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The lifetime of theB2 meson is measured using the semileptonic d&%y Ds|*vX. The data sample
consists of about 110 pB of pﬁcollisions atys=1.8 TeV collected by the CDF detector at Fermilab. Four
differentD 5 decay modes are reconstructed resulting in approximateyDg00 signal events. Tth meson
lifetime is determined to be(BY) =(1.36-0.09"309 ps, where the first and second uncertainties are statis-
tical and systematic, respectively. TB§ meson decay length distribution is examined for a lifetime difference
AT/T between the two mass eigenstates of Iﬂ@emeson. An upper limit oAI'/['<0.83 is set at the 95%
confidence level[S0556-282(99)01103-7

PACS numbgs): 14.40.Nd, 13.20.He, 13.25.Hw

I. INTRODUCTION sons, such differences have been observed to be quite large
[7(D*)/7(D%~2.5] [1]. Among bottom hadrons, the life-
The lifetime differences between different bottom fla- time differences are expected to be smaller due to the heavier
vored hadrons probB decay mechanisms which are beyond pottom quark masg2,3]. Some QCD inspired models based
the simple quark spectator model. In the case of charm meyn the heavy quark expansid@] predict a difference be-
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tween theB* and B° meson lifetimes of about 5% but ex- with a fit to two exponential lifetimes. The data sample con-
pect theB® and Bg lifetimes to differ by no more than 1%. sijsts of approximately 110 pB of pﬁ collisions at \/§
Although some assumptions in RE2] have been questioned =1.8 TeV collected with the CDF detector during Run |. Of
in Ref. [3], there is agreement that the models expect a difthis, approximately 20 pb* were collected during the 1992-
ference between thB® and B lifetimes of less than about 1993 running period, while about 90 pb were accumu-
1%. These predictions are consistent with previous results dated during the 1994-1996 run of the Fermilab Tevatron
theB® andB™ meson lifetimes, as well as receB@ lifetime  Collider. The result presented in this paper supersedes CDF’s
measurementsl,4,5]. previous measurement of tlﬁ lifetime using semileptonic

In the standard moddl6], the B meson exists in two B2 decays[5]. That publication was based on 20 Pbof

CP-conjugate stategB2)=|bs) and |BY)=|bs). The two data and reconstructed tlizg meson in the¢w~ decay

mass eigenstates of tB2 mesonBY andB5(H= “heavy”  mode only.
andL= “light” ), are notCP eigenstates but are mixtures of ~ The outline of this article is as follows: After a short
the two CP-conjugate quark states: description of the CDF detector in Sec. Il, the selection of
the Dgl™ candidates is detailed in Sec. Ill. The determina-
IBYY=p|BY—q|BY, |B5)=p|BY+q|BY), tion of the BY lifetime is the topic of Sec. IV. We describe

) 2 2 the search for a lifetime differencel’/T" in Sec. V and offer
with p°+g°=1. (1)  oyr conclusions in Sec. VI.

The mass and lifetime differences between Bt and B
can be defined as Il. CDF DETECTOR

ry+Iy, The CDF experiment is a multi-purpose detector designed
Am=my-m,, A=l -y, T=—%5—, 2 {5 study 1.8 TeVpp collisions produced by the Fermilab
Tevatron Collider. The detector has a coordinate system with
wheremy | andI'y | denote the mass and decay width of the z-axis along the proton beam direction, §@xis point-
Bg and Bg_ Unlike in the case of th&° meson, the width ing vertically upwards, and thg-axis pointing horizontally
difference in theB2 system is expected to be larfjg. The- ~ out of the Tevatron ring. Throughout this articie is the
oretical estimates predictI/T" to be on the order of 10%— azimuthal angleg is the polar angle measured from the pro-
20%8,9]. In the Bg system the ratildm/AT is related to ton direction, and is the radius perpendicular to the beam
the ratio of the Cabibbo-Kobayashi-MaskaW@KM) [10] axis. The CDF detector is described in detail elsewh&?g
matrix elements |V pVed/|VisVio|, Which is quite well We summarize here only the detector features most relevant
known, and depends only on QCD corrections within thef© this analysis. _ o
standard moddl9,11]. Currently these QCD corrections are Three devices inside the 1.4 T solenoidal magnetic field
known to next-to-leading order in therl) expansior{9]. A &€ used for the tracking of charged particles: the silicon
measurement oAT would therefore imply a determination Vertex detectofSVX), a set of vertex time projection cham-
of Am and thus a way to infer the existence B§ meson  P€rs(VTX), and the central tracking chambeZTC). The
oscillations, which will ultimately determine the ratio of the SVX [13] consists c_>_f four layers of silicon microstrip detec-
CKM matrix elementsV,y|/|Vid tors located at radii between 2.9 cm and 7.9 cm from the
It is assumed thaB® t?nescgsn.s are produced as an equalinteraction point. It provides spatial measurements irrtige
mixture ofBg and Bg [5] In a search fonT" the Bg meson plane with a track impact parameter resolution of about (13

decay length distribution can be described by a function 019L 40fpr) pum [13], wherepy LS the_ comp_one_nt of _the tr_ack
the form momentump transverse to the-axis (py=psind) given in

GeV/c. The geometric acceptance of the SVX is about 60%
Fty=e THt+e it with T, ,=T+AT/2, 3) as it covers only+25 cm from the nominal interaction point
’ whereas the luminous region of the Tevatron beam has a rms
rather than by just one exponential lifetime'éwhich is the ~ 0f ~30 cm along the beam direction. _
functional form used in the measurement of B&lifetime The VTX, which is located outside the SVX up to a radius
assuming a single lifetime. of 22 cm, reconstructs track segments in theplane and is
used to determine the-position of the primary interaction
vertex with a resolution of about 0.2 cm on average. Sur-
rounding the SVX and VTX is the CTC, located between
A . . Z radii of 30 cm and 132 cm. The CTC is a 3.2 m long cylin-
where_the;tgs_s 'S'e[“'f'ed via Ehe four decay queBS drical drift chamber that contains 84 layers of sense wires
_(’)QS” KETKT,KK™, and ¢ v. We also examine the o6 into nine alternating super-layers of axial and stereo
Bs decay length distribution for a lifetime differenéd'/I"  \ires with a stereo angle of 3°. The outer 54 layers of the
CTC are instrumented to record the specific ionizatiBhdx
of charged particles. The CTC covers the pseudorapidity in-
Throughout the paper references to a specific charge state impfgrval| 7| less than about 1.1, wherg= —In[tan(6/2)]. The
the charge-conjugate state as well. py resolution of the CTC combined with the SVX is

In this paper, we present an update of IB% lifetime
measurement at the Collider Detector at Ferm{l@bF) [5]
using the semileptonic decjayBg—>Dgl*VX (I=e,u),
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o(p7)/pr=[(0.0066%+ (0.00090+)?]*2, with pr measured used for tracking is only efficient for particles withy

in GeV/c. >1.4 GeVk. In the third level of the trigger more stringent
Outside the solenoid are electromagné@&M) and had-  electron and muon selection criteria, which are similar to

ronic (CHA) calorimeters|7|<1.1) that employ a projective those described in the next Sec. Il B, are applied.

