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We have observed bottom-charm mesons via the decay nBgde» J/¢ €=v in 1.8 TeV pp
collisions using the CDF detector at the Fermilab Tevatron. A fit of background and signal contributions
to the J /i € mass distribution yielded0.4*$3 events fromB, mesons. A fit to the same distribution
with background alone was rejected at the level of 4.8 standard deviations. We measué&dntiass
to be6.40 + 0.39(stad + 0.13(sysh GeV/c? and theB; lifetime to be0.46 ({8 (stad + 0.03(sys ps.

Our measured yield (production cross section times branching rati@)/fer J/¢ €¢* v relative to that
for Bt — J/y K+ is 0.1327 004 (stad = 0.031(sysh 035 (lifetime).  [S0031-9007(98)07127-0]

PACS numbers: 14.40.Nd, 13.20.He, 13.87.Fh
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The B} meson is the lowest-mass bound state of ahese properties. Prior to the application of lepton iden-
family of quarkonium states containing a charm quark andification criteria to the third track, this sample included
abottom antiquark [1]. This pseudoscalar ground state haB — J/ye* v, Bf — J/yu*v, B} — J/¢y K", and
nonzero flavor and no strong or electromagnetic decays. hackground from various sources. We subjected the three
is the last such meson predicted by the standard model. Itsacks to a fit that constrained the two muons to the
weak decay is expected to yield a large branching fractiod /s mass and that constrained all three tracks to origi-
to final states containing &/ [2—5]. Nonrelativistic nate from a common point. A calculation @, pro-
potential models predict the and b to be tightly bound duction and decay td/¢ ¢» showed that, fo (B.) =
with a massV (B,) in the range.2-6.3 GeV/c? [6,7]with  6.27 GeV/c?, 93% of the J/y ¢ decays would have
a rich spectroscopy of excited states. trilepton masses withh.0 < M(J /iy €) < 6.0 GeV/c>.

We expect three major contributions B decay:b —  We call this the signal region, but we accepted events
cW* with the ¢ as spectator and final states likg¢y 7 with 3.35 < M(J /¢ €) < 11 GeV/c>.
or J/y €y, c — sW™, with the b as spectator and final A measure of the time between production and decay
states likeB,7 or B,€v; andch — W™ annihilation with  of a B, is
final states likeDK, 7v,, or multiple pions. Since these
processes lead to different final states, their amplitudes . _MU/YO - Ly(U/y o)
do not interfere. The predicted lifetime is in the range = | pr(J /¢ €)| ’
0.4-1.4 ps [2,8—-12]. Because of the wide range of
predictions, aB. lifetime measurement is a test of the whereL,, is the distance between the beam centroid and
assumptions made in these calculations. Several authotise decay point of th&,. candidate in the transverse plane
have also calculated th&. partial widths to semileptonic and projected along thé/ € direction, andpr(J /i €)
final states [2—-5,13]. is the trilepton transverse momentum. The average un-

The production of B, mesons has been calculated certainty inct* is 25 um. To reduce backgrounds from
in perturbative QCD. At transverse momenga/c >  promptJ /¢ production, we required:* > 60 pum.

M(B,) the b is most often produced by gluon fusion in  B* — J/# K™ candidates were identified by a
the hard collision and fragmentation provides thgl4]. peak in the u™u K* mass distribution centered at
At lower pr, based on a fulle? calculation [15], both M(B™) = 5.279 GeV/c? with a root mean square width
the b and ¢ quarks are produced in the hard scatteringof 14 MeV/c2. (See Fig. 2 of Ref. [23].) The peak con-
These calculations [14—18], which vary in specific detailstained 290 * 19 events after correction for background.
predict inclusiveB. production cross sections along with Events within 50 MeV of M(B*) were eliminated as

distributions in p; and other kinematic variables. The B — J/¢ ¢* v candidates.

results reported here are insensitive to the choice of Muons fromJ/ decay were identified by matching
theoretical model. a charged-particle track witl; > 2 GeV/c to a track

Searches at the CERN*'e~ collider (LEP) yielded segment in drift chambers outside the calorimeter (5 to
limits on B, production [19-21] and a few candidate 9 interaction lengths thick depending on angle). The
events [20,21]. A prior CDF search [22] placed a limit third muon was required to haver > 3 GeV/c and
on B, production withB! — J /¢ 7=+, to pass through an additional three interaction lengths

