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Using data collected in the region of tHé(4S) resonance with the CLEO Il detector operating
at the Cornell Electron Storage Ring (CESR), we present the first observatioB bfesons
decaying into the charmed strange bary@&®% and E. We find 79 + 27 B and 125 = 28 &
candidates fronB decays, leading to product branching fractionsBfB — Z°X)B(E? —» E 7 ") =
(0.144 + 0.048 = 0.021) X 1072 and B(B — E}X)B(E{ — E-wtat) = (0.453 = 0.096" §053) X
1073, [S0031-9007(97)04481-5]

PACS numbers: 13.25.Hw, 14.20.Lq

Charmed baryon production from the decays Bf scheme [17], using the constituent quark model [18], and
mesons has been previously reported by ARGUS [1] andsing the pole model [19]. The latter four calculations do
CLEO [2,3]. Assuming that charmed baryon production innot quote explicit predictions for branching fractionsif
B decays is saturated hy,, CLEO [2] estimatedB(B —  decay modes which yiel& . baryons.
charmed baryon anything= (6.4 = 0.8 *+ 0.8)%. Study- For this analysis we useill fb~! of data taken on the
ing A and p vyields and various correlations, ARGUS Y (4S) resonance, correspondingi@ X 10° BB events.

[4] estimatedB (B — baryons anything= (6.8 = 0.5 +  To estimate and subtract continuum backgroungl fb !
0.3)%. Here, we report the first observation of the of data were collected at a center-of-mass energy 60 MeV
charmed-strange baryo®) and = from B decays [5], below the resonance. The data were collected with
which have previously been observed only in direct charmhe CLEO Il detector operating at the Cornell Electron
production in fragmentation of charm quark [6—11]. Storage Ring (CESR). The CLEO Il detector [20] is

In eTe” annihilations at the Y(4S) resonance a general purpose solenoidal-magnet detector with ex-
(10.58 GeV), charmed baryons can be produced eieellent charged particle and shower energy detection
ther from B meson decay or from hadronization of  capabilities. The detector consists of a charged particle
quarks produced in the continuum. Since thequark tracking system surrounded by a scintillation counter
couples predominantly to the quark, B meson decays time-of-fight (TOF) system and an electromagnetic
to the charmed strange baryoES (csd) and Z (csu)  shower detector consisting of 7800 thallium-doped
will proceed through either spectator or exchange di-

agrams. Decays mediated by the coupling— cW ™ d, e 2570467-001
with W~ — %d produce final states of the for@E Y X w—i E 6,7,

and E.NX,, whereY is a hyperon 4, X, E, etc.),N b c, b c

. q,,}@) 8 2 d }e g
is a nucleon, and;, (X;) denotes nonstrange (strange) — _ <q T g W q) e
multibody mesonic states [see Fig. 1(a)]. As shown in 5,8 g:’}ﬁv ’ <§'}ﬁv
Fig. 1(b), decays mediated ly— ¢W~ with W~ — Cs 5 3l 3 gl

can lead to states of the forr& .0, [12,13], where
O, denotes any charmed nonstrange baryon. The au-
thors of Refs. [14] and [15] predict branching ratios of
(1.0 — 1.8) X 1073 for those decays. Depending on the
actual fraction of B(b — ccs)/B(b — all) (currently
the number is believed to be about 19% [13]), this decay
process may or may not solve the long-standing question
of missing charm inB decays. The proceds — uW™
with W~ — ¢s leads to final states of the for@.Y, but
should be highly suppressed by the snsal> u coupling. b T
There are several theoretical calculations that attempt to & w
derive the two-body contribution to charmed baryon pro-
duction inB decays. In the diquark model [14], baryons §———
are modeled as bound states of quarks and scalar (vector) (b)
diquarks. The authors of Ref. [15] calculate decay am- _ o
plitudes based on quantum chromodynamics (QCD) su IGN; Pdosgb_;()a(B _)b b%ryon:d%:eg medcr?nlsr;% )((B);
rules. There are also treatments that determine the rateg, s ?gr a“,{y nbn(st)rangZ ;Snc%arrﬁgd b;yﬁrﬁér ’any

