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Observation of the semileptonic decay of the charmed baryon ~o in the decay channel Zc ° ~ Z - l  + X has been made 
using the ARGUS detector at the e+e storage ring DORIS II at DESY. The cross section times branching ratio was 
found to be cr(e+e - - , ~ ° c X ) . B R ( ~ . ° c - ~ Z - I + X ) )  = 0.74±0.24±0.09pb.  

Observation of the 3 o baryon was first reported 
in 1989 [1 ], and subsequently studied in the decay 
channels .~o :-0 zc+ n+ ~0 - c  -~ Z - n  +, -c  --, Z -  n -  a n d - c  -" 
g2-K + [2-4].  In this paper, the first evidence for the 
semileptonic decay of the .~o baryon is presented, and 
its cross section times branching ratio is determined. 
The decay mode studied is 2 ° --+ -~-I  + X =l where 
l + is either an electron or muon, and X is any low 
mass neutral particle combinat ion containing a neu- 
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trino. Because the neutrino cannot be detected, this 
decay channel is difficult to observe with many possi- 

ble contributing background processes. The ARGUS 
collaboration has previously reported a measurement 
of the semileptonic decay A + ~ A l  + X [ 5 ]. The work 
presented here is a continuation of this previous pa- 
per in which the decay ~,0 ~ ~ -  l + X was observed as 

a source of background to the Ac + semileptonic decay 
channel. 

There has been much effort lately given to theo- 
retical calculations and experimental measurements 
of semileptonic decay rates of charmed and bottom 
mesons. The quark model has so far had reasonable 
success in describing these semileptonic processes 
[6]. From this work, one can eventually extract the 
corresponding Cabibbo-Kobayashi-Maskawa mix- 
ing angles and the quark structure of hadrons de- 
scribed by the various form factors. Thus, it is natu- 
ral to extend this model to the decay of heavy quark 

baryons such as A~ + , -cz'°, -c'+, f2° and Ab °. Just as in the 
semileptonic D or B meson decay, the semileptonic 
decay of these heavy quark baryons is a spectator 
process where the Cabibbo-favored decay c ~ sl + vl 

or b ~ c l - F t  dominates. These processes occur, to 
a good approximation, independently of the spec- 
tator diquarks. Differences from semileptonic me- 
son calculations arise in the hadronic wavefunction 
parametrization. Recent theoretical work [7-11] 
has estimated these heavy quark baryon semilep- 
tonic branching ratios to be a few percent, indicating 
that they should be clearly observable. Indeed, the 
semileptonic decay of the A + [6,12-14] and the A ° 
[15] baryon has already been reported by various 
experiments. Thus, one should expect to be able to 
observe the semileptonic decay of the 2, ° charmed 
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baryon. 
The data presented here was collected using the 

A R G U S  detector at the e+e  - storage ring DORIS II 
at DESY. The A R G U S  detector is a 4n solenoidal 
magnetic spectrometer,  described in detail  elsewhere 
[16]. The data sample comprises an integrated lu- 
minosity of  495.0 pb -~ accumulated on the T(1S) ,  
T(2S) ,  T(4S)  resonances and the nearby cont inuum 
with an average center of  mass energy of  10.4 GeV. 
Only mul t ihadron events are selected, these being de- 
fined as having at least three charged tracks with ei- 
ther a common main vertex or a total energy deposit  
of  at least 1.7 GeV in the shower counters. To suppress 
radiat ive Bhabha and beam gas events, we require 
nch+ n~/2 > 5 where nch is the number  of  charged 
tracks and ny is the number  of  photons with mo- 
mentum above 100 MeV/c. To el iminate poorly mea- 
sured particles, charged tracks are required to have 
a min imum momentum transverse to the beam di- 
rection of  60 MeV/c and a polar angle, 0, with re- 
spect to the beam direction such that [cos 01 < 0.92. 
Charged particle identif ication is made on the basis 
of  specific ionizat ion ( d E / d x )  in the drift  chamber,  
t ime of  flight (TOF)  measurements,  shower counter 
and muon chamber  information.  This information is 
then used to calculate a l ikelihood ratio for all charged 
tracks. Only charged particles with a l ikelihood ra- 
tio greater than 1% for one of  the mass hypothesis 
n, K, p, e or #, are accepted [ 16 ]. 

In this analysis we are interested only in -70 events 
from cont inuum c~ production. To reduce T(4S)  

resonance events, and hence possible -7°'s produced 
from B meson decay, a topological cut is applied. 
The second Fox-Wol f ram moment  [17] is required 
to be larger than 0.35. Extensive Monte Carlo studies 
showed that this suppresses (93 ± 3)% of  the T(4S)  
resonance. 

