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Abstract

We set a preliminary 95% C.L. exclusion on the oscillation frequency of B? —
B_g mixing using a sample of 250,000 hadronic Z° decays collected by the SLD
experiment at the SLC between January 1996 and March 1998. The analyses
determine the b-hadron flavor at production by exploiting the large forward-
backward asymmetry of polarized Z° — bb decays as well as information from
the hemisphere opposite that of the reconstructed B decay. In one analysis, B
decay vertices are reconstructed inclusively with a topological technique, and
separation between BY and BY decays exploits the BY — D; cascade charge
structure. The other analysis selects semileptonic decays reconstructed by
intersecting a lepton with the trajectory of a topologically reconstructed D
meson. The two analyses are combined to exclude the following values of the
B? — BY mixing oscillation frequency: Am, < 1.7 ps~! and 3.3 < Am, < 5.0
ps ! at the 95% confidence level.

Paper Contributed to the XXIXth International Conference on High
Energy Physics, July 23-29, 1998, Vancouver, Canada.

*Work supported in part by the Department of Energy contract DE-AC03-76SF00515.



1 Introduction

Transitions between B? and B° mesons take place via second order weak
interactions. In the Standard Model, a measurement of the oscillation fre-
quency Amy for B}-BY mixing determines, in principle, the value of the
Cabibbo-Kobayashi-Maskawa matrix element |Vj4], which is parameterized
in terms of the Wolfenstein parameters p and (the CP-violating phase) 7,
both of which are currently poorly constrained. However, theoretical uncer-
tainties in calculating hadronic matrix elements are large (~ 25% [1]) and
thus limit the current usefulness of precise Amy measurements. These un-
certainties are significantly reduced (~ 6-10%) for the ratio between Amy
and Am,. Thus, combining measurements of the oscillation frequency of
both BY-BY and B’-BY mixing translates into a measurement of the ratio
|Via|/|Vis| and provides a stronger constraint on the parameters p and 7.
Experimentally, a measurement of the time dependence of B’B9 mixing
requires three ingredients: (i) the B decay proper time has to be recon-
structed, (ii) the B flavor at production (initial state ¢ = 0) needs to be
determined, as well as (iii) the B flavor at decay (final state ¢ = tqecay)-
At SLD, the time dependence of B’~BY mixing has been studied using two
different methods described below. Both methods use the same initial state
flavor tag but they use different techniques to reconstruct the B decay and
tag its final state flavor. The data consists of some 250,000 hadronic Z°
decays collected with the upgrade vertex detector (VXD3) between January
1996 and March 1998. Another 150,000 hadronic Z° decays have been col-
lected with the upgrade vertex detector, and they will be analyzed in a future
update of this work. The analyses exploit the large longitudinal polarization
of the electron beam to enhance the initial state tag. Average polarizations
for the 1996 and 1997/98 running periods are (76.5+0.5)% and (73.24+0.8)%,

respectively.

2 Detector, Simulation and Event Selection

Most components of the SLD detector were used in the analyses presented
here. The Liquid Argon Calorimeter (LAC) was used for triggering, event
shape measurement and electron identification. It provides excellent solid-
angle coverage (|cosf| < 0.84 and 0.82 < |cosf| < 0.98 in the barrel and



endcap regions, respectively). The LAC is divided longitudinally into electro-
magnetic and hadronic sections. The energy resolution for electromagnetic

showers is measured to be o/E = 15%/1/ E(GeV'), whereas that for hadronic

showers is estimated to be 60%//E(GeV). The Warm Iron Calorimeter
(WIC) provides efficient muon identification for | cos#| < 0.60. Tracking is
provided by the Central Drift Chamber (CDC)[2] for charged track recon-
struction and momentum measurement and the CCD pixel Vertex Detector
(VXD)[3] for precise position measurements near the interaction point. These
systems are immersed in the 0.6 T field of the SLD solenoid. Charged tracks
reconstructed in the CDC are linked with pixel clusters in the VXD by ex-
trapolating each track and selecting the best set of associated clusters|2]. For
a typical charged particle from the primary vertex or heavy hadron decay,
the total efficiency of reconstruction in the CDC and linking to VXD hits
is ~ 96% within the VXD acceptance. The track impact parameter resolu-
tions at high momenta are 11 pm and 23 pm in the r¢ and rz projections
respectively (z points along the beam direction), while multiple scattering
contributions are 40 um /(psin®20) in both projections (where the momen-
tum p is expressed in GeV/c).

