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We report on a measurement of the branching fraction of the Cabibbo-suppressedBgeeay
J/ym*t, where J/iy — u*u~. The data were collected by the Collider Detector at Fermilab
during 1992-1995 and correspond to an integrated luminosityl 16fpb™' in pp collisions at
Js = 1.8 TeV. A signal of28*J’ events is observed and we determine the ratio of branching fractions
BB — J/ym*)/BB; — J/yK*)tobe[5.0"|(sta + 0.1(sysh]%. Using the world average value
for B(BX — J/¢K"), we calculate the branching fractid®(B} — J/¢i*) to be (5.0°74) X 1075.

We also search for the dec#f — J/¢ 7+ and report #5% confidence level limit orr (B} )B(B} —
J/ya*)/a(B)B(B — J/¥K™) as a function of theB] lifetime. [S0031-9007(96)01920-5]

PACS numbers: 13.25.Hw, 14.40.Nd

This Letter reports on the reconstruction of the Cabibbohas been previously reported by the CLEO Collaboration
suppressed deca] — J/¢# " [1] and the measurement [2], provides a valuable test of the factorization hypothe-
of the ratio of branching fraction®(B; — J/¢=*)/  sis [3], which is widely used in theoretical considerations
B(B — J/#K™"). The Cabibbo-suppressed mode, whichof B meson decays. According to this hypothesis we
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expectB(B;! — J/y=*)/B(B] — J/¢K™) to be about constrained to originate from a common point in space
5%. This decay mode may sha@P violating effects at  (“vertex constraint”). The confidence level (CL) of the
the few percent level because the suppression of the domiit is required to be greater thde, and the calculated in-
nant spectator amplitude enhances interference with nowariant mass of the dimuon pair is required to be within
leptonic penguin amplitudes [4]. We also search for thehree standard deviation8o) of the J/¢ world aver-
unobserved charmed bottom mesBji decaying to the age mass 3.096 88 G¢¥* [14]. We find402 500 + 700
same final state. 85% confidence level limit for the ratio J/¢ candidates with a mass measurement resolutiarf
of cross sections times branching fractien®,)B(B} —  ~19 MeV/c>.
J/yat)/o(BF)B(BS — J/¥K™) is reported as a func-  We then constrain the dimuons to thi¢y world aver-
tion of the assumed lifetime. By forming these ratios age mass, retaining the vertex constraint (‘mass and ver-
we minimize several systematic uncertainties, the largesex constraint”). A CL> 1% is required on the mass and
of which are associated with tliequark production cross vertex constrained fit. All other charged tracks within
section and transverse momentum spectrum. the CTC fiducial volume are considered as pion and
The B} is the bound state of the bottom and charmkaon candidates in the reconstruction of they#* and
(b and ¢) quarks and is predicted to exist by the J/K* decay modes, respectively. To reduce combi-
Standard Model. The mass of th&' is predicted to natoric background and optimize the Cabibbo-suppressed
be 6.258 + 0.020 GeV/c? [5] with a lifetime of 0.4— signal's expected statistical significance, we require all
1.4 ps [6,7]. TheB! mass measurement will test our pion and kaon candidate tracks to haRe(K™, 7 ") >
understanding of the potential model used to calculaté.25 GeV/c, and we require’r(B;/) > 5 GeV/c. Since
quark bound state masses and the lifetime measureme@DF does not have particle identification to adequately
will give information on the effect of binding on lifetime discriminate pions and kaons in this momentum range,
and test the accuracy of the spectator model assumptioneach three-track vertex is reconstructed undetvthgsr *
Perturbative QCD calculations indicate that spectatoand J/#K* hypothesis, yielding two invariant masses
¢c production is highly suppressed #rquark hadroniza- for each three-track combination. To improve our mass
tion due to the heavy charm quark mass. The fractiain of measurement resolution, we require that the three tracks
quarks that hadronize to produgé mesons is estimated form a vertex and constrain their momentum in the
to be ~1.5 X 1073 [8] from cross section calculations. plane to “point” back to the primary vertex, which has
However, the large branching fraction Bf to inclusive  been estimated using the average beam position. The
J /¢ final states compared with that for lightBrmesons “pointing” constraint requires the momentum vector of
enhances our ability to detect this mode. The branchthe three-track combination to have the same direction
ing fraction of B} — J/ymr* is estimated to b&.2%  as the displacement vector from the primary to the sec-
[9]. Based on these calculations, the Cabibbo-suppressexhdary vertex. The fit is required to have a GL1% and
B — J/y=" yield is estimated to be greater than thethe three-track vertex is subsequently referred to as the
B} — J/y= " yield by a factor of~7 [10]. secondary vertex. We define the transverse decay length
The data used in this analysis were collected with thg, ~_ - = 7,
Collider Detector at Fermilab (CDF) during the 1992— "7 \Prl’ R
1995 run and correspond to an integrated luminosity ofthe primary to the secondary vertex, aRg is the re-