for exclusive baryoni® decays in terms of three reduced strange and noncharmed baryon, d@d for any charmed and
matrix elements [16], on the basis of the quark diagrammonstrange baryon.
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cesium iodide crystals. These detectors are installed To reconstrucEB candidates, we form combinations of
within a 1.5 T superconducting solenoidal magnet. In-=~ with one positively charged track, and to reconstruct
corporated in the return yoke of the magnet are chamberS; candidates, we combine eagh™ with two positively
for muon detection. The recently installed Silicon-charged tracks. These additional charged tracks are
Vertex-Detector was not employed for this analysis, sinceequired to originate from the interaction point and to be
the data were taken before its installation. Instead, theonsistent with the pion hypothesis.
previously installed precision tracking layer and vertex To find theZE, signal yields, we fit each invariant mass
detectors were used. distribution to the sum of a Gaussian function of fixed
Charge measurements from the drift chamber wiresvidth and a second order polynomial background, both
provide specific ionization energy loSgE/dx) infor-  for the Y(4S) and the continuum data. The fixed widths
mation. To obtain hadron identificationfE/dx and for the two modes were determined using a Monte Carlo
available time-of-flight measurements are combined tsimulation of the detector, resulting in widths of 8.0 and
define a joint x; = [{(dE/dx)meas — (dE/dx)exp}/ 6.8 MeV for theE? and theE /", respectively. We scale
adE/dx]? + [{(T)meas — (Texp}/ o10r]7, Wherei corre-  the continuum yields to account for the differences in lu-
sponds to the pion, kaon, and proton hypothesesy?A minosities and cross sections in the two data sets with the
probability is then calculated for each hypothesis, andcale factor(ﬁy(4s)/£wm)(Eme/E%@S)), where Ly us)
particle identification levels for each of the hypothesesand L, are the luminosities, anélyus) and E¢, are
are derived by normalizing to the sum of the three probathe beam energies on thé(4S) and on the continuum.
bilities. A particle is identified with a specific hypothesis Figure 2 shows the invariant mass distributions of the
if its particle identification level for it is greater than 0.05. £~ 7" and E- 7" 7" combinations fromY(4S) and
We reconstrucE? (£) candidates through the decay scaled continuum data. After subtracting the scaled con-
chanE’—- E 7" (Ef - E n"#"), E- — Am~, tinuum yield from theY (4S) yield, we observg9 + 27
and A — pm~. We study theE. momentum spectra =’ candidates and25 + 28 = candidates fronB de-
using the scaled momentusy = p/(Epeam — mz)'/?,  cays. The errors are statistical only. The fitEdmasses
where p and mz_ are the . momentum and mass, are consistent with the current world averages.
respectively, andE.., is the beam energy. We require  To measure the product branching fractions for the two
x, < 0.5, the kinematic limit for=, baryons produced decay modes, we divide both data and Monte Carlo into
from B decays. This requirement reduces the background, intervals. The reconstruction efficiency in each mode
from continuumce. is found as a function ok, using Monte Carlo simula-
The A candidates are formed from pairs of oppositelytions. Tables | and Il show the continuum subtracted raw
charged tracks, assuming the higher momentum track tgields y,(x,) and efficiency-corrected yields.(x,). We
be a proton and the lower momentum track to be a
pion. We also require the higher momentum track to
be consistent with the proton hypothesis. The invariant ———
mass of A candidates has to be withif.0 MeV/c? - (a) B0 Ext
. e B (\ ]
(corresponding to 2.5 standard deviations) of the known 80
A mass. We have not requirel candidates to point I 1
towards the primary vertex, sincA’'s decaying from ,
E~’s can travel as much as a few centimeters before a0
decaying and can have appreciable impact parameters.
To reduce the background from tracks coming from the
interaction point, we require the radial distance of the
decay vertex from the beam line to be greater than 2 mm.
The E~ candidates are formed by combining eath
candidate with the remaining negatively charged tracks
in the event, assuming the additional track to be a pion.
The decay vertex of th&~ candidate is reconstructed by
intersecting the extrapolatel path with the negatively
charged track. We require the radial distance of e 40
decay vertex from the beam line to be greater than 2 mm
and less than the radial distance of thedecay vertex. 0
In addition, the reconstructeéd~ momentum vector has
to point back to the interaction point. The invariant
mass of the_: candidates has to be _W'_th(ns MeV/c? FIG. 2. Invariant mass distributions of (&~ #* and (b)
(corresponding to three standard deviations) of the knowm -+ 7+ from Y(45) resonance (points) and scaled contin-
=~ mass. uum (shaded histogram) data.
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TABLE I. Inclusive E? production in B decays. of the previous value of(0.138 + 0.006) ps~'). In
Raw Corrected addltlon,_we have mtroduceq the factﬁgL to accoLJnt
yield yield (1/Ng) (dy./dx,) for predictions of the semileptonic width of thel,

Ax, yr(x,) vel(x,) [1073] being quite different from that of thé\. [26] (two to

00-01 270 + 65 358.8 + 88.1 054 + 013 three times as large), which in turn should bg different
. N N from that of the D [27], namely, about 1.5 times as