We report here the observation &. mesons pro- of steel. Electrons were identified by a charged-particle
duced in 1.8 TeVpp collisions at the Fermilab Teva- track with py > 2 GeV/c and matched with a shower
tron collider using al10 pb™! data sample collected in the electromagnetic calorimeter. We found B4 —
with the CDF detector. In a sample of trilepton events,J /¢ u* v candidates of which 12 were in the signal
we found an excess over expected backgrounds consigegion and 23B] — J/¢ e* v candidates of which 19
tent withB — J/¢ u*v andB — J/y e v followed  were in the signal region.
by J/& — wu*u~. This interpretation is reinforced by  Significant backgrounds in thé&. candidates come
measurements of mass, lifetime, and event yield whiclirom false leptons: hadrons that reach the muon detectors
agree with theoretical expectations #®r mesons. Refer- without being absorbed, hadrons that decay in flight
ence [23] gives a more detailed description of this work. into a muon in advance of entering the muon detectors,

We have describe the CDF detector elsewhere [24,25hnd hadrons that are falsely identified as electrons. A
Its tracking system gives a transverse momentum resolifeonversion background” arises from" e~ pairs when
tion 8 pr/pr = [(0.0009 X pr)? + (0.0066)2]"/2, where a member of the pair remains undetected and the other
pr is in units of GeVc. The average track impact pa- accidentally intersects thé// decay point. A BB”
rameter resolution relative to the beam axis[1$ +  background arises when &/ from B decay and a
(40/p7)] wm in the plane transverse to the beam [26].lepton from semileptoni® decay accidentally appear to
Events with Bf — J/¢¢*v have a decay point for originate from a common decay point. Other backgrounds
J/y — utu~ displaced from the primary interaction [23] were found to be negligible.
point and a third track emerging from the same point. As a check on the number of events and the trilepton
From our data, we selected/y + track events with mass distribution for the backgrounds, we verified that we

2434
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TABLE I. B, signal and background summary.

335 < M(J/y €) < 11.0 GeV/c>

J/ e events J/¢ u events

False electrons 42 + 04
Undetected conversions 2.1+ 1.7
False muons 114 =24
BB background 2309 1.44 = 0.25
Total background (predicted) 8.6 +2.0 128 = 24

(from fit) 9.2 £2.0 10.6 £ 2.3
PredictedN (B, — J /¢ ev)/N(B, — J/¢ Lv) 0.58 * 0.04
e and u signal (derived from fit) 12.0133 8.4757
Total signal (fitted parameter) 204782
Signal + background 212 £ 43 19.0 £ 3.5
Candidates 23 14
P(Null)® 0.63 X 1076

@The total number of fitted events was not constrained to be equal to the number of candidates.
bProbability that background alone can fluctuate to produce an apparent signal of 20.4 events
or more, based on simulation of statistical fluctuations.

are able to predict the number of events and mass distribtiime measurement. This yielded a sample of 71 events,
tion in an independent, background-rich sample of same42 J /¢ e and 29J/¢ u. We fit functional forms to
charge, low-mass lepton pairs. (See Fig. 27 in Ref. [23].}he shapes irct* for each of the backgrounds. To the
As a further check, we applied all selection criteria ex-sum of these we added a resolution-smeared exponen-
cept the requirement that the third track intersecttfi¢  tial B.-decay contribution, dependent armr. Because
vertex. The resulting impact parameter distribution has &f the missing neutrino, the proper decay lengthfor
prominent peak at zero, demonstrating that, for most careach event differs from* of Eq. (1). We convoluted
didate events, the three tracks arise from a common vethe exponential incs with the distribution ofct™/cr de-

tex. (See Fig. 28 in Ref. [23].) rived from Monte Carlo studies. Finally, we incorpo-

Table | summarizes the results of the backgroundated the data from each of the candidate events in an
calculation and of a simultaneous fit for the muon and
electron channels to the mass spectrum over the region 14
between 3.35 andll GeV/c? [23]. Figure 1 shows 60
the mass spectra for the combinddy e and J/¢ u
candidate samples, the combined backgrounds, and the
fitted contributions fromB} — J/¢ ¢*v decay. The
fitted number ofB, events i20.47%2.

