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Observation of ExclusiveB Decays to Final States Containing a Charmed Baryon
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Using data collected in the region of thé(4S) resonance with the CLEO-II detector, we report
on the first observation of exclusive decays of #heneson to final states with a charmed baryon.
We have measured the branching fractidB$B~ — AF7~) = (0.62703 + 0.11 = 0.10) X 1073
andBB’ — AJprta) = (1337345 + 0.31 + 0.21) X 1073, where the first error is statistical, the
second is systematic, and the third is due to uncertainty imthéranching fractions. In addition, we
report upper limits for final states of the formi— A} p(n7) and A p(n7)m®, where(nm) denotes
up to four charged pions. [S0031-9007(97)04176-8]

PACS numbers: 13.25.Hw, 14.20.Lq

Exclusive reconstruction oB mesons to final states pairs of showers detected in the calorimeter which yield
with a A is essential in understanding the mechanisms yy invariant mass withir2.50 of the knownz° mass
for baryon production inB decays, which are expected (o ~ 5 MeV).
to be dominated by — cud transitions via internal or Particle identification is accomplished by combining the
external W emission [1]. These processes lead to finalspecific ionization measurements from the central drift
states of the formnB — O.NX, where®, = A}, 3. or  chamber with TOF information, if available, to derive
higher excitations of the ground state baryons. Inclusivgrobabilities for each charged track to be consistent with
production of the charmed baryoh! from B meson the pion, kaon, and proton mass hypotheses. Protons
decays was first reported by ARGUS [2] and confirmedproduced directly fromB decay are required to have a
by CLEO [3]. The fraction ofA] baryons fromX * probability for the proton hypothesis greater than 5% and
and 3% in B decays is measured to bel6% [4]. The a probability of less than 32% for the pion hypothesis [7].
branching fraction forB decays to charmed baryons is Charged kaons and protons froki decay are required to
(6.4 = 1.1)% [5]. CLEO has studied thd " momentum have a probability for the appropriate hypothesis greater
spectrum inB decays and found that two-body final statesthan 5% and a probability of less than 5% for the pion
are suppressed [3]. This motivates a search for multibodfzypothesis [8]. For charged pions fro] decay and
final states ofB” and B~ mesons of the formB —  protons fromA decay, the probability for the respective
A} P(nw) and A p(nar)m®, where (n7) is up to four particle hypothesis is required to be greater than 0.3%
charged pions. These modes have previously not bedf]. No particle identification requirements are made
observed. Throughout this study the charge conjugatfor pion candidates fromB decay in order to improve
process is implied. overall detection efficiency for low momentum+ei(())ns and

This analysis is based on39 fb~! of data taken at increase sensitivity to pions from the decay -
the Y(4S) resonance and.13 fb~! of data taken at a A 7*. We relax the requirement for protons from
center-of-mass energy 60 MeV less than ¥@S) reso- decay compared to protons from, decay to increase
nance which is below the threshold for producihgne-  our efficiency since the average momentum is greater for
son pairs, hereafter referred to as continuum. Assumingrotons directly fromp decay. This is necessary because
equal production rates of charged and neufahesons, the efficiency of our particle identification decreases with
a total of2 560000 + 46 000 charged and an equal num- increasing momentum. The efficiencies of these particle
ber of neutralB mesons are in the data sample. The datddentification requirements are derived from data using
were collected with the CLEO-II detector [6] at the Cor- high purity samples of protons, kaons, and pions from the
nell Electron Storage Ring (CESR). Charged particles aréecaysA — pm~, D** — D%z " with D — K~ 7",
tracked using three nested cylindrical wire chambers opandKs — 7" o ", respectively.
erating in a 1.5 T magnetic field. The tracking chambers TO suppress continuum background, the normalized
are surrounded by time-of-flight (TOF) counters and anFox-Wolfram second moment [10] is required to be less
electromagnetic calorimeter which provides excellefit  than 0.35. The numbers df candidates from th¥ (45)
reconstruction. data and the continuum are determined separately, where

CandidateA” baryons are reconstructed in the modescontinuum data are scaled to account for the differences
pK— 7", pK? andAw*, with K — 777~ andA — in luminosity and center-of-mass energies. After sub-
pm~. The momentum of the\ " is required to be less ftracting this contribution, the\ ! yield from B decays is
than 2.3 GeV/c, which is the kinematic limit forA; 3343 = 2,15- )
baryons fromB meson decay. Daughtéf? and A can- Exclus!ve B decays are r_ecorjstructed by seleptlng
didates are reconstructed from oppositely charged track8. candidates whose mass is wittitbo of the nomi-
which form a detached vertex in the plane transvers@al mass and forming [ p(n) and A p(nm)7° com-
to the beam direction. The invariant mass of k@ binations, where(nm) denotes up to four charged
(A) is required to be withinl0.0 (3.0) MeV/c2 of the Pions. ~We define the beam-constrained mass
known mass. Neutral pion candidates are formed fronas My = \/E%,eam — G, pi)?, where p; is the
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three-momentum vector for théth daughter of the (defined as the region satisfyidg < |AE| < 100 MeV)