The -7- is identified by its decay into A n - .  The 
subsequent A is reconstructed by a procedure similar 
to that reported in ref. [5]. Since the A and g -  come 
from the secondary decay of  the -7- ,  which has a rela- 
tively large cr  of  4.91 cm [18], their momentum vec- 
tors are not required to point  back to the main vertex. 
To reduce combinatorial  background, the cosine of  
the angle between the A and n -  momentum vectors is 
required to be greater than zero. This is just if ied since 
events from -7- decay have a cos 0A,- distr ibution 
peaked at 1.0, while background events have a flat dis- 
tribution. Also, pions from reconstructed secondary 
vertices consistent with a A or K ° mass hypothesis 
are not used in the -7- reconstruction. Fig. la  shows 
a plot of  the mass for all A n -  combinat ions from the 
data satisfying the above requirements. A signal near 
the 3 -  mass is observed. 

Electrons and muons are identified by a combined 
l ikelihood function which includes dE/dx,  TOF, 
shower counter and muon chamber information 
[16]. Only those leptons having a combined likeli- 
hood ratio greater than 80% are accepted, with the 
further requirement that the muons must also have at 
least one hit in the outer muon chambers. Also, elec- 
trons and muons are required to have a momentum 
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and a wrong-sign lepton (shaded histogram) with xp > 0 and MA~ t+ < 2.473 GeV/c 2. 
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greater than 0.4 GeV/c and 0.9 GeV/c, respectively. 
This is where reliable lepton identification begins. Fi- 
nally, electrons from photon conversion are removed 
from subsequent analysis. These are defined as e + e -  
combinations from the main vertex or from recon- 
structed secondary vertices which have an invariant 
mass less than 100 MeV/c 2. With these selections a 

high purity sample of leptons is obtained with only 
a (0.5 ± 0.2)% electron-hadron and (2.0 ± 0.6)% 
muon-hadron  misidentification rate. 

Fig. lb shows the invariant mass distributions for 
Arc- candidates that have a right-sign or a wrong-sign 
lepton #2 in the same event and a combined Arc- + 
lepton mass less than that of the zo baryon [18]. The 
existence of a right-sign signal at the ,~- mass will be 
shown to be from the semileptonic decay of z ° ,  while 
a signal in the wrong-sign distribution will be shown 
to be due to various background processes. 

To reduce combinatorial background, which is 
observed to have a soft momentum spectrum, we 
only accept events with a scaled momentum xp = 

P/Pmax > 0.45, wherep = ~p~ + p~ + Pt] andpmax = 

V/E eam- zo. This selection is justified since ,Ec°'S 

from the cont inuum have a hard momentum distri- 

#2 In this paper, such combinations as E - l  + (Z+l - )  
are referred to as right-sign, whereas those combina- 
tions that cannot result from 3--c ° semileptonic decay, 
Z - l -  (Z+l + ) are referred to as wrong-sign, and S -  
+ lepton refers to both charged states. 

but±on [3]. Furthermore, with the xp > 0.45 selec- 
tion, most Z,°'s from the T(4S) resonance are elim- 
inated since the decay products from B decay are 
kinematically restricted to be less than 2.3 GeV/c 
(i.e. xp = 0.49). 

The resulting Arc mass distribution with xp > 

0,45 (see fig. 2) is fitted with a gauss±an signal and 
a third order polynomial background with an expo- 
nential threshold factor at 1255.2 M e V / c  2 [19]. The 

fit to the right-sign A n -  mass distribution yields a 
signal with a mass of 1322.2 i 0.7 MeV/c 2, a width 
tr = 2.2 ± 0.6 MeV/c z and 22.6 ± 5.8 A n - l  + events. 
Breaking this down into individual lepton channels, 
one finds 15.2 ± 4.8 A n - e  + and 7.4 ± 3.3 Arc-# + 

events. Fixing the fit to the above mass and width for 
the wrong-sign A n -  mass distribution yields a signal 
of 2.1 ± 2.3 A r c - l -  events. 

