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The lifetimes of theB2 and B
0 mesons are measured using the partially reconstructed semileptonic

decaysB ! D,2nX, whereD is either aD0 or Dp1 meson. The data were collected by the CDF
detector at the Fermilab Tevatron collider during 1992–1993 and correspond to 19.3 pb21 of pp
collisions at

p
s  1.8 TeV. We measure the decay length distributions and find the lifetimes to be

tsB2d  1.56 6 0.13 6 0.06 ps andtsB 0d  1.54 6 0.08 6 0.06 ps, and the ratio of lifetimes to
be tsB2dytsB 0d  1.01 6 0.11 6 0.02, where the first uncertainties are statistical and the second are
systematic. [S0031-9007(96)00268-2]

PACS numbers: 13.20.He, 14.40.Nd
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A measurement of the lifetimes of the differentB-
hadron species probes their decay mechanism beyon
simple spectator model decay picture. Possible caus
lifetime differences include the strength of the annih
tion and theW-exchange graphs, and final state Pauli
the
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-
-

terference effects. These mechanisms play an impo
role in the decay of charm hadrons; however, they
expected to produce smaller lifetime differences in thB
hadrons, of order (5–10)% betweenB2 and B

0 and 1%
betweenB0 andB0

s [1].
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Several direct measurements ofB2 and B
0 meson

lifetimes have been performed by thee1e2 experiments
and by CDF [2]. Indirect information has been obtain
through the measurement of branching ratios [3,4]. T
precision of current measurements now approaches
level where the predicted small differences could
discerned, and improvements in these measurements
provide a strong test ofB-hadron decay mechanisms.

In this Letter we report a measurement of theB2 and
B

0 meson lifetimes using partially reconstructed semil
tonic decays. The data used in this analysis were
lected in 1992–93 with the CDF detector at the F
milab Tevatronpp collider at a center-of-mass energp

s  1.8 TeV, and correspond to an integrated lumino
ity of 19.3 pb21. Events with a lepton (e2 or m2, de-
noted by ,2) associated with aD0 or Dp1 meson are
selected. (Throughout this Letter a reference to a p
ticular charge state also implies its charge conjuga
The ,2Dp1 candidates consist mostly ofB

0 decays, and
the ,2D0 candidates consist mostly ofB2 decays. The
D0 meson is reconstructed using the decay modeD0 !

K2p1. The Dp1 decays are reconstructed using t
decay modeDp1 ! D0p1, followed by D0 ! K2p1,
K2p1p1p2, or K2p1p0. The decay length distribu
tion are measured and the lifetimes are extracted after
recting for the relative admixtures ofB2 and B

0 in the
samples.

The CDF detector is described in detail elsewhere
We describe here only the detector components most
evant to this analysis. Inside the 1.4 T solenoid the s
con vertex detector (SVX) and the central tracking cha
ber (CTC) provide the tracking and momentum analy
of charged particles. The CTC covers the pseudorapi
interval jhj , 1.1, whereh  2 lnftansuy2dg [6]. The
SVX gives a track impact parameter resolution of ab
s13 1 40ypT d mm [7], where pT is the transverse mo
mentum of the track in GeVyc. The transverse profile
of the Tevatron beam is circular and has an rms spr
of ,35 mm. Electromagnetic and hadronic calorim
ters outside the solenoid cover the pseudorapidity reg
jhj , 1.1. Two muon subsystems are used, the cen
muon chambers and the central upgrade muon chamb

Events containing semileptonicB decays are collecte
using inclusive lepton triggers. TheET s; E sinud thresh-
old for the principle single electron trigger is 9 GeV. T
single muon triggerpT threshold is 7.5 GeVyc. The spe-
cific criteria used for electron and muon identification a
described in Refs. [8,9].

To identify the,2D0 candidates, we search forD0 !

K2p1 decays near the leptons, removing events
are consistent with theDp1 ! D0p1 decay chain. The
D0 ! K2p1 decay is reconstructed as follows. W
first select oppositely charged pairs of particles us
CTC tracks, where the kaon mass is assigned to
particle with the same charge as the lepton (called
“right sign” combination), as is the case in semilepto
4464
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B decays. The kaon (pion) candidate is then requi
to have momentum above 1.5 (0.5) GeVyc, and to be
within a cone of radius 0.6 (0.7) around the lepton inh-w
space. We require the decay vertex of theD0 candidate
to be positively displaced along its flight direction in th
transverse plane with respect to the position of the prim
vertex. The primary vertex is approximated by the be
position [9]. To remove events consistent with the dec
chain Dp1 ! D0p1, we combine additional positive
tracks with the D0 candidate and compute the ma
differencesDmd between theD0p1 and theD0, assigning
the pion mass to the tracks; we remove events withDm
values between 0.142 and 0.148 GeVyc2. The resulting
K2p1 invariant mass spectrum is shown in Fig. 1(
We define the signal region to be in the mass range 1
to 1.88 GeVyc2. The total number of events in the sign
region is 1233 with an estimated background fraction
0.53 6 0.03. Also shown by the shaded histogram is t
mass spectrum for the “wrong sign” (K1p2 with ,2)
combinations, where no significant signal is observed.

