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Based on a high statisties” e~ —cc data sample, we report on the inclusive rate for charmed baryons to
decay intoA particles using charm-event tagging. We seksiat~ — cc events which have a clear anti-charm
tag and measure the content in the hemisphere opposite the telgarge conjugate modes are implicithis
allows us to determine the product branching fraciiyn= 5(c— 0 X) X B(0 .— A X), where® . represents a
sum over all charmed baryons producedtire™ fragmentation at/s=10.5 GeV, given our specific tags. We
obtain 5, =(1.87=0.03+0.33)%.

PACS numbgs): 13.30—-a, 13.60.Rj, 13.65:i, 14.20.Lq

I. INTRODUCTION quires separating the backgroundcomponent due to light
Inclusive measurements of charmed baryon decay procuark fragmentation from production via—A.— AX. The
ucts prov_ide essential information on the relative_ cqntribu-difﬁcu|ty of separating fragmentation’s from those result-
tions of dn‘fergm decay processésg., externalVV emission, ing from A, decays can be overcome by using a tagged
internalW emission W exchanggto the wealkc—sW"' tran- le ofet e oc In thi vsi h
sition in baryons. Difficulties in distinguishing direct charm sampie ole "€ —cCc events. In this analysis, We use charm-
decay products from jet fragmentation particles have ham€Vent tagging to measure the product of the likelihood for a
pered such inclusive measurements. An example is the me§harm quark to materialize as a charmed barfintimes
surement ofB(A.—AX) (although “A.” here designates the branching fraction for a charmed baryon to decay into a
A{, charge conjugation is implicit throughgutUsing the At B(C—®OX)XB(@.—AX). From JETSET 7.3 Monte
total A yield at \'s=10 GeVk to measure3(A,— AX) re- Carlo simulationg 1], using the default LEP-tuned control
parameters, we expect that88% of @ particles produced
in e"e” —cc fragmentation at/s=10 GeV will be A.’s.
*Permanent address: University of Texas - Pan American, Edin- Previous measurements BfA.— A X) have either mea-
bl#rg, TX 78539. sured theA production rate from data taken just above the
Permanent address: Yonsei University, Seoul 120-749, Korea. ete —AA, threshold[2], from topologically tagged

*Permanent address: University of Cincinnati, Cincinnati, OHdecays[S] or derived a value fol3(A,—AX) based on
45221. ’ ¢
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measurements of baryon productionBameson decay4]. X B(®.— AX), using continuune®e™ annihiliation events
Knowing, for example, that3(B— p/p(direct)+anything) ~ at Vs=10.55 GeV.

=5.5+0.5%5], B(B— A/A+anything)=4.0+0.5%, and A samplecc event is schematically shown below, show-
assuming thaB— A NX dominates baryon production B ing some of the particles relevant to our measurement. In that
decay WithN equaITy likely to beﬁor? one can estimate event, the fragmentation of the originat quark-antiquark

- S . . results in aA recoiling in one hemisphere opposite the anti-
B(A¢—AX)~4/(5.5¢2)=36%. This simpleminded esti- charm tag(either the soft pion or the electrpim the other

mate, however, needs to be modified to take into accoufemisphere. For this analysis, event “hemispheres” are de-
many corrections, among them the recent result 8@  fined using the axis which minimizes the momentum

_>Xx)/[g(§_> AX)=0.43+0.09+0.07 [6]. That latter re- (charged plus neutratransverse to that axighe “thrust”

P - ; N viald i is). Note that both the soft pion and the electron are of
sult implies that only~2/3 of the inclusive  +A) yield in ~ 2X19 _ ©
B decay come from decays of charmed baryons; the remainc-harge opposite to thedaughter of thel. In addition to the

der is presumably due to associated production or decay ¢f9S depicted below, we also tag events with fully recon-
anticharm baryons. In this article, we use a new technique ttructedD°—K* 7~ or D™ —K* 7 7~ events, in which
determine the product of the probability for a charm quark tothe D daughter kaon contains anquark, in contrast to the
produce a charmed baryd, times the probability that the A. For all four tags, we will therefore refer to our signal as
charmed baryon will decay into &: B,=B(c—0:.X) an opposite hemisphere, opposite si@H-OS correlation:

AX— = Tttt D°

p_l_ﬂ._(_, ‘—>ei+;e+K+

We note that the\ in this example can, in practice, be counters, which are used as a fast element in the trigger
any charmed baryon and will from here on be denoted asystem and also provide particle identification information
G from time of flight measurements.