To test the significance of this result, we generated
Monte Carlo trials with the statistical properties of the
backgrounds, but with no contribution froB. mesons.
These were fit to determine the apparent signal size arising
solely from background fluctuations. The probability of
obtaining a yield of 20.4 events or more($3 X 1079,
equivalent to a 4.8 standard-deviation effect.

To check theB,. signal stability, we varied the assumed
B. mass from 5.52 tG.52 GeV/c?. The signal template
for each value ofM(B.) and the background mass
distributions were fit to the data. The magnitude of
the B. signal is stable over the range of theoretical 0
predictions for M(B.), and the minimum in the log-
likelihood function vs mass yielded/(B.) = 6.40 +
0.39(stah = 0.13(sysh GeV/c?. FIG. 1. Histogram of the' /¢ € mass that compares the signal

We obtained the mean proper decay length and B 2eCCd C L o o Note that the mass

St fotr e .
232%? Cﬂ;e_ I\I/t/eetlumseer dognﬁr;eesénrpsevs\/?t:l (;‘rzmM'[?Je/zlj;rlgu— bins, indicated by tick marks at the {(L)p, vary in width. The

) _ total B, contribution is20.47%2 events. The inset shows the
6.0 GeV/c*, and we changed the decay-length requirehehavior of the log-likelihood functior-2 In(L) vs the number
ment fromcs® > 60 umtoct™ > —100 wm for this life-  of B. mesons.

12— 55

T
-2 1n(L)

20.4

[oe]
T

%10 20 30 40
N(B,)

J/ip+e and JQp+u

— Data (B, Candidates)
Fitted Signal

B Fitted Background

Events per 0.3 GeV/t

4 5 6 7 8 9 10 il
M(J/ +lepton) (GeV/é)
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FIG. 2. The distribution inct* for the combined//¢ n and
J/¢ e data along with the fitted curve and contributions to FIG. 3. The point with 1-standard-deviation contour shows
it from signal and background. The inset shows the log-our measured value of ther X B ratio plotted at the
likelihood function vscr for the B.. value we measure for th@, lifetime. The shaded region
represents theoretical predictions and their uncertainty cor-
. o . . ridors for two different values of the semileptonic width
unbinned likelihood fit tocT. Figure 2 shows the data 1, = I'(B. — J/¢ ¢v) based on Refs.[2] and [4]. The

and the signal and background distributions with = other numbers assumed in the theoretical predictions are
137235 (stad + 9(sysh wm and Vep = 0.041 = 0.005 [27], o(B))/o(b) = 1.3 X 107* [16],
o8 o(BY)/o(®) = 0378 = 0.022 [27], BB' = J/yK*) =
7 = 0.4675 5(sta) = 0.03(sysh ps. (2)  (1.01 *0.14) x 1073 [27].

From the 20.4B. events and the 298" — J/¢ K+
events, we calculated th&. production cross section times
the B — J/¢ ¢*v branching fractionoc X B(B; —
J/w € v) relative to that for the topologically similar

where/ is either an electron or a muon. We measured the
B. mass and the product of its production cross section

decay B* — J/¢K*. Many systematic uncertainties and semileptonic branching fraction, which confirm phe-

cancel in the ratio. A combination of measurements an@omenologlcal expectations. We measuref. difetime

Monte Carlo calculations yielded the efficiencies that docon3|stent with calculations in which the decay width is

- dominated by the decay of the charm quark.
not cancel. The efficiency foB — J /¢ ¢ v depends . :
on c7 because of the requiremeat” > 60 wm, and we We thank the Fermilab staff and the technical staffs of

quote a separate systematic uncertainty due to the Iifetin%‘e participating institutions for their vital contributions.

uncertainty. We assumed that the branching fraction i his work was §upported_ by the U.S. _Department'of
the same foB* — J /¢ e* v andB> — J /i p*v. We nergy and National Science Foundation, the Italian

multiply the 20.4 events by a factor @85 * 0.15 to :Eséltutot_ Nazgn_ale di F';'(? ll;luclea:crej the I\/lhnlstlr\ly tOf |
correct for contributions from otheB. decay channels ucation, Science an ulture ot -Japan, the Natura

_ : Sciences and Engineering Research Council of Canada,
such asB, — ¢(25) £v [23]. We find the National Science Council of the Republic of China,

RU /iy v) = o(B.) X BB = J/y tv) the A.P. Sloan Foundation, and the Swiss National
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