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We report the measurement of new modes of the charmed baryon A} using data recorded by the
CLEO II detector at the Cornell Electron Storage Ring. We find branching ratios, relative to
AF— pK "r*, of 0.070£0.011+0.011 for At — Z¥K*K ™, 0.069+0.023+0.016 for At — Z¢,
0.078 £0.013+0.013 for Al — =Z°K*, and 0.053 £0.016 =0.010 for A" — Z*°%K *. These measure-
ments indicate that W-exchange diagrams contribute to A decay. We have also made a new measure-
ment of the previously found mode AY—="K* 'zt
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Recent measurements [1] indicate a shorter AJ life-
time than that of the charmed mesons. This suggests that
A} decay mechanisms other than spectator diagrams
[Fig. 1(a)] may be present. There are also indications
[2,3] that the lifetime of the =2, where decays through W
exchange [Fig. 1(b)] are allowed, may be less than that
of the EF where such decays are Cabibbo suppressed.
Baryons offer a unique possibility to study the importance
of W-exchange graphs in the weak decays of charm parti-
cles because, in contrast to meson decays, the amplitudes
are expected to be neither color nor helicity suppressed.
According to some models [4], the contribution from W-
exchange diagrams is expected to be similar in magnitude
to those of W decay. To date, the only direct evidence for
W exchange in charmed baryon decays are weak signals
AYTK ™ in the resonant substructure of AfﬁpK'-
7T (x% [5], and 8.5+ 3.0 events reported by CLEO [6]
in the decays of 20— Kt InthisZ*K*tK T, =% "
and E*°K* [7]. As these final states contain no d
valence quarks, the simplest way for these decays to occur
is through the W-exchange diagrams, although it is hard
to rule out contributions from final state interactions [8].
We also present evidence of At —Etp—stKtK~
production, and new results on the previously measured
[9]1 mode At — Z"K *x*. The data sample used in the
study was collected with the CLEO II detector [10]. It
consists of 1.95 fb~! from the Y(4S) resonance, the
Y(3S) resonance, and from center-of-mass energies just
below and above the Y(4S). The main elements of the
CLEO II detector are cylindrical precision vertex detec-
tors, a wire drift chamber system, and a high resolution
Csl electromagnetic shower calorimeter, all immersed in
a 1.5 T axial magnetic field.

The 7 is detected in the decay mode px®, for which
the branching fraction is 51.6%. Charged particle
identification is made by a combination of energy loss
measurements in the drift chamber and time-of-flight
measurements. For the case of the proton from the =t
the proton candidate is required to be consistent with the
proton hypothesis in the energy loss and time-of-flight
measurements such that the efficiency for this require-
ment is == 88%. The n%s are reconstructed from a pair
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FIG. 1. Typical decays diagrams for (a) spectator decays
and (b) W-exchange decays.
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of photons detected in the Csl calorimeter. At least one
photon is required to be in the ‘“barrel” part of the
calorimeter where the resolution is best (this corresponds
to |cos®| < 0.7, where © is the angle with respect to the
beam direction). The photons are required to have a
minimum energy of 30 MeV and to not be matched to the
projection of charged tracks into the calorimeter.

An event vertex position is found by a weighted aver-
age of the run-by-run beamspot position and the fitted
vertex of all charged particles consistent with arising
from the beamspot. This event vertex is then assumed to
be the point of origin of the £+. The T7* travels a
measurable distance from the event vertex before it de-
cays. A first estimate of the £+ momentum vector is
made by the addition of the momentum vectors of the two
photon candidates and the proton candidate. The point
of intersection of this £+ momentum vector with the pro-
ton track is then taken as the position of the £t decay
vertex. We then require the measured flight path of the
=%’s to be greater than 3 mm. This requirement elimi-
nates 70% of the background but retains 85% of the T*’s.
The two photons were kinematically fitted to the z° mass
using the reconstructed =% decay point as their point of
origin, and a cut of 9 placed on the 2 of this fit. The z°
momentum was then required to be greater than 200
MeV/c. These cuts give a =% yield of 14100 390. The
=0 is formed using A and n° candidates. A candidates
are made from a pair of oppositely charged tracks, the
higher momentum track was taken as the proton and the
lower momentum track as the # . The proton candidate
is required to be loosely consistent with the proton hy-
pothesis in the energy loss and time-of-flight measure-
ments (efficiency ==99%). The intersection of the two
tracks is required to be displaced from the event vertex,
and the invariant mass of the px ~ pair was required to be
within 5 MeV/c? of the A mass. These candidates are
then combined with z° candidates in the same manner as
in the case of the =¥, except in this case there was no cut
placed on the momentum of the z°, and a vertex position
for the decay of the E° is found. The =° vertex is re-
quired to be displaced by at least 2.5 cm from the event
vertex and to be consistent with being closer to the event
vertex than the A decay vertex. These cuts give a =°
yield of 2500 £ 100.

