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Search for time-dependentB?-B? oscillations using a vertex charge dipole technique
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We report a search deS-BS oscillations using a sample of 400 000 hadroAfcdecays collected by the
SLD experiment. The analysis takes advantage of the electron beam polarization as well as information from
the hemisphere opposite that of the reconstru®edecay to tag theB production flavor. The excellent
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resolution provided by the pixel CCD vertex detector is exploited to cleanly reconstrucBlzotti cascad®
decay vertices, and tag tliedecay flavor from the charge difference between them. We exclude the following

values of theBg-B(s’ oscillation frequencyAm¢<<4.9 ps ! and 7.9<Am,<10.3 ps ! at the 95% confidence
level.

DOI: 10.1103/PhysRevD.67.012006 PACS nuniferl3.20.He, 13.25.Hw, 14.40.Nd

. INTRODUCTION plan® and 9.7um in the plane containing the beam direc-

Neutral B meson mixing plays a crucial role in the deter- tion (rz plane.l The centroid of the.stable, micron—sized IPin
mination of the Cabibbo-Kobayashi-Maskawa matrix ele-the Xy plane is reconstructed using tracks in sets~@30
mentsV,s and V,qy. However, the extraction of these ele- sequential hadroniz® decays, with a measured precision of
ments from measurements of the oscillation frequency i%rip= 3.5 um. Thez coordinate of the IP is determined event
complicated by the presence of hadronic uncertainties. Lay event using the median position of the tracks at their
tice QCD calculation$1] give a 15—-20 % uncertainty in the point of closest approach to the beam line. A precision of
determination of V4| from the precisely measured value of 5,~17 um is achieved forz°—b b events, as estimated
the Bg oscillation frequencyAmy, due to the large uncer- from the Monte CarldMC) simulation.
tainty in the decay constant and th&™ parameter forBS For a description of the SLD detector and the MC simu-
mesons. This uncertainty can be reduced by extracting thgition see Ref[4]. Decays ofBS mesons are modeled ac-
ratio |Vis/Vy4| from the ratio ofB¢ and Bg oscillation fre-  cording to the decay modes @& mesons[5] assuming
quenciesAms/Amg, as many theoretical uncertainties Com- 513 flavor symmetry. The simulation has been tuned to
mon toBg and By mixing cancel, leading to a reduced the- reproduce tracking efficiencies and impact parameter resolu-
oretical uncertainty of 5-10 %d,2]. In the framework of the  {jons measured in the data.
standard modelV,4| is constrained by unitarity so the mea-
surement of theB? oscillation frequency will significantly
improve our knowledge ofVy|. Ill. EVENT SELECTION

Measuring the oscillation frequency requires three ingre-
dients: theB® or B flavor at both production and decay, and The se_lect|on ofb-_h%dron candidates proceeds in two
the proper decay time. In the standard model, one expecf@des. First, hadroniz” decays are selected. Secomt,
Am, to be an order of magnitude larger thAm,, makingit —b b events are selected with an inclusive topological re-
difficult to measure as the rapid oscillations have to be reconstruction ofb-hadron decays. Vertex and kinematical in-
solved in the detector. The SLD pixel CCD vertex detector isformation (mass and momentumis used at this stage to
particularly well suited to this task thanks to its excellentremoveudscbackground. This second stage also serves as a
three-dimensional vertex resolution. The analysis presentegheans to select tracks associated with lblieadron decay
here determines thB flavor at production by exploiting the chain.
large forward-backward asymmetry of polarizZt—b b de- In the first stage, we select a sample of 310488 hadronic
cays and uses additional information from the hemispher@® decays. The criteria, detailed in Ré&], aim to remove
opposite that of the reconstruct@&ldecay. TheB flavor at  leptonic final states, two-photon collisions and beam-induced
decay is tagged by the charge difference betweerBtaed  background events. The remaining background, predomi-
cascadeD decay vertices. This novel “charge dipole” tech- nately due taz®— r* 7~ events, is estimated to be0.1%.
nique relies heavily on the high resolution of the vertex de- | the second stage, each event is divided into two hemi-
tector to reconstruct separate secondary and tertiary vertic@pneres with respect to the thrust axis. In each hemisphere, a
originating from theB—D decay chain. Throughout this pa- gearch is made for three-dimensional space points with high
per, when reference is made to a specific state, the chargg,cx overlap density which are displaced from the IP, taking

conjugate state is also implied. the individual track resolution functions into accolif}. At
this stage, no attempt is made to sepaftand D decay
Il. APPARATUS vertices and a single “seed” vertgf8V) is formed contain-