tower geometry with a segmentation &f7xA¢~0.1x15°. The reconstruction of th®g— ¢u~ v decay mode is

The sampling medium is composed of scintillators layeredyssed on dimuon trigger data where the level 1 trigger re-

with lead and steel absorbers. A layer of proportional wirey ires two muon candidates be observed in the muon system.
chambers(CES is located near shower maximum in the

. . The second level trigger requires the detection of at least one
CEM and _prowdes a measurement of electromagneu%':.l. track withpr>2 GeV/c to match ing of each muon
shower profiles in both the- andzdirections. candidate. The third level trigger requires that two recon-

The muon detection system has four of its layers of planar ; .
drift chambers(CMU) located beyond the central calorim- structed CTC tracks be matched with two tracks in the muon

eters. To reduce the probability of misidentifying penetratingChambers and the dimuon invariant mass be less than 2.8

2 . .
hadrons as muon candidates in the pseudorapidity regio%ewc . During Run | about 7.5 10" electron trigger events

|71<0.6, four more layers of chambet€MP) are located and about 2.5 1P inclusive muon trigger events were re-

outside the magnet return yoke. To reach these two detector%Ordecj by CDF, while about 1:310° dimuon trigger events

particles produced at the primary interaction vertex with aWith a dimuon invariant mass of less than 2.8 Ge\ere

polar angle of 90° must traverse material totaling 5.4 and S_Aecorded.
pion interaction lengths, respectively. An additional set of

muon chamber$CMX) is located in the pseudorapidity in- B. Lepton identification
terval 0.6<|7/<1.0 to extend the polar acceptance of the The identification of electron candidates reconstructed af-
muon system. ter data collection uses information from both the calorim-
eters and the tracking chambers. The longitudinal shower
IIl. DATA SELECTION profile has to be consistent with an electron shower with a

leakage energy from the CEM into the CHA of less than 4%
In this section, we describe the data selection, which beif one track is pointing to the calorimeter tower or less than
gins with the description of the lepton trigger data sets. Thisi0% if more than one track is pointing to the calorimeter
is followed by a summary of the selection requirementstower. The lateral shower profile of the CEM cluster has to
which are applied to obtain theg|* candidate events used be consistent with that from test beam electrons. Addition-
for the B2 lifetime measurements. At the end of this section,ally, a x> comparison of the CES shower profile with that of
we briefly describe the Monte Carlo simulation of our data.test beam electrons has to resultyifi< 10. For the associa-
tion of a single highp; track with the calorimeter shower
A. Lepton trigger data ba;ed on the position matching at _the CES plane, it _is re-
quired thatr|Ap|<1.5 cm and|Azsing|<3 cm. In addi-
Events containing semileptoni8¢ decays are collected tion, we demand thé&; of the electron candidate recon-
using inclusive electron and muon trigger data as well as atructed offline to be greater than 6 GeV. Electron candidates
data set obtained from a dimuon trigger. CDF uses a thredgrom photon conversion due to detector material are reduced
level trigger system. The first two levels are hardware basegb less than 10% by looking for oppositely charged tracks
triggers, while level 3 is a software trigger based on thewhich have a small opening angle with the electron candi-
offline reconstruction code optimized for computational date.
speed. The reconstruction of muon candidates is described in
At level 1, inclusive electrons are selected by the presencRef. [15]. We compute ay? characterizing the separation
of a single calorimeter tower above a threshold of 6—8 Ge\lbetween the track Segment in the muon chamber and the
depending on run conditions, while inclusive muons reqUireextrapolated CTC track, where the uncertainty in tifs
the presence of a track in the CMU as well as the CMP. Alygriable is dominated by the multiple scattering in the detec-
level 2, both of these triggers demand a charged track withor material. We requirg?<9 in ther -¢ view (CMU, CMP,
pt>7.5 GeVk reconstructed in the-¢ plane of the CTC by gnd CMX) and x2<12 in ther-z view (CMU and CMX).
the central fast trackeiCFT) [14], a hardware track proces- The transverse muon momentum reconstructed off line is
sor, which uses fast timing information from the CTC asrequired to bep;>6 GeVi/c. For the dimuon sample this cut
input. The momentum resolution of the CFT a{p7)/p?  is py>2 GeV/c for each muon candidate. Finally, for opti-
=3.5% with a high efficiency. In the case of the electronmal vertex resolution the electron and muon candidate tracks

trigger, this track has to be matched to a cluster in the elechave to be reconstructed in the SVX detector.
tromagnetic calorimeter with transverse energyt

>8.0 GeV, whereE=E sin g, with E being the energy of
the calorimeter cluster. In the case of the muon trigger, this 3 ) )
track must be matched to a reconstructed track-segment in 1heDs candidates are reconstructed in the decay modes
both the CMU and CMP. At level 3, a computer farm is used () Ds— ¢, ¢—K'K™,

to fully reconstruct the data including three-dimensional (i) Dg—K*°K~, K*°—K*7~,

track reconstruction in the CTC. However, the fast algorithm (i) Dg —K2K ™, K¢—7t7~,

C. Dg selection
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(IV) D§_> (,ZS,LL7 v, ¢_)K+K7 . (a) & wrong sign 200 (b) ) wrong sign

The Dg reconstruction is explained in the next section
with the example of thebw~ decay channel. The othé&rg
decay channel§i)—(iv) are reconstructed in a similar way.
We then describe only the differences in the selection of
these decay§i)—(iv) as compared to thBg — ¢~ decay
mode. The kinematic selection criteria used in this analysis
are optimized by maximizing the quantit¥g/+/Ng+ Ng, 0
whereNg is the predicted number of signal events based on 8 Malsf(m 2[Gev,§']1 ? l‘sMasslﬂ(*oK)z [GeV?;}] 22
Monte Carlo calculationgsee Sec. Il D andNg is the ob- )
served number of background events estimated fronDthe (c) @ wrong sign Po@ @ wrong sign
sideband regiontsee Sec. IV E

-

=3

=
T

n
=l

Candidates / 10 MeV/c®
Candidates / 10 MeV/c?

~
w
T

1. Dg— ¢~ mode

w
=
T

didates / 10 MeV/c?

