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Abstract 

\Ve report the first direct observation of B meson decays 
into A: baryons using the decay channel At" --+ pK-1r+. The 
product of branchlng ratios Br(B ~ A;'"X)·Br(A;'" ~ pK-,.+) 
(0.30 ± 0.12 ± 0.06)% is derived from an observed signal of 208±89 
events. Using previous measurements of inclusive baryon rates we find 
a branching ratio for At ........,. pK- 7r+ of ( 4.1 ± 2.4 )%. The measured At 
momentum spectrum indicates that multi-particle final states domi
nate the decays B- At X. 

The decay of B mesons into rharmed mesons has been established by a 
"-"ariet.y of studies including the exclusive rer.onstruction of B mesons in 
setuilept.onic [1] and purely hadronic channels [2,3,4], as well as the inclu
sive Ineasuretnents of D, Ds and J /"IJ·· 1ueson production [4,5,6,7]. In the 
frmuework of the standard 1nodel, baryons are also expected to appear as 
decay products of B mesons. Phase spac:e arguments in the context of the 
spectator model lead to expected branching ratios of between 5% and 10% 
for B decays into charmed baryons [8]. Indirect evidence for these decays 
has been recently derived frmn baryon correlation studies [9,10]. In this 
paper we report the first direct observation of At production in B decays. 

The ARGUS detector, operating at. the electron-positron storage ring 
DORIS II at DESY, was used to collect the data for this analysis. The sam
ple cmnprises an integrated luminosity of 94.1 pb -l on the T( 4S) resonance 
and 41.4 pb- 1 in the nearby c.ont.inuutu. 

The ARGUS detector is a 47r spect.rmneter described in more detail in 
references [11,12]. The tnmnenta of c.harged part.ides are Ineasured with 
the rentral and vertex drift chatnbers; partides are identified by specific 
ionization and time-of-flight tneasuren1ents. For each charged particle, a 
.\ 

2 value is ralculated for the allowed hypotheses: e, ,., K and p. Then a 
likelihood ratio l; for each assigntnent is determined: 
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The weights are chosen to be w.,. = WK = wP = 1 and w"~~" = 5, in rough 

approximation to the observed abundances. A track is used for all par

ticle hypotheses for which li ~ 0.01. 11ult.ihadron events were selected 

by requiring at least 3 tracks, either pointing to the interaction region and 

originating frmn a con1n1on vertex, or accmnpanied by an energy deposition 

of at least 1.7 GeV.i.n the shower counters. 

.-\: baryons were reconstructed in the channel A: --+ pK-1r+. Since 

the momenta. of A: baryons from B decays are kinematically restricted 

t.o be less than 2.3 Ge V / c, this requiren1ent was applied to obtain the 

pK-r.-t- invariant. mass sped.ru1n for the Y(4S) san1ple shown in fig. 1. For 

the cont.inuum data this requiren1ent. corresponds t.o a cut. on the scaled 

momentum Xp at 0.48; the invariant. pK-1r+ 111ass is shown in fig. 2. A 

clear peak at 2.285 GeV /c2 is observed in the Y(4S) data. The signal is 

parametrizt"d b:,.- a gaussian and the background by a third-order polynomial 

for the fits to the 1nass spectra. The mass and width of the gaussian 

were determined from the Y(4S) data to be (2.285±0.002) GeVIc' and 

(10.9:~:~) lvieVjc 2 respectively. The width is cmlsist.ent. with the Monte 

Carlo predicted Yalue of 9.3 MeV I c2 , which was then used for all subsequent 

fit.s. The simulation also shows that the width of the signal does not vary 

significantly in the momentum range below 2.3 MeV I c. In the Y( 4S) sample 

we observe 398±60 events, while for the continuurn we find 89±31 events. 

Reflections of D± and Ds ± decays do not contribute to the observed signal, 

as shown by Monte Carlo silnulation and by changing the 1nass assign1nent 

of the decay part.ides for the A: candidates. Subtracting the continuum 

data after scaling thern to the lun1inosity and energy of the Y(4S) data, we 

find an excess of 208±89 A; baryons attributed to direct Y(4S) decays. 

The acceptance of inclusively produced A: baryons as a function of 

momentum was studied using a :Monte Carlo sitnulat.ion. For this purpose 

T( 4S) decays were generated ·where: 

1. One B decays to A: (Be + LS.jp + ;rr~ followed, where appropriate, by 

a ~c decay to A:-rr. All A: decay t.o pK-tr+. 

