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A search forB?-E? oscillations is performed in a sample Bf semileptonic decays collected using
dilepton triggers at the Tevatron Collider during 1992—-1995. Bpés reconstructed using meson-
lepton correlations; its initial production flavor is determined with the second lepton in the event. From
a signal of 1068 with aB° purity of 61%, we obtain a limit on th&’-B. oscillation frequency of
Amg; > 5.8 ps! at 95% confidence level. [S0031-9007(99)09005-5]

PACS numbers: 14.40.Nd, 13.20.He

The frequency of oscillatory transitions betwe®§ the standard modelAm, is related to the Cabibbo-
and B, is proportional to the mass_doifferencAms Kobayashi-Maskawa matrix elemeif, by a second-
between the mass eigenstates of BfeB, system. In order weak interaction box diagram involving the top
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quark. A measurement afm,, together with theB?-B" 300
oscillation frequencyAm,, which is a function ofV,,, - T
could provide a reliable determination |0, /V,4|. Amy i ]
is well measured [1], but there is no direct measurement
of Amy yet. A combination of the CERN Large Electron-
Positron Collider (LEP) searches gives a 95% confidence
level limit of Am, > 9.1 ps’! [1]. In this Letter, we
report a limit onAm; using decays oB? — ¢£* X v with
the initial BY flavor determined by an opposite side lepton.
The data used in this analysis were collected with the CDF
detector at the Fermilab Tevatrgrp collider at a center-
of-mass energy,/s = 1.8 TeV during the 1992-1995
collider run and correspond to an integrated luminosity
of 110 pb~!. Dilepton triggers [2] were used to select a
sample of events with two leptong{u or w-e). L .
The reconstruction oBY signals starts with a ¢ pair ol— P P - P
from the decayB? — D, ¢*Xv — ¢{"Xv. Through- 0.990 1.010 1.030 1.050
out this Letter, charge conjugate modes are always M(KK)  (GeV/c)
implied. The (f)€ pair is required to have an invariant FIG. 1. Invariant mass of K"K~ for events pass-
mass in the range2.0 < mg¢ < 5.0 GeV/c? and a ing selection cuts. The¢ signal region is defined as
Comblned momentum transverse to the beam ||ne 0?10105_10293) GeV/Cz and the two sideband rzeg|0ns as
pr(¢€) > 5 GeV/e. The lepton is required to have 0.9900—1.0000) GeV/c? and(1.0450—1.0600) GeV/c?.
a transverse momentunpr(f) > 2.0 GeV/c and a
P! > 1.0 GeV/c, where p¥' is the component of the
lepton momentum transverse to the axis of tBejet Most of the 10684 ¢ pairs result from semileptonic de-
reconstructed using a track-based jet clustering algocays ofBY. The fractions ofp ¢ pairs fromB) — D (v —
rithm. In the calculation the lepton is taken out of ¢¢, B — D{v — ¢¢, and B* — D{v — ¢{ (where
the B jet. The ¢ meson is reconstructed from the D = D%, D*0* D*0+ pDO*70+) are calculated to be
decay ¢ — K"K, where each kaon track is required (61.0 = 4.4)%, (24.5 + 3.3)%, and (14.5 + 2.1)%, re-
to be within a cone ofAR = /(An)> + (A@)*> < 1.0  spectively, using their production rates and detection ef-
centered on the lepton direction [3] and to haveficiencies. The detection efficiencies [4] are determined
pr > 1.0 GeV/c. The specific ionization energy loss from Monte Carlo (MC) calculations. The inclusivg
(dE/dx) measurements for each kaon track is requiregproduction ratios from charm mesons are calculated fol-
to be consistent with the expected value. The two kaonkwing Ref. [5]. Theb-quark fragmentation fractions and
are constrained to form theé decay vertex. We require BY, B°, and B* semileptonic decay branching ratios are
pr(¢d) > 2.7 GeV/c and the ¢ vertex fit confidence obtained from the world averages [6,7]. The contribution
level greater than 1%. An extra charged track must  from B°(B*) — DD, — ¢{ is estimated to bé&5 * 1)%
accompany thep{* pair in a cone ofAR < 1.0 and in a similar way [4,8] but is treated as an additional er-
is required to satisfyl.0 < mg,- < 2.0 GeV/c? and ror on the sample composition. Pairs franiD;) — ¢,
mgn-¢+ < 5 GeV/c?, consistent with the kinematics for b — ¢B — ¢{, B(B)) — ¢ D(D,)X — ¢, gluon split-
the D, and BY decay modes. If there is more thanting ¢ — bb with b — ¢, andb — ¢, b-baryon decays
one h~ candidate, we choose the one with the largesaind fake leptons are negligible after invariant mass and
momentum projection onto the direction of tile The  momentum cuts. Finally, the, semileptonic decay events
charged trackx~ and neutral¢ are fit to a common fraction in ¢ ¢ pairs is taken agg = 61.0733%.
D; decay vertex; the fit confidence level is required The decay length of theés¥ in the transverse plane,
to be greater than 1%, and the transverse decay length,,, is defined as the transverse distance betweeBthe
measured from the primary vertex to the decay vertex islecay vertex and the primary vertex. The decay length
required to be positive. The run-averaged beam positiois related to the Lorentz-invariant proper decay timay
is used to define the primary vertex in the transverse = L,,M/pr(B?), whereM is the B? mass andpr(B?)
plane. TheD; candidate and lepton track are thenis the transverse momentum &. Since we do not
fit to a commonBY vertex. The number ofp¢ pairs fully reconstruct theB in the semileptonic decay, we
passing our cuts is determined from a fit to tié K+ use the momentum sum gfr(¢ph€) as an estimate of
invariant mass distribution with the signal described byp7(B?). A scale factor betweempr(¢ht) and pr(B?)
a Breit-Wigner function convoluted with a Gaussianis obtained from MC simulation. The momentum ratio
resolution function and a polynomial background. ThekK = pr(¢hf)/pr(BY) has a mean of 0.76 and standard
fit is shown in Fig. 1 and yields a signal #6068 = 70.  deviation of 0.14.

