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The A —pK ™ 7" yield has been measured in a sample of two-jet continuum events containing both a
charm tag(" D) as well as an antiprotore(e’eﬁx), with the antiproton in the hemisphere opposite the
D (measurement of charge conjugate modes is implicit throughOuter the hypothesis that such selection
criteria tage*e’—»ﬁ/\jx events, theA 7 —pK™ " branching fraction can be determined by measuring the
pK~ 7" yield in the same hemisphere as the antiprotons inﬁ;x sample. Three types @ charm tags are
used, 7oy (from D* ~— D%, electrons(from D—Xe ), and fully reconstructed®—K* 7~ or D~

—K*7~ 7~ orD, — ¢ . Combining our results obtained from the three independent charm tags, we obtain
B(A; —pK™ 7")=(5.0+0.5+1.2)%.

PACS numbes): 13.30.Eg, 14.20.Lq

I. INTRODUCTION A —pK~ 7 branching fraction is the least well known,
and presently the most controversial. There have been two
basic methods used to estimate this branching fraction. The
first uses, as input, the ratio of efficiency-corrected yields
B(A;—AXIv)IB(A; —pK™#*) [1,2] and the well-
measured\ | lifetime. One can deduce a total semileptonic

ranching fraction for\ *
*Permanent address: University of Texas - Pan American, Edinp anching fraction forh . decays

burg, TX 78539.

Of the four fundamental normalization branching frac-
tions of charmed hadrons[B(D°—K #"), B(D*
—K 7"7"), B(DS —¢n'), andB(A; —pK™ 7")],* the

N
"Permanent address: Yonsei University, Seoul 120-749, Korea. B(A+—>le)=M,
*permanent address: University of Cincinnati, Cincinnati, OH ¢ (A Y)
45221.
Spermanent address: Massachusetts Institute of Technology, Car@Ssuming that the total semileptonic width is the samé in
bridge, MA 02139. decays as iDJ —Xlv, D’ Xly, andD*—Xlv (the ap-
!Charge conjugate modes are implicit. proximate equality of the semileptonic widths for all the
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charmed mesons lends credence to this assumption, althoughThe yield of Aj —pK~ 7" decays in this /D) sample
mass and phase-space effects in semileptonic decays may @l allow us, after all the appropriate corrections, to deter-
significant [3]), and assuming l’j'(Ag—M\Xl1/)/[3’(AC+ mine the branching fraction:

—XIv)~1.0 [4-6] [i.e., B(A; —NKXIv)/B(AF—Xlv) -

—0]. Under these assumptions, one can estimate the abso- . . N([pAZ1ID)

lute branching fraction forA; —AXlv, and, correspond- B(Ag—pK 7" )=———=—

. ; . L ComesPon N(pID)

ingly, the absolute branching fraction fok, —pK™

from the measured B(Ag.—)AXW)/B(A;_’pKf”ﬂ Our analysis comprises two techniques — in one, we con-
y'e|df- Such a procedure yields values in the range Obtryct a three-particle correlation to determine the
B(A¢—pK™7")~6-8% [6]. —pK~ 7" branching fraction, and in the second, a two-

In the second approach, one uses the fact that baryoparticle correlation is sufficient to infé#(A; —pK~ 7). In
number must be conserved B decay and tha3(b—c)  the triple correlation analysis, we take the ratio of the num-
~1.0. Under the assumption that baryon productionBin ber of times that three particléthe A, antiproton, and our
decay occurs througr§—>Ac+HW, the observedB—pX  charm tag are found in the same event relative to the num-
ber of times that only the antiproton and the charm tag are
found. For the second technique, only a double correlation
between the reconstructe’dg and the antiproton tag consti-
tutes the numerator of our ratio; the recoiling charm tag is
assumed.

events provide an unbiased sample§3¥>A§X. Measure-
ments of theA —pK~ 7" yield in such events, therefore,
allow a determination of the absolute] —pK~ 7" branch-
ing fraction[4,5].? The Particle Data Group uses a combina-
tion of this technique and and A; charm semileptonic
measurements to estimat{A_ —pK ™ 7")=(5.0=1.3)%

[7].

In this measurement, we employ a new technique to de- , ) )
termine B(AS —pK~=*) using e*e~ annihilation con- Thls_ analysis was performed using the CLEO Il detector
) — ) operating at the Cornell Electron Storage RI@ESR at
tinuum events. We select a sampleedfe” —cc events in center-of-mass energie®=10.52-10.58 GeV. The CLEO
which a A is expected to be present by requirif@ a || detector is a general purpose solenoidal magnet spectrom-
charm tag consisting of either a high momentum electron, &ter and calorimeter designed to trigger efficiently on two-
T (from D*~—DO%r_.), or a fully reconstructed photon, tau-pair, and hadronic evef®. Measurements of
D-meson candidate an@) an opposite hemisphere baryon charged particle momenta are made with three nested coaxial
tag consisting of an antiproton. The presence of A is C!I’Ift chambers conS|st|ng of 6, 10, and 51 layers, respec-
inferred, to compensate baryon number and charm. Accordlvely. These chambers fill the volume from=3 cm tor
. . : . — =1 m, withr being the radial coordinate relative to the beam
ing to Monte Carlo simulations, the antiproton DpA - ' , ) -
events is as likely to have its momentum in the same hemi(2) @is. This system is very efficiene®98%) for detect-
sphere as the as in the hemisphere opposite it. However ing tracks that have transverse momeryag)(relative to the
T . i . "beam axis greater than 200 Me&y/and that are contained
estimation of the nom. background in ourDp(Ac)  within the good fiducial volume of the drift chamber
sample i_s more reIiabk_—:- if we require the antiproton to be in(|cosg|<0_94, with 6 defined as the polar angle relative to
the hemisphere opposite the charm tag. We, therefore, focygie peam axijs This system achieves a momentum resolution
on the sample in which thEEnUproton is in the hemisphergy (8p/p)2=(0.001%)2+ (0.005f (p is the momentum,
opposite the charm td¢O( p|D)” events, with parentheses measured in Ge\)). Pulse height measurements in the main
designating opposite hemisphere correlatfjdnTopologi-  drift chamber provide specific ionization resolution of 5.5%
cally, these events can be schematically depicted as: for Bhabha events, giving goold/« separation for tracks
with momenta up to 700 Me\¢/ and separation of orderd2
in the relativistic rise region above 2 Gead//Outside the
cC ¢ central tracking chambers are plastic scintillation counters,
which are used as a fast element in the trigger system and
also provide particle identification information from time-of-
flight measurements.
Beyond the time-of-flight system is the electromagnetic
calorimeter, consisting of 7800 thallium-doped Csl crystals.

