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Using data collected on th€(4S) resonance and the nearby continuum by the CLEO-II detector, we have
studied combinations of baryons with leptons produced in the prodgskS)—BB, B—leptort X,
B— baryont X. Our results do not support models which attribute the bullk pproduction inB decay to the
processh— cW~, W~ —cs. [S0556-282(97)03701-§

PACS numbd(s): 13.25.Hw, 13.20.He

I. INTRODUCTION B decay, consistent with observatif8). Inspection of Fig.

Amona the challenges in hea ark physics today is thel(d) shows that thés— ccs transition has a clean signature:
9 gest vy quark physi vl hen aB meson decays via this diagran\a is produced.

resolution of the discrepancy between the measure%n the other hand, when B meson decays via one of the
B-meson semileptonic branching fraction and the number of her diagrams in Fig. 1, A is produced. Figures(d) and

charms genera}ted pBrmeson decay. In order to accommo- 1(c) are therefore expected to be the dominant sources of
date the experimental value f(B—1+ X) of 10.4%[1,2], A''s in B decay, and Fig. (M) is expected to produce
theoretical estimates of the semileptonic width result in the £ Y 9 P P

. AC's.
expectation that the number of charms p&rdecay be ¢ , . :
around 1.3 3], while the measured number is 1:40.06[2]. Although A’s have previously been observedi(4S)

Dunietzet al. [4] suggest that theory has, to date, underesti-decays by both ARGUS and CLEQ,'s from B's have not

mated theB-hadronic width by neglecting-decay channels previously been separated fraky's produced irB decay. In

g : this paper we will make this separation. We can separate
to baryonic final states, and that the existence of a substantl%? ’s%rgduced inB meson decay ?rom those producedgn
1 1 1 Cc
fsri?jgggnm B decays to baryonic states might resolve themeson decay by tagging the flavor of the otBemeson in

i . . the event. This can be achieved by requiring a high momen-
Figure 1 shows some of the possible mechanisms fofum lepton f,>1.4 GeVE) to also be in the event. With
baryon production inB decay' In the simplest “external ’

L . - , . this technique, a correction needs to be made to account for
spectator plctur_e[F|g. ll(a)], the W deca}ys into a light gg mixing [we assumeY (4S)—B*B~/Y(4S)—B°B°
ferm|on-ant|fe'rm|on pair; baryon production occurs when_j g i, making this correctign The minimump,, require-

two qu_ark-anthuark pairs are created from the vacuum ang,, rejects events in which both the, and the lepton
bind with the charmed quark and the spectator quark to forr%Ome from the sam®, as in B—A Nl v decays. It also

a A; (cud)_ p!us an antinucleorN at the lower vertex. rejects leptons produced by the two step prodesscX,
(Higher excitations of the ground state baryons can also bg__, (cascade leptonsHence inBEevents,A‘/’* pairs
/ ade le , o/

formed. By “A.” and “E."” in the figure, we implicitly - oo
include all such excitations. For examplg,’s could also be %itjﬁ ;j(ecaB—>Ac X, whereas\; /" pairs tag the process
< X

g:r?iii(i:;r? tg]AtCh")S lpr)]r(t)ﬁgscs ésﬁmvf/r? e?eecoar? esézotrﬁ]%lypggp';% Experimentally, we thus measure the ratio of rars,:
pairs is anss pair, production of aE. results. Although _ - v
externalW emission withW~—cs can contribute to baryon R, = N,/ _B(B—A, X)B(B—X/"v,) .
production[Fig. 1(b)], it is expected to be severely phase ¢ NA§/+ B(B—AX)B(B—X/"v,)
space suppressed due to the large minimum hadronic mass
(~5.2 GeV) of the final state. Past determinations of quan-
tities such as the inclusive branching fraction
B(A.—A+X) using B-decay data assumed that charmed

baryons were exclusively produced &sdecay products — _, < '
through Fig. 1a) [5-7]. B y
)

In principle, “internal” W emission could also account
for a substantial fraction of thd.'s and Z.'s produced in
B decay, with eitheWv~—ud [Fig. 1(c)] or W~ —cs [Fig.
1(d)]. The usual color matching constraints, which suppress
the internal spectator diagram in the mesonic sector, are less,
important in the baryonic case, owing to the color degrees of

freedom of the poppedq pair [4]. The internal spectator 50 o < ' . E\:v_ < :
diagrams may also be favored in baryon production since ~’ E'} ’ }
g A,
a [+3
)

ol

(c)

only oneqq pair needs to be created from the vacuum, com- _
pared to twoqq pairs needed to produce baryons via the
externalW-emission diagram.