Beyond the time-of-flight system is the electromagnetic
Il. APPARATUS AND EVENT SELECTION calorimeter, consisting of 7800 thallium-doped Csl crystals.
The central “barrel” region of the calorimeter covers about

This analysis was performed using the CLEO Il detector7594 of the solid angle and has an energy resolution which is
operating at the Cornell Electron Storage R@ESR at  empirically found to follow:
center-of-mass energiegs=10.52—10.58 GeV. The CLEO
Il detector is a general purpose solenoidal magnet spectrom-
eter and calorimeter designe.d to trigger efficiently on two- ‘T_E(%): E’Jr 1.9-0.1E; (1)
photon, tau-pair, and hadronic evefid. Measurements of E EO-7S
charged particle momenta are made with three nested coaxial
drift chambers consisting of 6, 10, and 51 layers, respecE is the shower energy in GeV. This parametrization in-
tively. These chambers fill the volume from=3 cm tor cludes effects such as noise, and translates to an energy reso-
=1 m, withr the radial coordinate relative to the beam) ( lution of about 4% at 100 MeV and 1.2% at 5 GeV. Two
axis. This system is very efficiente=98%) for detecting €nd-cap regions of the crystal calorimeter extend solid angle
tracks that have transverse momenfs)(relative to the coverage to about 95% ofm although energy resolution is
beam axis greater than 200 MeaVAnd that are contained Nnot as good as that of the barrel region. The tracking system,
within the good fiducial volume of the drift chamber time of flight counters, and calorimeter are all contained
(|cos6|<0.94, with 6 defined as the polar angle relative to within a superconducting coil operated at 1.5 T. Flux return
the beam axis This system achieves a momentum resolutionand tracking chambers used for muon detection are located
of (8p/p)?=(0.001%)3%+(0.005¢ (p is the momentum, immediately outside the coil and in the two end-cap regions.
measured in Ge\t)). Pulse height measurements in the main  For all four tags, data used for this measurement includes
drift chamber provide specific ionization resolution of 5.5%3-1 fo * of data collected at th& (4S) resonance and 1.6
for Bhabha events, giving gooll/m separation for tracks b~ * of data collected about 60 MeV below thg4S) reso-
with momenta up to 700 Me\¢/ and separation of the order nance. This sample is augmented for the lower-efficiebcy
of 2¢ in the relativistic rise region above 2 Gad//Outside tags, as described later. For our analysis, we select con-
the central tracking chambers are plastic scintillationtinuum hadronic events which contain either a low-
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momentum pionm,¢; emitted at small angles relative to the 250x108
event thrust axigfrom D* ~—D%xr_.,), a high momentum

electron (from c—se v.), or a fully reconstructedD®

—K*'7 orD —K*"w 7 as atag ok'e —cc events. 2.00
In order to suppress background and enrich the hadronic
fraction of our event sample, we impose several event re-
quirements. Candidate events must héljeat least five de-
tected, good quality, charged track®) an event vertex con-
sistent with the knowe™ e~ interaction point, and3) a total
measured visible event energy, equal to the sum of the ob
served charged plus neutral eneiys (=Echrg+ Eneutral
greater than 110% of the single beam enerdy,s

>1.1E,..m INn addition, when using an electron to tage

event we require that either the beam enelgy,,, be less

than 5.275 GeV or that the event be well collimated. Specifi-

cally, the ratio of Fox-Wolfram event shape parameters -I'I-._l_K’___4

H2/HO can be used to quantify the “jettiness” of an event T R e

[8]. For a perfectly spherical flow of event energy, this ratio sin2@

equals O; for a perfectly jetty event, this ratio equals 1.0. For FIG. 1. sit ¢ distribution f didater= .. Sh is th
r electron we require this rati r r than . 1.osi istribution for candidaterg,;;. Shown is the

our electron tags, we require this ratio to be greater t ainclusive distribution (solid histogram overlaid with the back-

0.35. This requirement is necessary to remove contammatlogrjwrounol fit function(dashed lingand the signal expected froBi* -

1.50

Events / 0.02

1.00

0.50

from BB events. Similarly, when usin§°—>K+7r‘ orD™ decays(shadel
—K*7 7~ as our charm tags, we elimina@B back-
ground by requiring that the reconstruc@dmomentum ex- B. Soft pion tags
ceed 2.3 GeM. Our soft pion tag candidates must pass the following re-
strictions:
(a) The pion must have an impact parameter relative to
IIl. TAG IDENTIFICATION the event vertex less than 5 mm along the radial coordinate

and no more than 5 cm along the beam axis.
(b) The pion must pass a 99% probability criterion for
To suppress background from fake electrons, as well apion identification, based on the associated charged track’s

true electrons not necessarily associated veitte™ —cc. specific ionization measured in the drift chamber.

events, we require that our electron-tag candidates satisfy tkgal(g)Gﬂ:/eb plog’g E)E?;Sli/;ed momentum must be between
following criteria: . eVt and 0. eV.