To study the E -  + lepton mass distribution, we 

define E -  candidates to be all A n -  combinations 
within 6.6 MeV/c 2 (3.0tr) of the E -  mass. The re- 

sulting ~ -  + lepton mass is shown in fig. 3 for both 
the right-sign signal and the wrong-sign + sideband 

background distributions, with xp > 0 and xp > 0.45. 
Here, the sideband represents the fake ~ -  background 
and is defined as A r c - l  + events which have a Arc- 

mass above and below the E -  signal region within 
the mass ranges 1309.0 to 1315.6 MeV/c 2 and 1328.8 
to 1335.4 MeV/c z. The number  of wrong-sign events 
are determined from the above fit, and the number  
of sideband events are scaled to match the number  
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of  fake ~ -  events under  the right-sign -7- signal (see 
below). In fig. 3b, most right-sign events populate the 
3 - 1  + mass region from 1255.2 MeV/c 2 up to the ~0 
mass, which is the kinematical ly allowed range for 
events from ~o -~ ~ - l  + u/decay.  However, this mass 
region is large with many possible background pro- 
cesses contributing, as seen from the sizable wrong- 
sign + sideband -~ - l  + mass distr ibution.  Thus, the 
following sources of  background have to be consid- 
ered and then analyzed to check their effect: 

(i) the chance coincidence of  a real -7-  with a real 
lepton, each from a separate source ( random correla- 
t ion).  

(ii) the chance coincidence of  a fake -7-  with a real 
lepton. 

(iii) the chance coincidence of  a real -7-  with a fake 
lepton. 

(iv) feeddown from other charmed baryon semilep- 
tonic decay modes. 

These background processes are now discussed in 
detail. The first source of  background considered are 
those events having a randomly correlated S -  and 
lepton, each from a separate source. Examples of  these 
are a -7-  from higher mass baryon decays or created 
in the pr imary q~ fragmentation, and leptons from 
the semileptonic decay of  D or B mesons. To est imate 
the size & t h i s  background, L U N D  Monte Carlo [20] 
studies similar to those described in ref. [ 5 ], were per- 
formed. From the continuum, Y(1S),  and T(2S),  a 
data scaled background of  l. 1 -L 0.2 right-sign -7-1 + 
events was observed for xp > 0.45. Random correla- 

tions from Monte Carlo generated B B  decays, includ- 
ing the second Fox-Wol f ram moment  cut, yields a 
small right-sign background of  0.4 ± 0.2 events. Thus, 
corrections are made by subtracting the background 
calculated above from the observed right-sign signal. 
Finally, it should be noted that the above Monte Carlo 
studies showed that randomly correlated wrong-sign 
events tend to have a -7-  and a l -  in the opposite 
quark jets and thus have a low combined momentum.  
Therefore, this background significantly populates the 
wrong-sign at low xp and high mass. This can be seen 
from fig. 3a, where the wrong-sign + sideband mass 
distr ibution is larger than the right-sign above the 3 ° 
mass. Removing this background is one of  the rea- 
sons for the high xp cut. This is demonstra ted in fig. 
3b, where these two distr ibutions are approximately  
equal above the signal region. 

The second, and largest, source of  background is 
from the chance coincidence of  a real lepton with a 
fake -7- ,  which can come from the random corre- 
lation of  a real /fake A with a real /fake pion. Back- 
ground from fake S - ' s  are modelled by extrapolat- 
ing from the sideband region to the signal region un- 
der  the _7- mass. Performing fits to the A n -  mass 
distr ibution in fig. 2a, as described previously, yields 
a fake -7-  contribution of  14.9 ~ 1.4 events within 
6.6 MeV/c 2 of  the fitted -7-  mass. Thus, the fake S -  
background has been statistically identified and elim- 
inated in this analysis. Finally, it should be noted that 
the A n -  mass distr ibution for wrong-sign events is 
not at the same level as that for the right-sign (corn- 
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pare figs. 2a and 2b). This can be explained by the 
fact that a large number  of right-sign fake 2 -  events 

come from the semileptonic decay A + ~ A l + u t ,  cou- 
pled with a random zc-. This process does not pop- 
ulate the wrong-sign, thus accounting for the differ- 
ence between these two distributions. Furthermore, 
this background is not expected to show any enhance- 
ments in the 2 -  signal region. The previous argu- 
ments are demonstrated in fig. 4. It shows the A~ + 
mass distribution from Azr+l  + events which are rep- 

resentative of the background from A + semileptonic 
decays. This mass distribution is found to be at the 
same level as the right-sign A~z- mass distribution, 
and with no statistically significant signal observed 
at the 2 -  mass. Thus, confirming the above expecta- 
tions. 