TheDg— ¢7~ reconstruction starts with a search ir
—K*K™ candidates. We first define a search cone around &
the lepton candidate with a radinsR= /(A 7)?+ (A ¢)? of
0.8. Any two oppositely charged tracks withpt 185 19 2 21 22 ° 1 1025 105 1075
>1.2 GeVk within that cone are assigned the kaon mass Mass (KK) [GeV/e’] Mass (K'K) [GeV/c’]
and combined to form & candidate. Eacl$ candidate is
required to have a mass withihn10 MeV/c? of the world
averagep masg1]. The ¢ candidate is then combined with

another track ofpr>0.8 GeVk inside the cone Wh'Ch has pinations while the shaded histograms show the corresponding
the opposite charge of the leptdwe call this the “right-  «yrong.sign” distributions. In (@) evidence of the decap -
sign” combination. This third track is assigned the pion _, 4.~ s present. The results of the fits described in the text are

mass. To ensure a good decay vertex measurement, tragko superimposed. The mass regions indicated by a dashed line
quality cuts requiring a minimum number of hits in the CTC have not been included in the fits.

are imposed on the tracks forming tbe, candidate. In ad-

dition, each of the tracks forming thgs is required to be  ton energy. This cut eliminates many of the fakg combi-
reconstructed in the SVX with hits in at least three out of thepations from high track multiplicity jets. Finally, the mass of

four silicon layers and thg? of the track fit per SVX hit has theDg!* system is required to be between 3.0 GeA/and

to be less than 6 to reject badly measured tracks. The SaMmey Geve? to be consistent with coming fromlﬁg decay.
track selection requirements are also applied to the lepton In Fig. 1(a) the ¢ invariant mass distribution for the

candidate tracks. “right-sign” Dgl* combinations is displayed. Rg signal

is Igg dsfoeﬂgf '?ggn?it;; nh:(;?(;rr?;tilr?nt%qx :;cég]ntsr:fug;gi of 220+ 21 events is observed from fitting a Gaussian with a
P S " mean of (196&1) MeV/c?> and a width of (10.5

Because of the large Landau tail of the ionization dlstnbu-il_l) MeV/c? plus a straight line to describe the combina-

tion, the 80% truncated mean of the measured charges from . PR
the CTC sense wires is taken as the best estimator of t Eg)nal background. The mass region indicated by a dashed

. ihe has not been included in the fit to avoid contributions
tr_ack dE/_dx. Th‘i probabilitiesP(i), for a track to be con- from Dg decays where particles have been missed such as
sistent vylth thé =e,u, 7, K, or p hypotheses are the.n calcu- the w0 in the decayD s — ¢~ 0. Evidence of the Cabibbo-
lated using the measuredtix value and the predictions for -Ss o I. P h
the assumed particle hypotheses. We define a likelihood ré—ﬁpgrzssded ng@ —}?Tr IS also pdr%sent |r]1 F|g.(§1). The
tio, InK:, 4, for a track being a kaon to be the ratioRfK)  S'29€ ,I'ft” ution showg= — candi ar:es rom wrong-
divided by the sum of the probabilities of all particle hypoth- sign” D™ combinations. Here, no enhancement is seen in

eses. The quantityh?,,, is defined correspondingly. we heDs mats)s rehgion. V\Le all?w mlglt:plebrr‘_ comk;inati(;)ns b
require the likelihood ratioslh,4>0.01 and Ih7q, per event but the number of multiple entries is found to be

less than 1% of the total number of combinations. This is
=0.01. Iso th for thBz —K*OK~ andK2K - d d
Since theg has spin 1 and both tHeg and#~ are spin aiso the case for thes — andRs ecay modes.

0, the helicity anglel, which is the angle between the™
andDg directions in thep rest frame, exhibits a distribution
dN/d(cos¥)~cogW. A cut|cos¥|>0.4 is therefore applied For the Dg —K*°K~ decay mode withK*°—K* 7™,

to suppress the combinatorial background, which is found tqve assign the&* and 7~ masses to two oppositely charged
be flat in the co¥ distribution. We also apply an isolation tracks found in the cone dfiR<0.8 around the lepton. To
cut E¥pr(¢7~)<1.0 on theDg candidate, wher€:°is  reflect the different decay kinematics of the °—K™* 7~
the sum of the transverse energy within a cone of radius 0.decay compared to¢p—K*K™, we require pr(K™)

in 5-¢ space around the lepton candidate, excluding the lep>1.2 GeVk andp(7~)>0.4 GeVt. EachK*? candidate

Candidates / 2 MeV/c?

N
W
——

-

FIG. 1. Invariant mass distributions ¢&) Dg— ¢7~, (b) Dg
—K*%K™, () Dg—KIXK™, and (d ¢—K'K~ from Dg
— ¢u~ v. The dots with error bars are for “right-signDg1 ™ com-

2. Dg—K*%K~ mode
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is required to have a mass within40 MeV/c? of the world ~ didate. There is an ambiguity in the assignment of one of the
averageK*® mass[1]. To further reduce the high combina- two muons to a foundp—K"K™ candidate. One of the
torial background in this decay channel, we tighten the hemuons comes from thBg semileptonic decayyp_) while
licity cut to [cos¥|>0.5 and introduce a track based isola- the other originates from thB decay ug0). In order to

tion requiremenp(Dg!*)/pr(coney>0.6, wherepr(cone) . oo . )
is the sum of the transverse momenta of all tracks in a con{eeSOIVe this ambiguity, we require mK“Ds) to be smaller

AR<1.0 in -¢ space. The cone has the lepton direction aghan the world averagbs mass[1], while m(KK ug0) has
its axis and the primary event vert¢gee Sec. IV Aas its  to be greater than BY- To reduce combinatorial background

vertex. All other selection requirements discussed in the, this decay channel, we use the track based isolation quan-
¢7r_ decay mode remain the same with the exception of th%ty pr(Ds!*)/pr(cone) and require it to be greater than 0.5.
Ihge/qx cut described below. As required in the other decay modes, the invariant mass of
The K*°K ™ invariant mass distribution for the “right- the KKuu system has to lie between 3.0 Ge¥/and 5.0
sign” Dgl™ combinations is shown as dots with error bars inGeV/c2. The number of multipleDg «* combinations per
Fig. 1(b). A signal at theDg mass is visible. This signal event is larger compared to the other three decay modes
contains also events from@~ —K*%7~ reflection, where (about 10%. We therefore allow only onB g candidate per

the 7~ is incorrectly assigned the kaon mass. This reflectiorevent by choosing th®g ™ combination with the largest
is further discussed in Sec. IV C. To reduce the effect of thiyrobability from the combined vertex fisee Sec. IV B
reflection the &/dx requirement for that track is tightened t0  The K"K~ invariant mass distribution for th®g u*

IhKz/>0.1, while we still demandhZ:X, >0.01 for the sample is shown in Fig.(d) with the fit result overlaid. To

tracks forming thek*© candidate. obtain the number o signal events, we fit a second order
polynomial together with a Breit-Wigner line shape convo-
3. D;—KEK™ mode luted with a Gaussian to account for detector resolution. We

find 205+ 38 ¢ signal events and measure tthanass to be
(1020.1+ 0.5)MeV/c? in agreement with the world average

¢ mass[1]. The shaded histogram in Fig(d} shows the
“wrong-sign” KK mass spectrum, where we consider events
yith same SigniK*K= or u*u™ combinations as “wrong-
sign.” For display purposes the “wrong-sign” distribution is
scaled by a factor of 0.6 to the same area as the combinato-
rial background of the “right-sign’K "K ~ distribution. The
“wrong-sign” distribution describes very well the shape of