The centroid of the micron-sized SLC Interaction Point (IP) in the r¢
plane is reconstructed with a measured precision of o;p = (5 £ 2) pm using
tracks in sets of ~ 30 sequential hadronic Z° decays. The median z position
of tracks at their point of closest approach to the IP in the r¢ plane is used
to determine the z position of the Z° primary vertex on an event-by-event
basis. A precision of ~ 30 um on this quantity is estimated using the Z° — bb
Monte Carlo (MC) simulation.

The simulated Z° — ¢ events are generated using JETSET 7.4 [4]. The
B meson decays are simulated using the CLEO B decay model [5] tuned to
reproduce the spectra and multiplicities of charmed hadrons, pions, kaons,
protons and leptons as measured at the Y(4S) by ARGUS and CLEO [6].
Semileptonic decays follow the ISGW model [7] including 23% D** produc-
tion. The branching fractions of the charmed hadrons are tuned to the ex-
isting measurements [8]. The B mesons and b-baryons are generated with
lifetimes of 7+ = 1.64 ps, 7o = 1.55 ps, 7go = 1.57 ps, and 7, = 1.22 ps.
The b-quark fragmentation follows the Peterson et al. parameterization [9].
Finally, the SLD detector is simulated using GEANT 3.21 [10].

Hadronic Z° event selection requires at least 7 CDC tracks which pass



within 5 cm of the IP in z at the point of closest approach to the beam and
which have momentum transverse to the beam direction p; >200 MeV/c.
The sum of the energy of the charged tracks passing these cuts must be
greater than 18 GeV. These requirements remove background from Z° —
[T1~ events and two-photon interactions. In addition, the thrust axis de-
termined from energy clusters in the calorimeter must have |cosfy| < 0.85,
within the acceptance of the vertex detector. These requirements yield a
sample of ~ 200,000 hadronic Z° decays.

Good quality tracks used for vertex finding must have a CDC hit at a
radius<39 cm, and have >23 hits to insure that the lever arm provided by
the CDC is appreciable. The CDC tracks must have p; >250 MeV /¢ and
extrapolate to within 1 cm of the IP in r¢ and within 1.5 cm in 2 to eliminate
tracks which arise from interaction with the detector material. The fit of the
track must satisfy x?/d.o.f.< 8. At least two good VXD links are required,
and the combined CDC/VXD fit must also satisfy x*/d.o.f.< 8.

Both analyses make use of the inclusive topological vertexing technique [11]
developed for B lifetime [12] and R, [13] analyses to tag and reconstruct b-
hadron decays. Secondary vertices are found in 65% of b hemispheres but
in only 20% of ¢ hemispheres and in less than 1% of uds hemispheres. The
b purity of the sample is increased by reconstructing the vertex mass M,
which includes a partial correction for missing decay products (see Ref. [2]).
Requiring M > 2 GeV/c? yields a b-hadron sample with 98% b purity and
50% efficiency (for normalized decay length > 50). This inclusive vertexing
technique has been adapted for semileptonic decays to reconstruct the D
decay topology (see below).

3 Initial State Flavor Tagging

The large forward-backward asymmetry for Z° — bb decays is used as a tag
of the initial state flavor. The polarized forward-backward asymmetry Agpg
can be described by

A, — P, cos Op
"1 AP, 1+cos2fy’

where A, = 0.94 and A, = 0.150 (Standard Model values), P, is the elec-
tron beam longitudinal polarization, and # is the angle between the thrust
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axis and the electron beam direction (the thrust axis is signed such that
it points in the same hemisphere as the reconstructed vertex). Thus, left-

(right-)polarized electrons tag b (b) quarks in the forward hemisphere, and
b (b) quarks in the backward hemisphere. This yields an average correct
tag probability of 0.74 for an average electron polarization P, = 73%. The

probability for correctly tagging a b quark at production is expressed as

Py = T 2)

A jet charge technique is used in addition to the polarized forward-
backward asymmetry. For this tag, tracks in the hemisphere opposite that
of the reconstructed vertex are selected. These tracks are required to have
momentum transverse to the beam axis p; > 0.15 GeV/c, total momentum
p < 50 GeV/c, impact parameter in the plane perpendicular to the beam axis
0 < 2 c¢m, distance between the primary vertex and the track at the point of
closest approach along the beam axis Az < 10 c¢m, and | cos | < 0.87. With
these tracks, an opposite hemisphere momentum-weighted track charge is