110 pb! of pp collisions at,/s = 1.8 TeV. The CDF de- constructed transverse momentum of #je To separate
tector is described in detail elsewhere [11]. We describ¢he long-livedB; mesons from the prompt background,
the components of the detector that are important for thisve requireLy(B;") > 150 um and the impact parameter
analysis. The silicon vertex detector (SVX) and the censignificanced/o, > 1.0 for the pion or kaon candidate,
tral tracking chamber (CTC) provide spatial measurementa/here d is the distance of closest approach in two di-
in the r-¢ plane [12], giving an average track impact pa- mensions to the primary vertex amg} is the uncertainty,
rameter resolution of-[162 + (28/P7)?]"/2um for tracks ~ which combines measurement uncertainties on the track
transverse to the beam axis, whetg is the track trans- and vertex 35um). We useL; rather than the proper
verse momentum in units of Gg¥. To identify muon flight distancecr because no knowledge of the particle
candidates, two muon subsystems are used, which togetheiass is needed.
provide coverage in the pseudorapidity interal < 1.0, The measurement of the ratio of branching fractions
where pseudorapidity is defined as= — In[tan(0#/2)].  rons = BB} — J/yym*)/B(B] — J/¢K*) involves
The dimuon trigger requires that two oppositely chargeditting two mass distributions that differ only in the as-
CTC tracks each match muon track segments [13]. signment of the “third track” as a pion or kaon. A maxi-
Reconstruction of th8 — J/¢7 ™" starts with the iso- mum likelihood fitting procedure with two Gaussians for
lation of theJ /¢ signal. First, muon candidates are identi-the signals and a linear term for the background is used
fied by matching hits in the muon chamber to extrapolatedo extract the ratio of branching fractions [15]. The fit to
CTC tracks. Only well measured tracks in the CTC ared25 events in thd /¢ K* andJ /7 + mass distributions
used, and good quality SVX information is added wherwith 5.2 < M, ,x+ < 5.6 GeV/c? returns the signal
available. Two oppositely charged muon candidates ar&action f; = 0.62 = 0.02, and the ratio of branching
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fractions rops = 5.1f}j?%. This gives us546 = 24  We then use the world average value fB(B; —
signal events in theB} — J/¢K* decay mode and J/¢K™) [14] to obtain the Cabibbo-suppressed branching
28710 in the BY — J/yw* decay mode. Thd/yK*+  fractionB(B; — J/y7*) = (5.0°13) X 1075,
mass distribution is shown in Fig. 1 and théy 7 mass The search for the decay mod&" — J/47™ be-
distribution with superimposed curves generated from @ins by defining a mass region af150 MeV/¢? around
Monte Carlo simulation is shown in Fig. 2. the predicted mass of 6.258 G& [5]. To take ad-
The ratio of branching fractions must be corrected forvantage of the heavieB] mass relative to theB,
the relative tracking efficiencies, which depend on the dif-mass, thes} — J/¢ 7 candidates must havgr (7 ") >
ferent decay-in-flight properties of the two decay modes2.5 GeV/c andP7(B]) > 6 GeV/c. Because of the un-
Simulated charged tracks are imbedded into data evenkniown B, lifetime, four differentcr selections are used
containing aJ/ with its vertex displaced from the pri- for seven different assume®} lifetimes. These are sum-
mary vertex in order to approximate the tracking environ-marized in Table I. The mass distribution fbfy7* can-
ment of B meson events [16]. Applying the full pattern didates in the range of interest for tB¢ is shown in the
recognition and track fitting algorithm to the event, we findinset to Fig. 2.
the decay-in-flight correctio®,.; = D, /Dx = 1.028 * We estimate the mass resolution of ti to be
0.005, whereD,, and D are the efficiencies for recon- 20 MeV/c2. The four consecutive 20 Me\¢>-wide bins
structing tracks that may decay within the tracking volumein the search region containing the largest number of
The principal systematic uncertainties on the ratio ofevents are used to calculate the limit Bfi production.
branching fractions are due to three sources. UncertaintieEhe number of events in these four binsNg,. The
in the shape of the background are estimated to contribut®maining events are fit to a linear background function in
0.8% uncertainty to the ratio by allowing alternative order to estimate the number of background evenjs,
background shapes in the likelihood fit. Uncertainties incontributing toN.
the normalization of the likelihood function are estimated The selection criteria for the reference mogig —
to be 1.6% [15]. The track reconstruction efficiency has//¢K* are modified to requirect > 150 um and
been studied as a function of instantaneous luminosity an8i7(K ) > 1.5 GeV/c to reduce systematic uncertainties
its systematic effect on the decay-in-flight correction isassociated with the8 meson momentum spectra [17].
estimated to be 1.2%. The total systematic uncertaintyfhe decay-in-flight correction is recomputed tog, =
is determined by adding the separate uncertainties ih.035 + 0.006 using the procedure described earlier. The
guadrature and i2.2%. The ratio of branching fractions
is determined to be