2Unfortunately, a more recent study of flavor-tagged baryon Ioro_'I'he central “barrel” region of the calorimeter covers about

je 0 ) X S
duction inB decay indicates that diagrams other tim A pW 75% of the solid angle and has an energy resolution which is

. _ b el empirically found to follow
may contribute substantially td . , A , andp/p production inB

II. APPARATUS AND EVENT SELECTION

(A:)<— HS

pe—

decay/[8].
3The same-hemisphemgD sample, designated with brackets as ‘T_E(%): 0'35+1_9_ 0.1E:
“S[pD]" is discussed later as a cross check. E EO-7S
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E is the shower energy in GeV. This parametrization in-in e*e~— cc events, we require that our electron-tag candi-
cludes effects such as noise, and translates to an energy resgites satisfy the following criteria:

lution of about 4% at 100 MeV and 1.2% at 5 GeV. TWO  (g) The electron must pass a strict “probability of elec-
end-cap regions of the crystal calorimeter extend solid anglgon” identification criterion. This identification likelihood
coverage to about 95% ofr although energy resolution is  combines measurements of a given track’s specific ionization
not as good as that of the barrel region. The tracking systemyjeposition in the central drift chamber with the ratio of the
time-of-flight counters, and calorimeter are all containedenergy of the associated calorimeter shower to the charged
within a superconducting coil operated at 1.5 T. Flux returngrack’s momentunfi11]. True electrons have shower energies
and tracking chambers used for muon detection are locateshproximately equal to their drift chamber momenta; had-
immediately outside the coil and in the two end-cap regionsyons tend to be minimum ionizing and have considerably
The event sample used for this measurement is comprisesmaller values of shower energy relative to their measured
of 3.1 fb~ ! of data collected at th¥ (4S) resonance and 1.6 momenta. We require that the logarithm of the ratio of a
fb~* of data collected about 60 MeV below th&§4S) reso- charged track’s electron probability relative to the probabil-

nance. Approximately 510° continuumcc events are in- ity that the _charged track is a hadron be greater than 7.0. In
cluded in this sample. the good fiducial volume of the CLEO detectojcdsd)

<0.7, whered is the track’s polar angle measured relative to
Event selection criteria the e"e” beam axig the efficiency of this requirement is
] >90% in our momentum interval of interest; the likelihood

In order to suppress background and enrich the hadronig 5 nonelectron faking an electron is less than 1%. The total

fraction of our event sample, we impose several event regjectron fake fraction is thus the product of the fake rate per
quirements. Candidate events must hai#: at least four track times the typical charged track multiplicity and is
detected, good quality, charged track®) an event vertex therefore not large<10%).

consistent with the knowa™ e~ interaction point(3) a total (b) The momentum of the electron must be greater than 1
measured visible event energy, defined as the sum of th@eV/c. This criterion helps eliminate fake electrons due to
measured energy carried by charged tracks plus the measurkaon and pion tracks and also suppresses electrons from pho-
energy carried by neutral particlesE fs= Ecngt Eneutra) ton conversions y—ete”) and #° Dalitz decays °
greater than 110% of the single beam enerdy;; —vye'e’).

>1.1- Epeary In addition, when using an electron to taga ~_(¢) The electron must have an impact parameter
event we require that either the beam eneigy,, be less (“DOCA,” or distance-of-closest-approaghrelative to the

— primary event vertex of less than 4 mm along the radial
than 5.275 Ge\/[belovx_/ theY(4S)—>.B.B threshold or that coordinate and no more than 2 cm along the beam axis. This
the event be well collimated. Specifically, the ratio of Fox- provides additional suppression of electrons resulting from
Wolfram event shape parameterf2/HO can be used to photon conversions.
quantify the “jettiness” of an evenl0] — for a perfectly
spherical flow of event energy, this ratio equals 0; for a per- 2. Soft-pion tags
fectly jetty event, this ratio equals 1.0. For our electron tags, . . .
we require this ratio to be greater than 0.35. This final re- Our soft-pion tag candidates must pass the following re

uirement helps remove contamination from semilept@hic strictions:
] 4 b (@ The pion must have an impact parameter relative to

decays inBB events(The correlation between the soft pion the event vertex of less than 5 mm along the radial coordi-
momentum vector and the thrust axis is abser@hevents, nate and no more than 5 cm along the beam axis.
thereforeBB events do not contribute to our soft pion-tagged (b) The pion must pass a 99% probability criterion for

event sample. pion identification, based on the associated specific ioniza-
tion collected in the drift chamber.
IIl. TAG IDENTIEICATION (c) The pion’s momentum must lie between 0.15 GeV/
and 0.40 GeW¢.
A. Charm tags (d) The pion’s trajectory must lie near the trajectory of the

For our analysis, we select continuum hadronic eventarent charm quark, as expected for pions produced in
which, in addition to an antiproton, contain either a highD* ~—D%xr,. Experimentally, this is checked using the

momentum electror(from 5_>Xev)a a 7y (from D*~ variable sif@, where ¢ is the opening angle between the
_)Sows_oﬁ)v or a fully reconstructe®-meson candidate as a candidate soft pion and the event thrust 44ig]. Assuming

charm tag(“D") of ete——cc events. Since the different that the thrust axis approximates the origical axis, true

tags have different systematic uncertainties and procedurdsort Should popglate_ the region $ifi—0. Figure 1 displays
associated with them, we now discuss separately the vario@€ SOft pion sing distribution for candidates passing our

tags employed in this measurement, beginning with our elecgvent and trac!< selection criteria. The excess in the region
tron charm tags. sif—0 constitutes our charm-tagged sample.

— ~
1. Electron tags 3.D°% D7, and Dy tags

To suppress background from fake electrons, as well as Fully reconstructedD-meson tags are detected in the
true electrons not necessarily associated with charm decaysodesD°—~K*7~, D™ —K*# #~, andD; —¢7 . In
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and drift chamber specific ionization measurements for each
track, the likelihood that a particle be an antiproton must be
at least nine times larger than the likelihood that the particle
be aK™ or a# . Antiproton tag candidates must also pass
the same vertex requirements as soft pion and electron can-
didates. These vertex criteria help suppress backgrounds

from nonprimary antiprotonfrom A—pax*, e.g) or bary-
ons generated by collisions of beam particles with either the
beampipe itself or residual gas within the beampipe.

It is important that our antiproton tags be direct, and not
hyperon daughters. By combining our antiproton candidates
with remaining charged tracks in the same evassumed to

be piong, we can reconstruck’s and estimate the fraction

of our antiproton tags which are due to reconstructed
decay. We determine this fraction to b&% (Sec. IV A 3.
We check the fraction of our proton tags originating in
. M R beam-gas and beam-wall collisions by determining the asym-
g 0:25 930 Dite 100 metry between the number of proton tags and antiproton
sin“® tags. If the beam-gas/beam-wall contamination is large, we
FIG. 1. Shown is the inclusive sl distribution for all tracks ~ eXpect there to be a preponderance of proton tags compared
(solid histogramoverlaid with the background fit functiodashedd  to antiproton tags. In fact, in B-meson tagged subset of the
and themg. signal expected fromd* ~— D m_ decays(shadedl  full data used in this analysis, we find the number of proton
Determination of signal and background follows an earlier CLEOtags (6986-255) to be statistically equal to the number
analysis[12], which used this method to measus¢D°—~K~7").  of antiproton tags (6737250). Nevertheless, the differ-
ence between these two numbers is taken as our systematic

uncertainty in the magnitude of beam-related backgrounds
all cases, final-state particles are required to pass DOCA criTable ).

teria with respect to the primary vertex in both the radial

(IDOCA|<5 mm) and beam |DOCA|<5 cm) coordinates. IV. TRIPLE CORRELATIONS

Final-state particles are also required to have specific ioniza- o

tion and time-of-flight information consistent with their as-  In the triple correlation analysis, we tag theside of an

sumed identities. ete” —cc event using a soft pion or an electron tag, then

_ search for g in the opposite hemisphere. In order to con-
B. Antiproton tags serve both charm and baryon number we assurkg & the
To be considered as candidates for antipramproton, ~hemisphere opposite the tag. Below we show a schematic

in the charge conjugate caséags,” charged particles de- diagram of an event where eithermg, or e, in combina-

tected in the central drift chamber must also pass strict pation with an anti-proton, is used to tag an unsedrn | de-

ticle identification criteria. Using the available time-of-flight cay.