B candidate antEye.,, is the beam energy. The resolu- shows no enhancement in the signal region, shown

tion of My is about2.6 MeV/c?, a factor of 5 better than in Figs. 1(b) and 1(d) forB~ — Ap7~ and B’ —

the resolution in invariant mass, and is dominated by the\ * p#* 7, respectively. The background distributions

spread of the CESR beam energy. are fit with the background functional form described
For correctly reconstructed mesons the measured above. Similar distributions made from th& mass

energy, Emeas, Must equal the beam energy within the sidebands and continuum data show no enhancement in

experimental resolution. The width of the energy dif-the signal region.

ference distributionAE = Emeas — Ebeam, IS predicted  The AE distributions forB~ — A} p7~ and B’ —

by Monte Carlo to be 10 to 16 MeV, depending on theA:ﬁW+7T— for the My signal region(~20), and for the

final state. We reduce the combinatorial background sigas, sideband (defined @230 < My < 5.260 GeV/c?),

nificantly by requiring AE| < 25 MeV. Afurther reduc-  are shown in Figs. 2(a) and 2(b). TheE distribution

tion in background is achieved by cutting @, the polar  from the M signal region is fit using a Gaussian whose

angle of theB in the laboratory frame with respect to the width is fixed to the value predicted from Monte Carlo

e’e” axis. The distribution on cd; is proportional to  and a linear background function. After subtraction of

sin* @5 for e*e”™ — Y(4S) — BB, whereas background the contribution from theM sideband, which also peaks

events are distributed nearly isotropically. We requiredue to our selection criteria, the signal yieldli1 =+ 5.0

| cos®p| < 0.9. If there are multiple candidates in an eyents forB~ — Afpm~ and 23.5 = 9.3 events for

event withMz > 5.2 GeV/c? for a given decay channel, B = AtH

! ’ pmtm~, consistent with the yields from the
the entry with the smallest absolute valueddf is selected.  its to the M distributions. The yields from the/

_After applicatio_n of these cuts, statistically significant yistriputions are quoted, however, due to their greater
signals are seen in the decay modies— A pm~ and  giatistical significance.

B’ — A!pm* ™, shown in Figs. 1(a) and 1(c), respec-  The branching fractions are measured to be

tively. The Mp signal distribution is fit using a Gaussian

signal of width equal t@.64 MeV/c? and a background BB~ — A pm~) = (0627333 + 0.11 + 0.10)

function composed of a straight line with a parabolic kine- % 1073

matic cutoff [11]. TheMjp distributions from theAE ’

signal and sideband region are fit simultaneously to ob- B(B" — A prta™) = (133704 + 031 + 0.21)

tain the slope of the background function. The fits yield X 1073

12.073% events forB~ — At p7—, and24.0753 events ’

for B — Apata. where the first error is statistical, the second is systematic,
The background contributions to the distribution ~a@nd the third error is due to uncertainty in the’

have been studied in several ways. The beam-constrain&§@nching fractions [S].

mass distribution from combinations in theE sideband Systematic uncertainties include contributions from
particle identification requirements (10%), fitting proce-

dures (8%—-16%), charged track reconstruction (2% per
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Arpr 7%, (¢) B'— Alpmrta «° and (d) B —
Afpmtm~w w0 The curve is the result of the fit and the
dotted line is the 90% C.L. upper limit.

track), w° reconstruction efficiency (5% pet®), the num-
ber of BB events (2%), Monte Carlo statistics (2%—4%),
secondary vertex finding (1%), and th®" branching
fractions (16%). The assumption is made ttgat —

Arpr~ B — Alpmta) proceeds via phase space

decay. The reconstruction efficiency decreases by 991

(6%) if the assumption is made that 16% of the
baryons come front " and 20 [4], which is taken as a

systematic error. The total systematic errors are betwee

(13%—23%), depending on the decay mode.
Figure 3 shows the distributions for decay mode

of the form B’ — A} p(nm)x°, and Fig. 4 displays
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FIG. 4. M distribution for (a) B’ — A'p, (b) B~ —

A pr-mtm, and ()B — A} pm wtm w*. The curve

is the result of the fit and the dotted line is the 90% C.L. upper
limit.
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TABLE I. Branching fraction results forB — Al p(nw),
Afp(nm)7P®, and 90% C.L. upper limits.

B Mode Events B X 10°

Ap <23 <0.21

A 12.074% 0.62753 + 0.11 = 0.10
A pa® <4.1 <0.59

A} P2 24.0783 1335045 + 031 = 0.21
A pma® <20.6 <3.12
A3 <16.2 <1.46

A p2aa® <21.0 <5.07

A} paar <13.9 <2.74

A p3m7® <282 <13.4

the decay modeB’ — AYp, B~ — A/ pr mia,
andB’ — A pr mta m*. In all of theseB decay
modes no statistically significant signals are observed
and 90% C.L. upper limits are calculated and summarized
in Table I. Theoretical predictions exist for a number
of two-body B meson decays to charmed baryons and
the limit for B — A} p is below theoretical predictions,
which are in the range 0.04% to 0.19% [12].

In conclusion, we have made the first observation of
exclusive B decays to final states including the charmed
baryonA}. The branching fractions faB~ — A p7~
and B" — Afpm* 7~ have been measured and upper
limits have been set on other decay modes.
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