The reconstruction of thB g —K 2K~ decay mode begins
with a search forKg—> a7~ candidates by assigning the
pion mass to any two oppositely charged tracks with
>0.4 GeVk in a cone ofAR<1.0 in 5-¢ space around the
lepton. These two tracks are constrained to come from
common vertex and their invariant mass has to be witlin 5
of the nominaIKg mass[1], whereo is the uncertainty on
the #* 7~ mass measurement. Exploiting the long lifetime
f el meson e e S verte o be sonifcanty the combinatorisk K —background. No dicato of 3
described in Sec. IV A. We determine the transverse deca;s/Ignal 's evident in the “wrong-sign” distribution.
lengthL,, (see Sec. IV B of the K(S’ and requireL,,> 30, ) )
whereo is the measured uncertainty &g, for each candi- D. Monte Carlo simulation
date event. Some quantities in this analysis like efficiencies or the

The K2 candidate is combined with any kaon candidateK-factor distribution further described in Sec. IV B are de-
with pr>1.2 GeVk within AR<0.8 around the lepton to termined using a Monte Carl@MC) calculation ofb quark
find theDg candidate. The dots with error bars in Figc)l  production andB meson decay followed by a simulation of
show theK2K ~ invariant mass distribution for the “right- the detector response to the final state particles. Since we
sign” D5l combinations. An enhancement at fhg mass ~ extract only kinematic quantities of tieehadron decay from
is visible. As in theK* °K ~ mode, this signal contains events this Monte Carlo study, we do not simulate the underlying
from aD*—>ng* reflection, where ther~ is assigned the event from thepp scattering or include fragmentation prod-
kaon masgsee Sec. IV ¢ To reduce the effect of this re- ucts, but generate onB hadrons and their decay products.

flection, we again requiréh%,, >0.1, while we demand _ 1Nh€ MC simulation begins with a model bfquark pro-
IhZ,>0.01 for the tracks forming tth. duction based on a next-to-leading order QCD calculation

[16]. This calculation employs the Martin-Roberts-Stirling
set DO(MRSDQ) parton distribution functio17] to model
the kinematics of the initial state partons. We genetate
For theDg— ¢u™ v decay mode, we start with two op- quarks in the rapidity intervaly,|<1.0 with a minimumpy
positely charged muons witlp;>2 GeV/c utilizing the  for theb quark of 8 GeVt and 5 GeVE to simulate events
dimuon data set obtained with a trigger which requires thezorresponding to the single lepton and dimuon data samples,
dimuon invariant mass to be smaller than 2.8 G&V/This respectively. Theset requirements are chosen in a way to
requirement is more than 90% efficient for a double semilepavoid any biases in the meson kinematic distributions after
tonic decayB2—Dg 1" vX followed byDs — ¢pu~v. Inad-  the application of the kinematic cuts used in the analysis.
dition, two oppositely charged tracks wiiy,>0.8 GeVk  The b quarks are fragmented intB mesons according to
are assigned the kaon mass and combined to foggncan- a model using the fragmentation function of Peterson

4. Dg— ¢u~ v mode

032004-6



MEASUREMENT OF THEBg MESON LIFETIME USING ... PHYSICAL REVIEW D 59 032004

et al. [18] with a Peterson parameter ef=0.006. The bot- Tevatron Collider. A detailed description of the determina-
tom and charm hadrons are decayed into the various findlon of the average beam line can be found in R&§]. For
states using branching ratios and decay kinematics governebe Bg lifetime measurement, we consider only events from
by the world average masses and lifetimes of the involvediata runs with a sufficiently large number of collected events
particles[1]. to allow a good determination of the run averaged beam line.
Events with a lepton above a momentum threshold correin this analysis, we choose not to measure the primary vertex
sponding to the appropriate hardware trigger are kept baseaslent-by-event because the presence of a setogdark
on an efficiency parametrization of the CFT trigger that de-decay in the event coupled with the low multiplicity in semi-
pends on the leptop;. The accepted events are passedeptonicB decays can lead to a systematic bias in the lifetime
through a simulation of the CDF detector that is based onjetermination.
parametrizations and simple models of the detector response,
Wh|Ch are fUnCtionS Of the partiC|e kinematiCS. Aftel’ the B. Decay |ength reconstruction
simulation of the CDF detector, the same selection criteria ) B ) o
applied to the data are imposed on the Monte Carlo events. "€ tracks forming th®g candidate are refit with a com-
mon vertex constraint referred to as the tertiary vekl@Se.
IV. BS LIFETIME ANALYSIS The secondary vertex where tB& decays to a lepton and a
Dg (referred to a&VBg) is obtained by simultaneously inter-

secting the trajectory of the lepton track with the flight path
of theDg candidate. Since we fully reconstruct tbg me-

In this section, we describe the measurement of Bfe
lifetime starting with the determination of the primary event
vertex followed by the reconstruction of t% decay length.

i - *Ope — Oy —
In order to determine the number Bfg signal events used son in thebef , KK, and_KSK Eiecay modes, we
as a constraint in the lifetime fit, a reflection frdn decays Know theDg flight path. In theDg — ¢~ v channel, where

has to be considered for thizg —K*°K~ andDg —KX~  We do not fully reconstruct thBg meson, we use théu ™~
decay modes. In Sec. IV D background from rishdecays flight direction as a good estimate of tle; flight path.

is discussed, while the lifetime fit is detailed in Sec. IVE. 1he confidence level of the combined vertex fit is re-
The Bg lifetime fit results are then presented together withauired to be greater than 1%. Furthermore, we require that

the determination of the systematic uncertainties. the reconstructed decay vertexVp_ be positively dis-
placed from the primary vertex as projected along the direc-
tion of theDg momentum.

The transverse decay Iengll;gy(Bg) is defined as the dis-
The Bg lifetime reported in this paper is based on mea‘placemenb? in the transverse plane Mag from the primary

suring the dlsta(?ce between th(_a primaiy event vertex and event vertex projected onto thzg|* momentum:
the secondanBg decay vertex in the transverse plane. We

A. Primary event vertex

first identify thez-position of the primary interaction vertex X'E(DQ )
using the tracks reconstructed in the VTX detector. These ny(Bg)z — 4
tracks, when projected back to the beam axis, determine the Ipr(Ds! ™)

longitudinal location of the primary interaction with an ac- i . ) , )

curacy of about 0.2 cm along the beam direction. The priLxy IS & signed variable which can be negative for the con-
mary vertices are distributed along the beam direction acfiguration where the particle seems to decay before the point
cording to a Gaussian function with a width B0 cm. On  Where it is produced. ThBg meson decay time is given by
average during Run |, the number of reconstructed interac-
tion vertices in a given event follows a Poisson distribution {(BY=L 5
with a mean of about 2.5. For t&2 lifetime measurement, ct(Bg)= “pr(BY’ ©
we determine the-location of the primary event vertex by

choosing thepp interaction vertex recorded by the VTX where mBg) is the Bg mass[1]. Since we do not fully re-
which is closest to the intercept of the lepton from the semiconstruct theBg meson in our analysis, we define the
leptonic B2 decay with the beam line. We also require the“pseudo-proper decay length”
z-coordinates of all tracks from tHag decay to be within 5
cm of thez-coordinate of this primary vertex. m(Bg)