The =7 is detected using the decay into Az ~. Each A
candidate found above was combined with all negatively
charged tracks assumed to be # ~’s. The Ax ™~ vertex was
required to be displaced by at least 2 mm from the event
vertex and to be closer to the event vertex than the A de-
cay vertex. The momentum vector of the reconstructed
Z7 was required to be consistent with coming from the
event vortex. These cuts give a £~ yield of 3700 % 80.

The =% candidates, selected by a cut of £9 MeV/c?
(=2.50) around the =% mass, were then combined with
pairs of particles, taken to be kaons, each of which are re-
quired to be consistent with being from the event vertex
and to be consistent with the kaon hypothesis. The
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FIG. 2. Invariant mass distribution of E¥*K *K ~ with a cut
of x, > 0.4.

£*K*K ™ mass plot is shown in Fig. 2 for xp>0.4
(where Xp = p/Pmax» Where pumax is the maximum momen-
tum possible). The distribution is fitted to the sum of a
Gaussian function and polynomial background, where the
width of the Gaussian (0 =2.8 MeV/c?) is fixed at the
value obtained from a Monte Carlo simulation program.
A clear peak is found with a total of 59 £ 10 in the sig-
nal, and a mass of 2287.4 0.5 MeV/c? (statistical er-
rors only). A similar plot using sidebands to the =% peak
shows no such structure.

A search was made for the two-body decay A,— =% ¢
by looking at the resonant substructure of the StK YK ~
mode. A signal region was defined by those combinations
with Z*K *K ~ masses of 2.275-2.295 GeV/c?, with two
sideband regions to represent background, 2.22-2.25 and
2.32-2.35 GeV/c?. Figure 3 shows the invariant mass of
the K *K ~ pair for those £*K *K ~ combinations in the
signal region, with a subtraction made using the sample
of KYK ™ pairs from YK K~ combinations in the
sidebands. A ¢ signal is apparent which is fitted to a
Breit-Wigner convoluted with a Gaussian, plus polynomi-
al background shape to give a yield of 26 £9 events.
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FIG. 3. K*K~ invariant
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FIG. 4. Invariant mass distribution of Z°X * combinations

with a cut of x, > 0.4.

This implies that (49 +17)% of the At — =YK *K ™ de-
cays are due to the two-body decay A — £ ¥¢.

The =° candidates were selected by a cut of *+6
MeV/c? (=2.50) around the =° mass and then com-
bined with a K* using the same kaon criteria as in the
E*K*K ™ case. The Z°K * invariant mass plot for com-

-binations with x, > 0.4 is shown in Fig. 4; a clear peak in

the At region is observed. This peak is then fitted with a
Gaussian function and polynomial background, where the
width of the Gaussian (6=7 MeV/c?) is fixed at the
value found by Monte Carlo simulation program. The fit
yields a total of 56 + 10 A ’s with a mass of 2285.0 + 1.7
MeV/c? (statistical errors only). A plot of Z°K ~ invari-
ant mass shows no such enhancement.

The E~ candidates were selected by a cut of *5
MeV/c? (=2.50) around the Z~ mass and then com-
bined with a K% and a #* using the same kaon criteria
as above. The E~K *z* invariant mass plot for com-
binations with x, > 0.4 is shown in Fig. 5; a clear peak in
the AZ region is observed. This peak is then fitted with a
Gaussian function and polynomial background, where the
width of the Gaussian (6=5 MeV/c?) is fixed at the
value found from Monte Carlo simulation program. The
fit yields a total of 60*9 AM’s with a mass of
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FIG. 5. Invariant mass distribution of - K *x% combina-
tions with a cut of x, > 0.4.
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FIG. 6. E"z% invariant distribution for AZ

— E7K *r* candidates.

mass

2285.5 % 1.0 MeV/c? (statistical errors only).

