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Using data collected by the CLEO detector in tii¢4S) region, we report new measurements of the
exclusive decays oB mesons into final states of the typ)ec*ﬁn(qr), wheren=0,1,2,3. We find signals in
modes with one, two and three pions and an upper limit for the two-body dhﬁgy We also make the first
measurements of exclusive decaysBafesons tc& .pn(), wheren=0,1,2. We find signals in modes with

one and two pions and an upper limit for the two-body deE@E Measurements of these modes shed light
on the mechanisms involved B decays to baryons.
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A distinctive feature of th@® system is that the large mass candidates are formed from pairs of showers detected in the
of the b quark allows weak decays of tie2mesons to pro- calorimeter which yield ayy invariant mass within 2 stan-
ceed via the creation of a baryon-antibaryon pair. Thedard deviations of the knowm® mass. TheA, Kg and 7°
mechanisms for baryon production have been the subject @fandidates were then all kinematically constrained to their
several studies in the last decade. The dominant decayshown masses.
mechanism is expected to be-cud transitions via internal Particle identification ofp,K ™, and =" candidates was
or externalW decay. This can lead to final states, including aperformed using specific ionization measurements in the drift
charm meson as well as a baryon-antibaryon pair, as recentghamber, and when present, time-of-flight measurements.
observed by CLEQ1] and Belle[2]. However, the simplest For each mass hypothesis, a combinédprobability P; was

. = — formed (=m,K,p). Using theseP;’s, a normalized prob-
gecay diagrams lead to states of the fd@m A NX, where ability ratio L, was evaluated, wherd=P,/(P_+ Py

N represents an anti-nucleon. Charge-conjugate Processgsp y Real protons have,, of close to 1.0, whereas tracks
are implied throughout this paper. Inclusive studiesAQf  due to other particles are concentrated riggs0.0. For a
production fromB decays indicate a branching fraction of track to be used as a proton daughter A a—pK 7" or
around 5%, and the soft; momentum spectrum indicates pK3 decay, we require it to have,>0.9, which eliminates
that multi-body decays dominal8,4]. In 1996, CLEO made much of the background but with considerable diminution of
the first exclusive measuremerifs of decays of this type, efficiency. For kaons we applied a slightly looser and more
and found B(B~—A;p7)=(0.62"023+0.11+0.10) efficient requirement of>0.7. We have chosen these se-
%10°3 and B(§°—>A§Hw+w‘)=(1.33f8'ﬁ§t 0.31+0.21) lection criteria using a Monte Carlo'simulation program to
X 1073, The analysis presented here uses a larger CLE@a?dmize the _sigqificancg of th&. signals. The candidate
data sample and improved analysis techniques to make funti-proton which is the direct daughter of tBeneson has a

ther measurements of this type, confirming the previous oblooser requirement df ,>0.1 as it has a higher momentum
+ - distribution and lower backgrounds than the decay daughter