2.50x10°

2.00

1.50

Events / 0.02

s

1.00

0.50

c C
E<—> ‘—>D*7
(A= =D g

(anything < —e Ky,

The above diagram gives us a known sampleAgf reconstruct, in that sample, & decaying intopK™ 7" in
events.(Note that we do not require that both,; ande™ the same hemisphere as ttweand opposite the electron can-
tags be present in a candidate event; the presence of eithdidate. TheA . invariant mass distribution is then fit to a first
one constitutes a valid “charm tag.”In the electron tag order Chebyschev polynomial to represent the background
case, the total number of [ ’s is the number of events in and a Gaussian to represent the sigiag. 2), with the A |
which a track passes our electron tag identification and amass and width fixed to the values obtained from a fit to the
antiproton tag is found in the opposite hemisphere. We theinclusive A mass spectrum in data.
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2.14 . 2.34 244 2.14 2.24 2.34 2.44
pK =+ mass (GeV / ¢?) pK nt mass (GeV /¢
FIG. 2. The candidatd [ mass(i.e.,pK~ =% mass, in GeWw?) FIG. 3. Results of sideband subtraction in data to determine

for A;’s with ap in the same hemisphefd [ p] and ane” inthe ~ A —pK™ 7" yield in soft-pion tagged events. We project onto the
opposite hemisphereA( e). The triple correlation yield is 10.3 candidate A; mass axis the portion of our two-dimensional
+3.8 events. pK~ 7" mass vs sif¥ plot corresponding to sfi#<0.25 and sub-
tract the scaled projection corresponding to 8&2%§7¢=<0.5. We
When using the soft pion tag, we select events that arthen perform a fit to the rgsultingK;er mass spectrum in order
supposed to contain &; by plotting the siR@ distribution 1o find our final yield ofcc—A¢ +p+ gt X events. The raw

of pions having a tag;Tin the opposite hemisphere, with triple correlation yield is 101.620.6 events.

defined as before as the angle between the pion’s momentum

and the thrust axigFig. 1). Background and signal distribu- any one of our charm tags, and t&and theD are in

tions are then fit to this sf® distribution. The background opposite hemispheres with respect to the thrust axis of the

function we use is f(X)=Cy(1/J1—-x)+Cy(1/ event.

J1+AX2+Bx3), wherex is sirf. This functional form is Now the numerator can be written as

taken from a previous CLEO measurement B{D°

— K™ ™) using a similar techniqugL3]. o

Using the soft pion tag, we extract the number of signaly[e*e” —=D+p+(AJ —pK 7")+X]

events from a two-dimensional plot @fK™ 7" invariant _ o

mass versus the gl of the my From this two- =L-o(e"e”—cc)-B(cc—D+p

dimensional distribution, we perform a scaled sideband sub- + + -+ (o

traction of theA; vyield in the “sideband” region (0.25 T A+ X)-BlAc —pK-m)-(ep)- (&) (€rr)

<sinf9<0.5) compared with the signal region (%h 2)

<0.25) to determine the final, background-subtracted yield

(Fig. 3. (The background is approximately linear through

this region) We have compared the yield obtained this wayand the denominator

with the yield obtained using the <if signal remaining after

AJ-mass sideband subtraction (918 events The two

techniques give consistent results; the difference betweeny[e*e D +p+X]=L-o(e*e” —cc)-B(cc—D+p

them is counted towards the final systematic e(f@ble II).

For both tags, we can now quantify the ratio of tagged +0:.+X")-(ep) - (€p), ()

events containing &, decaying intopK~ 7" to all tagged

events. This ratio is equal to ) )
where . is any charm-baryon system, not necessarily a
A¢ (e.g. it could be & + nucleon or a charmed baryon,

' (1) such as &, not always decaying inta . +X), £ is the

e V[lete —D+p+(A; —pK 7)) +X]

Y(ete"—=D+p+X) total luminosity, ande,, €, +, andep are the efficiencies of
c
o finding the antiprotonA_ , and charm tags, respectively.
where)) stands for yield ire" e~ annihilation,D designates We then write
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y(e+e_*>5+5+ X) T T T T T T T T T
=f,-L-o(e*e"—cc)-B(cc—D :
— — 60 . —
+p+AJ+X) - €ep-€p, (4)
where | i' ] ! I 1
_ 2t Ll T
f B(CC—>D+p+®C+X/) (5) <A0 l I - ¥
= . ~ I
Y Blcc—D+p+AL+X) £ | + i1| ' ol
21 ;
Sincef, takes into account the fact that our yield includes W '{
also charmed, baryonic systems other thap, f,=1.0. i *
Then, 20— N
R-f L i
BA; —pK 7t)=—02=. (6)
ENT - i
¢ Q . L L
Since the above equation holds for both data and Monte 7 L’ETJ, mass (GeV J,tg] 20
Carlo simulations we can write:
240 T T T T T T T T T
B(A:HpK_ 7T+)Data Rpata’ €At (Mo fl(Data) @ - 1
= .(7
B(A{—pK 7" )uc  Ruc €x}(pata) f1mo)
200
We use Monte Carlo simulations to determine event and
particle reconstruction efficiencies. The simulated sample
size corresponds to approximately 6 foof integrated lumi- 180
nosity. Our Monte Carlo simulation combines @ie” §
—CC event generatofJETSET 7.3 [14]) with a GEANT-based ?:12{] [ + + N
[15] simulation of our detector. Assuming that the detector 2
simulation accurately reproduces the efficiency of recon—&
structing aA [ in a tagged event and that we can determine [ ]
the correctionf, in both data and Monte Carlo simulations, I i
we can then calibrate our observed valueAgf per tagged - .
event in data to Monte Carlo simulations: 40
f R I ]
1Data Data-B(AngK77T+)MC i ]
fimc Rmc ol Ll . L .
1.7 1.8 1.9 2.0
=B(A{—pK 7 )pata- (8) K r*r* mase (GeV / ¢F)

FIG. 4. Candidat®® (top) andD* (bottom) mass (GeWw?) for
D candidates in the same hemisphere @s[®p]. Events in theD

signal region ar@® DN p events that contaminate our candidatg
We seek, wherever possible, to measure backgrounds dévent sample. The masses and widths ofeandD* are taken
rectly from data and thereby minimize the Monte Carlo de-from fits to the inclusive mass spectra in data.

pendence; i.e., we prefer to measurgpaia and figc)

separately rather than to assume equality of these fractions.