200

Events / 1 MeV/c?

100
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The flavor of theBY meson at production is determined
by the second leptort,,,, which is expected to originate
from a semileptonic decay of the otherhadron in the
event. We requiré,, to be outside a cone &R = 2.0
around the lepton in the ¢ pair, and to haver({,g) >
2.0 GeV/c. The combination of the flavor tagging lepton
and theg is required to haven(€,.¢€) > 5 GeV/c?.
We call €7¢;, (€ €,,) a same sign (SS) event and
€€, (£7€,) an opposite sign (OS) event.

The probability for a perfectly flavor tagged?
to decay at a proper timeg as a SS (OS) event,

0
P§§<05) = L exp(—1/7)[1 F codAm,z)], is convoluted
with a Gaussian resolution function and a momentum - E
resolution function derived from thE€-factor distribution. - ]
Mistakes in flavor tagging, due to fake leptons, leptons —40 ‘ ‘
from sequential decayis — ¢ — ¢, andb-hadron mixing 0 5 10 15
are characterized by the mistag ratgis.s, defined as Am,  (ps™)
the probability of assigning a wrong correlation. We findgig 2. Distributions of likelihood value £ (Am,) relative

Rmisag = 0.24 = 0.08 from an unbinned likelihood fit to  to infinity (Am, = «). The solid line is the likelihood scanning
the SS (OS) fraction distributions of tlfef data. Inthefit, results from thep¢ data. The open circles with error bars are

Am; is a fixed value in the range of theoretical expectationthe expected values and errors estimated from MC experiments

(>10 ps!). The fit Of Ristag IS found to be independent gen}g&ated with giver m Ivallues(.:i E;{]i soIid(Adots) are the 95%
) ‘ , . confidence contours calculate o ect(Amg) + 1.645 -
of the assumed value dm;, since the SS (OS) fraction o(AL*(Am,)). Values of Am, with Aﬁp‘”(Ams) above the

is insensitive to the fasB?-BQ oscillations. WithRmismg, 95% confidence contours are excluded.
the probability for aB? to be a SS (OS) candidate becomes
0

B
Foioc) = (I = Rumistae) P + Rumistag P . The _

SS(IO S) . t.mlstdgf O‘;)S(OS; B+ H;Z;%g OS(SS(; P spectrum. We rewrite the probabilities for a SS (OS)
anajogous functions an » Fss(os) ANAFss0s):  gyent by adding an extra oscillation amplitud@(Am,),
are calculated by replacingm, with Am,; and a zero B

