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The lifetimes of theB~ and B’ mesons are measured using the partially reconstructed semileptonic
decaysB — D¢ 7X, whereD is either aD® or D*" meson. The data were collected by the CDF
detector at the Fermilab Tevatron collider during 1992-1993 and correspond to 19.30pbipp
collisions at./s = 1.8 TeV. We measure the decay length distributions and find the lifetimes to be
7(B7) = 1.56 = 0.13 = 0.06 ps andT(EO) = 1.54 = 0.08 = 0.06 ps, and the ratio of lifetimes to

be T(B*)/T(EO) = 1.01 = 0.11 = 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

A measurement of the lifetimes of the differeBt terference effects. These mechanisms play an important
hadron species probes their decay mechanism beyond thele in the decay of charm hadrons; however, they are
simple spectator model decay picture. Possible causes ekpected to produce smaller lifetime differences in Bhe
lifetime differences include the strength of the annihila-hadrons, of order (5-10)% betwe®T and B” and 1%
tion and theW-exchange graphs, and final state Pauli in-petweens’ andE? [1].
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Several direct measurements 8f and B’ meson B decays. The kaon (pion) candidate is then required
lifetimes have been performed by tkée~ experiments to have momentum above 1.5 (0.5) Gy and to be
and by CDF [2]. Indirect information has been obtainedwithin a cone of radius 0.6 (0.7) around the leptomip
through the measurement of branching ratios [3,4]. Thepace. We require the decay vertex of & candidate
precision of current measurements now approaches the be positively displaced along its flight direction in the
level where the predicted small differences could beransverse plane with respect to the position of the primary
discerned, and improvements in these measurements wilertex. The primary vertex is approximated by the beam
provide a strong test d-hadron decay mechanisms. position [9]. To remove events consistent with the decay

In this Letter we report a measurement of the and  chain D** — D%z ", we combine additional positive
B° meson lifetimes using partially reconstructed semilepiracks with the D° candidate and compute the mass
tonic decays. The data used in this analysis were codifference(Am) between thed’7* and theD", assigning
lected in 1992-93 with the CDF detector at the Ferthe pion mass to the tracks; we remove events With
milab Tevatronpp collider at a center-of-mass energy values between 0.142 and 0.148 Ge¥. The resulting
J5 = 1.8 TeV, and correspond to an integrated luminos-K ~ 7" invariant mass spectrum is shown in Fig. 1(a).
ity of 19.3 pb~!. Events with a leptone( or u~, de- We define the signal region to be in the mass range 1.84
noted by¢~) associated with @° or D** meson are t01.88 GeVc? The total number of events in the signal
selected. (Throughout this Letter a reference to a partegion is 1233 with an estimated background fraction of
ticular charge state also implies its charge conjugate))-53 + 0.03. Also shown by the shaded histogram is the
The ¢~ D** candidates consist mostly & decays, and Mass spectrum for the “wrong signK (=~ with {7)
the ¢~ D° candidates consist mostly & decays. The combinations, where no significant signal is observed.

D° meson is reconstructed using the decay mpde— JTo identify ¢ D** candidates, we search f@;+ —
K~ 7". The D** decays are reconstructed using theP 7 decays using two fully reconstructe®” de-
decay modeD** — D7+, followed by D® — K7+, cay modesp’ — K 7" andD® —» K~ 7" @ " m ", and
K- mtatm, or K-m=*x". The decay length distribu- ©One partially reconstructed modp — K~ * . For
tion are measured and the lifetimes are extracted after cofe fully reconstructed modes, te’ candidate has to
recting for the relative admixtures @~ and B’ in the ~ be in the mass ranges 1.83 to 1.90 Ge¥and 1.84
samples. to 1.88 GeVc?, respect|_vely. For the partially recon-

The CDF detector is described in detail elsewhere [5]Structed mode, we require the mass okaz" pair to
We describe here only the detector components most rel-
evant to this analysis. Inside the 1.4 T solenoid the sili-

con vertex detector (SVX) and the central tracking cham- ‘“;"400 () °E120 (b)
ber (CTC) provide the tracking and momentum analysis = _ | E
of charged particles. The CTC covers the pseudorapidity 2 = 80
interval |n| < 1.1, wheren = —In[tan(#/2)] [6]. The 200 ~
SVX gives a track impact parameter resolution of about 2 Za0t
(13 4+ 40/pr) um [7], where pr is the transverse mo- 5% % &
mentum of the track in GeXt. The transverse profile 0 < Y S Y VS YRy
of the Tevatron beam is circular and has an rms spread ' M(K_;#) (Ge.V/cz) ' . (dev/cz)'
of ~35 um. Electromagnetic and hadronic calorime-
ters outside the solenoid cover the pseudorapidity region T *
In] < 1.1. Two muon subsystems are used, the central < 1s0 (©) | & g ()
muon chambers and the central upgrade muon chambers. 2 3
Events containing semileptoni® decays are collected Z 100 =60
using inclusive lepton triggers. Ther(= E sind) thresh- N N
old for the principle single electron triggeris 9 GeV. The £ s} 2
single muon triggepr threshold is 7.5 GeXt. The spe- 2 a2
cific criteria used for electron and muon identification are 0 . o .
described in Refs. [8,9]. 014 0.6 0.8 0.14 016  0.18
To identify the¢~ D° candidates, we search fér° — AM (GeV/c) AM (GeV/c?)