According to event simulations, the primary ndn- contri-  taining ap tag and aD meson in the same hemisphere
bution to the numerator df, is due to events where baryon (S[pD], see Fig. #and assuméwithout reconstructm)gaD
number opposite thp tag is conserved by another nucleon in the opposite hemisphere to conserve charm. A correction
and aD meson is created in the hemisphere opposite ou(11+2% in data, described in Secs. IV A and V B 1 of this
anticharm(* D" ) tag, so that no\ is present in the event. document is made toB(A; —pK™ «") based on the ob-

We refer to these events @DNp events. In order to esti- served yields of thes@ﬁNE events in data and Monte

mate the number oDDNp events that contaminate our Carlo simulations. A much smaller contribution tg arises
tagged event sample, we measure the number of events coinem = XDp (also discussed later in the text

A. Purity of our event sample
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Antiprotons fromA ; decay entering the hemisphere of the

(dashed ling after all event and particle identification
cuts are applied to the™’s.
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momentum vector and its pareﬁg For antiprotons passing
our event and track criteria, back hemisphere leakage is

found to be negligible €1%). Events containingA ;pD

must contain two baryon antibaryon pairs as well as a
charmed mesofe.g. AC pNND) Although it is possible to
have four baryons and a charmed meson in the same event it
should be noted that this process would lead to an overesti-
mation of our background.e., events that contain Dabut

do not tagDDNp events, thus biasing us towards B(A
—pK~#") that is higher than the true branching fraction.
Monte Carlo simulations indicate that this background is ex-
ceedingly €1%) small.

1. Contamination of thew,; sample

Pions from 30— A7~ and orbitally excited A_;
— A 7w~ decays have sfi® distributions similar to the
soft pions fromD* ~ decays as seen in Fig. 5. Although the
number ofig and A, particles[primarily A_(2593) and
A, (2630)] is small relative to the number Bf* ~ particles,
this background is potentially significant since the likelihood
for having ap tag is large in events containing these
charmed baryons. In order to estimate the magnitude of these
events in data and Monte Carlo simulation we perform a fit
using Monte Carlo derived siA distributions for tagged

T oo decaying from bottD ~* and 20 decays. We fit these

D meson and\;pD events must not be large in order for our gigributions to our plot of the mcluswesoﬁsmza spectrum

assumption that the[S p] sample can be used to estimate ;

in events containing @ in the hemisphere opposite the

the level ofDDNp background be valid. In order to check with respect to the thrust axisee Fig. 6. The difference
for antiprotons frorw\ s decaying into the hemisphere of a between the data and Monte Carlo simulatidi, ¢ A ;)
D, we plot the cosine of the angle between the antiproton’sr_ fit fractions relative to the totatr_, yield in data (14

60x10°|-

aol-

Events / 0.02

0.50
sin 0

0.75

1.00

50 x1 03 LN I I B I B B B L

40

Events / 0.02
(%)
o

N
o

0 0.25 0.50
sin? @

FIG. 6. sirf@ distribution of 7 ’s in data events containing a tag antiproton in the opposite hemispherg ), for Monte Carlo
simulations (left) vs data(right). A free fit is performed using the Monte Carlo %hdistributions for = 's decaying fromD* ~
—D% ", ESHA;’ﬂ-’, andA (2593)— A} 7" 7. This plot is made after all event antf, particle identification cuts have been applied.
The fitted>, .+ A, fractions for Monte Carlo simulations and data arec®P6 and 14-17%, respectively.
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Same Hemisphere / Same Sign  Same Hemisphere / Opposite Sign 1.0

e
(]

Opposite Hemisphere / Same Sign  Opposite Hemisphere / Opposite Sign

Cosine of Angle Between D° and p
&
(4] o

-1.0 . .
-1.0 -0.5 0 0.5 1.0
Cosine of Angle Between A  and p

FIG. 8. Cosine of the angle between the tag antiproton momen-
tum vector and\; momentum vectothorizonta) versus cosine of

the angle between the tag antiproton momentum2hchomentum

FIG. 7. Candidate\ mass versus the <@ of tag 7o in the (vertical in A;S‘)Eevents from Monte Carlo simulations, with no
N " SO

opposite hemisphere in dataﬁ(n-s_oﬁ). The lower left-hand plot is particle cuts(i..e., minimum momentum and track reconstruction
the hemisphere and sign correlatidopposite hemisphere/same cu-ts, etq. app_lled. Events in the lower-left-hand quadrant are due

sign of interest. We use this plot to check for an excess ofPfimarily toccg andccy events. In these events we have an anti-
([ECK:HD*‘) events in data as compared to Monte Carlo simula-pmtc_’n that passes ou+r tag antiproton c.u.ts but is |r.1 the opposite
tions. The excess of candidate signal events atésif0 and  Nemisphere of both a; and aD?, thus giving us a slight excess
m5,-~m, in the lower right-hand plot is attributed to (~2%) of D° oppositep events relative to\; p same hemisphere
O(A[|D* ") events, in whichA 7 — AX. events. The lower-right-hand quadrant corresponds to our signal
events. The upper-left hand quadrant event sample is used later for
+17)% as compared to the Monte Carlo simulation (212 ¢ross checkSec. VD.
+9)%" is taken as a systematic errdrable Il).

beam particles scatters into the detector. The two-photon
2. Electron tag backgrounds contamination is assessed by determining the asymmetry be-
tween the number of positrons in the forward hemisphere

We assume that our tag electrons are not only true elecéompared to the number of electrons in the negative hemi-

sphere(beam positrons define-z in the local coordinate
system. We find two-photon annihilations to be negligible
r<1%) in our tag electron sample.

trons incc events, but also that they are coming from semi-
leptonic charm decay. In Monte Carlo simulation87% of

our tag electrons are true electrons coming from charm sem
leptonic decays. The remainder of our tag electrons are eith
background fakegi.e., nonelectronsor background elec- o
trons not from charm decaypredominantly from the decay 3. Backgrounds from([E.A]|D)

0 . ata— .
m —e"e y). Each of these backgrounds contributes ap- 1554ed events may also contain a charmed baryon other
proximately equally to our candidate electro_n sample. T_h(?han aA” ; most likely a=,. It is, therefore, important to
number of fake electron tags should cancel in our equatlor&heck th;t, the ratio oE /AC+ rod,uction ratés is similar in
for B(AJ —pK~7"), unless there is a decreased probability c/fc P : .