The third source of background is the chance co- 
incidence of a real 2 -  with a track that is misidenti- 
fled as a lepton. Examples of this are electrons from 
misidentified hadrons, fake muons from hadron 
punch-throughs and muons from ~r or K decay. This 
background can be calculated by multiplying the 
lepton-hadron misidentification rates, given above, 
with the hadronic track multiplicity per 2 -  event and 
the appropriate kinematical efficiencies. This yields 
a fake lepton background of 3.0 ± 0.9 right-sign and 
1.7 + 0.5 wrong-sign events. The difference between 
these two numbers is attributed to fake leptons from 
the observed decays 2~9 ~ 2 -  ~+, Z ° ~ 2 -  ~r + 7r + ~r-, 

~c ~ and A + ~ 2 - K + ~ r  + [2,3,21], 

which predominantly populates the right-sign. The 
fake lepton background from this source is calculated 
to be 1.8 + 0.5 events, which is consistent with the 
above difference. Furthermore, the observed wrong- 
sign 2 - l -  signal for xp > 0.45 can be attributed to 
fake lepton events since its magnitude is consistent 
with the above wrong-sign calculation. Thus, the fake 
lepton background is understood, and corrections 
can be made by subtracting its contribution from the 
right-sign 2 -  l + signal. 

The final source of background considered is 
contributions to the right-sign signal from the de- 
cay 2 + ~ ,--(1530)°/+ut, where subsequently 
2 (1530) o ~ 2 - g + .  This background was examined 
by selecting 2 - l  + events as above and combining 
these with a random g+. The resulting 2-~z + mass 
distribution is fitted with a gaussian and a first order 

polynomial background curve. The mass is fixed to 
its nominal  value [18] and the sigma is fixed to 7.6 
MeV/c 2 which is its nominal  width [18] convoluted 
with the detector resolution. This yields a 2 (1530)  o 
signal of 1.7 + 1.7 events atop a background of 
1.6 + 0.5 events. This small background is accounted 
for by removing all 2-~z + events from subsequent 
analysis that are within 3.0a of the 2 (1530) o mass. 

The observed 2 - 1  + signal quoted previously already 
includes this subtraction. Also, contributions from 
the non-resonant mode Z+ ~ ,~ -g+l+t . , l  was ana- 
lyzed by looking at the difference between the signal 
2 - n + l  + and background 2 - z r - l  + mass distribu- 
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tions. No excess of signal over background events 
below the S + mass was observed. A similar analysis 
for the decay Ac + ---, - E - K + l + u l  also found no excess 
of signal S -  K + l + over background S -  K -  l + events. 
Therefore, these background processes are assumed 
to be negligible. 

The ~ semileptonic signal is obtained by subtract- 
ing the background contributions from the fitted right- 
sign signal which already excludes contributions from 
the fake S -  background (see table 1 ). After this sub- 

traction there remains a net signal of 18.1 ± 5.9 events 
above a total background of 19.4 ± 1.7 events (the 
sum of 14.9 ± 1.4 fake 3 -  events and the background 
summarized in table 1 ). Fig. 5a shows the ,E-I  + right- 
sign mass distribution after wrong-sign + sideband 
background subtraction. As a comparison, fig. 5a also 
shows the Monte Carlo #3 generated X - l  + mass dis- 

tributions from N ° ~ -E l+ul  decay, normalized to 
the data. The agreement between the experimental 
and Monte Carlo distributions, given the low statis- 
tics, is reasonable. As a further check of our results, 
fig. 5b shows the X - l  + right-sign Xp spectrum after 
wrong-sign + sideband background subtraction. Also 
shown is the Monte Carlo generated S - l  + xp spec- 
trum where again the agreement with the data is rea- 
sonable. Thus, our assumptions regarding the back- 

#3 Monte Carlo calculations involve the generation of 
~o___~ , ~ - l + u !  events with the LUND program (ref. -c 
[20] ). The program parameters are set to include QED 
radiative and second order QCD corrections and simple 
weak decay matrix elements. Also, the ~c ° momentum 
spectrum was generated using a Peterson fragmentation 
function (ref. [22]) with the fragmentation parameter 
determined by ARGUS (ref. [3]). These events were 
then processed through the full detector simulation and 
reconstruction program (ref. [16]). The above proce- 
dure is used for all 3~ ° --+ ~ - l + u l  Monte Carlo calcu- 
lations described in this paper. 

ground subtraction and the parametrization of the S ° 
momentum spectrum (see footnote 3) are reasonable. 

