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The lifetime of the B meson is measured using the exclusive decay mifle> J /i ¢, where
J/y — utu” and ¢ — KTK~. The data sample consists ©f0 pb~! of pp collisions at./s =
1.8 TeV, collected by the CDF detector at the Fermilab Tevatron collider during 1992—-1995. We find
58 =+ 12 signal events, and the? meson lifetime is determined to bgo = 1.347075(stay = 0.05(sys)
ps. This result is consistent with previous measurements oB?heB*, and B?, meson lifetimes and
with theoretical predictions. [S0031-9007(96)00986-6]

PACS numbers: 14.40.Nd, 13.25.Hw

This letter reports an improved measurement ofBle decay allows an efficient trigger and is reconstructed
meson lifetime using the exclusive decay moBg—  with good signal-to-background ratio. Furthermore, the
J/¢ ¢ [1]. TheB? is observed through the decdyyy —  decay¢ — K+ K~ is easily isolated without explicik =
uwtu” and¢ — KTK~. This BY decay mode is cleanly identification because of the narrow natural width of the
observed in a hadron collider because ey — w* ™ ¢. The lifetime measurement is based on our largest
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sample of exclusiveB? decays and is obtained from trigger requires that two oppositely charged CTC tracks
~110 pb™! of pp collisions at,/s = 1.8 TeV, collected each match track segments in the muon chambers and that
by the Collider Detector at Fermilab (CDF) during the the u™ u ™~ invariant mass is between 2.8 ahd GeV/c?
1992-1995 runs. This result supersedes our previou®s select//i candidates.
measurement using this exclusive decay mode [1]. The reconstruction of the decay mod — J/ ¢
Phenomenological models predict similgf and B begins with the isolation of thé/ signal using the decay
lifetimes and a 5-10% difference between thé and modeJ/¢ — uw"u~. To select the muon candidates,
B? « lifetimes [2], and the lifetimes are expected to CTC tracks are extrapolated to the muon chambers and
follow the hierarchy 7(B*) > 7(B?) ~ 7(BY). These their positions are required to match track segments in
predictions are consistent with measurementsBcfand the chambers within errors. The uncertainties are derived
BY meson lifetimes [3], and with recent measurements ofrom multiple scattering. All four candidate tracks used in
the BY lifetime from CDF [1] and LEP [4]. It has been the reconstruction of the decd#}} — J/i ¢ are required
suggested by recent theoretical calculations [5], in analogio be well measured by the CTC, and the two muon
to the KJ-K} system, that the lifetime difference between candidate tracks must be measured by at least three of
the twoCP eigenstates produced by mixing of tBg and  the four SVX layers.
BY may be as much as 15%. Such an effect may manifest We require the two candidate muon tracks to originate
itself as a difference in lifetimes measured in semileptonidrom a single point in space (vertex constraint), after
decay modes of thB?, which are an almost equal mixture allowing the coordinates of this point and the parameters
of the twoCP states and the decad — J/¢ ¢, which  of the candidate muon tracks to vary in o fit.
is expected to be dominated by tG®-even state [6]. We The invariant mass of the vertex-constrained dimuons
have recently reported a low-statistics measurement of the formed and required to lie withiB0 MeV/c of the
polarization ofB® — J /¢ ¢ consistent with the&€P-even  world averageJ/¢ mass of3.097 GeV/c? [11]. All
hypothesis [7]. Thé&P-even state is expected to have theother oppositely charged track pairs are consideged
shorter lifetime. candidates. To improve the mass resolution of #je
The CDF detector has been described in detail elsehe four tracks are vertex constrained and the muon pair
where [8]. We describe here only the detector compois constrained to have the world averagg) mass. To
nents most relevant to this analysis. Two devices insidémprove the signal-to-background ratio, we require the
the 1.4 T solenoid are used for the tracking of chargegbrobability of this vertex constrained fit to be greater
particles: the silicon vertex detector (SVX) and the centhan 1%, the invariant mass of the kaon pair to lie
tral tracking chamber (CTC). The SVX consists of fourwithin 10 MeV/c? of the world average¢ mass of
concentric layers of silicon microstrip detectors surround-1.0194 GeV/c? [11], Pr(¢) > 2 GeV/c, and P+ (BY) >
ing the beam pipe and located at radii between 3.0 and GeV/c. The four-track vertex is referred to as the
7.9 cm from the interaction point. The SVX provides spa-secondary vertex. The resulting/ys ¢» invariant mass
tial measurements in the¢ plane [9], giving a track im-  spectrum is shown in Fig. 1 fitted with a Gaussian and
pact parameter resolution ef(13 + 40/P7) um [10], a second-order polynomial. A signal 8§ = 12 events is
where Pr is the transverse momentum of the track withobserved.
respect to the beam line, in Gg¥. The CTC is a We determine the lifetime of thB? meson by measur-
cylindrical drift chamber containing 84 sense wire lay-ing the distance traveled by ead} meson candidate in
ers grouped into nine alternating superlayers of axiathe transverse plane and applying the appropriate Lorentz
and stereo wires. It covers the pseudorapidity intervaboost correction. In addition to the position of the sec-
Ip| < 1.1, wheren = —In[tan(6/2)]. ThePr resolution ondary vertex, precise knowledge of thg collision point
of the tracks reconstructed in the CTC and SVX detectorgprimary vertex) is necessary for an accurate determination
is 8(Pr)Pr = [(0.0066)% + (0.0009P7)2]"/2. Two muon of the distance traveled. The primary vertex is defined to
subsystems in the central pseudorapidity region are uselle the run-by-run average beam position, and the typical
which together provide coverage in the interjial < 1.0.  run duration is several hours. An algorithm using well
The dimuon events used to reconstruct they were  measured CTC tracks with SVX information determines
collected using a three-level trigger system. The first levethe average beam position. The beam profile has a rms
required two charged tracks in the muon chambers. Thef ~35 um in the r-¢ plane and a rms of-30 cm in
efficiency for finding a muon at level one rises from 30%the z direction. We define the “signed” transverse decay
at Pr = 1.5 GeV/c to 93% for Py > 3 GeV/c. For lengthL;y = X - (P7/|Pr]) wherex is the vector pointing
most of the data taking period, the second level requireérom the primary to the secondary vertex ahis the re-
that both of the muon tracks match a charged track in theonstructed transverse momentum of Bfe The proper
CTC found with the Central Fast Track (CFT) processordecay length of th&? is then given by 7 = Lr(Mpo/Pr),
The typical efficiency for finding a CTC track with the whereMp is the reconstructed mass of the.
CFT at level two rises from 50% foPr ~ 1.8 GeV/c The proper decay length and invariant mass distribu-
to 94% for P+ > 2.7 GeV/c. The third level software tions of theB? are fit simultaneously using the maximum
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[ where 7; and m; are the calculated proper decay time
s [ and invariant mass of thgth candidate event, respec-