K~ 7" decays near the leptons, removing events thagiG. 1. Reconstructed charm signals in lepton events.

are consistent with th®** — D%z " decay chain. The Four modes are shown: (ap°— K~ 7" (non D**),

D’ — K~ 7" decay is reconstructed as follows. We (b l}(f — D7, QO(JD{‘{JW’DO () DOD” E:D(’;T*O,

: ; ; ; ; — T a7, an — D7, — b,

f(l;r-|s-tc S;elecii oppr?snel)t/h Chsrged paurs .Of par'tlclej :JSI?h lot (@) shows thek ~#* invariant mass spectra, and (b)—(d)
racks, where the kaon mass IS assigned 10 &, the Am distributions. Shaded histograms show wrong

particle with the same charge as the lepton (called thgign combinations, and in (a) they are scaled by 0.5 for display
“right sign” combination), as is the case in semileptonicpurposes.
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be between 1.5 and 1.7 G#y?; we do not reconstruct
the 7° and in the subsequent analysis treat fhes " g
. - . age ¢

pair as if it were aD®. We require positive decay lengths _ 100 f
in the last two modes. For each mode, we reconstruct thg
D** meson by combining an additional track, assumed tc~ )
have the pion mass, with the° candidate, and comput-
ing the mass differenceéym, between thed’z* and D,
Figures 1(b)—1(d) show tham distributions, where the 7
shaded histograms correspond to the wrong ftvr )
combinations. In Fig. 1(d) the peak is broadened becaus
of the missingz. We define the signal region as follows.
The two fully reconstructed modes use then range
0.144 to 0.147 GeXc?, and theK ~ 7" 7° mode uses the < 10 } ‘
rangeAm < 0.155 GeV/c?. The numbers of events in ~_

foo

100 |

(b)

—
o
T

0F

Events / 0.02 cm

Events

—_
o
o

[
o
T

the signal regions are 200, 332, and 704, with estimate 4
background fractions 06.11 *+ 0.03, 0.18 = 0.03, and
0.40 = 0.03, respectively.

The secondary verteXp is obtained by intersecting
the trajectory of the lepton track with the flight path of
the D° candidate. TheB decay lengthL is defined as
the displacement in the transverse plane/gffrom the FIG. 2. Distributions of pseudoproper decay lengths for the
primary vertex, projected onto the transverse momenturgPtonD signal samples (points). Also shown are results of
vector of the leptorB° system. In semileptonic decays, lifetime fits, signal (dashed curve) and background (dotted

.~ curve) contributions, and the sum of the two (solid curve). The
the B meson momentum cannot be measured precisely decay modes (a)—(d) are the same as in Fig. 1.
because of the missing neutrino. We usejhé/~ D°) as
an estimator of th& momentum, resulting in a corrected
decay lengthé = Lm(B)/pr(¢~D°) which we call the = o
“nseudoproper decay length.” The distribution of thel!fetlme fltZ W|_th signal and background contributions. We
momentum ratiac = pr(€~D°)/pr(B) is obtained from find the lifetimes to bec7(B) = 472 *+ 31, 48_6 + 42,
a Monte Carlo calculation and is used in the subsequert?’ = 38, and 451 = 31 um, where uncertainties are
lifetime fits. It has an average value of about 0.85 withSt""t'StAC"_"I only. As a check of the procedure, we measure
an rms width of 0.11, and is approximately independenthe D" lifetime using the proper decay length measured
of the D° decay modes and of the (¢~ D). from the secondary verteiXg to theD decay vertex. T_he_