The transverse position of the primary event vertex is de- A= ny?’ (6)
termined by using the average beam position through the pr(Dsl™)
detector togethe_r_thhf the krr:ovc??(gefl_ﬁf the Iong|tubd|nal p”'_which has a typical uncertainty of60 um including the
mary vertex position from the - | N€ average beam po-., i ition from the finite size of the primary event vertex.
sition |s.caICL.JIated off line for each d_ata acquisition run. Th|sIn addition, we introduce a correction factor
calculation yields a transverse profile of the Tevatron beam
which is circular with a rms of~25 um in both thex- and

-1+
y-directions. We find that the average beam trajectory is K:w
stable over the period that a giverp beam is stored in the pr(BY

m(BY)

)
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to correct between the reconstructeg{Ds| ") and the un- :
known p+(BY) in the data. Th2 meson decay time is then 25
given as o ,
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0 Mass (K*'K) [GeV/c] Mass (K*'1) [GeV?]
m(Byg)
BY)=L,———— (8) o . . -
ct(Bg Xy (Ds1™) FIG. 3. (a) Mass distributions for candidates in thBg
Pr(Dg —K*°K~ decay mode(b) Mass distribution if these candidates are

] N ] assumed to beD” —K*°z~. (c) Distribution of the Dg
The correction betweep(Dgl*) andpr(B) is done sta- _,k*k~ signal and the reflection frond —K*%z (shaded
tistically by smearing an exponential decay distribution witharea as obtained from Monte Carlo simulations. Normalizations are
a Monte Carlo distribution of the correction factdrwhen  determined from the simultaneous fit described in the teltMass
extractingcr(B2) from the pseudo-proper decay length in distribution of the corresponding~—K*°=~ signal and the re-
the lifetime fit as described in Sec. IV E. Thedistribution ~ flection fromDg—K*°K~ (shaded aréa
is obtained fronDg1™ combinations which originate from a
Monte Carlo simulatior(see Sec. Il D of semileptonicBg
decays into D&)717X including D§)™7*X with 7*
—1*X. As an example, th&-distribution is shown for the
Ds—¢m~ andDg— ¢u~ v decay modes in Figs.(& and
2(b), respectively. Thek-distributions have mean values of
0.86 and 0.77 with rms values of 0.10 and 0.12 for he
—¢m~ and Dg—éu v modes, respectively. The
K-distribution is approximately constant as a function of
pr(Dgl™) for the range ofp(Dgl™) corresponding to our

data. C 0 e — capabilities with azr/K separation of about & for tracks
. o e”S“ge a pr_eusBS Ilfet|me determination, we con- i pr greater than about 1 Ge¥/are not sufficient to
sider onlyBg candidates for which the pseudo-proper decay,emove thisD ™~ reflection. Applying aD~ mass veto by

length is mea_sured with an ungertainty of less than 0.1 CMgjecting allk*°K ~ combinations which are within & 3¢
We also require that thBs candidates have a proper decay yindow around the nomindd ~ mass when reconstructed as
length measured betweafyo andVp_ of less than 0.1 cm k07~ (istorts theK*°K~ mass distribution. It would be
and that the uncertainty on this proper decay length be lesgery difficult to estimate the remainingg signal from that
than 0.1 cm. This requirement removes background evenigistribution and use it as input to thg2 lifetime fit. We
with very long-livedD g candidates, where the long extrapo- therefore choose to measure e reflection directly from
lation back to theB2 decay vertex results in a poor vertex our data and account for tH2~ component in theB?, life-
measurement. These requirements have already been applig@ie fit. We use two methods to determine fhe reflection

to theDg mass distributions shown in Fig. 1. in our data.

The first method performs a simultaneous fit to the
K*°K~ andK*°7~ invariant mass distributions, where the
] B . K*%7~ mass distribution is created by switching the mass

The reconstructions of thBs decay modes int&*°K™  assignment on th~ track to be a pion. Figure(8) shows
andKgK ~ suffer from reflections oD~ —K*%7~ andD~  the K*°K~ mass distribution, while the corresponding
— K27, respectively, where the ~ is incorrectly assigned K*%z~ mass distribution is displayed in Fig(l8. Each dis-
the kaon mass. We will discuss this reflection fr@m and tribution is described by a Gaussian for the corresponding
the determination of the true number of events fromlhe D~ andDg signal as shown in Figs.(® and 3d) plus a

decay with the example of tHBg—>K*°K‘ mode. The ef-
fect of thisK-7 misassignment can be seen in Fig. 3; events
from a B—D lvX Monte Carlo simulation withD~
—K*%7~ yield an invariant mass distribution indicated by
the shape of the shaded area in Fi¢c)3f they are recon-
structed aB2— D¢l vX with Dg—K*°K ™, misinterpreting
thew asK™. A significant portion of thiD ~ reflection lies
at theDg mass peak.

Although we have already tightened ou#/dix likelihood
ratio to better identify th& ™ track as a kaon, CDF'sE dx

C. Determination of the reflection from D~
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TABLE I. Summary of results for the foudg decays: the num- modes. As further described in Sec. IV E, these event num-

ber N(Ds) of Dg signal events as input to the lifetime fit, the bers are used as a constraint in B&lifetime fit.
expected fractiorfp o of B— D$)D™) decays, the expected frac-

tion fp p_ of B§—>DEIDE) decays, the numbe,,, of events in D. Non-B2 background
the signal samples, and the fitt@3 lifetimes c(B2), where the

errors shown are statistical only. There are two possible sources of non-straBgmeson

decays which can lead to “right-signDg|* combinations.
Ds decay mode N(Dg) fpp fpopg New cr(BY The first process originates from the decayR®
—DE) " D®*X and B-—DE) " D™OX, with the D° or

- 0, 0, +43
dmo _ 220521 - 2.6% 0.8% 350 418;?2 pm D* decaying semileptonically. These decays produce softer
K*°K 125+20 2.5% 0.8% 820 41175 um . .
KOK - 3348 18% 06% 146 39718 um and less isolated leptons than the leptons fB%rsemllep- .
¢S N 205: 28 5'70/ 1'W 635 399;%32 “m tonic decays. Therefore we expect the acceptance for this
MmooV — 70 1070 —45 M

background source relative to tB@ signal to be quite small.

