated using kinematic and im-
pact parameter information. The energy of the B hadron was given by subtracting
the fragmentation energy from the total jet energy.



In more detail, the jets were found using charged tracks with Y.=0.015. It
was assumed that the number of initial partons and their directions were given
by the number and directions of jets. Constraints due to momentum and energy
conservation along with the determined jet directions were sufficient to estimate the
total energy of the jet containing the high-P; lepton. For two-jet events, the missing
energy in the jet, E,, was taken to be the difference between the total energy of
the jet and the visible energy of the jet, found summing all the visible charged and
neutral energy in the hemisphere containing the jet. For three-jet events the visible
energy in a cone about the jet axis was used to avoid double-counting energy. The
cone was defined by using an opening angle equal to the maximum opening angle
of an associated charged track with the jet axis. Four-jet events were handled in a
similar fashion. In cases with more than four jets, the four highest energy jets were
used.

The fraction of visible neutral energy in the whole jet that comes from the B
decay was estimated on an event-by-event basis using a parametrization determined
from Monte Carlo studies. More explicitly,

E% — KlEo —|— KQ(EO)Z,

where E° is the total visible neutral energy in the jet and E% is that visible neutral
energy in the jet that is associated with the decay of the B hadron. The assumption
in first term of this parametrization is that the ratio of the total energy of the B
hadron to that in the jet is similar to the ratio of the total visible neutral energy of
the B hadron to that in the jet. The second term adds a handle for fine-tuning the
resolution. The constants ’K;’ and ’K,’ were set to 0.7 and 0.01, respectively.

The absolute value of the normalized three-dimensional impact parameter of
tracks to the interaction point, o3, was used to distinguish between charged tracks
from fragmentation and those from the B decay. Charged tracks, excluding the
lepton, that passed the standard quality cuts were ordered by descending o3 and
divided into three categories. The categories were as follows: (I) secondary tracks,
o3 > 3.5, (II) ambiguous tracks, 1 < o3 < 3.5, and (III) primary tracks o3 < 1.
The tracks in category (I) were combined together, in descending order, until the
invariant mass of the combination, M;,,, was greater than 2.0 GeV/c%. If M;,,, < 2.0
GeV/c? after using all the tracks in category (I), tracks in category (II) were used
(again in descending order). If, after using all the tracks in categories (I) and
(II), M;,,, was less than 0.5 GeV/c?, tracks from category (III) were added in until
M,,, > 0.5 GeV/c?. In the end, the sum of the energies of tracks contributing to the
invariant mass described above and the lepton was taken to be the visible charged
energy of the decaying B hadron, EX. All of the tracks were considered to be pions
unless they were well-identified electrons or muons. The other charged tracks in the
jet were considered to come from fragmentation processes.

The total energy of the decaying B hadron was taken to be equal to the sum of
EZ,E% and E,. Figure 4 shows the reconstructed B hadron momentum distribution



in the laboratory determined using the relativistic boost described above for both
data and Monte Carlo. Figure 5(a) and (b) show the boost residual and relative
residual, respectively, for Monte Carlo events. This curve is well-described by two
gaussians of widths 7.9% and 25%, respectively, where the core gaussian constitutes
50% of the sample. Events in these figures have passed the decay length (>200 pm)
and proper time (>0.25 ps) cuts.

The B hadron decay proper time, t, was determined from the decay length, X,
and the relativistic boost, 37, as follows:

Xa mp
= = —Xy

B B,

Figure 6 (a) and (b) show the proper time residual and relative residual for Monte
Carlo events passing the decay length and proper time cuts. Note that most of the
events have a reconstructed proper time within 0.5 ps of the true proper time and
that the tails are symmetric. Figure 7 shows the proper time distribution for all

t

events that survived the cuts.