. . _ .
servations i@ r_ne(z)isurmg new mO(BES,HAC ,pw , T of the A . The proton from theA —p#~, and all the pion
andB™— A p7 . Furthermore, by investigation of the ., qiqates; are required to have particle identification param-
resonant substructure of these decays, the first exclusive dggers consistent with their hypothesis. Tracks with no particle
cays of the formB— 2 NX have been measured. Compari- identification information are assumed to be due to pions.
sons of the branching fractions of these modes give informa- To suppress the continuum background, the normalized
tion on the underlying mechanisms involved. Fox-Wolfram second momeii8] is required to be less than
The data were collected with two detector configurationsg 35. The number of\[ candidates from th& (4S) data,
CLEO 1 [6] and CLEO 1.V [7], at the Cornell Electron after the contribution from continuum events is accounted
Storage RingCESR. The data comprise 9.17 T taken at  for by a subtraction of scaled continuum data, is 7100
the Y(4S) which corresponds to 9.7410°BB pairs, to- +350(12106-450) from the CLEO I(CLEO I1.V) detector
gether with 4.6 fb! taken in thee*e™ continuum below the  configurations.
Y (49) that are used to evaluate possible backgrounds. We To reconstruct exclusiv® decays we selech . candi-
assume that the produc&f B~ rate is the same &8°B% at  dates whose mass is withing2of the nominal mass. The
the Y (49). mass resolutiong-, was calculated for each of the three de-
The signalB meson candidates are fully reconstructed bycay modes and two detector configurations separately by use
combining detected photons, protons, and charged kaons anfl a GEANT-based Monte Carlo simulation progrd®)]. We
pions. The tracking system consisted of several concentriconstrain the mass of thege. candidates to thé\ [ peak
detectors operating inside a 1.5 T solenoid. For CLEO I, theyalue using a kinematic fitting program, and combine them
tracking system consisted of a 6-layer straw tube chamber, @ith an anti-proton candidate and a number of pion candi-
10-layer precision drift chamber, and a 51-layer main driftdates. We define the beam-constrained mass Mag
chamber. The main drift chamber also provided a measure= \/Em wherep; is the 3-momentum vector for
ment of the specific ionizationdE/dx, used for particle the jth daughter of thed candidate anEpe,y is the beam
identification. For CLEO 11V, the straw tube chamber wasgnergy. The resolution iMg is dominated by the spread in
replaced by a 3-layer, double-sided silicon vertex detectokhe CESR beam energy and is much better than the resolu-
and the gas in the main drift chamber was changed from agop, in the invariant mass of the combination.

argon-ethane to a helium-propane mixture. In both configu- oy each combination, we calculated the energy difference
rations, photons were detected by an electromagnetic CaI%E:Emeas_ Epears WhereE, ..cis the measured energy of

rimet+er consigting of 7800 thallium-doped C_sl crystals. the combination. A correctly reconstruct&lmeson has a
Ac X carg)d|dates are recoonstrui:te9 in the modes\E distribution with a maximum at 0 GeV. TheE resolu-
pPK™ 77 ,pKgandAw", whereKg—7" 7~ andA—p7~.  tion, oy, was calculated for each mode and detector con-

TheK and A candidates are reconstructed from oppositelyfiguration separately using the Monte Carlo simulation pro-
charged tracks which form a vertex well detached from thegram, and combinations were required to hal\eE]
main event vertex in the plane transverse to the beam direc<2¢,¢. A further reduction in background is achieved by
tion. The invariant mass of tHég(A) candidate is required cutting on®g, the polar angle of thd® in the laboratory

to be within 8(3.5) MeV/c? of the known mass. Neutral pion frame with respect to the"e™ axis. The distribution of
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sI_ T T Strong signals are found in the modefsgpw* and
4 — Agpw‘ a*, confirming the previous observation of these
ol _ modes. Signals are also found in the new modes
olll ﬂ, AR Afpm w7, which has a 138 significance, and
(b) ! AJp7~ «°, which has an 8.2 significance. There is no sta-
10— ] tistically significant signal in the two-body deca®
B il | [lllhp"'l - — A/ p. EachMy distribution is fit to a fixed width Gauss-
“g 1 'LIT'J I } ian signal function, and a background function of an expo-
\%50_(” h nential with phase-space threshold suppression. The signal
9 yields from these fits are shown in Table I, where the uncer-
5 290F — tainties are statistical only. We have verified that similar dis-
5o : | : tributions made withA [ sidebandsAE sidebands, or con-
@ [d) ! tinuum data show no peaking in tfemass region.
S0 7] Knowledge of the substructure of the multi-particle final
25 — states is very important. From a purely practical point of
0 : | . view, the substructure changes the efficiency for detecting a

final state. This is particularly true when the intermediate

I
40— — particles areA.; and 2. baryons which in turn decay
20 a strongly with low Q? decays toA . baryons. Furthermore,
o . | . knovv_ledge of the_ sub_structure gives information on the un-
5.20 5.25 5.30 derlying mechanisms involved.
Beam Constrained Mass (GeVic?) To search foB . " — A 7" and3%— A 7, we require