' data and Monte Carlo simulations. Monte Carlo simulations

of tag electron fakes in events that contaih@p as com-  (;erser7.3) indicate that, in events passing our event selec-
pared to those only containingpa Since this very well may tion criteria, and having an antiproton tag originating from
be the case, we vary the electron identification cuts and takihe primary vertex=./A_ =0.014. Since this fraction is so
the change in the calculaté®{ A, —pK~ 7*) as a system- small in Monte Carlo simulations, the data fraction must be
atic error(5%, as listed in Table ]I inconsistent with the Monte Carlo expectation by at least an
Another possible source of tag electron background irder of magnitude to make a significant difference in our
from two-photon annihilations, in which one of the incident calculation of B(A; —pK~ 7). In order to check the frac-
tion of our tagged event sample containingainstead of a

AJ , we plot the siR of 7 versus the mass of an opposite
“The actual fraction in Monte Carlo simulation is 12%. hemisphere\ (Fig. 7), rather than an opposite hemisphpre
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FIG. 9. Candidaté\ ; mass(i.e.,pK™ 7" mass, in GeW?) for I ] L ) o
AZ’s with ap in the same hemispherg¢(®\; ]. In these events FIG. 10. Candidat®” mass(i.e., K™ 7~ mass, in GeW?) with

meson is assumed to recoil in the hemisphere opposite\fhe ap in the opposite hemisphere D[p). In these events &/ is
O(D|A]). assumed to exist in the hemisphere oppositeiReO(DA ).

This is not the correct sign correlation fa”?c—dT decays [pA+] samples. In fact, not ap)D/U events in which the
since thewg,; tags aD* ~ (such a correlation implies in  pD are in opposite hemispheres necessarily havetg in
both hemisphergs Instead, we assume that the dominantihe same hemisphere.g., if the three momentum vectors
contributor to this plot is from\’s conserving baryon num- have opening angles of 120° between thefihis can hap-
ber with a same hemispher&, [i.e. (E.AJID* )X  pen in events with photon or gluon radiation. femg or ccy
eventd. Although other O(|D) topologies may contribute (initial state radiation events, thecc will not be directly
(e.g., DPAK ™~ N), it is still probable that an excess &, back to back. This can be seen in Fig. 8, which shows the
production in ourm. event sample would be noticed as anpp opening angle vs th@A. opening angle for Monte

excess in\ production opposite our tagg.y- In factwe do  carlo pDA ! events. Note that, in producing this distribu-

- . - 3 - —
not see this excess; we find (3‘:3.2)3;1.0 A per meon  tion, we have not required that either tBeor A} be high
tagged event in data vs (1:®.2)X10"° in Monte Carlo

3 ) momentum, as we would for our standard data analysis,
simulations. (Note that we have already suppressed . . =

= AD*~ events bv requiring the taa antioroton to COmewhereas the momenta for charm particles in radiatize
—c . y req 9 g P events is typically smaller. Nevertheless, the fraction of
from the primary event vertexThese checks do not how- A*DD s in which th tioroton is found in the |

ever address a possible exces&pKD* ~ events. In prin- Ie?tp a%\?ggtsgpgy ICS i faigr:p;; :nslsstce)lrjr?at'lcne (n?ca&\ger_
ciple, one could estimat& /A, in data by reconstructing | qli‘l 6na th Ifg.tt% t the hemi K : lation i i
=.'s in the hemisphere of a tag antiproton. However, we ard!)» "eflecting the fact that the hemisphere correlation is no

. — rigorous, and that these angular distributions may be differ-
unable to make_ an accurate estimate ofEEmp yield dqe to ent in data vs Monte Carlo simulation.
low reconstruction efficiency. Therefore, using the similarity

of the relative A/ production ratio in data vs Monte
Carlo simulations as guidance, we assume the sagie\ .
production ratio in data as in Monte Carlo simulations. It A. Method
should be noted that although the systematic error assessed
due to uncertainties i . production is smal{3%, see Table
II), this magnitude of systematic error represents twice the
amount of=, production predicted by Monte Carlo simula- Méthod. We begin with events containing s ] in the
tions for our tagged event sample. same hemisphere. In these evenestadron can be assumed
in the hemisphere opposite the, . According to Monte

Carlo simulations, thig hadron will most likely be an anti-
There is an additional systematic error due to the hemicharmed meson. Events containing an anticharmed baryon

sphere correlation requirements we impose on (§®f and  opposite aEAC+ should be suppressed due to the energy

V. DOUBLE CORRELATIONS

In order to circumvent the low statistics involved with the
triple correlation methods we exploit a double correlation

B. Hemisphere correlation
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required to create four baryons in an event, as well as the small ;. fragmentation rate. Below is a representation of a

sample event in which @ and aA; —pK 7" are observed with ®° or D~ or D, assumed to exist in the opposite
hemisphere:

pe —(D°orD~ orDy)
A~ —anything

pK 7t

After finding the number of L?HAC*] events(Fig. 9), we separately find the number of times tha_I'a; found opposite D.
For this double correlation measurement, fully reconstructed mesons are used as the anticﬁ?arWdaa@construct th®°
(Fig. 10 through theK " 7~ decay mode, th® ~ (Fig. 11 through theK* 7~ 7~ decay mode, and the (Fig. 12 through
the ¢~ decay mode. We require tHe meson to have momentum>2.5 GeVk, beyond the maximum possible B
—DX events. In these events we assumA;%\in the hemisphere opposite tie

cC c

pe— —~D%orD~ orDg
(A~ —K 7~ orK*7w 7~ or ¢pm”
anything«—

Comparing the number of[gAc*] events to the number of 6{5) events, we are able to calculd®¢éA . —pK~7"), as
follows. First we write an equation fay(A_), the yield of A_ —pK~ 7" events containing a tag antiproton in the same
hemisphere of the\ [ :

_ L-o(e*e"—cc)-B(cc—p+A;+X+D%orD” orD;)-BA; —pK 7)€ €A
Y[A¢pl= 11, : €)

T T T T I T T T T I T T T T
T T T T I T T T T I T T T T | i
30 —
600 b
‘ ]
[ e \ )
8 3 20— f '
S 400 S | |-|
2 2 e
- | N =
[= [ .
] g I y '
i B . wop | l 1l v iul l ‘l f
T i
| ] 1ol v ‘ il III ||“| I _
200 — | [
' ' - I " Y
0 L L L L | L L L L | L L L L 0 L L L L I L L L L | 1 1 L L
1.7 1.8 1.9 2.0 1.8 1.9 20 241
K*r=x~ mass (GeV / ¢?) =t mass (GeV / c?)
FIG. 11. Candidat® ~ mass(i.e., K* 7~ 7~ mass, in GeW?) FIG. 12. Candidat®_, mass(i.e., 7~ mass, in GeM¢?) with
with a p in the opposite hemisphere. In these eventsjais as-  ap in the opposite hemisphere. In these events ais assumed to
sumed to exist in the hemisphere opposite Bhe O(D ~|A). exist in the hemisphere opposite tBg : O(DS|A7).
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where €[, +7; is the efficiency for reconstructing A —pK 7" decay in an event containing a tag antiproton dpds
c

defined as the fraction oigaevents not containing B° or D~ or D; :