(a) The electron must pass a strict “probability of elec- (d) The pion’s trajectory must lie near thg trajectory of the_
tron” identification criterion. This identification likelihood parent charm quark, as expected for pions produced in

combines measurements of a given track’s specific ionizatioR*  —D°7sor- Experimentally, this is checked using the
deposition in the central drift chamber with the ratio of the Variable sifi6, with ¢ the opening angle between the candi-
energy of the associated calorimeter shower to the chargedfite soft pion and the event thrust axis. Assuming that the
track’s momentuni9]. True electrons have shower energiesthrust axis approximates the originak axis, true gy,
approximately equal to their drift chamber momenta; hadshould populate the region $#h-0. Figure 1 displays the
rons tend to be minimum ionizing and have considerablysir? ¢ distribution for candidates passing our event and track
smaller values of shower energy relative to their measuredelection criteria. The excess in the regiorf gimear O con-
momenta. We require that the natural logarithm of the raticstitutes our charm-tagged sample. The fit includes a signal
of a charged track’s electron probability relative to the prob-contribution, the shape of which is determined from Monte
ability that the charged track is a hadrbgbe greater than 7 Carlo simulations, and a lower-order polynomial to fit the
(Le=T7). background. The technique for determining the signal shape

(b) The momentum of the electron must be greater than &nd background follows that of an earlier CLEO analysis
GeV/c. This criterion helps eliminate kaon and pion fakeg[10], which used this method to measure the branching frac-
and also suppresses electrons from photon conversigns (tion B(D°—K ™ 7).
—e*e™) and 70 Dalitz decays ¢°— yeTe").

(c) The electron must have an impact parameter relative C.D%—K*zm~ and D-—K*#m = tags
to the event vertex less than 4 mm along the radial coordi- _
nate and no more than 2 cm along the beam axis. This pro- The D-tagged analysis was performed independent of the
vides additional suppression of electrons resulting from phoarg,f; @and electron-tagged analyses. For this latter analysis,
ton conversions. we take advantage of improved track and particle reconstruc-

A. Electron tags
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tion algorithms, which were unavailable when thg,;, and 1500 — L B L

electron-tagged analyses were conducted. Also, in order ti
compensate for the intrinsically smaller efficiency Bf
—K*7~ and D~ —K*# 7~ reconstruction, we use a
threefold larger data sampé3.1fb !, including the CLEO
IV data sef 11]) for this analysis. Note that, for the purpose
of this analysis, which does not utilize the precision vertex-§ 1000~
ing afforded by the CLEO IL.V silicon vertex system, the & -
essential detector performance characteristics are the same &
for the CLEO Il data sampleD°—K*7~ and D~
—K* 7~ 7~ tags are fully reconstructed from kaon and pion

candidates as follows: 500 | .
(a) The kaon and pion candidates must have impact pat | v
rameters relative to the event vertex less than 5 mm along th 4

radial coordinate and no more than 5 cm along the bean

vents / (0

axis.
(b) Both the pion and kaon tracks must be consistent with ,

their assumed particle identities at the level of 2.5 standarc o I
deviations ¢), using the available specific ionization and T
time-of-flight particle identification information. 0 1 2 3 4 5

(c) Both the pion and kaon must have momentum greatel Momentum (GeV/c)
1200 1 T T T T T T T | T T T

than 0.3 GeVe. -
(d) The fully reconstructedd meson tag must have mo-

mentum greater than 2.3 Ged/to eliminate BB back-
grounds. 1000

IV. LAMBDA DETECTION
800

After finding a charm tag, we reconstrugt—psr in the
hemisphere opposite the tag. In addition to a 99% particle
identification probability requirement placed on both the
daughter proton and pion used in reconstructing Ahewe
also require that candidate particles have momenta greater
than 1 GeVt and that the lambda vertex be located at least @
2 cm away from thee*e™ collision point in the radial direc-
tion. According to Monte Carlo simulatior{§ig. 2), impos-
ing the minimumA momentum requiremenp(, > 1.0 Ge\j 200
in a charm-tagged event passing our event selection require
ments results in aA sample which is>95% pure®.
— A X, with the remainingA’s due to light quark fragmen- 0™
FITIRTN TN  H T N NN SR T TS AN S N
4 5

tation.
0 1 2 3

600

ents / (0.04 GeV/c)

400

E

Momentum (GeV/c)

V. YIELDS
FIG. 2. JETSET 7.3 Monte Carlo simulations of momentum

Tol extrr]act our Slgpal yleld§ in the Iepf;(\)rn-tagdggd Sar.nple’spectra forA’s passing our tag, event, and opposite-hemisphere—
we plot the proton-pion invariant mass candidates in opposite sign(OH-OS requirements, for electron taggeft) and

electron-tagged events. Figure 3 shows the candiflateass soft pion tagg(right). Shown are all\’s in cc events(solid) com-
Oﬁéred toA’s which decay from charmed baryoridashegl Our

separated into each of the four possible sign-hemisphere ¢
relations. Our candidate signal's are contained in Fig. 3d | .i0im momentum requiremenp(>1 GeVic) is also indi-
(lower righy. The number of signal’s is extracted by fit-  5iaq.