The analysis uses a sample of 400 000 hadrafidecays ing all tracks from theb-hgdron decay chain. Tracks are re-
collected by the SLD experiment at the SLC between 1996luired to have=3 VXD hits, momentum transverse to the
and 1998. The detector elements most relevant to this analja@m linep, >250 MeV/c and three-dimensional impact
sis are the pixel CCD vertex detectdfXD) [3] for precise parameter<3 mm. Tracks consistent with originating from
track position measurements near the SLC interaction poir ¥ conversion or fronk® or A decay are removed. Identi-
(IP), and the central drift chambéCDC) for charged par- fied vertices are required to be within a radius of 2.3 cm of
ticle reconstruction and momentum measurement. Chargeitie center of the beam pipe to remove vertices resulting from
tracks are reconstructed using hits in both VXD and CDC.nteractions with the detector material. Two-prong vertices
The track impact parameter resolution at high momentum igre required to have an invariant mass at least 0.015 &eV/
measured to be 7.8m transverse to the beam directioty( away from the nominaKg mass to remove most of the re-
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mainingKS decays. A set of two neural networks is used toCDC+VXD track fits, a first CDC hit with a radius
suppress light-flavor ydsg background and to select the <39.0 cm, a 2D impact parameter ky<1 cm, and az
charged tracks associated with théxadron decay7]. The distance of closest approach to the 4RL.5 cm. The latter
first neural network takes as input the distance between thﬁrocedure is useful to recover part of the inefficiency of the

IP and the SV, that distance normalized by its error, and th&y finding algorithm forb hadrons decaying close to the IP,
angle between the vertex axis and the total momentum vectg region where the sensitivity IBS oscillations is highest.

Zgglh(tahivéyitvleer;?t( g)r(]i(as igso((j)((ajﬁ\r/]:geis itsh?oltijr;]%j?rini?nzg;ge LF]:The tracks selected with either of the two above procedures
bottom, 28.2% of charm, and 0.41% afis quark hemi- are then used to estimate thdnadron flight direction. This is

spheres in the MC simulation. The second neural networlg.One with a “ghost” track anchored at the IP and initially

improves theb-hadron charge and mass reconstruction b iven an error of 2um. Each of the selected tracks is in-

associating tracks not used in the initial vertexing to the seeffvidually vertexeq V\é'th the g.host track and the sum of the
vertex. For each track, five parameters are taken as input #/0-Prong vertex fity values is cc_)rr;puted._ The direction of
the neural network. The first foumeasured at the point of the ghost track is varied until thig® sum is minimized—
closest approach between the track and the vertey axis with the final dlregtlon representing the best _esUmate of the
the distance of closest approach, the distance between the phadron line of flight. The ghost track error is then scaled
and the point of closest approach along the vertex axis, theuch that the largest single two-prong vertexyfitequals 1.
ratio between that distance and the IP-to-SV distance, and In the second step, the selected tracks are divided into
the angle between the track and the vertex axis. The fiftisubsets defining decay vertices along the ghost track. This is
parameter is the three-dimensional impact parameter normaflone using the following iterative procedure. Initially, the
ized by its error. A~10% inefficiency in full CDC-VXD  probabilities for all two-track ghost track and trackIP
track reconstruction is partly recovered by also includingcandidate vertices are calculated. The vertex with the highest
tracks reconstructed in the VXD alof&/XD-only” tracks ). fit probability is saved and its trac® is (are removed from
Including VXD-only tracks with at least one hit in each of the list of available tracks. If the highest probability vertex is
the three VXD layers reduces the tracking inefficiency toone of the track IP vertices, it defines a new IP vertex. The
~3% for heavy hadron decay products. These tracks arkighest probability vertex then serves as a new candidate
used for vertex charge reconstruction but not for vertex movertex for the next step, where again all combinations of the
mentum or mass reconstruction because of their poor maemaining tracks with the new candidate vertex, with each
mentum resolution. other and the ghost track, and with the IP are formed. This
A sample of 53 702°— b b candidates is then selected process continues until all vertex fit probabilities are lower
by requiring that either hemisphere in the event contain dhan 1%. Asingle IP results from this procedure. All remain-
seed vertex with massl>2 GeV/c?, whereM is partially ~ ing tracks(not incorporated in the IP or a multi-prong vertex
corrected for missing neutral decay produpty The frac-  are then combined with the ghost track to form one-prong