B(cc—p+A; +X'+ anticharmed baryon
B(cc—p+Al+X)

f,= (10)

where the anticharmed baryon could be, e.g/fcain which case two baryon pairs must exist in the event.
For Y(D?p), the yield of events containing@°—K ™ 7~ decay in the hemisphere opposite a fagone can write

_ _ L-o(e"e —ce)-Blecc—p+ Al +D%+X)-B(D' K 7)€ o)
Y(D°lp)= e o, (1)

and similarly forY(D™) and Y (D), where ¢poy,) is the efficiency for reconstructing B K 7~ decay in events
containing a tag antiproton and whefrgis defined as the fraction of)(p) events not containing A, :

B(cc—p+O.+X'+D)
B(cc—p+X+D)

fa= (12

in which ®/ is a charm+baryon system other than/, . The main contributors to the numerator of this equation are events
like e"e”"—DDNpX and, to a smaller, negligible extent, events in whicEa(Sec. IV A 3 is produced. Note that; is

closely related to the previously definéd[Eq. (5)]; f,~1+f.
It then follows that

VAL p]-(1-1))
€A p]
YOp)-(1-fy YO [p)-(1-fy) Y(Dgp)-(1-13)
B(D°—K* 7)) epojpy BID =K m 7) €p-p B(Ds—dm ) €os p)

: (13

B(Aé——>pK77T+)=

where, as before, particles contained ihare in the same hemisphere with respect to one another and particles contained in
() are in opposite hemispheres with respect to one another.
The major contributors td, are events containingCAZNp. We measure the magnitude of this correction by measuring

the yield of events containing EC in the hemisphere opposite a tag antiproton. Our equatiofi,fes then

V(AP €y

fpm—— P (14)
y[A:p]/E[A:E

The number oﬁDNEevents are measured usinb.‘ET] same hemisphere correlatiofflag. 4; note that th@©N combi-
nation here is the major component of what we previously referred @ asfrom these events, we compuitg:

Y[D%] . Y[D*p] .\ Y[DJp]
e[Doa-B(DOHKfﬂ'Jr) €[D+B]-B(D+—>K77T+7T+) 6[D+E~B(D;—>¢W+)
f3= —— — : —— (15)
Y(D°|p) N Y(D"[p) N Y(Dg|p)
€oofp) BID'—K™m")  €p-p)-BID" =K @' 7")  €p_|p B(Dg—¢m")
In this equation, the full expression for[DOE], e.g., is
Y[D%]=L-o(e"e”—cc)-B(cc—D+p+0.+X')-B(D°—K ™ m")- € €pop] - (153
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TABLE I. Event yields for signal and backgrounds, in data and Monte Carlo simulations. As before, the
same hemisphere correlations are designated with brafketand opposite hemisphere correlations are
designated with parenthesgs Background yields which are subtracted from the numerator or denominator
are indicated with a minus sign.

Double correlations MC Data
Y[AJp] (Numeratoy 1656+ 65 109347
Y(D°|p) (Denominatoy 2725+ 84 1369+ 55
Y(D~|p) (Denominatoy 1501+ 113 963- 71
V(D |p) (Denominatoy 111+19 51+ 11
ex:/epolep-lep- 26.5%/43.7%/32.2%/14.5%
y(AC| p) (Bkgnd o Num) —84+49 —75+39
Y[D%] (Bkgnd to Den) —268+40 —68+23
Y[D*p] (Bkgnd to Den) —417+67 —152+39
Y[D{p] (Bkgnd to Den) —-26+11 ~1+6
fake p in [Dp] evts.(Bkgnd. to Den. —272+31 —298+36
f, (5.1+2.9)% (6.9-2.2)%
fg (~fy—1) (17.5-3.4)% (10.6-2.4)%
B(AS—pK™7") 4.3% (input) (4.9+0.5)%
(7o P) Triple correlation
V(7o p) (Denominatoy 34222+ 1092 14553 485
fake p in (7o P) —3318+£310 —1867+ 261
V(A Pl 7oy (Numeratoy 202.8+27.8 101.6-20.6
B(A;—pK™7") 4.3% (input (5.2+1.3)%
(e”|p) Triple correlation
Y(e"|p) (Denominatoy 4178+ 65 173947
fake p+ fakee™ —382+39 —272+41
Y([ASplle”) (Numeratoy 20.1+5.2 10.3-3.8
B(A;—pK 7") 4.3% (input) (5.6 2.5)%
B. Estimates off, and f5 2. fyand A A Np backgrounds

1. f; and DDNp backgrounds There is only one major contributor td,, namely

A:XCNE events, as shown in Fig. 13. These events are
There are two main contributors fa: DDND o events and thought to be rare due to the energy needed to create the four

fake tag antiprotons. They were previously discussed in th@aryons in such an event. However, it is possible that
Tag identification(Sec. 11l and Triple correlation sections Production is enhanced when/g’ is produced in an event.
(Sec. IV), respectively. Both of these backgrounds inflate theln order to estimate this effect we reconstruct events contain-
calculated number of|p) events[essentially the denomi- N9 ap opposite a\ ; and assume a charmed baryon opposite
nator of B(A; —pK~#"), Eq. (13)] and thus will bias us theA (see Fig. 14 The effect we see is approximately (7
towards a low final result if underestimated in the data. ThetS)% in data. We, therefore, make an explicit correction of
DDN p background was found in both data and Monte Carlothis magnitude ;).

simulations using the plots shown in Fig. 4 and a similar one
for D . Monte Carlo simulations give the angular distri-
bution in DDNp events. Hence the number of events with
andEin the same hemisphere were simply subtracted from
the total number of events in the denominator of &) for
B(A$—pK~7"). Numerically, these backgrounds consti- ) (
tute (17=3)% and (11 2)% corrections to our initial
(5|H) sample in Monte Carlo simulations and data, respec- FIG. 13. A possible diagram for producing final states contain-
tively, as indicated in Table I. ing four baryons, including @ . opposite a\..
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FIG. 15. The percentage of kaons and pions that pass all of our
tag proton identification requirements as a function of momentum.
The data fake rate was found using kaons and pions fion
—K~7" and$p—K*K~ decays as described in the text.