K

defined as X
Qopp:ZQi ﬁzT ) (3)

where ¢; is the electric charge of track 7, p; its momentum vector, T is the
thrust axis direction, and k is a coefficient chosen to be 0.5 to maximize the
separation between b and b quarks. The probability for correctly tagging a b
quark in the initial state of the vertex hemisphere can be parameterized as

1
PQ(b) - 1 4+ eaQopp ’ (4)
where the coefficient &« = —0.27, as determined using the Monte Carlo sim-

ulation. This technique yields an average correct tag probability of 0.65 and
is independent of the polarized forward-backward asymmetry tag.

Finally, the tag is further enhanced by the addition of other flavor-
sensitive quantities from the hemisphere opposite that of the selected vertex.
For this purpose, the inclusive topological vertexing technique mentioned
earlier is used. The sensitive variables are: the total track charge and charge
dipole of a topologically reconstructed vertex, the charge of a kaon identified
in the Cherenkov Ring Imaging Detector, and the charge of a lepton with



high transverse momentum with respect to the direction of the nearest jet.
The addition of these tags improves the average correct tag probability by
about 0.03.
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Figure 1: Dustribution of the computed initial state b-quark probability for
data (points) and Monte Carlo (histograms) showing the b and b components
for the events selected in the Charge Dipole analysis.

The various tags are combined to form an overall initial state tag char-
acterized by a b-quark probability F;. The average correct tag probability
is 0.80 with full efficiency. Fig. 1 shows the P; distributions for data and
Monte Carlo in the Charge Dipole analysis (see below for a description of
the analysis), and also indicates the clear separation between b and b quarks.

4 Lepton+D Analysis

The lepton+ “D” analysis aims at reconstructing the B and D vertex topolo-
gies of semileptonic B decays. It proceeds by first selecting event hemispheres



containing an identified lepton (e or u) with |cosf| < 0.7. Then, a D ver-
tex candidate is reconstructed using a similar topological technique as that
described earlier. This vertex is constrained to lie near the plane containing
the lepton track and the IP, and to be downstream of the lepton, thereby
reducing the confusion between primary and secondary tracks and thus allow-
ing efficient reconstruction of semileptonic B decays at short decay lengths.
Several cuts are added to clean up the D vertex candidate and reduce the
contamination from cascade (b — ¢ — [) charm semileptonic decays. The
cuts are as follows: the lepton momentum transverse to the D trajectory
pr > 0.9 GeV/c, the invariant mass of all D vertex tracks (assumed to be
pions) is less than 1.95 GeV/c? and the sum of all track charges at the D
vertex is < 1 in absolute value. An additional requirement aimed at sup-
pressing the (b — ¢ — [) contribution is that either the x? for fitting the
lepton and D vertex tracks to a single vertex is larger than that obtained
for the D vertex tracks alone or the invariant mass of the lepton + D vertex
tracks is greater than 2.5 GeV/c?. Furthermore, the difference in the mass
between the D+ and the D tracks alone is greater than 0.6 GeV/c?. The B
decay vertex is reconstructed by intersecting the lepton and D trajectories.
For this analysis, only vertices with positive reconstructed decay length are
selected.

To enhance the fraction of B? decays, the sum of lepton + D vertex track
charges is required to be @ = 0. This enhances the BY fraction to 15.3%
of all b hadrons in the Z° — bb MC (the B? production fraction in the
7% — bb MC is 11.5%). Although the analysis described above achieves good
b-hadron purity, an additional reduction in the non-b background is achieved
at only a small cost in efficiency by applying an event b tag: the event should
contain either at least one hemisphere with an inclusive topological vertex
with M > 1.6 GeV/c? or a minimum of 2 tracks with positive 3-D impact
parameter greater than 3 0. As a result, the udsc contamination is reduced
from 9.2% to 1.9% in the final sample.

A sample of 1492 decays is thus obtained in the 1996-98 data. Vari-
ous comparisons between data and Monte Carlo simulation were performed
which generally showed good agreement. For example, Fig. 2 shows the
distributions of lepton momentum transverse to the D vertex trajectory, D
vertex track multiplicity, and invariant mass of all tracks in the D vertex and
(assuming all tracks are pions) as well as in both B and D vertices.