The lifetime is determined from a maximum likelihood résult, 133 = 12 um averaged over the samples, is in
fit to the observed pseudoproper decay length distribyteéasonably good agreement with the world average value,
tions. The signal probability functiorff;, consists of 124.4 = 1.2 pm [10]. 0 o
an exponential function exp x¢/cr) defined for pos- In order to extract theB™ and B~ lifetimes, we must
itive decay lengths, convoluted with the distribution ~ take into account the fact that the”D® and ¢~D**
and a Guassian distribution with widtho;. Here o; samples are admixtures of the neutral and charBed
is the estimated resolution of for eventi, typically ~meson decays. The semileptonic decays can be expressed
100 um, and the scale factos accounts for a possi- asB — ¢~ 7D, whereD is a charm system whose charge
ble underestimate of the decay length resolution. Thés correlated with the8 meson charge. If only the two
& distribution of combinatorial background events is de-lowest lying states, pseudoscal&)(and vector(D*), are
scribed by a sum of a Gaussian distribution centered droduced, thet”D** combination can arise only from
zero, and positive and negative exponential tails. Théhe B" decay. Similarly the¢”D® combination comes
shape of the background function and the scale fastor only from B~ decays, provided that th®° from the
are determined from a simultaneous fit of a signal samD*" decay is excluded. However, higher m@ss states
ple and a background sample. The background sampl@ncluding nonresonanD® 7 pairs) are also produced
for the D - K~ 77 mode is formed from the side- in semileptonicB meson decays and their decays can
bands defined by the mass ranges 1.72 to 1.80 and 1.@flute the charge correlation. Nevertheless, &h®° and
to 2.00 GeV/c?. For theD** modes, we use the right ¢~ D*" combinations are dominated By andB’ meson
sign sideband.15 < Am < 0.19 GeV/c? for the two  decays, respectively.

—-

Events / 0.01 cm

Even

. P 1 P
-01 0 0.1 02 03 -0.1 0 0.1 02 03

Pseudo—Proper Decay Length (cm)

fully reconstructed modes).16 < Am < 0.19 GeV/c? We estimate the fractiorg™ of the B~ decays in
for the D° — K~ 7" 7% mode, and the wrong sign side- the ¢~ D° and ¢~ D** samples as follows. The produc-
band,Am < 0.19 GeV/¢?, for all three modes. tion rates of charged and neutrBl mesons and their

Figure 2 shows the& distributions of the events in the semileptonic decay widths are assumed to be equal.
signal regions. Also shown by curves are the results of th&Ve also assume th®** decays exclusively tad>® s
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via the strong interaction, thereby allowing us to deter-TABLE I. A summary of systematic uncertainties in tBe
mine the branching ratios, e.gD™* 7 vs D®07z*  andB’ lifetime measurement.
using isospin symmetry. We consider four factors af-

Contribution to

fecting the composition. Firstly, the composition de- cr(B") cr(B") 7(B")
pends on theD** fraction (f*) in semileptonicB de- Source (um) (um) @)
cays, which has been measured tofié = 0.36 * 0.12

[4]. Secondly,g~ depends on the relative abundance Sample compositon — *3 *4 *0.003
of four possible spin-parityD** states, some of which Background treatment ~ +3 *3 +0.009
decay only toD* and others toDz. Changing the Decay length resolution 3 o 5009
abundance is equivalent to changing the branching ra- Momentum estimate %})2 11%)2

) A - - Decay length cut Ts I +0.016
tios for D*7r and D averaged over variouB™ states. Detector alignment 10 410
We define a quantity’y = B(D™ — D*7)/[B(D™ — Beam stability +5 +5

D*m) + B(D™ — Dur)], where B denotes a branch- . N 0,020
ing ratio. We assume the relative abundance found in Total *19 18 —o.o21

Ref. [11] with Py = 0.78. We also consider the extreme

valuesPy = 0.0 and 1.0. Thirdly, the composition de-

pends on the lifetime ratio, because the numbef a0  ment of the SVX detector and the stability of the position
events is proportional to the semileptonic branching ratiopf the Tevatron beam are considered. Some of these un-
which is the product of the lifetime and the partial width. certainties cancel in the determination of the lifetime ra-
Finally, the sample composition depends on the reconto. All these effects are combined in quadrature to give
struction efficiency of the low energy pion in the decaythe total systematic uncertainty.

D** — D%7*. If we miss the pion and reconstruct the Our final result is7(B~) = 1.56 = 0.13 = 0.06 ps,

D, theD** is included in the/” D® sample and the sam- (B°) = 1.54 = 0.08 = 0.06 ps, 7(B7)/7(B") =

ple composition is altered. The efficiency is measured 01 + 0.11 + 0.02 where the first uncertainties are
to be e(m) = 0.9370%]. We find thatg~ = 0.8570%3  statistical and the second are systematic. The result
for the €~ D° sample angg~ = 0.10%37 for the €-D**  is consistent with other recent measurements [2]. At
sample when the two lifetimes are identical. The quotecpresent, the two lifetimes are identical to each other
uncertainties reflect maximum changesgin when f**,  within the uncertainty, consistent with the small differ-

Py, and e(m) are changed within quoted ranges. Weence predicted. They are also identical to #ldifetime
have ignored smal(~2%) contributions to the lepton- [12] within the uncertainty.
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