FIG. 14. Candidaté . mass(i.e., pK~ 7" mass, in GeW?) for
events containing @ in the opposite hemispher@ A .). The yield
of this plot puts an upper limit o/ A_Np events.

then we are also insensitive to any possible variations in the
antiproton-finding efficiency as a function of momentum.
In deriving B(A; —pK~#7"), we assume that the Monte Fake antiprotons can also contaminate our candidate anti-

Carlo simulation accurately reproduces the efficiency for refroton tag sample, in a momentum-dependent manner. Fig-
constructingh s, that is, ex * (pate) = €4 (M) - ure 15 shows the likelihood of a kaon track to fake a proton

Verv aporoximatelv. the- efficiency for reconstructin atrack as a function of momentum, derived frapa-K K~
Y approxi Y, iciency UCling @ 54 DO K~ =+ events. Note that the rate at which pions

tag antiproton in the Q| D)-tagged sample should equal the fake protons is considerably smaller than the rate at which
efficiency for reconstructing a tag antiproton ifp3. ] kaons fake protongFig. 15 in the momentum interval of
events. However, the latter sample is obviously biased by thaterest £<1.6 GeVk), since kaons are closer in mass to
high momentum cut on thd ; (pAC+>2.5 GeVk), which  protons than pions. Since pions tend to have random corre-

. . +, . .
forces the same hemisphere antiproton tag into a low mo@tions with bothD mesons as well aa;’s, pions faking
mentum regiméthe kinematic upper limit on the momentum Protons largely cancel in both numerator and denominator of

for aain a signal event to appear colinear witt\d having Eqg. (13). This is not necessarily the case for kaons faking

ppr+>2.5 GeVk is 1.65 GeVE). In order to restrict the protons. ) .
c In cc events which do not contain charmed baryons, we

+ H H T —
Ac's to the same momentum interval in ouri@D) sample expect aD meson recoiling against the t&y; the D-meson

(denominator as those in our [PA ] sample(numerato),  will then decay into a negatively charged kaon £58)% of
we restrict our calculation of final results to events in whichthe time if the parent is B® and (24 3)% of the time if the
tag antiprotons satisfy the requiremeat<1.6 GeVk. This parent is aD* [7]. If the parent is &, K~ are produced
momentum cut therefore helps ensure that Aje momen- (13+13)% of the time[7], hence the population df ~ po-
tum spectrum in the denominator tag sample(@) is most  tentially faking p is enhanced in oub-tagged sample. Un-
similar to the A; momentum spectrum in the[8A.] fortunately, we have insufficient statistics to determine the
sample, which constitutes the numerator in our double corlevel of the fake tag background entirely from data, and we
relation ratio. must rely on the Monte Carlo kaon and pion background
Below 1.6 GeVt, we must check that our tag antiprotons fractions as a function of momentum to quantify antiproton

in the O(p| D) sample have the same momentum spectrum atakes.

. 4 We thus use the following procedure to determine the
in our §pA. ] sample. If these subsamples are both OlraV\mcontribution of fakes to our tag antiproton sample and then

from the exact same parert{; p]|D) sample, then we cer-  extract our final branching fraction:
talnly expect this to be the case. If the tag antiproton mo- (1) We p|0t the tag antiproton momentum Spectrum’ sepa-

mentum spectrum for our (D) sample is the same as the rately for our Op|D) and $EA§] samples prior to any
tag antiproton momentum spectrum in 0l[|p$c+] sample, corrections(Fig. 16. Since there is some background under

C. Particle reconstruction efficiency and tag antiproton fakes
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20— T selves directly subtracted from the signal aﬁ) and
- — ‘_\gp Same Hemisphere S pA ] antiproton momentum spectra. In doing so, we have
100}~ ¢ U'p Opposite Hemisphere | removed backgrounds froMDNp and A pN@..

After subtracting these backgrounds, we note improved
agreement between the data tag antiproton spectrum for the
N O(p|D) and $pA ;] samples(Fig. 17).

] (3) After performing the above subtractions, we extract
B(Al —pK~ @), restricting ourselves to the interval where

the Monte Carlo and data show good agreement forpthe
1 momentum spectra (0-61.6 GeVk; as already mentioned,
_ the upper momentum cut coincides with the kinematically
allowed maximum momentum for our tag antiprotons given
the minimum momentum requirement on thg).

We take a combination of the magnitude of the fake sub-
traction and the spread in the derived values BffA
—pK~7") when we vary the limits of our tag antiproton
momentum acceptance, as an estimate of the systematic error
3 inherent in this procedure~15%, Table I).

Events / .05
[=2] [~}
o o

Y
o

20

Tag Proton Momentum (GeV / ¢)

FIG. 16. Data tag antiproton momentum spectruni iy p] D. Checks of thep momentum spectrum

same hemisphere eventsolid histogram and D opposite p We have conducted a check of the double correlation
O(D|p) events(points in data, after a sideband subtraction on the analysis by using a sample of events which have the tag
A¢ or D mass, prior to subtracting tag antiproton fakes. Notice theantiproton in the oppositesame hemisphere ofas the A

excess of high momentum tag antiprotons in th@() sample. (D), i.e., opposite to the correlation exploited in our standard
analysis. Following the above notation, we denote these

the A; and D mass distributions, a sideband subtractionevents as [(pD]|A;) events, and the subsample of those
must be performed to remove backgroumdK( 7" )-p cor- events which constitute the denominator and numerator in

e . e A
relations in the case of the{ A ] sample, with a similar ©Ur double correlation sample agp®] and Op|Ac), re-

) i — = spectively. According toJETSET 7.3simulations, approxi-
sideband subtraction for the (i) sample. The scaled an- mately half of allpDA; events will have the antiproton in
tiproton momentum spectrum opposité 7~ invariant mass y alpbA, . P "

R . ~ - the same hemisphere as th¢ (corresponding to our “stan-
combinations in theD° sidebands (0.08|mg+,- —Mmgol

~0.1 GeVl is theref biracted f th tiorot dard” analysig, with the other half having the antiproton in
-1 GeV) is therefore su Iac,e. rom the antiproton mo-y,q opposite hemisphersee Fig. 8 We do not use these
mentum spectrum opposite™ 7~ invariant mass combina-

) i — _ hemisphere-sign  correlations in  computingB(A ;
tions in theD® signal region [m+,- —mpo|<0.025 GeV.

We note in Fig. 16 a large excess above fel.6 GeVt —pK_ ") for two main reasons—first, the level DDNp

kinematic limit, which we attribute, in part, to backgrounds is much more difficult to determine than for the standard

_— AP e + 1
from DDNp and also kaons producing fake antiproton tags.o(p|D) sample, and second, th¢ B\ ] sample is very

Sty . e + . .
(2) We now remove the contribution from nqEDA susceptible toA A, events in which there are no charmed

events(in both data and Monte Carlo simulatigris each of mesons produced—in such a case, the tag antiproton can be

our 0@5) and $HA+] samples(separately (a) We first a direct decay product of th/gc. If we nevertheless trust the
c [

subtract fake antiprotons using the measured kaon-pion fak'\éIonte Carlo simulations to reproduce all backgrounds and

rates as a function of momentum, multiplied by the kaon andfficiencies for this oD ]-tagged data sample, and calibrate

pion production rates as a function of momentum. The pef€ observed yields in data to Monte Carlo simulations as

track fake rates are determined directly from data, as de2bove in the standard double correlation analysis, we obtain
! + -+ ; ;

scribed previously. For the production momentum spectra@ central value forB(A; —pK™ ") which differs by

we rely on Monte Carlo simulations, which are based on the~12% from the standard analy<isee Table .