A powerful check of the analysis and the purity of the final state tag is
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Figure 2: Distributions of lepton momentum transverse to the D wvertex tra-
jectory, D vertex track multiplicity, D vertex mass (with the cut on the mass
removed) and lepton+D vertex mass for data (points) and Monte Carlo (his-
tograms).
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Figure 3: Distribution of cos@ for the thrust axis direction signed by the
product (Qiepe X Pe) for data (points) and Monte Carlo (histograms).

the polarization-dependent forward-backward asymmetry shown in Fig. 3.
A clear asymmetry is observed, in reasonable agreement with the Monte
Carlo, indicating that the final state tag purity is adequately modeled in the
simulation.

The study of the time dependence of B’-B? mixing requires a precise
determination of the B decay proper time ¢ = L/(yfc), where L is the
reconstructed decay length (distance between the IP and the B vertex) and
vB = pp/mp is computed from the estimated B momentum pg and the
known mass of the B meson, mg. Reconstruction of the b-hadron boost uses
both tracking and calorimeter information. A detailed description of the
reconstruction algorithm may be found in Ref. [14]. The overall performance
of the decay length and boost measurements for B? decays proceeding via
the direct (b — [) transition is shown in Fig. 4. The proper time distribution
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Figure 4: Distributions of the decay length and relative boost residuals for BY
(b — 1) decays in the simulation.

is shown in Fig. 5.

The final state B® or B9 flavor is tagged by the sign of the lepton charge.
Each decay is assigned a final state b-quark probability Py, defined such
that Py > 0.5 (< 0.5) corresponds to a negatively (positively) charged lep-
ton which then tags the decay as B (B). The magnitude of the correct
tag probability depends on the sample composition as well as on the lep-
ton pr. The lepton sources in selected BY decays are as follows: 84.7%
(b—17),63% (b—c—1"),22% (b - ¢ —17), 2.0% (b — X~) (right-
sign misidentified lepton), 2.1% (b — X ™) (wrong-sign misidentified lepton),
1.9% (b — other — [7), and 0.8% (b — other — [*). The final state correct
tag probability is thus 0.908. Further enhancement of the tag is achieved by
taking into account the strong p; dependence of the various lepton source
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Figure 5: Distributions of the fraction of decays tagged as “mized” (left)
and reconstructed proper time (right) for the data (points) and the likelihood
function (histograms).

fractions. At high pr the correct tag probability for BY decays increases to
0.953.

4.1 Likelihood Analysis

The search for the time dependence of B%-BY mixing is carried out with a
likelihood analysis which includes the effect of detector smearing, mistag of
both initial and final states, selection efficiencies and the dependence on the
oscillation frequency Am,. The probability that a meson created as a B°
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(BY) will decay as a B (BY) after proper time ¢ can be written as

&@y:ge*w1+qumﬂn, (5)
where Amyg is the mass difference between the mass eigenstates, [' is the
average decay width of the two states and P, denotes the probability to
remain ‘unmixed’. The effects of CP violation are assumed to be small and
are neglected. Similarly, the probability that the same initial state will ‘mix’
and decay as its antiparticle is

3402264w1—qumﬂn. (6)

Decays are tagged as mixed or unmixed if the product (P,—0.5) x (Py—0.5)
is smaller or greater than 0, respectively. The probability for a decay to be
in the mixed sample is expressed as:

eft/’ru

Pmia:ed(ta Ams) = fu

Ny
Tu

+ &eft/ﬂrd
2 Td

N &eft/’r5
2 T,

e—t/TA

na(1 + cos Amgt) + (1 — n4)(1 — cos Amyt)]

[ns(1 4+ cos Amgt) + (1 — ns) (1 — cos Amyt)]

+ fa nA
TA

fudsc
Fu scta
5 Ludse(?)

_|_

where f; represents the fraction of each b-hadron type and background (j =
u,d, s, A, udsc correspond to B*, BY, BY, b-baryon, and udsc background),
7; and 7; are the lifetime and mistag probability for b hadrons of type j,
and Fgs.(t) is a function describing the proper time distribution of the udsc
background (a sum of two exponentials is used). A similar expression for the
probability Punmizea t0 Observe a decay tagged as unmixed is obtained by
replacing the mistag rate n by 1 —n.