ting a Gaussiar\ signal function plus a second-order Che-

byschev polynomial background. ) o . ] )
To determine the\ yield in 7, tagged events, we plot variant mass is in th& sidebands. After performing a side-
band subtraction i’\ mass of the two si¥ distributions,

the sirf @ of the wr-thrust axis angle for each candidate o ] ; VB ST .
found vs the candidatp® 7~ mass. We then project the We obtain Fig. 4. A fit to the sf¥ distribution for all pion

resulting histogram onto the $ii axis and fit the peak at candidates (Fig. 1) determines our total number of
sir? —0 for the case where the* = invariant mass is in 7. -taggedcc events(the denominator in our ratjo
the A region (signa) versus the case where tipg 7~ in- Monte Carlo simulations indicate that bdih the fraction

092007-5
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Same Hemisphere Same Hemisphere
200————T——— ————— 6000 ———————————— ——
| Same Sign : | Opposite Sign | | Same Sign | Opposite Sign
[ 4000 4 F 1
100 | o I
<5 2000 41 F s
% i
o f i o I 17 T
§00IppolsitéHIemilsphlerel T = N S e
3 —— — ————— (] Opposite Hemisphere
S  [samesign' ] | Opposite Sign £ pposite : Sphere ———
g | i :’: | Same Sign | Opposite Sign
d>> L
1] |
125 4000} 1 .
| N oL~ . . - . w}
1.10 1.12 114 1.10 112 1.14 o o
Mass (GeV/c?) 0 0.5 1.0 0 0.5 1.0

sin? @

FIG. 3. CandidateA particles from data divided into same- ) _ ) )
opposite hemisphere-sign correlations using the electron tag. F!G- 4. Four possible\/ . correlations, afterA sideband
Opposite-hemisphere—opposite signis (lower right result pre- ~ Subtraction(as described in tet
dominantly fromA.—AX; A-electron correlations can be seen
from processes such #8.—Ae” v X decays(same hemisphere, the soft-pion tagged sample. Here, we subtract the sciled
same sigh c—A0,0.—e” v .X decaygsame hemisphere, oppo- yield in the D sideband region from thé vyield in the D
site sign and Xe v,«—cc— 0O A decays(opposite hemisphere, signal region. The resulting excess, is, by definition, our
same sigh From the known electron fake rate, we conclude thatdouble-tag signal. As a check of the signal extraction, the
fakes contribute from-10-40 events to each of thepeaks. Since yield for the “wrong-sign” double-tag signaki.e., D°
the hemisphere correlation is not rigorous, we also note that somes K~ 7+ vs D°—K ™ 7") is similarly extracted using the
of the “wrong hemisphere” correlation is due to leakage into the same subtraction. In such events, the expected true correlated
opposite hemisphere from re@l.— AX or real semileptonic de- sjgnal should be negligible and non-zero only through dou-
cays. bly Cabibbo suppressed decay]; in fact, we find —15

of non<cc tags and(ii) the fraction of candidate signal’s
that do not originate fron® . decays but pass our selection
criteria are small £3%; see Fig. 2 We test the overall
accuracy of the Monte Carlo by comparing same-sign, 0ppo-q
site hemisphere correlation everit$SS-OH,” i.e. opposite
of the sign correlation expected for signah simulations 100"
compared to data. We find that the ratio of SS-OH electron-
A correlation events to the number of “right sign0S-OH 80|
signal events is 0.180.05 in Monte Carlo simulations and
0.19+0.07 in data. The corresponding values for thg 60~
— A correlations are 0.09 and 0.16, respectively. Within sta-
tistics, the Monte Carlo reproduces the “wrong sig(SS-
OH) fractions observed in data. Nevertheless, we conserva
tively assign a relative systematic error of 1q%0%/2 to
reflect our confidence in the simulations. This value is en-
tered in the final systematic errors tabl@ble 1V) as “Event 0y
generator mismodeling.”

For the D-tagged sample, the signal is extracted from a
two-dimensional plot oM , (the mass of thé candidatg¢vs
Mp (the mass of theD-tag candidate, eitheMy+,.- or
Mk+.---), as indicated in Figs. 5 and 6. Our signal com-
prises events which contain both a fully reconstruddednd
also aA (“double tags”). The double-tag signal yields are

determined by a two-dimensional sideband subtraction tech- FIG. 5. CandidateD°—~K* =~ mass vs opposite hemisphere
nique, similar to that used to determine the signal yield forcandidateA —p=~ mass.

092007-6
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200
150 =

100 |-

50

FIG. 6. CandidateD”—K* 7~ 7~ mass vs opposite hemi-
sphere candidatd —ps~ mass.