IX Mixing Analysis

IX.A Method

The probability of a given event being mixed was calculated using the charge of
the lepton for the final state tag and the electron beam polarization and decaying
hadron direction along with the opposite-side jet charge for the initial state tag. If
the probability of mixing was greater than 50%, the event was categorized as ‘mixed’.
Otherwise the event was considered to be ‘unmixed’. A maximum likelihood analysis
was performed on the fraction of mixed events as a function of proper time with
Amy as the free parameter.

IX.B Flavor tagging

Parity violation in the Z-fermion pair vertex leads to a well-understood forward
backward asymmetry in Z° decays. The size of this asymmetry can be enhanced
with the use of polarized electrons. The forward-backward asymmetry formed using
polarization information has been measured for some fermions and is called the
left-right forward-backward asymmetry[17], defined by

i _led(@) - ol(-2)] ~ [oh(z) ~ oh(~2)]
HREE T ol (2) — o (—2)] + [oh(2) — oh(—2)]

©
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(1+2%)

where f is the fermion type in the final state, z=cos 8 is the direction of the outgoing

l‘iiRFB :| P, | Af

fermion relative to the incident electron. The parameter Ay = 2'vfaf/('vl2£ + a?)
expresses the extent of the parity violation in the Zff vertex in terms of the vector
and axial vector coupling constant of the Z° to fermions. P, is the longitudinal
polarization of the electron beam. P°¢ > 0(< 0) for right-handed (left-handed)
polarization, which is denoted by the subscript R(L). For the Zbb vertex the left-
right forward-backward asymmetry is measured to be relatively large (A ~0.9)[17].

For a given event, the initial state flavor tagging probability found using the
polarization tag was taken to be

(1+ P A1+ 2%) + 24,(P. + A.)z
2(1 + P, A)(1 + 22) '

Gpol —

Further information concerning the production flavor of the b quark was obtained
using the jet charge calculated in the hemisphere opposite the jet containing the
high-P; lepton. The jet charge was defined as

QH:Zqi|@'f|na

where the sum is over tracks in the hemisphere, g; is the charge of the i** track, p;
is its momentum, 7 is the thrust axis and & is a constant set to be 0.5. For a given
event, the flavor tagging probability using the jet charge tag was given by
1
Gjc = T enan

a quantifies the jet charge analyzing power and was determined by Monte Carlo
studies to be 0.32. Combining this with the information from the polarization tag
yields the total initial state flavor tagging probability for a specific event,

jSGpol
GcGpot + (1 — Gjc)(1 — Gpor)’

The combined correct tag probability for the initial state was determined from Monte
Carlo events to be 80%.

G —

The final state flavor tag was determined by the sign of the charge of the high-P,
lepton. The correct tag probability for the final state was determined to be 85% by
a Monte Carlo study.

The probability of mixing, that is to say, the probability that a B hadron vertex
produced by a decaying b(b) quark originated as a particle carrying a b(b) quark,
was given by

Py = P;(b)Ps(b) + P;(b)Ps(b).
Events containing high-P; leptons were tagged as 'mixed’ if P,, > 0.5. Otherwise
they were tagged as 'unmixed’.
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IX.C Likelihood function

In order to construct the likelihood function, L, probability density functions, P7*ed
and Punmized for leptons tagged as mixed and unmixed, respectively, were parametrized.
The likelihood function is given by

L= H [G . Piunmia:ed + (1 _ G) . Pimia:ed] H [G . ijia:ed T (1 _ G) . Pjynmia:ed]

t,unmized J.mized

The functions, P™#°d and P¥nmized represent the time evolved probability densities
of the mixed and unmixed events, taking into account all the possible origins of the
leptons and the proper time resolution of the detector.