Detector and vertex selection effects are introduced by convoluting the
above probability functions with a proper time resolution function R(7’,t)
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and a time-dependent efficiency function e(¢):
Pmi:ced(Ta Ams) = / Pmiwed(ta Ams) R(Ta t) E(t) dt ) (7)
0

where ¢ is the “true” time and 7T is the reconstructed time. Again, a sim-
ilar expression applies to the unmixed probability P,,mizeq- The resolution
function is parameterized by the sum of two Gaussians:

_ 1 7%(1311_:)‘
R(T,t) = h v € "

+ /o _ 67%((3;7(;))2

09 (t)\/%

where the fraction f; is set to 60% and f, = 1— f;. The proper time resolution
is a function of proper time and also depends on the measured boost (3, its
resolution 0,3 and on the estimate of the decay length resolution op,:

o(t) = [<0L>2+<t07ﬁ>2-|1/2 5
|\ e W)

For each decay, the resolution oy is computed from the vertex fit and IP
position measurement errors, with a scale factor determined using the MC
simulation (the scale factor is introduced mostly to account for the fact that
the analysis does not attempt to fully reconstruct the D meson decay). The
relative boost residual o,4/v( is parameterized as a function of the lepton +
D vertex total track energy, with parameters extracted from the MC simula-
tion. Similarly, the efficiency &(t) is parameterized using the MC simulation.
All parameterizations are performed separately for each b-hadron type. For
example, the efficiency for BY decays is given by

1 — et
t)=a-——
=0 “Tren

with ¢ = 0.025, b = —4.3, and ¢ = 0.0097. Furthermore, o; and o4
resolutions are handled separately for the main lepton sources (b — ),
(b = ¢(¢) — 1) and (b — X). As a consequence, different resolution func-
tions are used for the different sources and the expressions for P,,;..q and
P, imizea are modified accordingly.

+c, 9)
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The study of the time dependence of B;LB_Q mixing is carried out using
the amplitude method described in Ref. [15]. Instead of fitting for Amy di-
rectly, the analysis is performed at fixed values of Am, and a fit to the ampli-
tude A of the oscillation is performed, i.e. in the expression for the mixed and
unmixed probabilities, one replaces [1 £ cos(Amgt)] with [1 £ A cos(Amyt)].
This method is similar to Fourier transform analysis and has the advantage
of facilitating the combination of results from different analysis techniques
and different experiments.

SLD PRELIMINARY

r e SLD lepton+D

Amplitude

5" — Datax1.6450
| —— Data * 1.645 o (stat only)

0 2 4 6 8 . 10 12 14
Amg (ps™)

Figure 6: Measured amplitude as a function of Amy in the lepton+D analysis.

The measured amplitude for the lepton+D analysis is shown as a function
of Amy in Fig. 6. The measured values are consistent with A = 0 for the
whole range of Am, up to 15 ps~! and no evidence is found for a preferred
mixing frequency.
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Table 1: Measured values of the oscillation amplitude A with a breakdown
of systematic uncertainties for several Amg values in the lepton+D analysis.

Amg 2ps™t 5pst 10 pst
Measured amplitude A 0.335 —0.038 —0.169
ostat +0.541 £0.774  £1.320
syst +0.223 +0.273 +0.379
04 —0.194 —0.222 —0.216
fs =B(b— BY) TO194 40236 10280
fa = B(b — b—baryon) Tooss  foosr  Toou
udsc fraction fgj?ﬁ i8;8§§ :8;882
decay length resolution i8:88§ i8;8§{ i8;823
boost resolution fg:gég :8;822 18;%‘%
b-hadron lifetimes fgjggg tg;g%ﬁ’ i8;8§8
Amyg To0%s oo ‘o008
initial state tag Toots  Tooss  Toost
Bb—=1),Bb—c—1),Bb—c—=1)  Toniz oo Tooos
lepton misidentification fgjgﬁ t8;88} i8;882