+25 events from a two-dimensionaM (K™ 7*) vs
M(K~a*) plot, and —115+157 events from the two-
dimensionaM (K~ 7t 7") vs M(K~ 7" 7*) plot. Note that

PHYSICAL REVIEW D 62 092007

contains aA in the opposite hemispher&l(A)/cc should
equal the probability of & quark fragmenting to produce a
0. multiplied by the probability of thed . to decay to aA
multiplied by the efficiency for detection of A in our
charm-tagged event sample. Thus, in equation form, with

N(A)/c?as the ratio of the number of reconstructets in

taggedcc events to the total number afc event tags, we
have

N(A)

?:B(CH(BC)XB(@c"AX)Xf/\,tagged (2

for both the data and Monte Carlo simulation. Assuming that
the Monte Carlo simulation accurately reproduces the effi-
ciency for finding aA in a tagged evente aggeq in this
equation, the yield of nonec tags <4%) and the fraction

of non-signalA-tag correlations €5%), we canthen cali-
brate our observed value df's percc in data to the Monte
Carlo simulation:

N(A)data

cc  B(c—OX)XB(O,—AX)%E @
N(AMC  B(c—OX)XB(O.—~AX)MC’

cc

the Monte Carlo values foBB(c—0®.X) and B(0.— AX)

the wrong-sign, wrong-hemisphere correlations are not onlare 0.0667 and 0.369, respectivelA recent measurement
smaller in magnitude for théD-tagged sample than the by the ALEPH Collaboratiofl4] at /s=90 GeV has deter-
single-track tagged sample, but the agreement between theined B(c— A X)=0.079=0.008+ 0.004+0.020 (the last
data and Monte Carlo simulation is generally better for thesystematic error represents the uncertainty in the

D-tagged sample.

VI. CALCULATIONS

The product branching fraction5(c—®.)XB(0
— AX) can be derived fronN(A)/cc, the fraction of times

—pK~ 7" branching fractioh although it is not clear how
appropriate this value is fox/'s=10 GeV] Note that the
efficiency €, taggeqis tag dependent—because of geometric
and momentum correlations from hemisphere to hemisphere,
we expect the highest efficiency for ti2° and D~ tags,
followed by soft pion tags and electron tags.

A summary of our yields and calculations fdg(c

that an event containing an anti-charm tag in one hemisphere: ® X) X B(®.— A X) is presented in Tables | and II. Pre-

TABLE |. Results forB(c— A ) X B(A.— AX) using electronssrg,, andD to tagc?events.

Tag particle Electron T D° D~
Total tags 177708422 1060876:3942 325206:1040 2567361180
Fake tags vy 4665+ 98
TT 9429+ 97
BB 15037123
Total corrected tags 148569160 1060876:3942 3252081040 256736 1180
A’s 743+ 32 5964~ 203 224775 2031102
NA) 1074) 50+2 56+ 2 69+ 2 79+ 4
CcC
N(A
Monte Carlo VA (X107 76+3 90+ 2 80+ 2 93+4
DataB, ¢ 0.0162-0.0010 0.01530.0006 0.02120.0008 0.0209 0.0013
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TABLE Il. Tabulated number of\’s detected for both signal and non-signal correlations followed by
Alcc. For 7w, ande ™, a data sample corresponding+c x 1 cc events was used® andD ~ tags are
derived from a dataset of 15X 1P cc events. In both cases, the Monte Carlo simulated data sample is of

comparable or slightly larger size. Shown are opposite hemispkgig same hemisphergSH), opposite
sign (OS) and same sigiSS correlations.

Correlation Electron T DO D~
Data

SH, SS 445 26 1039170 252+ 33 220+ 34
SH, OS 4313 484+186 14+24 12+38
OH, SS 142-19 914+ 356 223-76 233-91
OH, 0S 74332 5964+ 203 224775 2031102
A sh ss(x10%) 32.3+1.9 9.8:1.6 7.8:1.0 8.6:1.3
CcC

A sk 0s(x10%) 3.1+0.9 46:1.8 0.4:0.6 0.4:0.8
CcC

A oH, sS (%104 10.3+1.4 9+3 7.2:2.3 9.1:3.6
CcC

A

— OH, OS (X10_4) 502 56+ 2 69+ 2 79+4
CcC

Monte Carlo

SH, SS 573 29 5469- 363 182+52 179+ 65
SH, 0S 62-13 1448+ 381 44+ 23 4+ 46
OH, SS 26424 2251+ 409 285104 114+ 62
OH, 0S 1352-61 26413643  2073:65 1514+ 85
A