BB, — J/ym")
B(Bf — J/yK™)
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TABLE I. The chosenB; lifetime, the c7 selection used, 10?
the relative efficiency of the selection criteria.(), the total
number of data events in the largest four consecutive bins from -~
6.1 t06.4 GeV/c? (Nyy), the number of background events in g
those 4 bins Nyx,), and the 95% CL limit for the ratio o B. - ® 95% CL Limit
The error onVy,, is statistical only. % Th
e —
Lifetime crcut ¢, = <8 Ny Ny — 95% CL 45" &
e(B:) E—:IF' ”
0.17 ps 60 um 2.50 = 0.15 40 292 +26 0.15 & . 2
0.33ps 85 um 2.10=*0.12 25 165 +21 0.10 ~ .
0.50 ps 100 um 1.84 =0.11 18 127 =17 0.070 E
0.80 ps 150 um 1.80 = 0.10 10 59+ 12 0.053 = )
1.0ps 150 um 1.61 =0.09 10 59 =12 0.046 T 5
13ps 150 um 143 =008 10 59 =12 0.042 1o
1.6ps 150 um 135+ 007 10 59 =12 0.040 =3
5
relative efficiency for finding theB] — J/¢m* com- 0.4 0.8 12 16 2.0
pared to theB — J/¢K* decay modee,, is deter- Assumed B; Lifetime (ps)

mined as a function of tha’ “fetlme'. A M_onte Carlo FIG. 3. The circular points show the different 95% CL limits
event generator [16] and detector simulation package ign the ratio of cross section times branching fraction for
used for both types of mesons and the results are prgs* — Jj/yart relative toB — J/4K* as a function of the
sented in Table I. The input-quark momentum spectrum B_ lifetime. The dotted curve represents a calculation of
for B mesons and fragmentation to tB& are varied to this ratloﬂba’sed on the assumption that #g is produced
determine a systematic uncertainty of 4.3%en. The %?BTEJ/(E?E)S =as4 gf;enlogss E‘EI otheB mesons and that
fragmentation ofp — B uses a perturbative QCD cal- ¢ ’ '
culation [8], and the uncertainty on this calculation is not
included in the systematic uncertainties associated with We thank the Fermilab staff and the staffs of the
€1 The trigger simulation is varied to determine a sys-participating institutions for their vital contributions. This
tematic uncertainty of 4% og,.;. The uncertainty in the work was supported by the U.S. Department of Energy
c7 distribution of background events with zero lifetime and National Science Foundation; the Italian Istituto
contributes a 1.3% systematic uncertainty for short-livedNazionale di Fisica Nucleare; the Ministry of Education,
B} mesons and less for longer-lived ones. Science and Culture of Japan; the Natural Sciences and
Calculation of the 95% confidence level limit as- Engineering Research Council of Canada; the National
sumes Poisson distributions for the signal and backScience Council of the Republic of China; the A. P. Sloan
ground and accounts for the uncertainty My,, the Foundation; and the Alexander von Humboldt-Stiftung.
uncertainties in the estimate of.;, and the statis-
tical uncertainty in the number of /K" obtained

[18]. The 95% CL limit on the ratioo(B)B(B} — *Visitor.

J/(//7T+)/U'(B;)B(B; — J/¢K+) as a function of the [1] References to a specific state imply the charge-conjugate
B lifetime is shown in Fig. 3 and Table I. Also shown in state as well.

Fig. 3 is a theoretical estimate of this ratio [8,19]. [2] CLEO Collaboration, J.P. Alexandet al., Phys. Lett. B
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