To identify ,2Dp1 candidates, we search forDp1 !

D0p1 decays using two fully reconstructedD0 de-
cay modes,D0 ! K2p1 andD0 ! K2p1p1p2, and
one partially reconstructed mode,D0 ! K2p1p0. For
the fully reconstructed modes, theD0 candidate has to
be in the mass ranges 1.83 to 1.90 GeVyc2 and 1.84
to 1.88 GeVyc2, respectively. For the partially recon
structed mode, we require the mass of aK2p1 pair to
l-
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-
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ty
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FIG. 1. Reconstructed charm signals in lepton eve
Four modes are shown: (a)D0 ! K2p1 (non Dp1),
(b) Dp1 ! D0p1, D0 ! K2p1, (c) Dp1 ! D0p1,
D0 ! K2p1p1p2, and (d)Dp1 ! D0p1, D0 ! K2p1p0.
Plot (a) shows theK2p1 invariant mass spectra, and (b)–(
show theDm distributions. Shaded histograms show wro
sign combinations, and in (a) they are scaled by 0.5 for disp
purposes.
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be between 1.5 and 1.7 GeVyc2; we do not reconstruc
the p0 and in the subsequent analysis treat theK2p1

pair as if it were aD0. We require positive decay length
in the last two modes. For each mode, we reconstruct
Dp1 meson by combining an additional track, assumed
have the pion mass, with theD0 candidate, and comput
ing the mass difference,Dm, between theD0p1 andD0.
Figures 1(b)–1(d) show theDm distributions, where the
shaded histograms correspond to the wrong signsD0p2d
combinations. In Fig. 1(d) the peak is broadened beca
of the missingp0. We define the signal region as follow
The two fully reconstructed modes use theDm range
0.144 to 0.147 GeVyc2, and theK2p1p0 mode uses the
rangeDm , 0.155 GeVyc2. The numbers of events in
the signal regions are 200, 332, and 704, with estima
background fractions of0.11 6 0.03, 0.18 6 0.03, and
0.40 6 0.03, respectively.

The secondary vertexVB is obtained by intersecting
the trajectory of the lepton track with the flight path
the D0 candidate. TheB decay lengthL is defined as
the displacement in the transverse plane ofVB from the
primary vertex, projected onto the transverse momen
vector of the lepton-D0 system. In semileptonic decay
the B meson momentum cannot be measured preci
because of the missing neutrino. We use thepT s,2D0d as
an estimator of theB momentum, resulting in a correcte
decay lengthj  LmsBdypT s,2D0d which we call the
“pseudoproper decay length.” The distribution of t
momentum ratiok  pT s,2D0dypT sBd is obtained from
a Monte Carlo calculation and is used in the subsequ
lifetime fits. It has an average value of about 0.85 w
an rms width of 0.11, and is approximately independ
of theD0 decay modes and of thepT s,2D0d.

The lifetime is determined from a maximum likelihoo
fit to the observed pseudoproper decay length distri
tions. The signal probability functionFsig consists of
an exponential function exps2kjyctd defined for pos-
itive decay lengths, convoluted with thek distribution
and a Guassian distribution with widthssi . Here si

is the estimated resolution ofj for event i, typically
100 mm, and the scale factors accounts for a possi
ble underestimate of the decay length resolution. T
j distribution of combinatorial background events is d
scribed by a sum of a Gaussian distribution centered
zero, and positive and negative exponential tails. T
shape of the background function and the scale facts
are determined from a simultaneous fit of a signal sa
ple and a background sample. The background sam
for the D0 ! K2p1 mode is formed from the side
bands defined by the mass ranges 1.72 to 1.80 and
to 2.00 GeVyc2. For theDp1 modes, we use the righ
sign sideband,0.15 , Dm , 0.19 GeVyc2 for the two
fully reconstructed modes,0.16 , Dm , 0.19 GeVyc2

for the D0 ! K2p1p0 mode, and the wrong sign side
band,Dm , 0.19 GeVyc2, for all three modes.

Figure 2 shows thej distributions of the events in th
signal regions. Also shown by curves are the results of
e
o

e

d
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nt

t

-

e

t
e

-
le

92

e

FIG. 2. Distributions of pseudoproper decay lengths for t
lepton-D signal samples (points). Also shown are results
lifetime fits, signal (dashed curve) and background (dott
curve) contributions, and the sum of the two (solid curve). T
four decay modes (a)–(d) are the same as in Fig. 1.

lifetime fit, with signal and background contributions. W
find the lifetimes to bectsBd  472 6 31, 486 6 42,
497 6 38, and 451 6 31 mm, where uncertainties are
statistical only. As a check of the procedure, we meas
the D0 lifetime using the proper decay length measur
from the secondary vertexVB to theD decay vertex. The
result, 133 6 12 mm averaged over the samples, is i
reasonably good agreement with the world average val
124.4 6 1.2 mm [10].