CcC

A + + + +

CcC

A 4 15+2 g+2 11+5 7+4
— OH, SS (X104 + * *
CcC

A 76+ 3 902 802 93t4
Monte Carlo = OH, OS (X 10™%)
cc

sclented in thﬁsi t;\bles are our raw Xifelss' the”numb;rr?f UUfons to tagce events,By=(1.53+0.06)% USINgm oy, tO
electrons W,'C 0 not tage e_vents( ake tags ), and the tag cc events, B, =(2.12+0.08)% usingD® to tag cc
number ofA’s reconstructed in the opposite hemisphere for . ) - _
our electron-tagged, soft pion-tagged, @dagged samples. events, and3,=(2.09+0.13)% usingD ~ to tagcc events

. statistical errors on
Backgrounds in the electron-tagged sample fidBiand 77 ( y
events are estimated from a large sample of Monte Carlo
events, using a CLEO event generator ®rdecays and

KORALB [13] for 77 decays. The electron background from
yvy events is estimated from the forward-backward excess of
positrons versus electrons, compared to the expectation from We have conducted two cross-checks to verify the accu-
QED. Our raw Yyields(prior to any scaling correction, de- racy of our derived result foB, . We emphasize that these
scribed later correspond td3, =(1.62+0.10)% using elec- are not measurements in themselVasd therefore have no

VIl. CROSS-CHECKS
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TABLE IlI. Results of analyzing thé3(D°—K ™~ 7 ") cross-check.

Tag particle Electron T D° D~
Total tags 177708422 10608763942 3252061040 2567361180
Fake tags vy 4665+ 68
T 9429+ 97
BB 15037123
Actual tags 148564 460 10608763942 3252061040 2567361180
D%s 1154+41 10029213 1965-61 1244+ 144
0
pata ~ 2 (1074 78+3 94+ 2 121+4 123+9
cC
N(D°
Monte Carls 2 (x10-4) 80~3 96+ 2 1194 113+11
cc
Scale factor 1.030.05 1.02:0.03 0.98£0.06 0.92£0.12
quoted systematic errgrsbut are presented only to verify N(K 7)data

our B, measurement. _— g
cc  B(c—D%xB(D°—Km)da?

N(Km)MC  B(c—D%x B(D°—Km)MC "

6)
A. DK™ =" decays cc

As a first cross-check, we compare the data- versus Monte
Carlo simulation—derived values for the product branching! N€ results of oub® cross-check are presented in Table Ill.
fraction B(c— D% X B(D°—K~x*), using charm tagging. The Monte Carlo iimulation adequately reproducesie
Since the branching fraction f@°—K 7" is known pre- —K~x" yield perc tag. Based on the consistency between
cisely, and since the fractional uncertainty iic—D°) is  these values and the knovdP— K~ 7" branching fraction,
expected to be smaller than the corresponding uncertainty ia scale factor is applied to the data and a systematic error is
B(c—A.), we can compare the value 8{c—D°% xB(D° added which reflects only the statistical precision of this
—K~7") measured with charm tagging in data versuscross-check. In all cases, the scale fa¢iable Ill) is con-
Monte Carlo simulations and thereby verify the method usedistent with unity.
in the A measurement. Using the same charm-tagged sample
as before, we therefore search for the de€fy—>K ="
(using the same requirements mentioned be¢fopposite the B. Ac—Aev, decays
tag rather tham\ —p7~. As before, we perform a sideband
subtraction to determine the number®f—K ™~ 7' decays
in our mg.;; charm tagged sample. We thus use the sam
equation as with our analysis, only modified for th®°
—K~ 7" decay mode:

A second cross-check is afforded by olirelectron cor-
éelation sample. We note that the same-hemisphere, same-
sign events are expected to be dominatedAQy-Ae™ v,
decays. Since thé\.— Aev, branching fraction has been
measured, we can use the relative ratio of the same-
hemisphere, same-sigh-electron events, compared to the
. opposite-hemisphere, opposite-sign events to estimate the

N(K™ 7 )=B(c—>D°)><B(D°—>K*77*)><eDo . Ac—AX branching fraction. This estimate is “internally

cc ohT normalizing”; i.e., we do not need to measure the fraction of
(4)  our total charm tags which contaif’s. We can relate the
branching fractionsB(A.—Aev,) and B(A.—AX) (and
their corresponding efficiencied to the number of observed
same-hemisphere, same-sign eveilg(s9, the number of

Again, assuming that the Monte Carlo accurately repro-observed opposite hemisphere, opposite sign eWsitsos,
duces the efficiency for finding@° decay in a tagged event, and their production fractions iac events. Without an ex-
we calibrate our observed valueBf’s percc in data to the  plicit fake electron subtraction to the observed yields, we
Monte Carlo simulation: have
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TABLE IV. Summary of systematic errors for both electron, soft pi5ﬁ’, and D™ -tagged events.
Correlated systematic errors are indicated with an astérisk

SystematidVariation/Defauly e Teore TAQ DO D~
Event requirements

Minimum event energy: 0.88—1.B2cam (1.1Epeam 2% 3% 2% 2%
Minimum number of charged tracks: 3+3) 7% 3% 2% 2%
Tag requirements