tion of remaining light-flavor events is estimated to be 2.9%vertices. One advantage of this technique is that it allows for
from the simulation. the reconstruction of one-prong decay vertices, which are

fairly common in bothB and D decays. Details about the
ability of this technique to reconstruct the correct number of
IV. CHARGE DIPOLE RECONSTRUCTION AND DECAY vertices can be found in R€fi8].
FLAVOR TAG Hemispheres with exactly two verticéis addition to the

In the last ph f th vsi - ‘ IP) are selected. Thesecondary vertex that is closer to the
n the last phase of the analysis, we aim t0 reconstruciy ¢ 5peled B” and the (tertiary) vertex farther away is

both B andD decay vertices in a given hemisphere. We can,ajoq D ” If the D vertex contains two or more tracks, the

then tag theB® or B decay flavor based on the charge dif- B vertex is further refined by adding a virtul “track” to
ference between these vertices. The charge difference is ethose tracks already attached to Bi@ertex and a new ver-
pected to bet 2 (0) for decays with a chargetheutra) D tex fit is performed. Th® track is formed using thB vertex
meson. This charge dipole method relies on the fact that thposition and the net momentum direction of tBevertex
B and cascad® flight directions are very nearly co-linear tracks. The error matrix of thB track is scaled as a function
and theB andD decay points are separated along the flightof the D vertex mass to partially account for the fact that the
direction. The final vertex reconstruction is carried out sepab meson is not fully reconstructed.
rately for each event hemisphere and proceeds in two steps. The vertices must satisfy a series of criteria to guarantee
In the first step, thé-hadron flight direction is determined that theB andD vertices are well separated and well recon-
using a set of tracks selected by one of two different procestructed: theB vertex is downstream from the IP and has a
dures. The main track selection procedure uses the set o&dius<2.2 cm, the distance between tBeand D vertices
tracks (including VXD-only track$ associated with a seed (Lgp) satisfies 25Qum<Lgp<1 cm, theD vertex mass is
vertex. An alternative procedure is used if no SV is found insmaller than 2.0 Ge\¢? (assuming all tracks are pionshe
the hemispherérepresenting 15% of the decays in the final ghost track error is smaller than 3@0n, and the cosine of
sampl@. In this case, tracks are required to have eith  the angle between the nearest jet axis direction and the
VXD hits andp, >250 MeV/c, or=2 VXD hits,=23 CDC  straight line connecting the IP and th&evertex is greater
hits, p, >250 MeV/c, a xy?/DOF<8 for both CDC and than 0.9. For purposes of flavor taggiteee below, the B
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tiplicity and separation show that the simulation reproduces
the data wellisee Ref[5]).

The proper time is computed using the measured decay
length L and momentump of the BY candidate, T
=Lmg/pc. The decay length is defined as the distance be-
tween the IP and thB vertex. In the particular case 8fand
D vertices both containing just one tra@lepresenting 17%
of the final samplg the B decay length is reconstructed by
averaging those decay lengths obtained from the ghost
track+ B track vertex and th@® track+ D track vertex. The
decay length residuals for correctljncorrectly taggeng
— DX decays containing three or more tracks can be de-

L scribed by the sum of a core Gaussian with a widthoof
e 0E oo o e o =78 um (109 um) and a tail Gaussian with a width of,
=304 um (584 um), where the fraction of events in the
core Gaussian is 60%. The momentum of #Jecandidate is