Ignoring the proper time resolution of the detector, the time evolution of the
unmixed and mixed states was given by

F(t)unmiwed - fB:;—)(li’Xi) _(]. + cos x4 )
TB; 2 TB;
_t/TBg 1 e_t/TB:l:
—I_fBg—)(li,Xi) _(]— ‘I’ COS ms ) —I— fBiH(li,Xi)
TB? 2 TB? Tp+
_t/Tc _t/TA f _t/Tuds
(4 b ds €
+fz(1—A) + fap—(i£,x%) i
Te TAy 2 Tuds
fB;—>c—>(li,Xi) /t _% t— t, _i dt,
—d——"— [ e "a(l—cosuzy e
275 0 TBS Te
(t—t) / ’
o et Xxt) 1 t—t . o dt
+M/ e 'BS (1 — cosz, e e
27’Bg 0 TR Te
LRGN O] /t e —adt
2TB:E 0 Te
+w/t D edt
27y, 0 Te
and
_t °
e /TBd 1 t
F(t)mivea = fB;H(li,Xi) —(1 — coszq )
TB; 2 TB;
—t/TBo —t/T
e s ]_ t e Bt
—I_fBg—)(li,Xi) _(]— — COS ms ) —I— fBi—>(li7Xi)
TB? 2 TB? TR+
_t/Tc _t/TA f _t/Tuds
€ e b ds €
+fezA + fAb_>(l:l:7X:l:) uas
Te TAy 2 Tuds
fB°—>_>li X+ i —% t—t . o dt
M/ e "5 (1+ cosxg Je e
275 0 TBS Te
(e=t") I ; !
Bo—c—(l£, X% t e t—t _t_dt
+M/ e B3 (]_ —|— COS L )6 Te
27’Bg 0 TR Te
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Bie Tc

—Cc— ¢ _=t) t) ¢! dt,
_I_fBi (li,Xi)/ .
0

27p+ T,

TAp e Tc

fAb—>c—>(li X t _(=r) i dt’
(s [,
0

27y, T,

Most of the notation is straightforward. For example, 7p. is the average lifetime of
B3 mesons. fBo (*,x+) is the fraction of Bj mesons that decay into a final state
containing a lepton (1*) or a track that fakes a lepton (X*) with the correct charge
sign. fz is the fraction of leptons in the sample that come from Z° — cc events.
f,d4s is fraction of leptons in the sample that come from Z° — ww, dd or s3 (so-called
uds events). 7. and 7,45 are the average charmed hadron lifetime and the effective
lifetime for leptons from uds events events, respectively. Finally, A represents the
fraction of charmed hadron decays into a lepton with the same charge as that of
the ¢ quark in the decaying hadron. The other variables are self-explanatory or
previously defined.

The constrained parameters used in the maximum likelihood analysis are sum-
marized in Table 1. For data, the constrained parameters were determined by exper-
iment where possible and estimated by Monte Carlo studies when no experimental
result was available. For the analysis of Monte Carlo events, the constrained pa-
rameters were fixed to the values used in the Monte Carlo.

The time evolved probability densities of the mixed and unmixed events were
obtained by convoluting the functions, F(t)mized and F(t)unmized, with the exper-
imental proper time resolution function for the detector as determined by Monte
Carlo studies.

Punmm:ed — / tO unmmed[flgl(to’ ) + (]. - fl)QZ(tht)]dtO

and

szwed — / tO mized flgl(to, )—|— (]. - fl)gZ(tht)]dtO’

where g; and g, are gaussian functions with widths oy = 0.18 ps and o, = 0.54 ps,
respectively. The relative fraction of the events in the core gaussian, f;, was taken

to be 0.54%.

IX.D Results

Figure 8 shows the mixed fraction as a function of the proper time for data. Also
shown are expected curves for the best fit and the case for no BS — B; mixing (x,
was taken to be 10). The maximum likelihood fit yields a value of Amy= 0.520 +
0.072(stat). The log likelihood curve is given in Figure 9 as a function of Am,.