! ] _
oscillation frequency, respectively. The combinatorial”ssos) = 27 @xp(—1/7)[1 = A(Am,) codAm,r)]. The
background fraction of events under the"k~ mass Procedure is to measure the amplitud®(Am;) and its

peak, foig, is estimated from the mass fit. The fraction Gaussian error a(Am) at each assumednm;,. If the

of same sign events in this backgrountS,, is esti- assumed\m, equals the true value, a measurement con-
o) ) ; L _ . P

mated from the same-sign fraction found in the masé'Steni \év'thAA | 1 'Z expect%d, othle:ngeﬁtl 9509 IS

sidebands. The lifetime distribution of the backgroundSXPECted. A value o, can be excluded at 95% con-

is determined by fitting the mass sideband events to th dencfe Ieve\z/liﬂl ¥ §01ﬂ2< I,thereg — 1,645 satis-
function Fp,, @ sum of a Gaussian distribution centered''®S J2(1/v2m) exp(—5x%) dx = 0.95. The amplitude

at zero, symmetric positive and negative exponentiaYalueS and errors together with the 95% confidence limit
tails, and a positive decay exponential that characterize&2NtoUurs, A + 1.6450 2, are displayed in Fig. 3. The
the heavy flavor component of the background. Fi-nighestAm, value below which all values are excluded
nally, the functional forms describing the SS and Osmt:aa::c?;r/?t g?l?;lgﬁg(s:?atlii\{iiglﬁeﬁéf 6.2 ps™ taking
events areFss = (1 — F& + oceFore and : 55 .
Fow — (1 — fss )F(B +f;kg)(lss_ fs{;m;ggbkg bkivhere The systematic error onA, .a}yf, is estimated by
‘;S bkg/T0S oke bl;go bk - varying the parameters in the fitting functions using the
Fss0s) IS a weighted sum of s5os), Fss(os) dFssios)  prescription of Ref. [9:0 = AA + (1 — A)2Z2,
using the sample composition fractions ko, fpe,  whereAA and Ao are changes in the amplitude and

Likelihood

andfp-. o its error between the new fit and the fit using nominal
The solid line |nNF|g. 2 shows tk}]ve log-likelihood func- parameter values. The! fraction f and the mistag rate
tion —InL = —>.2In(Fos) — 2,21 In(Fss) obtained  Ryse are each varied by one standard deviation and are

from the ¢ ¢ data over a range oAm, values. Since the two biggest contributions to the systematic error. The
—InL has no statistically significant minimum, we set amass differenceAm, and theB?, B°, and B* lifetimes
lower limit on Am,. The lower limit onAm; is defined are varied by their Particle Data Group errors [1]. The
as the highesAm; value below which all values aim;  combinatorial background fraction and shape are varied
are excluded. To set the limit, we use the amplitude fitabout their fitted values and parameters by one standard
method [9], in which one looks for a peak in the frequencydeviation. Uncertainty on the lepton trigger parametriza-
spectrum rather than for an oscillation in the proper timetion is estimated using different lepton momentum
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Amplitude

—4 | |
5 , 10
(ps™)

FIG. 3. Measured amplitude as a functionff:;. The dots

Am,

with error bars are the fitted amplitudes and their statistical

errors. The dot-dashed line corresponds b + 1.6450 4
with statistical uncertainties, while the solid line includes the
contribution from systematic uncertainties. The valuea of;

for which the solid line is less than 1 are excluded at 95%

confidence level.

thresholds in theK-factor calculation. Uncertainties on

functional forms of background and resolution functions 5
The
total systematic error is the sum in quadrature of all

are estimated using alternative functional forms.

systematic errors obtained. A limit dfm, > 5.8 ps!
is obtained with systematic errors included.

A likelihood comparison method [9] is employed
as a systematic check. The likelihood,L “(Amy) =
=2In[ L (Amy)/ L ()], is expected to have a Gauss-
ian distribution whose expected valukLZ . (Amy)
and error (AL *(Am,)) are estimated using MC.
Any value of Am; is excluded at 95% confi-
dence level if ALgu(Amg) > ALZ ((Amy) +
1.6450 (AL *(Amy)). The obtained limit of Am; >
6.0 ps!, as shown in Fig. 2, is in good agreement with
the amplitude result.

In conclusion, using a signal of 10680 — ¢{ Xv

decays with aBY purity of 61% and an opposite side

lepton flavor tagging method, we performed a search for

BE-E? oscillations. We obtain a 95% confidence level
limit on the oscillation frequencym, > 6.2 ps~! with
statistical error only andm, > 5.8 ps~! with statistical
and systematic errors combined.
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