Particle Data Groufp — K™~ X exclusive branching fractions This (pD]|AJ) sample is much less susceptible to back-

and inclusive rateﬁl]Lb) We ad(y]oﬂa”y subtract contri- grounds fromK ~ which fakep because thé), which would

butions due toDDNp and AépN@C from the fake- be the putative source of these fakes, is now fully recon-

subtracted plot, using data for both of these estimates. Thesgructed. The requirement that the tag antiproton now be

backgrounds are estimated from the yields in Figs. 4 and 14ound in theD hemisphere rather than the; hemisphere

respectively. The sideband-subtracted antiproton momentumjases the tag antiproton momentum spectrum in a different

spectra in our D] and Op|A.) data samples are them- way than in the “standard” analysis. We can thus use these
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FIG. 17. Left: Previous plot after background subtractions. Tag antiproton momenm@ip_'rsame hemisphere even[SACH], solid

histogram andD oppositep events[ O(D|p], points in data after a sideband subtraction on thé or D mass, and after subtracting tag
antiproton fakes. Right: the corresponding Monte Carlo spectra, after similar subtractions, for comparison.

(AJ|[pD]) events to qualitatively check our tagmomen-

tum spectra in the “standard’[pA;]|D) analysis, after
kaon fake subtraction in the standard analysis. The momen 120
tum spectrum for tag antiprotons in our cross-check

(AJ|[pD]) sample is shown in Fig. 18. The antiproton mo-
mentum spectrum in theAC|[pD]) sample is qualitatively

similar to that in the standard[(xgaﬂﬁ) analysis, after 80
background corrections.

n
Q
TABLE Il. Summary of systematic errors assessed in measure-}_
+ K=ot s
ment of B(A; —pK™7™). 340
Tsontag Electron Double
tag corr.
Tag proton id/spectrum 15% 15% 15%
Event selection/MC mismodeling 15% 14% 12% 0
DDNp background events 8% 8% 8%
AZ/D momentum spectra 8% 8% 8% 5 T -0|5' —— 1|0- - '0|5' ——
o . . . .
Ai/D id C‘%ts_ . 5% 5% 5% Tag Proton Momentum (GeV / c)
A. mass fit/sideband subtraction 6% 10% 1%
Contamination fron®?, A, 6% FIG. 18. Cross-check results. Tag antiproton momentum in
Tag electron fakes 5% O(A f|p) opposite hemisphere everflid histogramand $Dp]
AZKCNFevents 4% same hemisphere ever{{gointg in data, after a sideband subtrac-
B(D°—>K’7T*) 204 tion on theAg or D® mass. This sample should be less susceptible
B(D*—K 7t 7) 3% to tag proton fakes, since the sign correlation is not correct for
Beam-wall/Beam-gas contamination  3.5% 3.5% 3.50, kaons coming from semileptonic charm decay to fake antiprotons,
Contamination of= ., Q. events 3% 3% 3% as was the case for ol oppositep event sample. However, we do
Hemisphere correlation 204 204 204  NOt use these hemisphere-sign correlations in compuiay ;
Total 28% 2504 24% —pK~7*) due to the difficulty in estimating th&DNp and
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VI. RESULTS value of B[(B+B)—A;]-(Af—pK 7")=(1.81+0.22

Our results, showing the yield¥, efficienciese, and  +0.24)x10 3 [16] for this product branching fraction.
backgrounds, in both data and Monte Carlo simulations, ar&iven that, B(A; —pK~ 7")=0.05 implies that BB
tqbulated in Table I. The Xvelghtgd ziverage of the three tech-_>(A;r or A.)]~3.6%. This can be compared to the Par-
niques corresponds (A, —pK™ 7 7)=(5.0£0.5)% (sta-

i n)~8 00
tistical error only. ticle Data Group value of3(B—p or p)~8.0% [7]. Our

result therefore implies th&—baryonsmay be occurring
at a substantial rate through modes sucBasDNNX [17],

VII. SUMMARY OF SYSTEMATIC UNCERTAINTIES B—E.YX, orB—E.A.. CLEO has recently published evi-
dence for the latter modg48].
We have already discussed many of the systematic errors \ye can also place bounds on the¢ —pK~«* branch-

and their assessment in previous sections. Table Il lists thﬁ]g fraction by using the measured CLE e~ — hadrons
systematic errors evaluated for the three methods of extract-r tion ming that the fraction is 40% of th
ing B(A; —pK~ 7). As discussed previously, the largest cross section, assuming that the fraction 1s o of the

; ; +
systematic error is due to uncertainties in the tagging efﬁ-tOtal hadronic cross section. CLEO has measubtd..

ciency and spectrum. This includes possible backgrounds te>pK™ 7 ")- olefe” (A +Ay)]=10=1 pb. That mea-
the antiproton tags, and the difference betweenphmo- ~ Surement simply determines the total yield of eithel or

mentum spectra in[9..p] and OD|p) events. Uncertain- A in e"e” annihilations; i.e., it determines the sum of
ties in backgrounds and tagging efficiencies are assessed, in A} plus c—A,. Our value of B(AS —pK 7*)=0.05
part, by varying the tag antiproton momentum interval over: lies thatoTe e — (A" +A.)1=200 pb. Using th )
which our final result is extracted by 300 MeV/c in either implies thatofe e —(Ac C)_] A E’ - Using +e [e
direction from the default value. The errofEvent ~ C€Nt CLEO measurement dR=o(e"e —>qq)/o(e+e_
selection/MC mismodeling)’ is evaluated by varying the —# ) [19], which corresponds to a value of(e”e
event selection criteria for both data and Monte Carlo simu—qq)~3.3 nb, and using theEeTsSET value of c—>AC+
Iatio?s _?S.d determlining tredvariﬁtiog. in the calcglated fina;]INO_m, we have o(e*e”—qqg)xcc/qgx(c—A; +c
result. This error also includes the discrepancy between t iKC)::%SOO pbx 0.4x 0.07x2=185 pb, in good agree-

central value we quote and the result obtained from the cross

check in which the antiproton is identified in the same hemi-ent with our measurement above.

sphere as the charm tag. It also includes the variation in the Finally, since the presently tabulated exclusivg decays

final result obtained using different versions of charged trackare all normalized ta3(A; —pK~ 7 "), we conclude that

reconstruction software, comparing the internal consistency-50% of the A/ width is unaccounted for. Since the;

of different data subsamples, and different versions of thdifetime is only ~40% of theD%Dj lifetime, it has long

Monte Carlo event generator and detector simulation. been realized that diagrams such as exchange diagrams,
and/or final states including neutrons, are likely to be large
contributors toA ] decay and may produce final states dif-
ferent than the “usual”’ states expected from simplé

VIIl. DISCUSSION AND CONCLUSIONS — AWeyema diagrams. Measurement of such decays await

Employing new techniques of baryon-charmed particleaddltlonal data and analysis.

correlations ine* e~ —cc annihilations at a center-of-mass
energy \/s~10.55 GeV, we measurd3(A; —pK~7™")
=(5.0£0.511.2)%. At present, this technique is limited by
our understanding of the nonsignal backgroufmsst nota-
bly, DDNp backgrounds presumably, more data would al-
low a greater understanding of those backgrounds. Our result We gratefully acknowledge the effort of the CESR staff in
is consistent with the determination @#(A; —pK ™ m*) providing us with excellent luminosity and running condi-
—7+2% suggested by Dunief], based on the measured tions. J.R. Patterson and 1.P.J. Shipsey thank the NYI pro-
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