In the model of Dunietzt al, B decays to charmed bary- g, 1. External(top, left and internal(top, right W—ud
ons are nearly saturated by the interdakmission transition  graphs representing— A X decays. Also shown are the corre-
b—ccs. This also leads to a soft, momentum spectrum in - sponding plots for the cas&/— cs (bottom, left and bottom, right,

respectively. In the figure, “A ;" implicitly includes contributions
from 3.'s, N denotes nucleons, and denotes hyperons. It is ex-
!Charge conjugate modes are implicit. pected that limited phase space severely suppresses(Bjg. 1

(b (d)
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In this ratio many important experimental systematics canthan 2.3 GeW, corresponding to the maximum allowed
cel. Provided that the only significant sources of charmed\, momentum foB— A .X. Leptons used as flavor tags are
baryons inB decay are those in Figs(a, 1(c), and 1d), the  required to have momenta in the range <pl
ratio Ra, is a measure of the fraction of charmed baryons<2.4 GeVE, where the minimum momentum cut is needed
produced viab— ccs relative to the fraction produced via t0 suppress the backgrounds discussed above and where the
b—cud [9]. maximum momentum is the end point for leptons produced
__In this paper, we have attempted to sepam[b from viab—c/ " v. The lepton identification criteria are described
A.~ production inB decay. Using a data sample of eventsin Refs.[}l,l?ﬂ. Lepton candidates are restricted to the an-
containing both a high momentum lepton and a baryon, w@ular region|coss,|<0.71 for electrons an¢coss,|<0.61
have thereby measured the fraction of charmed baryons prd@f muons, whered, is the polar angle with respect to the
duced throughb— ccs in B-meson decay from the sign cor- peam axis. Muon cgndldates are requwgd to penetrate at least
relation between the lepton and the baryon. five nucle_ar at_)s_orp_t|on Ie_ngths into the iron hadron absorber.
In a similar study, we have used a high momentum lepto lectron |dent_|f|cat|on reI|e§ oB/p measurements, derlveql_
tag to separate the procesgs»Ax andB—s AX. The result rom the calorimeter and drift chamber, as well as on specific

of this study is expressed as a measurement of the ratiionization measurements. The . requirement” of
R, , defined analogously to the rati®, . Inspection of Fi I%(Pe/Pé)>3.0 Is imposed, wher, (Pg) is the probability

A 1alogously A INSP 9 thata given charged track is an electiomt an electron
1 shows that, irB decay,A’s can only be produced as decay

products of theB, via the processesA.—AX and
E.—AX. On the other hand\’s can be produced directly in
B decay/[Figs. 1@ and Xb)], or they can be produced in the Each A, candidate, selected as described above, is then
decay of theA_ [Fig. 1(d)]. Therefore, inB decay, we ex- Paired with each lepton candidate in the event. Figu(@s 2
pectA’s to be produced in association wilh,'s. A nonzero and 2b) show the A invariant mass distributions for
value of R, thereby provides support for our preliminary Ac /" andA{ /™ pairs, respectively. The distributions from
observation off . production inB meson decaf10]. Notice ~ 'esonance data are shown as points, whereas the distributions
that in the case of\-lepton pairs, our ability to draw firm, from scaled continuum data are displayed as shaded histo-
quantitative conclusions on the mechanism responsible fddrams.

charmed baryon decay is compromised by unknowns such as 10 determineA yields, we fit mass distributions to a
the inclusive rates foE .—AX andA.—AX, the unknown Gaussian signal, with width fixed according to Monte Carlo
ss popping fraction inB-decay, and the extent to which simulations, plus a smooth, low-order polynomial back—
background processes suchis-DAAX, in which thew  ground. We observe 5015 A; /" and 143-15 A/
produces baryons in its decay, might contaminate theairs in the resonance data, andc7 A, /" and 2+6
A-lepton pairs we observe. Al /7 pairs in the scaled continuum data. After continuum

A. Experimental study of A -lepton pairs

Il. DATA SAMPLE AND CANDIDATE SELECTION

The CLEO-II detector is discussed in detail elsewhere
[11]. This analysis involves mainly the central tracking sys-
tem, consisting of two precision vertex chambers and a cy-
lindrical wire drift chamber, all inside a 1.5 T axial magnetic
field. Outside the drift chamber is a time-of-fligiitOF) sys-
tem, which is used, in conjunction with specific ionization
measurements in the drift chamber, for particle identification.
Beyond the TOF is the Csl electromagnetic calorimeter, fol-
lowed by the magnet solenoid, iron hadron absorber, and
drift planes for muon detection. The integrated luminosities
of the Y (4S) resonance and continuum data used for this
analysis total 2036 pb' and 967 pb?, respectively, corre-
sponding to (2.120.04)x 10° producedBB pairs.