Tag momentum: 0.8—1X default 8% 3% 4% 4%
Radially close to event vertex: 0.8—X2default 2% 3%

Tag DOCA along beam axis: 4—6 c(B cm) 2% 3%

Probability of being a pion: 2d&—3.60 (30) 3%

Minimum electron probability: L=7 (L¢=5) 9%

Event sphericity cut: 0.25R2=<0.45(0.35 6% —

Signal extraction 5% 13% 8% 8%
Event generator mismodeling 10% 10% 5% 6%
Lambda requiremerits

Lambda momentum: 0.8-1.2 Ga¥/(1.0 GeVk) 6% 6% 6% 6%
Radial cut onA vertex: 1.6—2.4 cng2.0 cm 3% 3% 3% 3%
Additional systematics

Tracking-finding uncertainty 4% 4% 4% 4%
DO cross-check 5% 3% 6% 14%
Total correlated systematic 8% 8% 8% 8%
Total uncorrelated systematic 19% 18% 11% 18%
RMS spread of tag values 14%

Total systematic uncertainty 25% 24% 20% 24%

NSH—SS% B(c—A)XB(As— Aevey) X e(A.— Aevy)
Noros B(c—Aq)XB(c—eX) X B(A,—AX)X[e(Ac—AX)(c—eX)]

Note that the efficiency in the numerator of this equations(c—®.)=6.67%, and assuming thaBB(c—A)/B(c
refers to the correlated efficiency of having both theand - .)~1.0.
the electron inA.—Ae" v, pass all our selection criteria
[e(A.—Aev,)=0.023+0.002; the efficiency in the de-
nominator refers to the efficiency for havinghafrom a A . . . )
decay pass our selection criteria in one hemisphere and also /" Order to determine additional systematic errors, we var-

an electron from a generic charm decay pass our selectidﬁ'd each of our |nd|V|duaI. partlcl_e _and_ event requwements
X , ) ) — and noted the corresponding variation in our derived values
requirements in the opposite hemisphér{A.—~AX)(C  tor B(c— @ )X B(®,—AX). Typical variations were of or-

—€X)=0.043-0.002. The efficiency is lower in the nu- ger —209%. Using this approach, we summarize our system-
merator due to the presence of momentum correlations begic dependencies in Table IV. The default values of, e.g.,
tween theA and the electron, resulting in a reduced effi- oyr kinematic cuts are defined, as well as the variation used
ciency for both particles to simultaneously pass theto assess systematic dependences. For the pion and the elec-
minimum momentum requirememt>1 GeV/c. The value tron tags, our largest systematic errors are due to uncertain-
for B(E_>ex) (0.091+0.008) is taken from data afs=10 ties in the Monte Carlo event generation modeling, as deter-
GeV[5]. Using the current Particle Data Gro[fy value for ~ mined using the ‘“wrong-sign” yields. For th® tags,
B(A.— Aery)=0.021+0.006 and our measured values for among the largest errors are the errors associated with signal
Nshss (445+26) andNgy.os (743+32), we obtain an in-  extraction—this is assessed by determining the difference in
ferred value ofB(A.— AX)~0.23+0.07, where the error is the calculated final result when the signal and sideband re-
statistical only. This is consistent with our measured producions are varied from their default values 180%. Realiz-
branching fraction for B,=B(c—0.)XB(O.—AX) if ing that(a) the D tags are consistently higher than the single-

VIIl. SYSTEMATIC ERRORS
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track tags and(b) possible correlations in fragmentation 0.60 — . . —T
between the two hemispheres have not been evaldated
are they present in our Monte Carlo simulatignse also
take the rms spread in the values 18 obtained with the 0.50~ . .
four tags(14% as an additional systematic err@dded to
each of the four individual measurements quoted bglogy

flecting the differences in the lepton-taggedwg,;-tagged

vs D-tagged samples. Given the fact that the individual mea-<
surements are all consistent within errors, this is an admit-f
tedly very conservative approach.

0.40

0.30

B(dc

IX. SUMMARY AND DISCUSSION 0.20

Using four differente*ef—m?tags, and scaling our raw
values by theD? cross-check as described above, we mea- o010l |
sure the product branching fractiol8, =5B(c— 0 X)