) . o — that the combination has a beam constrained mass within
FIG. 1. Beam-constrained mass distributions far A; p, (b) ZUMB of the B mass peak to select events in whichBa

+ — + P + -t + - _0

Acpm . (@ Acpm . (@) Acpm mm, and(®) Ac pr meson decays to A, . We then combine thig\_ with a
_ charged pion daughter of th& decay and plot the

cog is proportional to sif@g for e'e”"—Y(4S)—BB,  M(A m)—M(A]) mass differenceFig. 2. We fit these
whereas background events are distributed nearly isotropistributions with a Breit-Wigner function of width defined
CaIIy. We require| COS®B|<0.9. If there are multlple candi- by the CLEO measurements of tEQ widths [10], convo-
dates in an event witlMg>5.2 GeVt? for a given decay |uted with a Gaussian resolution function obtained from
channel, the entry with the smallest absolute valuaBfis  Monte Carlo studies, together with a polynomial background
selected. - function. We find good evidence for boly © and=? pro-

The Mg distributions, after all selection criteria have beenduction in AC+577+ = and Aéﬁw*wﬁr*, and forES in

applied, are displayed in Fig. 1 for all modes investigated.  — | i - o
A pm 7. All these signals have a statistical significance

greater than &. Using analogous plots of those combina-
tions in theMy distributions outside th& mass peak, we
hd negligible background from trug baryons that are not

TABLE I. The results for the yields of each mode. The yield of
events for each of the substructures listed is a subset of those in tl

main modes. ] -
the daughters of thB decay mode in question. For tliegp
Mode Substructure  Total yield Substructure yield mode there are two events in the signal region which would
— suggest a branching fraction of the order of 0<2® 4. Our
Adp <8 expected background in this mode, which is 0.12 events, has
Adpm™ 31+7 a 0.6% chance of fluctuating to the observed events. We feel
3% <53 thap this 'signi'ficance is not sufficient to claim to have founq
A D 147+ 15 a signal in this mode and we prefer to present a 90% confi-
cpm — . dence level upper limit. There are no events consistent with
P Laza the production of A¢;(2593)~AS 7 7~ or A (2625)
Eéﬁpj* 23+5 — Al 7 in these decays which allows us to calculate
Adip <2.3 90% confidence levelCL) upper limits on their production.
Afpr mta 145+ 17 Table Il shows the final results for the efficiencies and
st 19+5 branching fractions for all the modes. The efficiencies are
Sitpa 12+4
_ AP <23 We define our significance as the probability, expressed in normal
Adpm™m® 89+15 distribution sigma, of our expected background to fluctuate to our
225770 13+4 signal’s central value. Poissdfaussiahstatistics are used for ex-

pected backgrounds with leggreatey than 30 events.

091101-3



RAPID COMMUNICATIONS

DYTMAN et al. PHYSICAL REVIEW D 66, 091101R) (2002
rr—rrrrrrTrryrrrrrTTT TABLE II. The efficiencies and branching fractions or 90% C.L.
- (a) 1 (b) 1 upper limits for each mode. The second error in the branching frac-
] tion is due to all systematic uncertanties except for the uncertanty
due to the measurement of tig" —pK~ 7" branching fraction,
4 which is kept separate and appears as a third uncertainty. All sys-
tematic uncertainties have been included in the upper limits.
0 Previous
S result
> Mode Efficiency(%) B (1074 (1074 [5]
=8
= Alp 14.9 <0.9 <21
<4 Apr 15.8 24+06°019+06 6+3
§ i Egp 10.0 <0.8
0 o [ et i Afpmat 12.7 16.7+1.9'13+4.3  13+6
e) y 3%t 8.0 2.2£0.6+0.4+0.6
i i i S&tpa 7.8 3.720.8+0.7+1.0
a- T AGp 3.2 <11
- : Apmata 9.3 225+252%3+58 <15
[ '|_| T SOpmta 5.4 4.4-1.2+0.5x1.1
ol [ )i s 1 Y 5.3 2.8-0.9+0.5+0.7
0142 0467 0142 0167  0.192 e P
M(A 7)-M(A ) (GeV/c?) Adpm 1.9 <19
Afpra® 6.8 18.1+2.9'22+47 <31
FIG. 2. M(AJ7)-M(A[) mass differences for combinations 3 0pn0 338 42613404+ 1.1