2. The other B decay is sin1ulat.ed by a n1odified Lund prograxn, describ-
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ing the 1nain features of inclusive B decays [13]. 

The 1\.!lont.e Carlo events were passed through a detailed simulation of 

the ARGUS detector [14] and reconstructed with the standard analy

sis program. The acceptance rises slowly from 0.35 t.o 0.50 in the mo

mentum range from 0 t.o 2.3 GeV /c. The corrected nutnber of A: 
baryons ·was obtained by weighting eaC"h candidate by· one over t.he ac

ceptance at the measured momentum of t.he pK-1r+ combination. From 

this nnmber of .\; baryons, and the number of B mesons in the data 

san1ple (179000 ± 18000), one derives a product of branching ratios 

Br(B -~ A7X)·Br(A;....., pl\>,.+)=(0.30 ± 0.12 ± 0.06)%. 

This result. combined with the value of (2.2±1.0)% inferred by MARK II 

·15] for the branching ratio for A: --+ pK-rr+, would yield an inclusive 

brauching ratio forB decays to A; baryons of Br(B....., A;X)=(14±9)%. 

The same inclusive branching ratio can also be derived from n1easuretnents 

of the inclusive proton and A rates in B decays [9,10]. Such an approach 

yields a smaller value of ( 1.4 ± 2.9)o/r. Using this result for t.he inclu

sive branching ratio for il --t A: X~ one derives a value of ( 4.1 ± 2.4)% for 

Br(A;....., pK-rr+ ), which agrees with the lower lim.it of 4.4% (90% CL) 

recently reported by the LEBC-EHS wllaboration [16]. 

Information about the relative cont.ribut.ion of t.he various exclusive 

modes t.o the inclusive signal can be inferred from the A: momentum spec

trum. This distribution is derived from the data as follows: 

1. The Y(4S) rla.ta is fitted in seperate mmnenturn bins with a gaussian 

for the ~\: peak and a third-order polynmnial for t.he background. 

., The continuum contribution in each of these momentum bins is de

t("nniued by integrating the Peterson fragmentation function [17] , 

normalized to the mnnber of observed A: baryons in the continuun1 

data sample over the momentum range p( /\.: )< 2.3 Ge V / c after scal

ing by the huninosit.y ratio. The f parameter of the Peterson function 

·was detennined to be c = 0.236 by an analysis of A: production in 

the cont.inuurn [18]. 
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The resulting ac.ceptance-correded mmnentum spectrum of A: baryons 
from B decays is shown in fig. 3. For comparison, the momentum spectra 
expected for two-body (B->:Sc/A;t+P/n/l.) and three-body phase space 
decays (B->:Sc/A;t+p/n/l. + 11") are also shown. Qualitatively, it is clear 
that there can only be a small two-body component in the spectru1n, and 
that. even the three-.body contribution provides only a poor description of 
the observed spect.run1. Having no reliable 1nodel to predict the form of 
the n1ulti-body contribution in t.he .high xnmnent.um region, we are unable 
to extract a quantitative lin1it for the t.wo-body cmnponent. 

In sununary ·we report the first. direct observation of B de
cays into the A: baryon, with a product. of branching ratios 
Br(B -> .\;tX)·Br(:'.;t -> pK-,.+) = (0.30 ± 0.12 ± 0.06)%. Together with 
preYiously measured values for Br(B ----t A:X), we derive a result. for the 
branching ratio for A;+-> pK-,.~ of (4.1 ± 2.4)o/c .. The shape of the mo
mentunl spectrum excludes a dmninaut contribution frmn two-body decays 
of the B mesons into the A:. 
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Figure 1: Invariant pK-1r+ mass distribution in the T(4S) data with the 
requirement. that the n1omentum of the pK-1r+ system be less than 2.3 
GeV jc. 
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Figure 2: Invariant pK -7!"+ n1ass distribution in the c.ontinuum data with 
Xp less than 0.48 
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Figure 3: 11oment.unl distribution of At baryons from B decays. The ex

pected form of the contribution from two-body (dotted line) and three-body 

(solid line) B decays are shown. The three-body curve has been nonnal

ized to the nu1nber of entries in the data, the two-body norn1alization is 
arbitrary. 
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