0.1-0.2 334 =135 399.5 = 162.3 0.60 = 0.24 . . .
0.2-03 435136 4828 = 1525  072+023  large. This leads to the following absolute branching
0.3-0.4 —18.1 =122 —191.5 = 1295  —0.29 + 0.19 ratios: B(B — EX) = fs.fz. (28 = 097 |1)% and
04-05 —69 =133 —89.7 + 1741 —0.13 + 0.26 B(B— E!X) = fo'f=' (1.8 = 047 §%)%. The prod-
0.0-0.5 789 =272 9599 = 323.1 uct of the twof factors could assume any number between
1.2 and 4.0, and therefore the sum of the absoHie
also give the fractional decay rate in each interval, branchln_g fractions COUld.be anyyvhere between 10./0 and

. _ —0 — 4%. This would be consistent with the current estimate
(1/Ng)(dy./dx,), where Ng is 2Ngg, for 2 and £/

. . = =0 =0 . = N of B decays to charmed baryons of roughly 6.4% [2].
production. We findB(B — Z X)B(Z ~ E_7") = In Fig. 3 we present the corresponding efficiency
(0.144 = 0.048 = 0.021) X 1073 andB(B — EX) X ' p =t . )
B(E+ — B-mtmt) = (0453 = 0.096" 0.85) ><C 103, corrected spectra &&" and= ;" baryons inB decays. Su-

. i . - . perimposed on the measured spectra are the results from
with the first error being statistical and the second bein b b

. , . onte Carlo simulations of the decaBs— = A, ,
systematic. The main sources of systematic error are aps A (nm)
due to uncertainties in the reconstruction efficiencie

5’(1; = 0,...,3. Comparing the measured spectra with Monte
— vt X . arlo predictions indicates that two-body final states such
for A (5%) and 2~ (7%), variations in the selection & S y

criteria (8%—9%), uncertainties in particle identification

asE.A and 2.3 are suppressed, while multibody final
: . states seem to be dominant. We are not yet sensitive
(5%), charged pa.lrtl'cle tracking .(1% per track), and theto b — ccs decays leading to final states of the form
Monte Carlo predictions for the signal width (4%). These — — — < . .
. ; N E.A. or E.2., which are predicted by the authors of
errors were combined quadratically, resulting in a totalRefs [14] and [15] to have branching fractions of onl
systematic uncertainty of about 14%. In addition, we ) 9 y

assign a+12% systematic uncertainty (also added in (1.0 — 1.8) X 10" for those decays. These branching
. : — i 4 . fractions are at least an order of magnitude lower than the

guadratically) in theE~ 77" case for the possible . lusive b hing fracti B — 2 X

resonant substructurg 7", since this would decrease Inclusive branching fractions e

the E reconstruction efficiency considerably.

We can convert these product branching fractions into 2570497-003

absolute branching ratios using the following branching 20

fractions of20 — E-#* andE} — E- 7" 7", derived

by CLEO [21]: B(E'— E #") = fsLf=.(0.52

0.16° 01)% and B(Ef — E- 7 7") = fofz.(25 +

0.6" 0%, where f=z = B(E.— Et*v)/B(E. —

€"X) =1 (current predictions range from 0.4 to 0.9

[22,23]), and fs. = (Ui /Tsi) (Tsi/T8), with T

being the total semileptonic width. The branching

fractions were obtained using the semileptonic decay

modes B(E. — = €v;) and the lifetimes of the=,.

The numbers are actually slightly different from the

published values, since we are now using an updated

value for I'§) = (0.165 = 0.009) ps~' [24,25] (instead

-
o

-
o

e
2]

o

= 3.
(1INg) (dy, / dx ) [10 ]

TABLE Il. Inclusive E production in B decays.
Raw Corrected
yield yield (1/Ng) (dy./dx,)
Axp yr (x,,) yc(xp) [1073] 0 0.1 2;2= o Ip:;:x 0.4 0.5

0.0-0.1 10.0 £7.0 417.1 = 295.0 0.62 = 0.44 e
01-0.2 470 * 143 1273.5 + 3926 1.91 * 0.59 FIG. 3. Efficiency-corrected momentum spectra for E)
0.2-0.3 41.8*13.0 9014 = 2855 1.35 £ 043 and (b)E from B decays. The superimposed curves indicate
0.3-0.4 202 *13.6 3442 * 2328 0.52 = 0.35 the spectra derived from Monte Carlo simulation of the decays
0.4-05 6.0 %= 124 89.6 = 186.0 0.13 £ 0.28 B — E.A(nm), n =0,..,3. The Monte Carlo curves have
0.0-0.5 1250 + 27.6 3025.8 + 641.5 been normalized to data, except for the two-body decays, where

the normalization is arbitrary.
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; . . 863 (1989).
spectra are consistent with both mechanisms. It seem

. '0] ACCMOR Collaboration, S. Barlagt al., Phys. Lett. B
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