FIG. 1. Distribution of the charge dipole for datpoints and  yeconstructed with an optimized average of two different
Monte Carlo eventgsolid histogram Also shown are the contribu-  jethods. The first methdd.0] starts with tracks associated
tions from hadrons containingtaquark (dashed histograjror ab with the decay and iteratively adds high energf (
quark (dotted histogram >3 GeV) neutral clustergfrom the electromagnetic calo-

h , it imeten close to theB vertex line of flight, until the invariant
and D vertex charges are required to be different. Several, <5 of the decay products is close to Bneass. The sec-

cuts are applied to enhance ﬁ&p“”% and further improve  onq method[11] does not use calorimeter information but
the quality of the reconstruction fds candidates: the net relies on the associated tracks and the amount of missing
chargeQq,; of all tracks associated with the decay chain istransverse momentum to estimate #8enomentum. A pa-
required to be zero and neither vertex may contain a VXDrametrization with the sum of two Gaussians yields a 60%
only track withp, >4 GeV/c to make sure that the charge is core width of 0,/p=0.07 and a 40% tail width ofr,/p
reliably reconstructed. Finally8$ decays are suppressed by —(.21 for selected? decays.

vetoing decays includin®* * candidates. To this end, a veto

is applied if slow pion candidates in eithBror D vertices

haye amD i — D ,ix masc,)s dif(')ference !ess thgr} 0.16 Ge¥/ V. PRODUCTION ELAVOR TAG

This veto reduces th8; (B,) selection efficiency by 5% o _ _ .
(13%) and results in B purity increase of 5%. For all data _ TheB flavor at production is determined with a combina-
and MC events, we remove hemispheres already containingtin of six tags: polarized forward-backward asymmetry, jet
vertex selected in two complementary analyses, one wit§harge, vertex charge, charge dipole, lepton and kaon tags,
fully reconstructedD, [9] and the other with a leptonD where all but the first are comk_)med in an “opposite hemi-
vertex. Such a removal is necessary to avoid statistical cogPhere charge” tag using a series of neural networks. For a
relations and facilitate the combination of results from dif-detailed description of the polarized forward-backward
ferent analyses. asymmetryArg see Ref[4]. Briefly, left- (right-) polarized

After applying all the above cuts, a sample of 11 462 deelectrons tad (b) quarks in the forward hemisphere, aind
cays remains. The sample composition is 15.8% 57.2%  (b) quarks in the backward hemisphere. Averaged over the
BY, 15.9%B2, 10.1%b baryon, and 1.1%dsG as deter- acceptance, this yields a mistag probability of 28% for our
mined from the simulation. The decay flavor is determinedaverage electron beam polarizationRyf=73%. The oppo-
by the sign of a vertex charge dipole defined 89  site hemisphere charge tag employs tracks and topological
=LgpXSIGN(Qp—Qg), whereQg (Qp) is the charge of vertices reconstructed in the hemisphere opposite that of the

the B (D) vertex. Positive(negativé values of 5Q tag B° B‘s’ decay candidate. The available tags arethe jet charge
(B decays. Figure 1 shows the charge dipole distributiorj2d, Where tracks are used to form a momentum-weighted
for the data sample and also indicates the separation betwelgCk charge suni4], (i) the total charge of tracks and
hadrons containind or b quarks in the simulation. The f:hargg d|pole of &-hadron degaymn) th? charge of a kaon
mistag probability for seIecteng (Bg) decays is 22% identified in the Cherenkov Ring Imaging Detector and as-

. : : . iated with ab-hadron d if th k [
(24%), as determined from the simulation. The mistag probSOCIae N adron decay(if more than one kaon is

. found, the total kaon charge is ugednd(iv) the charge of a
ability depends on the charm content of the decay prOdUCtsfepton originating from ab-hadron decay. These tags are
For example, the mistag probability is only 10% fBE

- combined using a series of neural networks to form an over-
—DgX decays K represents any state without charbut g production flavor tag characterized bypauark probabil-

46% for BY decays proceeding throughba- ccs transition,  ity. The neural networks take into account correlations be-
where the latter category accounts for 24% of the selectetiveen the different tags as well as vertex charge, mass and
Bg decays. Detailed studies 8fandD vertex charge, mul- decay length dependencies. The corresponding average

¢ SLD Data
— MC
---MCb

1500 -

Entries / 0.05 cm

1000 |-

500 -

Charge Dipole (cm)
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mistag rate is 29%. Finally, the result is analytically com-flavor tag purity. The combined tag is 100% efficient. Figure

bined with the independebtquark probability from the\rg 2 shows theb-quark probability distributions for data and
tag. The overall average mistag probability is 22% but théVIC as selected in this analysis. It indicates a clear separation
information is used on an event-by-event basis, so that hetweenb andb guarks and good agreement between data
significant fraction of the events have a very high productionand simulation.