Systematic uncertainties have been computed following Ref. [15] and are
summarized in Table 1 for several Amyg values. Uncertainties in the sample
composition are estimated by varying the fraction of udsc background by
+50% and the production fractions of BY and b-baryons according to 0.115+
0.020 and 0.072 4 0.040, respectively. Other physics modeling uncertainties
are 7(BT) = 1.64 £+ 0.04 ps, 7(BY) = 1.55 4+ 0.04 ps, 7(BY) = 1.57 + 0.06
ps, 7(Ay) = 1.22 4+ 0.06 ps, and Amy = 0.480 4+ 0.020 ps~'. Uncertainties
in the modeling of the detector include a +10% variation in both decay
length and boost resolutions. Initial state tag uncertainties are estimated
by varying the correct tag probability by +0.02 (i.e., a £10% variation of
the mistag rate). Final state tag uncertainties include a £50% variation in
the lepton misidentification rate, as well as the effect of uncertainties in the
branching ratios B(b — [) = 0.112 £ 0.002, B(b — ¢ — [) = 0.016 &+ 0.004,
and B(b — ¢ — 1) = 0.080 £ 0.004. The dominant uncertainty is the BY
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production fraction in Z° — bb events.

5 Vertex Charge Dipole Analysis

The Charge Dipole analysis aims at reconstructing the B and D vertex
topologies in inclusive decays and tags the B® or B decay flavor based on the
charge difference between the B and D vertices. This analysis technique is
unique to SLD. Hemispheres containing an inclusive topological vertex with
M > 2 GeV/c? are selected and the total vertex track charge @ is required to
be 0 to enhance the fraction of BY decays in the sample and to increase the
quality of the charge difference reconstruction for neutral B decays. To select
decays with non-negligible separation between the B and D decay points, the
probability for fitting all tracks to a single vertex is required to be less than
1%. The tracks are then rearranged into various two-vertex combinations
and the combination with the lowest overall x? is selected. The vertex that
is closer to the IP is labelled “B” and that further away is labelled “D.” MC
studies indicate that the track assignment to the B (D) vertex is 66% (71%)
correct. A “Charge Dipole” is defined as 0Q) = Dpp x SIGN(Qp — Qp),
where Dpp is the distance between the two vertices and Qp (Qp) is the
charge of the B (D) vertex. Positive (negative) values of 6Q tag B (B°)
decays and the correct tag probability increases with increasing [0Q)|. Re-
quirements on the vertices are: 200 um < Dgp < 1 cm, D vertex mass < 1.9
GeV/c? (assuming all tracks are pions), B vertex decay length L > 0 and
®Rp # Qp. For all data and MC events, hemispheres already containing
a vertex selected by the lepton+D analysis are removed such that the two
analyses are statistically uncorrelated. The udsc background is further sup-
pressed by demanding that the event contains either an opposite hemisphere
topological vertex with M > 1.6 GeV/c? or at least 2 tracks with positive
3-D impact parameter > 3 0. The udsc fraction is thus reduced to 2.6%.

Applying all the above cuts, a sample of 5719 decays is selected in the
1996-98 data. Figure 7 shows distributions of the B and D vertex track
multiplicities, and distance and charge difference between B and D vertices
in the selected sample. Good agreement between data and MC is obtained.
The B? fraction estimated from the Z° — bb MC is 15.2%. Figure 8 displays
the distribution of charge dipole d¢) for the data sample and also indicates
the separation between b hadrons containing b or b quarks in the MC.
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Figure 7: Distributions of B and D wvertex track multiplicity, as well as
distance and charge difference between B and D vertices for data (points)
and Monte Carlo (histograms) in the Charge Dipole analysis.
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containing a b quark (dotted histogram) or a b quark (dashed histogram,).
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Figure 9: Charge dipole tag purity as a function of the absolute value of the
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The average correct tag probability for the charge dipole tag is 0.69 for
selected BY decays and is parameterized as a function of |6Q)|, as shown in
Fig. 9. Furthermore, the correct tag probability depends on the reconstructed
decay length and is therefore parameterized in four different ranges: 0 — 0.5
mm, 0.5 — 1.0 mm, 1.0 — 3.0 mm, and above 3.0 mm.

As hadronic decays of B mesons are not as well known as semileptonic de-
cays, it is important to check the tag purity estimated using measured quan-
tities like the polarization-dependent forward-backward asymmetry shown in
Fig. 10. Fair agreement with the MC is observed, indicating that the purity
is reasonably modeled. It should be noted that this asymmetry is diluted by
BY%-BY mixing. Another useful test of the charge dipole tag in BY decays is
the measurement of the time dependence of BJ-BY mixing. This has been
checked by fitting the fraction of decays tagged as mixed as a function of
Amy (see Fig. 11) with a fitting technique detailed in Ref. [16]. The mea-
sured value is found to be Amg = 0.541 & 0.047 ps™! (statistical error only)
with a x? per degree of freedom of 9.1/10. This value is in reasonable agree-
ment with the latest world average value of 0.471 £+ 0.016 ps~! [17]. Fig. 11
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shows a larger mixed fraction in the data than in the MC for L < 1 mm, indi-
cating that the MC tag purity is overestimated in that decay length range by
about 0.10. This effect is included in the study of systematic uncertainties.