In order to extract theB0 and B2 lifetimes, we must
take into account the fact that the,2D0 and ,2Dp1

samples are admixtures of the neutral and chargedB
meson decays. The semileptonic decays can be expre
asB ! ,2nD, whereD is a charm system whose charg
is correlated with theB meson charge. If only the two
lowest lying states, pseudoscalar (D) and vectorsDpd, are
produced, the,2Dp1 combination can arise only from
the B

0 decay. Similarly the,2D0 combination comes
only from B2 decays, provided that theD0 from the
Dp1 decay is excluded. However, higher massDpp states
(including nonresonantDspdp pairs) are also produced
in semileptonicB meson decays and their decays ca
dilute the charge correlation. Nevertheless, the,2D0 and
,2Dp1 combinations are dominated byB2 andB

0 meson
decays, respectively.

We estimate the fractiong2 of the B2 decays in
the ,2D0 and ,2Dp1 samples as follows. The produc
tion rates of charged and neutralB mesons and their
semileptonic decay widths are assumed to be equ
We also assume theDpp decays exclusively toDspdp
4465
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via the strong interaction, thereby allowing us to de
mine the branching ratios, e.g.,Dspd1p0 vs Dspd0p1,
using isospin symmetry. We consider four factors
fecting the composition. Firstly, the composition d
pends on theDpp fraction s fppd in semileptonicB de-
cays, which has been measured to befpp  0.36 6 0.12
[4]. Secondly, g2 depends on the relative abundan
of four possible spin-parityDpp states, some of whic
decay only toDpp and others toDp . Changing the
abundance is equivalent to changing the branching
tios for Dpp and Dp averaged over variousDpp states.
We define a quantityPV  B sDpp ! DppdyfB sDpp !
Dppd 1 B sDpp ! Dpdg, where B denotes a branch
ing ratio. We assume the relative abundance foun
Ref. [11] with PV  0.78. We also consider the extrem
valuesPV  0.0 and 1.0. Thirdly, the composition de
pends on the lifetime ratio, because the number of,2D
events is proportional to the semileptonic branching ra
which is the product of the lifetime and the partial wid
Finally, the sample composition depends on the rec
struction efficiency of the low energy pion in the dec
Dp1 ! D0p1. If we miss the pion and reconstruct t
D0, theDp1 is included in the,2D0 sample and the sam
ple composition is altered. The efficiency is measu
to be espd  0.9310.07

20.21. We find that g2  0.8510.05
20.12

for the ,2D0 sample andg2  0.1010.09
20.10 for the ,2Dp1

sample when the two lifetimes are identical. The quo
uncertainties reflect maximum changes ing2 when fpp,
PV , and espd are changed within quoted ranges. W
have ignored smalls,2%d contributions to the lepton
Dspd events from physics processes likeB

0
s ! ,2nDpp1

s ,
Dpp1

s ! DspdK . Therefore the fraction ofB0 mesons is
given byg0  1 2 g2.

We can now determine theB2 and B
0 lifetimes with

a combined fit of the,2D0 and ,2Dp1 samples. We
use a two-component signal distribution function giv
by Fsig  g2F

2
sig 1 s1 2 g2dF 0

sig, whereF
2

sig andF
0

sig
represent the charged and neutralB meson components
respectively. The dependence ofg2 on the lifetime ratio
is taken into account in the lifetime fits.

The sample composition is a source of systematic
certainty in the B meson lifetime determination. W
change the parametersfpp, PV , and espd within the
quoted ranges, compute the sample compositiong2 and fit
theB meson lifetimes. We interpret the observed chan
as systematic uncertainties; they are listed in Table I
gether with other sources considered in this analysis.
ternative shapes for the background decay length distr
tions are considered and gives only minimal change
the result. Physics backgrounds are studied by ad
their simulated decay length distributions to the ba
ground function. Other sources of systematic uncert
ties include our estimate of decay length resolution an
the B meson momentum. Also we have applied a lo
decay length cut in some modes, and it introduces a s
bias in the lifetimes. Finally, a possible residual misalig
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TABLE I. A summary of systematic uncertainties in theB2

andB
0 lifetime measurement.

Contribution to
ctsB2d ctsB0d tsB2d

Source smmd smmd tsB0d

Sample composition 63 64 60.003
Background treatment 63 63 60.009

Decay length resolution 19
28

16
24

10.007
20.009

Momentum estimate 612 612 · · ·
Decay length cut 10

25
10
25 60.016

Detector alignment 610 610 · · ·
Beam stability 65 65 · · ·

Total 619 618 10.020
20.021

ment of the SVX detector and the stability of the positio
of the Tevatron beam are considered. Some of these
certainties cancel in the determination of the lifetime r
tio. All these effects are combined in quadrature to g
the total systematic uncertainty.

Our final result is tsB2d  1.56 6 0.13 6 0.06 ps,
tsB0d  1.54 6 0.08 6 0.06 ps, tsB2dytsB0d 
1.01 6 0.11 6 0.02 where the first uncertainties ar
statistical and the second are systematic. The re
is consistent with other recent measurements [2].
present, the two lifetimes are identical to each oth
within the uncertainty, consistent with the small diffe
ence predicted. They are also identical to theB

0
s lifetime

[12] within the uncertainty.
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