We reconstruct A, candidates in the four decay
modes A.—pKm~, A—pKE A.—Am, and A
—3%7(2°%— A y), using methods similar to previous studies
of A, production inB decay[12]. The A candidates are
reconstructed in the decay mode— p, by requiring the
pr to form a detached verteX2 candidates are similarly 21 2.2 23 , 24 25
reconstructed by searching for detached vertices consistent M, cang (GEV/C)
with Kg—> m*7~. After subtracting contributions using ‘
scaled off-resonance data, we obtain a total sample of F|G. 2. TheA, invariant mass distributions from resonance data
3154+ 160 ACi candidates fronBB decays. (shown as pointsand scaled continuuiishaded histogramgor the

CandidateA 's are also restricted to have momenta lesscase of(a) A; /™, and(b) A /.

Combinations / (5.0 MeV / ¢2)
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TABLE I. Summary of observed baryon-lepton pair events, and corrections. “Lepton backgrounds”
includes contributions from both fake leptons as well as from secondary leptons produced by
b—cX,c—sl*y,. Lepton tags are required to hape>1.4 GeV; for theA-lepton study, we require all
A candidates to have a measured momentum in excess of 200cM&&é text

BB MeanA Ry, ratio Ry, ratio
raw momentum Lepton (efficiency (efficiency + mixing
Pair yield (p) (GeVric) backgrounds corrected correctedl
A/t 43+16 0.67-0.10 ~7+3
/LC*/+ 141+16 0.87:0.07 —-3*+2 0.26+0.12 0.19-0.13+0.04
AT 436+ 50 0.670.04 —-16+3
Vi 992+ 54 0.84-0.03 —18+3 0.52+0.08 0.43:0.09+0.07
subtraction, we obtain 4816 A_C—/+ and 141 16 A:/* B. Experimental study of lambda-lepton pairs

pairs. The largest sources of backgrounds in our high mo- As discussed above, correlations betweer and high-
mentum lepton sample are hadrons faking leptons, cascadeomentum leptons also give information on baryon produc-
leptons, and leptons from charmonium decay. After subtracttion in B decays. In particular, a nonzero measured rate for
ing these backgrounds, we arrive at=386 A,/ and A/ thus provides some evidence f&r, production inB
137+16 Ag/+ pairs. TheA . efficiency is flat as a function decay. Leptons are selected in the same fashion as for the
of momentum, so the ratio of_ /" pairs toA /" pairs is A/ pair study described previously. Additionally, to sup-

directly determined to be 0.260.12. Correcting for the ef- Préss continuum contributions, a cut on the event topology
fect of BOBC mixing [14], we obtain a final value has been made to preferentially select spherical events, as

R, =0.19+0.13+0.04. The signal, background and mixing expected for threshold production 8B pairs, rather than
corcrections are summarized in Table | jetty continuumqq events. Since our efficiency fadx recon-
The systematic error includes contributions from uncer-StrUCtlon drops rapidly forA momenta below 0.2 Gew/

tainties in the fitting procedure used to extract the number o%due to the small decay length of thé), we require

A-/* andA/* pairs and from the uncertainty in the mix- PA~0-2 GeVE. All numbers quoted for-lepton pairs, in-

.7 b b'I'tC ) Ep h of th t'byt lai cludingR, , are forp,>0.2 GeVEt.

Ing probabilily. =ach of these sources contributes a refative Figure 3 shows thepsr invariant mass spectrum for

systematic uncertainty of roughly 10%. — o - .
As a check that the\, and the lepton are daughters of A/ or A/ combinations. As before, yields are extracted

different B's, we have examined the distribution of by fitting the invariant mass spectrum to Monte Carlo-

. . derived Gaussian signal shapes plus smooth polynomial
COSGA,c/’ defined as the cqsme of the angle bgtween[ttge backgrounds. The yields and background estimates for the
candidate and the lepton in the laboratory. SinceBhand

A/ study are displayed in Table I. Unlike the, case, how-
theB are produced almost at rest in the laboratory frame, and

since they both decay isotropically, there should be no angu- 490
lar correlation between the decay products of diffeiist
To check this, theA. yield was extracted in four bins of
cosf, ~ and the distribution ofiN/d(cosf, ) was plotted.
Fitting these distributions to flat lines gives confidence levels 54
of 62% and 68%, respectively, fox; /~ and theA; /™, _
consistent with expectation. The flatness of this distribution “e
thus supports our presumption that there is very little back- 3
ground to our observed pairs from processes such asZ
B—A.N/v,. Given the 1.4 GeV minimum momentum cut
that we have applied on the lepton tag, we would expect such £
decays to result in thd . and the lepton being opposite one
another. Our data do not show evidence for such peaking.
This value ofR, is a measure of the production rate of
charmed baryons irB decay fromb—ccs relative to
b— cud processes. Based on tR@,C value of 19+ 13%, we
conclude that the internal spectalor: ccs process is not the 0

dominant source of charmed baryons produced in decays of 108 110 112 114 116 118 120
2
bottom mesons. M, (GeV/c?)