Mixed Fraction / 0.2 ps
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Figure 12: Distributions of the fraction of decays tagged as “mized” (left)
and reconstructed proper time (right) for the data (points) and the likelihood
function (histograms) in the Charge Dipole analysis.

The reconstructed time distribution is shown in Fig. 12 along with the
mixed fraction as a function of proper time (rather than decay length as in
Fig. 11). The latter clearly shows the effect of degraded final state tag purity

for decays at small proper time.

5.1 Likelihood Analysis

The B?-BY mixing fit is done in a way similar to that used for the lepton+D
analysis. Slight differences are as follows: the decay length resolution o, does
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not use the vertex fit and IP position measurement errors but is extracted
from the overall decay length residual distributions in the simulation. Fur-
thermore, o, is parameterized separately for decays with right and wrong
charge dipole tags as it was found that the resolution is considerably higher
for the correctly tagged decays (this is similar to differences in resolution be-
tween (b — [) and (b — ¢ — [) in the lepton+D analysis). For example, the
decay length resolution for B? decays with right (wrong) charge dipole tag is
parameterized by a sum of two Gaussians of widths o7, = 131 pm (193 pm)
and oo = 500 pm (761 pm), where the first Gaussian represents 60% of the
decays. In addition, the decay length resolution is parameterized in three
ranges of |cosfp|: 0.0 — 0.3, 0.3 — 0.6, and above 0.6, since the resolution
decreases significantly as | cosf| increases.
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Figure 13: Measured amplitude as a function of Amyg in the Charge Dipole
analysis.

The result of the amplitude fit is displayed in Fig. 13. Systematic uncer-
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Table 2: Measured values of the oscillation amplitude A with a breakdown of
systematic uncertainties for several Am, values in the Charge Dipole analysis.

Amy 2ps™t 5pst 10 ps!
Measured amplitude A 0.194 —0.244 2.336
oot +0.648 +0.966  +2.098
R
fs = B(b— BY) 10506 10260 10258
fa=B(b— b—baryon)  L5i5  oo  Ioow
wse raction drooan o
decay length resolution  *J03% 0008 o-oar
boost resolution oo e 03
b-hadron lifetimes 0o oo i
Amg Zo0is o031 —o.oss
initial state tag o1t tooe  Totos
final state tag Tosss  Loms Iooos

tainties are estimated as for the lepton+D analysis except for those affecting
the final state tag. Here, uncertainties in the tag purity modeling are ob-
tained by varying the final state correct tag probability by +0.05. In addition,
a decrease of 0.08 in this probability was applied to the decays within L < 1
mm, to study the effect of the higher mixed fraction seen in the data (see
Fig. 11). Dominant uncertainties are the B? production fraction in Z° — bb
events and the uncertainty in the final state tag purity, see Table 2.

6 Combination of the Analyses

The lepton+D and Charge Dipole analyses are combined taking into account
correlated systematic errors. Figure 14 shows the measured amplitude as a
function of Am, for the combination. As noted earlier, the measured values
are consistent with A = 0 for the whole range of Am, up to 15 ps~! and no
evidence is found for a preferred value of the mixing frequency. The following
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ranges of BY-BY oscillation frequencies are excluded at 95% C.L.: Am, < 1.7
ps tand 3.3 < Am, < 5.0 ps~!,i.e., the condition A+1.64504 < 1is satisfied
for those values. The combined sensitivity to set a 95% C.L. lower limit is
found to be at a Am, value of 4.2 ps~!. These results are preliminary.

It is worth noting that the overall sensitivity is expected to improve
rapidly as the rest of the 1998 data and more analysis techniques are added.

SLD PRELIMINARY

- e SLD Combined o 95% CL sensitivity = 4.2 ps™

Amplitude

4l Data+1.6450
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Figure 14: Measured amplitude as a function of Amg for the lepton+D and
Charge Dipole analyses combined.
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