VI. FIT METHOD AND RESULTS

Decays are tagged as mixathmixed if the production and decay flavor tags disagt@gree. The probability for a decay
to be in the mixed sample is expressed as

eft/Tu eft/Td 5
Prixedt,Amg) =1,

[wP(1-w2) +(1-wP)wd]+ fz—" 2, gad(1-Wgo(1+[2w"~ 1cosAmq)

u

f —tl7g 5
+wh(1—[2wP—1]cosAmgt)] +§S - (2 gsd(1—W5) (1+[2wP—1]cosAmt)
=

S

_t/Tbry f d
[WP(1=Wory) + (1= WWRy ]+ —=Fyqsdt), 1)

+WE(1-[2wP—1]cosAmgt)] | + fiy

bry

where f; represents the fraction of eathhadron type and applies to the unmixed probability,,mixeqs- Each term of
background {=u, d, s, bry, andudsccorrespond t@*, the probability density function is divided by a normalization
B3, B, b baryon, andudsc backgroundi F,gs(t) de- factor given byfg° P{Pmixect Punmixedd T, Which accounts
scribes the proper time distribution of thelscbackground, for the limited range of reconstructed proper time considered
7, is the lifetime forb hadrons of typejz, wP is the production  in this analysis. The resplution function is parametrizeq by
flavor mistag probabilityw? andwbr are the decay flavor the sum of two Gaussian and two Novosibirsk functions
mistag probabilities foB™ andb baryons w5, andwb, are [12],
the decay flavor mistag probabilities fB@ and B0 with the

index k=1, ...,5 representing five different decay final +0.24fFgausd Tot; 02 1)
states DX, D*X, DX, charmed baryoiX, and final states
resulting from ab—ccs transition, and Oak (gsi) is the
fraction of B3 (BY) decays into each of the above final states. +0.16 fyoyo( T ;072 11 ,0). 2
A similar expression for the probabilit},,mixeqto Observe a

R(T,1)=0.36 fgaysd T,t; 0% )

+0.24 Fyopo( Tot; 02 e, 0)

decay tagged as unmixed is obtained by replacing the pro- § 500 « SLD Data
duction flavor mistag rata/” by (1—wP). S

The quantities in Eq(l) are determined on an event-by- 8 L
event basis. The fractiorfg depend on the anglé; between g 4001

the event thrust axis and the beam direction to account for I
the decrease in th®,,; reconstruction purity at higfcosé,|. 300|
The mistag probabilityv” depends on cog, P., and the ;
opposite hemisphere charge neural network output. The

mistag probabilitiess/v}Dk depend on the reconstructed decay 200
length in order to take into account the degradation of the
charge dipole tag close to the IP. This effect is rather weak
for By, BY andb-baryon decays but it is significant f@&"
decays. Finally, the decay final state fractiggg andg, are

100

parametrized as a function . o N E N B
Detector and vertex selection effects are introduced by 0 02 04 06 08 1
including a time-dependent efficiency functie(t) and con- b-quark Probability

volving the above probability density functions with a proper  FIG. 2. Distribution of the computel-quark probability at pro-
time resolution function  R(T,t):Pmixed T,Amy) duction for data(pointy and Monte Carlo eventghistogram}

= [0 Pmixedt,AM)R(T,t)e(t)dt, wheret is the “true”  showing theb andb componentgdashed and dotted histograms,
time andT is the reconstructed time. A similar expression respectively.
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[SLD CHARGE DIPOLE | The measured values are consistent withO for the whole
E 1 range ofAmg up to 25 ps?. A signal fong mixing, corre-
sponding to an amplitude gf=1, is ruled out for two re-
gions of Amg in the lower half of this range, wher&

+1.6457,<1.

As a check of the analysis, we performed a fit for Bﬁa
oscillation frequency and found a value afmy=0.537
+0.030(stat) ps?, in agreement with the world average
value of Amy=0.489+0.008 ps?! [14]. Conversely, fitting
for the BS oscillation amplitude at a value ofAmy
EE Data+ 1645 \ =0.489 ps! yields A=0.956+0.065, a value consistent
-4} 3 Data 1,645  (stat only) K with unity as expected for a signal. Furthermore, the charge

+ Datat1lc

Amplitude

dipole mistag rate is measured directly from the dataBﬁ)r
andB* decays and found to agree with MC values within
s T T T e T T T e s uncertaintiegsee next sectionTo test the charge dipole tag
Am, (psh for Bg decays, we select semileptonic decay candidates
tagged as mixed and withi<2 ps to obtain a subsample
with a Bg purity of 28%. The charge dipole tag is found to
agree with the charge of the lepton in (93)% of the cases
in the data, to be compared with (24.)% in the simulation.