We use a Monte Carlo simulation of these events and esti-

linear line shape to parametrize the combinatorial backmate their contributiorfDSD in the following way:

ground. The shape of the correspondihg or D¢ reflection

as obtained from a Monte Carlo simulation is also included futfqg B(B—>D(S*)D(*>x)

in the fit as displayed in Figs.(§ and 3d) as the shaded fDSD:EreI f 0 *) .

areas. The two mass distributions are fit simultaneously with s B(Bs—Ds"IvX)

the number of events in the Gaussiag (D) signal con-

straiined o Fhe numbe.rlof events. in the correspond[m:g mentation fractions from the Particle Data Grolf]:

(Dg) [eflect|on. In addmo_n, the difference b_etweer_1 e B(BY— D) vX) = (7.6+2.4)%, B(B—DD®X)= (4.9

and D~ mass values is fixed based on their nominal mass_y 1) % sf —f.— o e N
: . *1.1)%, f,=f3=(37.8:2.2)%, andfs=(11.2£2.2)%.

values[1]. The fit return_s 123 2_5 Ds _5'_9”3' ev_ent_s and Here €, is the ratio of efficiencies and acceptances for both

8010 events from thé® ~ reflection within theDg signal

) ; . . . 9% decays obtained from a Monte Carlo simulation:
region defined in Sec. IV E. The fit result is shown in Figs.

(€)

We wuse the following branching ratios and frag-

3(@-3(d). We perform studies using MC pseudo- € (B—D¥'DH)X)
experiments to verify the validity of this methdd9]. We €rol= 5 S ) (10)
find that the simultaneous fitting method returns the number €(B3—DZ1vX)

of true Dg events in our MC studies with no bias and the

error obtained from the fit to the data agrees with the ex-The values obtained foe, are in the order of 0.5%-1%.

pected uncertainty of this technique for our sample size. The calculated fraction$y , for eachDg decay mode are
The second method for determining the amountDof  compiled in Table I. Thefpp fraction is larger for theDg

reflection in ourDg signal events exploits the difference —¢u" v decay mode because of the on average s@ter

between theD ™ lifetime [7(D~)=(1.057+0.0015) ps1]]  meson momentum in the dimuon data sample compared to

and theDg lifetime [7(Dg)=(0.467£0.0017) ps[1]]. As  the single lepton trigger events.

described in Sec. IV F, we can determine fhg lifetime in The second process is a four body decBY/B*

our fit for theB2 lifetime. We modify the fitting method used —Dg Kl "vX, whereK denotes any type of strange meson.

to determine thég lifetime in the following way: We re-  Because of the low probability of produciisg pairs and the
place the exponential describing tbg signal by the sum of  |imited phase space, this process is suppressed and has not
two exponentials, one with thg lifetime and one with the been observed experimental[20]. Based on the quoted
D" lifetime (see Sec. IV E about the fitting method and Seclimit B(B%/B*—Dgl*vX)<0.9% (90% C.L) [1,20] and
V for an example of a two-lifetime fit We fix theDg and  our detection efficiency determined from MC simulation, we
D~ lifetimes to their nominal valuegl] and allow the rela-  expect less than 1.0% of olrg| * combinations to originate
tive fractions ofDg and D™~ to float in the fit. With this  from this source.
method we obtain 1291 D5 events and 843; events at- We also consider events froB2—DS) D&)X de-
tributed to theD ~ reflection. We again perform studies using cays, with oneD g decaying semileptonically. This contribu-
MC pseudo-experiments and verify the validity of this tion to our B lifetime sample is determined from Monte
method to work without any bigd9]. Carlo studies in the same way as described above foBthe
We determine the weighted average®§ events from —>D(S*)D(*)X background. The obtained fractior\‘s‘DSDS
both methods and obtainlas signal of 12520 events for  from these decays are small and compiled in Table I. Finally,
the Dg —K*°K~ decay. Both methods are also used to cal-hackgrounds with a redds meson and a fake lepton from
culate the number obg events and the contribution from gecays such aB—DE)D™®)X with a hadron from th®®*)
theD ™ reflection in theDs — KK~ decay mode. We obtain decay faking a lepton are negligible due to the low probabil-
33+8D; signal events for th&2K ~ mode. These numbers ity of a hadron faking a lepton.
are displayed in Table | together with the numbersDaf In summary, the contribution of all above physics back-
signal events for thdDg—¢m~ and Dg—¢u v decay grounds is quite small compared to the combinatorial back-
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ground. We account for contributions froB—D&)D®*)X i K Kx . .
andB2—-D§) D)X decays in our lifetime fit described fsig(x):f dKH(K) E.exﬂ’ ~ o B9V X’SUI)}

next, and treat the contribution &%/B*—DgKl*vX de- (12
cays as a source of systematic uncertainty inB@éifetime . )
measurement. Here, \' is the measured pseudo-proper decay length with

uncertaintyo' andx is the true pseudo-proper decay length.
Because of systematic uncertainties in the overall scale of the
E. Description of the lifetime fit decay length uncertainties, which we estimate on an event-
. 0 i ) ' . by-event basis, we introduce a scale factor, s, which is a free
,AS |npu£ to theBs I!fetlme fit, we define a signal sample parameter in theB‘s’ lifetime fit. We subsequently vary s in
using aDg mass window from 1.944 Gewf to 1.994  ipo fits 1o determine the sensitivity of our measurement to

2 - - O — Oy —
Gevic® for the Ds—¢m—, K*°K™, and KK~ decay  this uncertainty. The integration over the momentum rktio
modes and a¢ signal window from 1.0094 Ge¥f to g approximated by a finite sum

1.0294 GeV¢? for the Dg—¢u~ v decay channel. The
numbers of events in the signal samples can be found for the
four decay modes in Table I. To model the pseudo-proper
decay length distribution of the combinatorial background
events contained in the signal sample, we define a backwvhere the sum is taken over bhirof a histogrammed distri-
ground sample which consists of “right-sign” events from bution H(K;) with bin width AK as shown e.g. in Fig. 2.

the Dg sidebands(1.884-1.934 GeW? and 2.004-2.054 The background probability functiofty,g is parametrized
GeV/c?) and “wrong-sign” events from the interval 1.884— by a Gaussian centered at zero, a negative exponential tail,
2.054 GeVt2. For theDg — ¢u~ v decay mode theb side- and a positive decay exponential to characterize the contri-
bands are defined from 0.9844—1.0044 Ge&Vand from  bution of heavy flavor decays in the background sample:
1.0344 GeVt?—1.0544 GeV/c2, while the “wrong-sign” i _ i i

combinations are taken from the region 0.9844 GE&\/ Fogx)=(1=f, —f) GN'| x,s0")

f dK H(K)— >, AK H(K;), (13

1.0544 GeV¢E2. We assume the combinatorial background to f, '

originate from random track combinations and therefore use + )\—exp[ N ®G(\'| x,s0")

the sidebands to model the background in the signal sample. +

This assumption is supported by the mass distribution of the f , .
“wrong-sign” combinations where no enhancement is vis- + )\—exp[ 5 ®@G(\'[x,s0"). (14)