- tively. Since a well determined background shape al-
Signal= 58 12 Events lows us to determine the signal fraction and lifetime
with greater accuracy, we select events in a relatively
wide mass ranges.1-5.7 GeV/c?. The large number
of background events included in this range allow for an
accurate determination of the parameters describing the
background.

The proper decay length and mass spectra are fit to
determine the lifetime of th&?, the mass of the&?, the
shape of the background proper decay length and mass
distributions, and the fraction of signal events. The proper
decay length distribution is shown in Fig. 2 after selecting
events from=+0.05 GeV/c? around the fittedB? mass.
This mass range is chosen to display the shape ofthe
signal distribution more clearly.

w
o
T

Events/0.01 (GeV/c?)

L L | PRI P TN ISR
5.1 5.2 5.3 5.4 5.5 5.6 5.7 . . .
J/¥¢ Mass (Gev/c?) Various sources of systematic uncertainty have been

, ) o , studied. The contribution from each source is listed in
FIG. 1. The invariant mass distribution of ti® candidates Table I.

is shown fitted to a Gaussian and a second-order polynomial. (1) Variations in the parametrization of the background

o o o shape have been studied by fitting alternate shapes to
likelihood method. The likelihood function is given by the background~ and invariant mass distributions. The
N fitted lifetime is found to be uncertain by 3.5%.
L = l_[[fSngg +(1 - fs)Ff;ck], (2) A possible bias in the fitting procedure has been
=1 studied by generating and fitting several thousand mass
and lifetime distributions modeled after the data. We

where Fy, is the product of the signal mass and properggign a4 0.5% systematic uncertainty due to a possible
decay-length probability density functiongy,.x is the l?]ias in the fitting procedure
| .

product of the background mass and proper decay-length 3y \ye require signals in three or four of the SVX lay-

probability density functionsf; is the fraction of signal, grq for reconstruction of tracks. An uncertainty in the
andN is the total number of events.

The signal proper decay-length function is a normalized
exponential decay function convoluted with a Gaussian of
width equal to the calculated event-by-event uncertainty.
This uncertainty is derived from the full covariance
matrices of the tracks and the uncertainty in the position
of the primary vertex. The magnitude of this uncertainty
is typically 40 wm. Each uncertainty is multiplied by a
scale factor that is allowed to float in the fit. The scale
factor accounts for a possible underestimate of the decay
length resolution and is consistent with unity.

The signal mass distribution is modeled by a Gaussian
distribution of width equal to the calculated event-by-
event mass error. The error in mass is derived from
the track covariance matrices and is typically of order
0.01 GeV/c>.

The background proper decay-length distribution func- »
tion is parametrized as the sum of a zero-lifetime Gauss- '°
ian, a positive long-lived exponential decay convoluted ;
with a Gaussian and a negative exponential decay func-
tion. The background mass distribution is modeled as a
second-order polynomial. The normalization of the prob-FIG. 2. The proper decay-length distribution of tiBd is

Events/ 0.004 (cm)

[ | P [N

P P I I PR P S TS O P 1 1RO B
-0.025 0 0.025 0.05 0075 0.1 0125 015 0.175 0.2

Proper Decay Length (cm)

ability density function is given by the expression displayed for events selected within0.5 GeV/c? of the B)
fitted mass. The results of the lifetime fit are shown, signal
j i dashed line), background (dotted line), and the sum of the two
j'/[fogig + (1 - fx)F{mk] drjdm; =1, gsolid line). ) g ( )
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TABLE I. A summary of the sources of systematic uncer-ergy and National Science Foundation; the Italian Istituto

tainty for the B lifetime. Nazionale di Fisica Nucleare; the Ministry of Education,
Background parametrization 3.5% Science gnd Culture of Japan; the Natural Science; and
Fitting procedure bias 0.5% Engineering Research Council of Canada; the National
SVX length scale 0.3% Science Council of the Republic of China; the A. P. Sloan
Total 35% Foundation; and the Alexander von Humboldt-Stiftung.

interlayer separation implies that decay lengths are un-
certain by an overall scale factor. A recalculation of the
lifetime with these uncertainties taken into account gives
a shift of 0.3% in the measured lifetime. We assign a lifetime from the exclusive deca’ — J/y ¢ based on
systematic uncertainty of 0.3% to the lifetime due to an 220 pb~' data sample collected B‘y the Collider Detector
uncertainty in the length scale of the SVX. The total sys- 4t Fermilab (CDF) during 1992—1993.

tematic uncertainty from all these effects added in quadra-[2] m.B. Voloshin and M.A. Shifman, Sov. Phys. JET3,
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