FIG. 3. MeasuredB? oscillation amplitude as a function of
Amg. The light-gray(dark-gray band is the 90% confidence level
allowed region obtained using statisti¢aital) uncertainties. Values
of Amg for which the band is belowA=1 are excluded at the
one-sided 95% confidence level.

- VIl. SYSTEMATICS
The proper time resolution is a function of proper time

that depends op, o, ando , Systematic uncertainties have been computed following

Ref. [13] and are summarized in Table | for severan,
values. The systematic uncertainty takes into account both

G (TiLmB z cr{J 2|12 the change in the measured amplitude and in its error
ol(t)= +{t— ; (3)
pc p
o_uar_o_nom
where the index=1 (i=2) corresponds to the coi¢ail) Uzyst:Avar_Anom+(1_Anon1) A A ’ @)
component of the decay length resolution and the inplex ap’"

=1 (j=2) corresponds to the cofgail) component of the
relative momentum resolution. Slight offsets in the decay,nere Anom (o"°™ is the nominal amplitudeerron and
length reconstruction are modeled by the time-dependent p A

rametersu; and u,, whereas an asymmetric tail is modeled variation of the parameters of the likelihood function. It

by the tlme-depen_den_t parameterFor each decay, t_he de- should be noted that the statistical uncertainty dominates for
cay length resolution is computed from the vertex fit and IP Il the Am. values considered
s :

position measurement errors, with a scale factor determine%
using the MC simulatior(scale factors for correctly tagged TABLE I. Measured values of the oscillation amplitudlevith a

decays are typically-1.0 for the core an_d~ 2.0 for the tail breakdown of the main systematic uncertainties for sevaral
components The momentum resolution is parametrized as g 4 es.

function of the total track energy in each decay, with param-

Rvar (o423 is the amplitudeierron obtained for a particular

eters extracted from the MC simulation. The efficiergy) Amg 10 pst 15 pst 20 pst
is also parametrized using the MC simulation. All parametri
zations are performed separately for ehefadron type and Measured amplitudé —-0.517 0.438 0.854
for right and wrong charge dipole tags. As a consequencera" +0.666 ~ +1.000  *1.529
different resolution functions are used for final states conoy’* o Foaea e
taining one or two charm hadrons. B(bHB—O) ;0423 ;0449 0104
The study of the time dependenceRff mixing is carried (b bsb 40028 0004 0,041
out using the amplitude methdd3]. A likelihood fit to the ~ S(P—P baryon) ~0.025 0031 ~0.039
proper time distribution of mixed and unmixed events is per-udscfraction L0008 0000 002
formed to determine the oscillation amplitudeat fixed val-  Decay length resolution by * 8005 1005
ues of Amg. That is, in the expression for the mixed and pomentum resolution 0042 0024 +0.0%6
unmixed probabilities, one replacg$* cos@md)] with [1 Resolution function 40115 40416 40,099
+ A cos@Amy)] and fits forA. This method is similar to Fou- ~0.189 ~0.095 ~0.140
rier transform analysis and has been tested extensively witRroduction flavor tag oo Myt MR
simulated samples generated at several different values @fecay flavor tag 0058 +0.068 0138

Amg. The measured amplitude spectrum is shown in Fig. 3
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Uncertainties in the sample composition are estimated byhe B andB™ mistag probabilities in the measured dipole-
varying the fraction oudscbackground by+20% and the tagged forward-backward asymmetry and the fraction of
production fractions ofBg and b baryons according to mixed decays as a function of proper time. These fits confirm
0.100+0.012 and 0.099 0.017, respectively15]. Since the that the mistag rate foB) andB* decays is correctly mod-
BY purity is one of the most important parameters in theeled in the simulation. To account for a possible deviation
analysis, we also varied tH&) andB* branching fractions from SU3) flavor symmetry, an additional 7% uncertainty is
to the five decay final stateDfX, D*X, DX, charmed assigned taBY decays. This value is obtained assuming an