A search was made for the two-body decay AJ
— E*%K * by looking at the resonant substructure of the
Z7K*z" mode. A signal region was defined by those
combinations with E-K*tz* masses of 2.275-2.295
GeV/c?, with two sideband regions to represent back-
ground, 2.205-2.265 and 2.305-2.365 GeV/c2 Figure 6
shows the invariant mass of the =~z pair for those
Z~K "zt combinations in the signal region, with a sub-
traction made using the sample of £ "zt pairs from
=K *z* combinations in the sidebands. A =*? signal is
apparent which is fitted to a Breit-Wigner convoluted
with a Gaussian, plus polynomial background shape. The
fit gives a yield of 24+ 7 events. This implies that
(42 +12)% of the AT — ZE K *rt decays are due to the
two-body decay At — E¥K .

Using the same data sample we obtain the yield of
A2’s decaying into pK ~z*. This mode is generally used
as a reference for measuring the branching fractions of
AZ’s into less common modes. It also has the same num-
ber of charged particles in its final state as SYKYK ~
and E°K * so the systematic uncertainties in the ratios of
branching fractions of these modes tend to cancel. The
particle identification used for the proton and K ~ candi-
dates were the same as in ZYK YK ~. To suppress com-
binatorial background the 7% candidate was required to
have a momentum of greater than 300 MeV/c2 A fit to
the pK ~n* spectrum with a cut of xp > 0.4 gives a total
number of A,— pK ~n* decays detected of 5670 % 210.

Table I shows the branching fractions for these modes
relative to Ad — pK “xt calculated using efficiencies
determined primarily from Monte Carlo simulation. The
efficiency of the particle identity cuts were found using
the large samples of A— pr~ and ¢— KK ™ in the
data. The total efficiencies were averaged over the
momentum range and include all branching fractions
suchas A— pr~.

The systematic errors quoted include an estimate of the
uncertainties in the efficiency calculations and fitting pro-
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TABLE I. Measured yield, calculated efficiency, and mea-
sured branching ratios for six decay modes of the AY.

Mode Yield Efficiency Branching ratio
pK ~nt 5670+ 210 0.35 1.0
TYKYK ™ 59t 10 0.052 0.070 £0.011 £ 0.011
zte 269 0.023 0.069 +0.023+0.016
=0kt 56 £ 10 0.044 0.078 £0.013+0.013
ETKtz?t 60+9 0.046 0.079 £0.013+0.014
=¥+ 24+7 0.028 0.053+0.016 £0.010

cedures. The quoted value for the branching ratio for
AT — EZTK¥YK ™ includes the contribution from AJ
—3%¢, and that for AT —="K*z% includes the
contribution from AF— =Z*%z*. The result for AZ
—Z7K*z™ is smaller than that obtained with the
CLEO 1.5 detector [9], but not inconsistent with it. It
can be seen that the branching fractions into all the mea-
sured modes are considerably smaller than that of
Al — pK ~z*. This is not surprising as all the modes
here include the popping of a s§ pair, and thus does not
imply that the widths of decays due to W exchange are in
general any smaller than those due to spectator diagrams.
Recent theoretical models [11-14] have produced predic-
tions for the widths of AJ decays into two-body states.
Taking the results for branching ratios above, together
with the world average lifetime of the A} [2] and the
world average measurement of the branching fraction for
Ad— pK ~z* [15], we obtain the measured widths for
these decays given in Table II.

It is clear from this comparison that these models,
which predict these final states purely from W-exchange
diagrams, predict widths similar to those we measure.
These measurements thus give further evidence that W
ex_i:hange is an important contributor to the decays of the
Al
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TABLE II. Measurements and theoretical predictions for
two-body decay modes of the A/,

Width Width

(experimental) (theory)

Model (1o'"s™") (1otts—1)
e 0.12+0.04 0.13 [11]
0K+ 0.13+0.04 0.13[11]
0.05 [12]

0.83 [13]

0.157 [13]

Chl) G 0.09 +0.03 0.25 [11]
0.04 [14]
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