ible at theDg mass. By adding the “wrong-sign” combina-
tions to the “right-sign” sideband events, we better con-Here, f. are the fractions of positive and negative lifetime
strain the shape of the combinatorial background events iBackgrounds and\. are the effective lifetimes of those
the Dg signal samples for decay channels with low combi-packgrounds. We verify the parameters and \. agree
natorial background like thBg — ¢~ mode. with the “right-sign” sideband events and the *“wrong-
The pseudo-proper decay length distribution obtainedign” combinations separately, allowing us to combine both
from the signal sample is fit using an unbinned maximumsamples resulting in the background samples described
log-likelihood method. Both th@&2 lifetime, denoted as~  above.
below, and the background shape are determined in a simul- The events originating from thB~ reflection in theDg
taneous fit using the signal and background samples. Thus;K*°k~ and Dg—>KgK‘ decays(see Sec. IV Care also

the likelihood functionf is a combination of two parts: accounted for in the likelihood function by a term
Ns ‘ o Neo K Kx _ _
= [RE— — | I
L—H [fsigrgig+(1—fsig);r;,g]fj[ Fhy: (1D f dKH(K) | fo- 55 eXp[ CT(B)] ®G(\'| x,80 )}

(15

wherefp- refers to the fraction of th® ~ reflection in the

whereNg andNg are the number of events in the signal andDg sample anct7(B) is taken to be the world averag®

background sampled.q is the ratio ofDg signal events

) Z o lifetime [1].
obtained from thd 5 mass distributiongésee Table)lto the (4]
total number of events in the signal sample. To constigin .

. . 2 L > F. Fit results

we factor in an additiong“ term to the likelihood function
L above to constrain the number Bfg signal events ob- We first determine the2 lifetime for each of the fouDg
tained from the invariant mass distributions within their un-decay channels individually. The parameters allowed to float
certainty. in the fit are theB? lifetime, fsig:A=,f., and the overall

The signal probability functioiFy;y consists of a normal-  scale factor s. The fitted values for(Bg) and their statisti-
ized decay exponential function convoluted with a Gaussiamal uncertainties are shown in Table I, and are in good sta-
resolution functionG and is smeared with a normalized tistical agreement. The pseudo-proper decay length distribu-
K-distribution H(K): tion of the signal sample with the result of the fit
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FIG. 4. (a) B2 pseudo-proper decay length distribution for the _F|G~06- @ B3 pseudo-proper decay length distribution for the
Ds— ¢~ signal sample with the result of the fit superimposed.Ds —KsK ™ signal sample with the resuit of the fit superimposed.
The dashed line is th&2 signal contribution, while the shaded The dashed line is th&g signal contribution, while the shaded
curve represents the contribution from the combinatorial backCurve represents the contribution from the combinatorial back-
ground. (b) Pseudo-proper decay length distribution for the back-9round.(b) Pseudo-proper decay length distribution for the back-
ground sample with the fit result superimposed. ground sample with the fit result superimposed.

superimposed is shown in Fig(a} for theD5 — ¢~ decay c7(Bg)=(408"3) wum or _T(Bg):(l-gfi 0.09) ps, where
mode. The dashed line represents Besignal contribution, "€ errors shown are statistical only. B

while the shaded curve shows the sum of the background AS @ consistency check, we use tbg —¢m~ decay
probability function over the events in the signal sample. Thenode to also fit th® lifetime from the proper decay length
same distribution of the background sample is displayed ifneasured from the secondary vertéx_to the tertiary ver-
Fig. 4(b) with the result of the fit superimposed. Figures 5, 6,tex Vp_. Since theDg decay is fully reconstructed, its rela-
and 7 show the corresponding distributions for thg tvistic boost is known and a convolution with a
—K*K~, Dg—K2K ™, andDg— ¢u~ v decay modes, re- p.-correction factor distribution in the fit does not apply. The
spectively. The combineB?2 lifetime from all four Dg de-  result is cr(Ds)=(136"1) um (statistical error only
cay modes is determined from a simultaneous fit to bevhich is consistent with the world avera@s lifetime [1].
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FIG. 5. (a) B(S’ pseudo-proper decay length distribution for the  FIG. 7. () Bg pseudo-proper decay length distribution for the
Ds—K*%K ™ signal sample with the result of the fit superimposed.Dg — ¢u~ v signal sample with the result of the fit superimposed.
The dashed line is th&2 signal contribution, while the shaded The dashed line is th&2 signal contribution, while the shaded
curve represents the contribution from the combinatorial back-curve represents the contribution from the combinatorial back-
ground. (b) Pseudo-proper decay length distribution for the back-ground.(b) Pseudo-proper decay length distribution for the back-
ground sample with the fit result superimposed. ground sample with the fit result superimposed.
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= 102, dence of theBg lifetime on the background parametrization,
< Background we vary A, and f. within =10 of their values returned

§ from the B2 lifetime fit. Since there is a correlation between
P the background parametexs andf.. and theBg lifetime in

§ the simultaneous fit to the signal and background samples,
E part of this systematic uncertainty is already accounted for in
Q

the statistical error or(B). However, this correlation is
small. We therefore adopt this method as a conservative way
to evaluate the systematic uncertainty from background treat-
ment.

Non-Bg backgrounds: These backgrouridse Sec. IV D
enter our fit as fixed fractions. We vary these fractions within
+50% of their reported valuesee Table )l and repeat the
fit. We also evaluate the background frorB%/B*

10

Candidates / 0.005 cm

|

Y T 0 005 ol —DgKI"vX decays and consider its fraction to be 2.0%,
Proper Decay Length [cm] twice the quoted limif1,20].

FIG. 8. (a) Dg proper decay length distributianr(Dg) for the Decay Igngth r%qglrgment. There are two requirements
Ds—¢m signal sample with the result of the fit superimposed. that can bias theBg lifetime result.. These are the cut on
The dashed line is th®g signal contribution, while the shaded lc7(Dg)|<0.1 cm and the requirement that the recon-
curve represents the contribution from the combinatorial backstructedDg decay verteX\/Dg be positively displaced from
ground.(b) Proper decay length distributiaw(Dg) for the back-
ground sample with the fit result superimposed.