within 2¢ of the B peak in theM (B) distribution.(a M(AJ 7~)
—M(A) within Alpm™, () M(A;7)—M(A]) within
Afpm awt, (© M(A{#")—M(A}) within Ajpm =", (d theAS—pK 7" branching fraction is expressed as a third
M(AS77)—M(A]) within Alpm "7, (& MA;#) uncertainty.

~M(AY) within Afpr a7, and () M(AS 7 )—M(A]) Our limit on the branching fraction of the two-body decay

within A pz~ 7. B A/ pis 0.9<10°* at the 90% confidence level. This is
tighter than the previous CLEO limit of 2:010™ 4. A recent

calculated by our Monte Carlo simulation program. In thistheoretical treatment by Cheng and Yafig] using a bag
simulation, theA decays were generated only into the three™0d€! predicts a branching fraction of this order, whereas
decay modes reconstructed, using the measured branchi éder theoretical predictionfl3] pred|ctedllarger “.“”.‘bers
ratios. To convert the quoted efficiencies to efficiencies, a factor of a’; IeﬁSt éLoveL odur ebxpen?entafl I|m_._Our
which include the branching fractions of these modes, they/'®asurement o the Three-body branching fractibn

need to be multiplied by the absolute branching fraction of ~A¢ p7~ and B — A p7~«" are both consistent with,

Al —pK™ 7" of 5.0+1.3% [11]. The yield from the3, and much more precise than, the previous measurements.
decay modes has been subtracted from the non-resonahbe three three-body deca®—3 . *pn~, B°—3 pn"
yields SO that the_r_esonant and non-resonant components CﬁﬂdB_’HESHTrO have essentially identical phase-space, but
have different efficiency corrections applied. only the3 [ * decay can proceed via both external and inter-

Table Il includes systematic uncertainties. Major contribu—nal W decay diagrams, whereas tﬁé decays can only pro-
tors to these are uncertainties due to fitting techniques, and, : ’

diagram does not dominate over the interiddldecay dia-
‘gram, although naively we would expect the latter to be color
suppressed.

In conclusion, we have measured branching fractior3 of

tained from different fitting methods. These techniques in
cluded using a scaldd g distribution fromAE sidebands for
the background function, and fitting theE distribution di-
rectly having first selected tH@ mass in theM g distribution. . = _ o~ 4
The uncertainties from this source are 5-17 %, dependeff€SONS into the decay modes;pm, Acpm 7,
upon the mode. The uncertainty in the efficiency calculatiof\c P77 @~ , andA; pm~ «°. The first two of these con-

is 5-8 % due to uncertainties in the detection of the chargefirm, with greater precision, the previous measurements. The
and neutral particles. In addition, there is a difference infatter two are the first observations of these decay modes. We
efficiency due to possible substructure suchAds, 3* ,p  find a limit on the two-body deca®— A/ p, which dis-
and A intermediate states. These all give a slightly reducedatriminates between theoretical models. We make the first
efficiency and thus give an asymmetric systematic uncermeasurements of exclusive states that inclide” or 32
tainty. The systematic uncertainty due to the uncertainty irbaryons. Our measurements indicate that extamdiagram
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