As a check of the analysis procedure, a Monte Carlo sample of similar size was
used as input in the analysis. The results are shown in Figures 10 and 11. The

12



Parameter value

Am, 6.5
fz 0.053
fas 0.02

A 0.54

fB;H(li,Xi) 313% right—sign
0.8% wrong-sign
fB§_>(l:l:7)(:l:) 85% right—sign
0.15% wrong-sign
fB:t_>(l:t7th) 3265% right—sign
0.45% wrong-sign
fo,—qx,x %) 6.0% right-sign
0.15% wrong-sign
fRo emn(i®, x %) 2.0% right-sign
6.0% wrong-sign
fpocqx,x+) | 0.5% right-sign
1.35% wrong-sign
fps e, x+) | 2.15% right-sign
5.8% wrong-sign
fAb—>c—>(li,Xi) 02% right—sign
0.5% wrong-sign

TBo 1.55 ps
TBe 1.55 ps
TR+ 1.55 ps
TA, 1.10 ps
Te 0.5 ps
Tuds 0.3 Ps
Ay 0.94
a 0.32

Table 1: Constrained parameters used in the maximum likelihood analysis.
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Monte Carlo input for Amy was 0.503 and the measured value was Amy = 0.488 +
0.075(Stat).

X Systematic Errors

The primary sources of systematic error in these measurements are listed in the
first column of Table 2. For most of the quantities listed in the table, the effect
of a variation on the measured value of Amy was determined by varying its value
in the maximum likelihood function. The central value and 1o variation for each
quantity is listed in column two of Table 2. The third column of the table gives the
1o variation induced in measured value of Amy from the variation of the quantities
in the table.

Detailed checks of the track resolution modeling were performed. It was found
that the simulation reproduces the distribution of the track impact parameters in
the r¢ plane very well, but appeared to be somewhat narrower than the data in
the core of the impact parameter distribution in the rz plane. This is attributed
to residual misalignments within the vertex detector. A correction was applied to
account for this and the quoted systematic uncertainty corresponds to the difference
between results obtained with and without this correction.

The error in Amy due to the boost determination was evaluated by multiplying
the boost of events in the data by a constant such that the average boost in the
data agreed with that in the Monte Carlo. The shift in Amy after this adjustment
was taken as the systematic error.

XI Summary

From a sample of 150,000 Z° decays recorded with the SLD detector at the SLC
during 1993-1995, the time dependence of BS — B, mixing has been observed in
events where a B hadron decays semileptonically. The B hadron decay position
was reconstructed using an inclusive technique with a decay length resolution of
~170 pm and an efficiency of ~98%. The initial state flavor tag was accomplished
using the forward-backward asymmetry, enhanced by the polarization of the electron
beam, and the opposite-side jet charge. The final state flavor tag was given by the
charge of the lepton. The time dependence BS— B; mixing was observed by
fitting the oscillation in the fraction of mixed events as a function of proper time.

The preliminary analysis yields Amy = 0.520 + 0.072(stat) 4+ 0.035(syst) ps~'.
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quantity ‘ nominal+trange ‘ §Amy ps? ‘

detector resolution - +0.013
tracking efficiency - negl.
lepton ID efficiency - negl.
Boost 5.785 + 0.041 +0.008
Bg lifetime 1.55 + 0.10 ps + 0.009
B? lifetime 1.55 + 0.15 ps + 0.001
Btaryon lifetime 1.10 + 0.11 ps + 0.004
T. parametrization 0.4+0.05 +0.005
B¢ fraction (11.5 +£ 3)% + 0.014
Bharyon fraction (7.243)% +0.015
A my (ps7!) 6.519% +0.006
ot (14+1)% +0.013
BR(B; > c—1l/b—c—1) (6.5+1)% +0.006
Background parameters feey Tuds +0.0024
Tagging parameters P.,+1.0% +0.014
Ay, £4%
a,+10%
‘ Total systematic error ‘ ‘ + 0.035

Table 2: Summary of systematic errors.
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Figure 1: Distribution of momentum transverse to jet axis for selected leptons for
data (points) and Monte Carlo (solid).
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Figure 2: Illustration of the method used for B hadron decay length determination
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