P 1

the primary event vertex. To study the effect of these cuts,
we use high statistics Monte Carlo samples. We first fit the
lifetime with all the selection requirements, and then remove
Figures 8a) and 8b) show theDg proper decay length dis- each cut individually noting the shift in tHg2 lifetime.
tributions for the signal and background samples, respec- pomentum estimate: ThBS lifetime result is sensitive to
tively, with the results of the fit superimposed. the distribution of the correction factdt¢(K), which can be
affected by the leptop; cut and the decay kinematics. For
the standard fit we requirp(u)>2.0 GeVk for the Dg
Table Il lists all sources of systematic uncertainty consid-— ¢u~ v decay mode ang+(l)>6.0 GeVk for the other
ered in this analysis. The major contribution originates fromp_ decay channels. To test the effect of the leppgnde-
the treatment of the background. In particular, the foIIowingpendence’ we generate nevdistributions for lower and
evaluations of systematic errors are performed vyielding th?}igher leptonp+ cut values. We also compare the effect on

uncertainties reported in Table II: _the kinematics of semileptoni82 decays using a pure V-A

Background treatment: The combinatorial background inyecay versus semileptonic decays using the ISGW form fac-
the signal sample is parametrized by the positive and neggg, [21]. In addition, an alternative spectral shape db

tive lifetimesh anqx_ as well as their respective fractions quark production is considered based on a comparison of the
f, andf_ as described in Eq14). To evaluate the depen- |gnion - shape in the data and in Monte Carlo events. Fi-
nally, theK-distribution is somewhat dependent on the elec-
TABLE II. Compilation of systematic uncertainties in the mea- tron identification. We study a possible incompleteness in the
surement of thé? lifetime combining all fourDg decay modes.  treatment of the electron selection with our Monte Carlo
simulation and assign a systematic errora3 um.
Error source Ac(BY) Decay length resolution: Our uncertainty on the estimate
of the decay length resolution is expressed in the scale factor

G. Systematic uncertainties

Back +11 S :
Nii_ggog;fkt:iﬂzzm I H r:]n s, which is fitted to 1.2 0.03. We fix the scale factor at 1.0,
b Sl thg ) ) 1 m and again at 1.38, the latter corresponding t6 % upward
ecay fength requiremen -5 mm shift from the fitted value, and repeat tB8 lifetime fit.
Momentum estimate _ S : . _
Leptonp; dependence 6 m D~ reflection: The reflection fromD™ in the Dg
T e —K*%~ andDg—KZ2K~ decay modes changes the num-
B decay model 71 opm _ . .
ber of Dg signal events in these two channels. We study the
b quarkp; spectrum *5 um . _ . . _
Electron selection +3 um influence of theD ™ reflection by varying the number &g
. 7 signal events within their error as determined in Sec. IV C.
Decay length resolution To oum . ;
_ ; Detector alignment: We also account for a possible re-
D~ reflection *1 um . L .
. sidual misalignment of the SVX and assign an error+
Detector alignment +2 um

um as further detailed in Ref15].
Total 17 um The systematic uncertainties noted above have been com-
bined in quadrature. Quoting the statistical and systematic
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uncertainties separately, we measure B@elifetime using of our Dgl™ sample we are not sensitive toB% lifetime

semileptonicBY decays to be difference. Based on this fit result, we integrate the normal-
o oo ized likelihood as a function oATl'/T" and find the 95%
7(BY=(1.36-0.09°509 ps, (16)  confidence levelC.L.) limit at

where the first error is statistical and the second systematic.
This result is currently the world’s best measurement of the T<0'83 (95% C.L). (19
Bg lifetime from a single experiment. In comparison, the
o . . . .

world averageBs lifetime is (1.57-0.08) ps[1]. This mea-  Thjs s the first experimental result for the lifetime difference
surement supersedes CDF’s previously publisBgtifetime i, the B system.
result of 7(33)2(1-4:8%4—“0-11) ps using a data sample  Using a value ofAT/Am=(5.6+2.6)x10 3 from Ref.
corresponding to an mtegratedolumm_osny of %O_ﬁkﬁ]- [9] and settingr(BY) to the world averag®?® lifetime [1],

Using the CDF averageB I|fe(§|mg 7(BY)=(1513  an upper limit on theBY mixing frequency of Amg
+0.053) ps[22], we determine th&¢/B” lifetime ratio to - gg ps ! (95% C.L) can be determined within the stan-

be 0.899-0.072, taking correlated systematic uncertaintiejard model. Including the dependence af/Am and
into account. However, ignoring the correlated systematicrm(Bg) in our limit, we obtain

uncertainties increases the error on BB lifetime ratio
only to =0.077, sincer(B(S’)/r(BO) is dominated by the sta-
tistical error on thdsg lifetime measurement. Amg<96 ps‘lx

5.6x 103) ( 1.55 p

(95% C.L).
AT/Am m(B%j

V. DETERMINATION OF AT'/T (20
We examine theBg meson pseudo-proper decay length VI. CONCLUSION
distribution fromDg 1™ correlations for a lifetime difference

AT/T between the two mass eigenstates of Blemeson, ~_ We have presented & measurement ofBdeneson life-
BY andB. In the case of a lifetime difference in g2  fime using semileptoniBs decays, where thBs meson is
system, the decay length distribution for events from thd€constructed through theo four decay modéss

semileptonic decaB?—Dgl*vX is expected to be gov- —®7 Ds—K*’K™,Dg—~KgK™, andDg—¢u” v. We
ermed by the sum of two exponentials. We expand the likeoPtain
lihood fit to describe tth pseudo-proper decay length dis-

0\ _ v+ 0.0
tribution to a function of the form 7(BY)=(1.36:0.09°009 ps, (21)

Flt)=e Tnt4e Tt where the first error is statistical and the second systematic.
This is currently the world’s best measurement of B
: L A 1AD lifetime from a single experiment. This result agrees with an
with I' y=T'+*—=TI'| 1z —|, (17 . S
L.H 2 2T ) earlier CDF measuremefif], which is superseded by the
present measurement. We determineB¢B° lifetime ratio

rather than fitting for just one exponential lifetime'd. The o pe 0.89¢ 0.072 using the CDF averad? lifetime [22].
parameteAT'/T is the parameter we fit for. Sincel'/T is In addition, we have examined thag meson pseudo-
symmetric about zero, it is required to be positive. In theponher decay length distribution for a lifetime difference
case of a lifetime differencAl’ #0, the total decay width A1/ petween the two mass eigenstates of Bemeson
[=3(Ty+T,) and the mearBs lifetime 7(Bg) obtained BY andB5. Using all fourDg decay modes, an upper limit

from a fit assuming a singIBs lifetime are no longer recip- £ AT/T'<0.83 is set at 95% C.L., corresponding to the stan-

rocal to each other but follow the relation dard model limit
1 1+(AL/2T)? 6x10-3\ [ 1
Tm(BY= = (18) 1y [ 26X S5 p 0
m T 1—(AF/2F)2 Amg<96 ps *X AT/AM Tm(Bg) (95% C.L).

We incorporate the relation in E@18) into our likelihood (22)

fitting function. We follow the suggestion given in R¢@)] With considerably increased statistics in the next run of the

. O - . O - .
and fix the meais lifetime to the world averagB” lifetime  to/a4r0n Collider, our sensitivity to the lifetime difference
since both lifetimes are expected to agree within [243]. AT/T will be significantly improved23].

This theoretical assumption can be verified by the current
world averager(B®) = (1.55+0.05) ps andr(B2)=(1.57
+0.08) ps. The CDF averagaeg/Bo lifetime ratio derived
above also supports this assumption. We thank the Fermilab staff and the technical staffs of the
The fit returnsAT/T" =0.34" 33}, where the given error is participating institutions for their vital contributions. It is a
statistical only. This indicates that with the current statisticspleasure to thank G. Buchalla, I. Dunietz and H.-G. Moser
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