T T
- (a) AL T

Q1

Eve

200 -

o FIG. 3. Thepw invariant mass distributions from resonance
We have implicitty assumed that F(B°—>A§X) data(shown as poinfsand scaled continuurtshaded histograms
=T(B*—A_X). for the case ofa) A/ and(b) A/™.
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ever, there is a momentum-dependent efficiency correctiogev/c, compared with 0.6%0.10 GeVt for our A e
which must be applied to our observadiepton pair sample sample. Similarly, we measure the meAnmomentum in

to determine the final value @&}, . Since theB—AX mo-  oyr continuum-subtracted event sample for* events to

mentum spectrum is softer than tfie—AX momentum g g4+0.03, compared with 0.670.04 for A" eventg15].
spectrum, the efficiency for finding/"* events is~85% of  These results are consistent with the interpretation that dif-

that of A/ events. ferent processes are producing’s vs A;’s in B-meson

AZ ﬁrezenéegfjgggglg i),?thfe corr(icgetzj gﬂid qi_'r? mea- decay, with a larger mass object recoiling against Ahe
sured to be 0.480.09+0.07 (for p,>0.2 GeV). The sys- than against the\ [ . However, they do not establish this
tematic error shown iR, includes uncertainties in yields . . .

interpretation on their own.

from fitting the A signal (10% relative error, in the cuts
used in event selectia7% relative errox, and in the mixing
parameter(10% relative error As a check that thé\ and
|ept0n are daughters of differeBtS, we have examined the By examining events Containing both a high momentum
angular distribution between th& and lepton in both the |epton as well as a baryon, we have made the first separation
A/ and A/ Samples Both distributions are COﬂSIStentof the two processegﬁAer and B_>A X. Prev|0us|y
with being flat(at the 34% and the 79% confidence level, only the sum of these two processes had been measured. We
respectively, as expected if thé and lepton originate from have also made the first separation of the processes
oppositeB’s. B— AX andB— AX. Our results are summarized in the ra-

In the case ofA- Iepton palrs we see apprOX|mater the tios R _019._.. 0.13+0.04 andRA=0.43t 0.09+0.07, re-
same/ " to A/ ratio as observed foAs. Qualltatlvely, .

specnvely. The small value dRAC shows that the internal

the smallness oR, again suggests theB B\ pro- — . S
A 8g 99 —Eche pro- - spectator proceds— ccs is not the dominant contribution to

cesses are not a dominant source of charmed baryoBs in .

— i i . charmed baryon production in the decayBofmesons. On the
decay. However, the larga/” rate provides confirmation, yyner hand, the nonzero value Bf, provides an important
3lbe't indirect, of the observation €. production inB consistency check for our preliminary observations of

ecay[10]. B(B—E!X)~15+0.7% and B(B—E°X)~2.4+1.3%
(statlsncal errors onlyfrom full reconstruction ofZ.'s in
B decay[10].

. SUMMARY

C. Baryon momentum spectra

We have studied both th& and theA . momentum spec-
tra in our lepton-tagged samples. If the bulk &f 's pro-
duced inB decay are produced via—ccs, then the mass
recoiling against the\; should be larger than that recoiling
against theA_ . Therefore the inclusive momentum spec-
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wheree and €, stand for the total lepton andl; reconstruc-
tion efficiencies, respectively. We have assumed here that
F(@eAciQ:F(B‘—u\fx). Making use of the equiva-
lences B(B—A, X)=B(B—A{X) and B(B—A. X)
=B(B— A X), the observed ratin{is can be expressed as:
v NT1+ (1-b)B(B—AJX)+bB(B—AJX)
Yo Narie (1-b)B(B—AIX)+bB(B—AIX)

Introducing the ratio:
B(B—A, X)

rAc: — — p— ’
B(B—A. X)+B(B—AX)
we find for the observed ratio of .-lepton correlations:
(1—=b)ry, +b(1-ry)
RObS: [ C
fe (1-b)(1—ry )+bry

Solving this equation forAc, we find:
RYI1-b)-b
——— .
" 1+ RP(1-2b)

Using RY*=0.26:0.12, we arrive at r, =0.157
+0.089:0.026. The quantityAc is related to the sought after
ratio Ry, via:

B(B—A, X)  Ta,
© B(B—AIX) 1-ry,

N —(19+13=4)%.

[15] As these mean momenta are extracted using only the

continuum-subtracted samples, there is no mixing correction
that has been performed. Applying a mixing correction would
have the effect of accentuating, rather than mitigating the dif-
ference between the measured mean momenta.