baryonX, andccsX) by twice the uncertainty given in Ref. additional 20% uncertainty in the branching fraction Bf
[14]. The corresponding branching fractions Bg decays decays proceeding via @—ccs transition (since these
are varied by+20% to account for possible deviations due dominate the mistag rate

to SU(3) flavor breaking. Furthermore, charge reconstruction Including the systematic uncertainties, the following
uncertainties are evaluated from comparisons between datanges oiBg oscillation frequencies are excluded at the 95%
and MC simulation, especially relying on self-calibration C.L.: Am<4.9 ps ! and 7.9<Am,<10.3 ps . Thatis, the
tests detailed in Ref[7]. To account for all uncertainties conditionA+1.645,<1 is satisfied for thosa m, values.
described above, we vary ttBﬁ purity by £13.1%. As a The sensitivity to set a 95% C.L. lower limit, defined as the
cross-check of the fraction dB? mesons in the selected Amg value below which 1.645,<1, is found to be
sample, we fit forf with a y? fit to the fraction of mixed 8.7 ps*.

decays as a function of proper time. A value of 0.159

+0.018 is obtained, consistent with the MC value of 0.159.

Other physics modeling uncertainties, which are due to un- VIIl. CONCLUSIONS
certainties in thé-hadron lifetimes andmy [15], are found -
to be negligible. We have performed a search fBE—Bg oscillations using

Uncertainties in the modeling of the detector includea sample of 400000 hadroni#® decays collected by the
+7% and=x10% variations in decay length and momentumSLD experiment. The cascade structurebeiadron decays
resolutions, respectively. The decay length resolution uncelis reconstructed and th@ flavor at decay is tagged with a
tainty is determined from 3-prong decay vertices in the novel charge dipole technique that relies heavily on the ex-
data and the momentum resolution is confirmed to withincellent resolution of the CCD pixel vertex detector. TRe
10% by comparing the width of the energy distribution in theflavor at production is tagged using the polarized electron
data with that expected frotmquark fragmentatiofill]. The  beam as well as track and vertex information from the hemi-
systematic uncertainty due to the particular choice of propegphere opposite that of tf&f candidate. With a final sample
time resolution function is evaluated by varying core frac-of 11462 decays, we achieve a sensitivity of 8.7 jpand
tions and offset corrections. exclude the following values of tH? oscillation frequency:

The production flavor tag systematic error accounts foram <4.9 ps' and 7.9<Am,<10.3 ps ! at the 95% C.L.
the uncertainties in the forward-backward asymmetry and Combining these results with those obtained from a
opposite hemisphere charge tags. Dominant uncertainties femple of fully reconstructe® mesong9] yields a com-
the forward-backward asymmetry tag are the electron bealgineq SLD sensitivity of 11.1 ps and exclude®? oscilla-
polarizationP,=0.73 0.02 and the parity-violating param-  qn frequencies<10.7 ps? at the 95% C.L. This result
eter A,=0.935-0.040. The uncertainty in the opposite confirms previous studies performed by the ALEPH, CDF,

hemisphere charge tag is extracted from events in which botB | pH| and OPAL CollaborationL6], and is among one
hemispheres have such a tag. These double-tagged evegisine most sensitive to date.

provide a direct measurement of the average mistag rate,
which agrees very well with the MC value and has an uncer-
tainty of 0.008. The total uncertainty in the average produc-
tion flavor mistag probability is estimated to be 0.008. Fur-
thermore, we allow for a deviation in the shape of the We thank the personnel of the SLAC accelerator depart-
b-quark probability distribution for the data. The correspond-ment and the technical staffs of our collaborating institutions
ing uncertainty is dominated by a 7% uncertainty in thefor their outstanding efforts. This work was supported by the
slope of theb-quark probability as a function of opposite Department of Energy, the National Science Foundation, the
hemisphere charge neural network output, as extracted frommstituto Nazionale di Fisica of Italy, the Japan-US Coopera-
double-tagged events in the data. tive Research Project on High Energy Physics, and the Par-

The decay flavor mistag probability is varied fy7 % for  ticle Physics and Astronomy Research Council of the United
all b hadrons. This uncertainty is determined froehfits to  Kingdom.
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