XB(O.—AX): - _
0 PR R NS NN RS R
(1.68+0.10+0.40% (electron tags 0.04 0.05 0.06 cgf;c 0.08 0.09 0.10
(1.57+0.06+0.39 % (soft pion tags FIG. 7. Contour ofB3(®,—AX) vs c—0, implied by our re-

sult. Contours corresponding tolo excursions from our central
= value are also show(dotted ling. The Monte Carlo value foB ,
(2.09+0.08+0.41)% (D" tags [B(c—0)XB(O.—~AX)] is 0.0246, and the Monte Carlo expec-
tation forc— 0. is 0.0667.
(1.95-0.13+0.497% (D~ tags;
is expected to be obeyed in semileptonic decays; B\,
these results sum over the charmed bary@pgproduced at — Alv)/B(A.—Xlv)—1. Present data, however, give a
Js=10 GeV. Separating common from independent systemvalue of approximately 50% for this ratio, albeit with large
atic errors, and weighting each result by the quadrature sur@rrors[5].
of its statistical error plus independent systematic error, we External and internalV emission, as well ag/ exchange
combine these four numbers to obtain a weighted produatan lead toNKX final states containing a nucleon and a K

branching fraction: meson AC—>pK2, e.g). The fact that the\ .. lifetime is only
half that of theD® meson suggests that internatemission
B,y=(1.87+0.03+0.33%. and W-exchange processes may comprise a large fraction of

the total A, width. Although internalW/ emission may be

In obtaining this result, we have not corrected for thesuppressed in decays of charmed mesons due to the color-
statistical overlap between the four tag samples. Correctingnatching requirement [which would predict B(D
for this would tend to slightly reduce the overall quoted sta-— W, X)/B(D— W,,X) =1/9], the larger number of de-
tistical error. We can convert this result into a contour in thegrees of freedom in baryon decays may mitigate this sup-
plane:B(®.— AX) vs B(c—®.), as shown in Fig. 7. Using pression, leading to a potentially large fractionpd€ X final
the Monte Carlo value fo3(c—®©:X) of 6.67% [this is  states. In the case of thg,, W-exchange decays can pro-
consistent with the tabulated product cross-sectiojuce eitherA’s or NK in the final state, depending on the
(ete”—ce)XB(c—Ay)-B(A.—pK 7*) using B(A, quark configuration. The naive expectation that the absence
—pK~7")=5.0%], and taking the results from our four of exchange diagrams i&_ decays will lead to a longer

tags, we can infer a weighted average value: lifetime for 2. compared ta=2 and A, is consistent with
current experimental data.
B(O,—AX)=(28+1%5)%. The current world average fd8(A.— AX) (35+x11)%

[5] is consistent with the notion that the simple minded ex-

It is important to note that this measurement is independenternal W-emission picture does not saturate decays. The
of the A;.—pK™ 7" normalization but is dependent on the value for B(A.— AX) therefore has implications for the ex-
Monte Carlo estimated value fd#(c—®.). This measure- ternal versus internal spectator fractions in charmed baryon
ment is the first of its kind at/s=10 GeV. decay. Our results are therefore qualitatively consistent with

In the simplest picture, a charmed baryon such as.a a possibly substantial internal spectator contribution to
decays weakly through extern&/ emission. Neglecting charmed baryon decay.
fragmentation at the lower vertex, this produces eith&®a Exclusive A.— AX channels have also been measured,;
or, if isospin does not changeAa Since all3%s decay into  normalized to an estimate of8(A.—pK 7")=(5.0
A, we therefore expect that.— AX~100% if the external +1.3)% [5,16], the sum of the observed exclusive modes
spectator diagram dominates. This simple minded predictioaccounts for the bulk of the presently tabulated inclusive
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Ac—AX rate [2B(Ac—A+X)exciusve/ B(Ac—pK™ 7")
~5, where the sum includes a contribution®B(A .—3.°
+ X) exclusie! B(Ac— pK~7")~1.5]. We note that the dif-
ference between our inferred value #6(® .— A X) and the
sum of the exclusive\ ;. modes toA’s [5] implies that most
of the inclusiveA .— A X rate has been accounted for.

If charmed baryons produced i@'e~ events are pre-
dominantly A.'s and if the JETSET expectation forf(c

—A.) is accurate, then our results are in agreement with the”

current world average foBB(A.—AX). We note that the

PHYSICAL REVIEW D 62 092007

the same as the composition of our electron tags, insofar as
the lepton-tagged sample represents a weighted su@cof
—17X, Dy —1"X, D°=I~X and D~ —I~X. Our quoted
final result can be general only if the two hemispheres in an
ete —cc event fragment independently. Although not yet
measured, it is possible that there may be correl@g@)C
production, in which case the likelihood of observifig,

AX would be larger foi® tags than foD tags, and the
assumption of independent fragmentation would be invalid.

methodology of this analysis differs substantially from theA study of correlated®.®. production, presently in

previous CLEO analysi$4], which relied on a model of
charmed baryon production iB decay to deriveB(A.
—AX).

Naively, one might expect fragmentation and decay of
charmed baryons to be similar to bottom baryons. Using ver-
tex tagging techniques, the OPAL Collaboration has deter

mined B(b— ©,) B(®,— AX) = (3.50+ 0.32+ 0.35) % [15].

progress, will be the subject of a forthcoming publication.
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