To calculate a ( e + e  - ~ 3~°X).BR(-E ° ~ S - l + X )  

we first have to correct the zo signal for detector effi- 

ciency including the topological and kinematical selec- 
tions. Monte Carlo studies of the decay 3 o ~ 3 - l  + ul 

(see footnote 3) determined the efficiency to recon- 
struct X - e  + and X-/z + events to be (3.48 ± 0.13)% 
and (1.29 ± 0.07)%, respectively. The errors quoted 
here are statistical. Given an effective total luminos- 
ity of 511.4 pb - l ,  which includes the enhanced con- 
t inuum cross section from the electromagnetic decay 
of the T(1S) and T(2S) [23], one finds for the indi- 
vidual lepton channels, 

a ( e +  e - ~ S°c X )  . BR(-E ° -~ - E - e +  X )  

= 0.71 ± 0.28 ± 0.09 pb, 

a ( e +  e - ~ S ° X )  . BR(Zc ° ~ Z - / z + X )  

= 0 . 8 3 ± 0 . 5 0 ± 0 . 1 1 p b .  

As expected from lepton universality in weak decay, 
the electron and muon channel branching ratios are 
in good agreement. Averaging these two results gives 

a ( e +  e - --, -EOx)  . BR(~c ° --+ 3 -  l+ X )  

= 0.74 ± 0.24 + 0.09 pb. ( 1 ) 

The systematic error in the measurement of a • BR 
arises from a number of sources. The value of the col- 
lected luminosity is known to a 1.8% accuracy. The 
efficiency for the reconstruction of four tracks in the 
drift chamber is known within 4.0%. The Monte Carlo 
lepton identification efficiency is known to within 
4.0% and 6.0% for the electrons and muons, respec- 
tively. The error in the parametrization of the back- 

Table 1 
Sources o f - - - I  + signal and background events, with xp > 0.45 and M s _ l +  < 2.473 GeV/c 2. 

Sources of 2 -  + lepton events N~_/+ Ns_e+ IV- u+ 

(a) Right-sign signal 
(b) Fake lepton 
(c) Random correlations 

Net 3 - I  + signal (a) - (b) - (c) 

22.6~5.8 15.2±4.8 7.4±3.3 
3.0±0.9 1.5±0.7 1 .5i0 .5  
1.5±0.3 1 .1i0 .3  0.4±0.1 

18.1±5.9 12.6~4.9 5.5±3.3 
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Fig. 5. (a) The 3 - l  + right-sign invariant mass distribution after background subtraction (solid squares), and the 3 -1  + 
Monte Carlo generated invariant mass from Z ° ~ Z - I  + u! decay (solid line), both distributions with Xp > 0.45. (b) The 
Z - l  + right-sign xp spectrum after background subtraction for xp > 0.375 (solid squares), and the Z - l  + Monte Carlo 
generated xp spectrum from ~o ~ Z - l  + Ul decay (solid line), both with Ms_l+ < 2.473 GeV/c 2. 

ground curve to the fit of  the A g -  mass leads to an 

error of  2.0%. The error in the Monte Carlo simu- 

lation of  the randomly correlated 3 - l  + background 

has been estimated at 3.0%. Finally, the error on the 

parametrization of  the xp spectrum for the produc- 

tion of  S ° results in an uncertainty of  9.8%. Adding 

all of  these sources of  error in quadrature, gives a to- 

tal systematic error of  12.3% for the combined lepton 

channel, and 12.0% and 12.8% for the electron and 

muon channels, respectively. 

The nature of  X in 3c ° --* 3 - l + X  is to be con- 

sidered here. Contributions to X can come from 

other exclusive 3 0 semileptonic decay modes such as 

3 - n ° l + u l  and 3 " - 1 + u l ,  where subsequently 3 " -  

3 - n  °. These modes are difficult to observe which 

makes it hard to determine their contributions. How- 

ever, excluding the n o from these modes shifts the 

mean 3 - l  + mass down by 135 MeV/c 2. Fitting the 

S - l  + mass distribution in fig. 5a with two gaussians 

which have a mean mass difference of  135 MeV/c 2 

indicates that the 3c ° ~ 3 - 1 + u t  mode dominates, 

but the large statistical errors makes this argument 

inconclusive. Therefore, possible contributions from 
this and other sources are indicated by quoting a .  BR 
for S o ~ S - l + X .  

The branching ratio in eq. (2) cannot be calcu- 

lated since there are no measurements of  S o contin- 

uum production near the center of  mass energy of  

10.4 GeV. However, it is useful to compare the above 

results with measurements of  other charmed baryon 

hadronic and semileptonic decays. Dividing a previ- 

ous A R G U S  measurement of  S ° --* 3 - g  + and 3c ° ---* 

3-g+Tr+Tr - [3] into eq. (2) yields the ratios 

B R ( _  = °  ~ 3-l+X) 
= 0 . 9 6 + 0 . 4 3 ± 0 . 1 8 ,  (2) 

B R ( S  ° --+ 3 - g + )  

and 

BR (2~9 -~ 2 - l + X )  
= 0 .29 : t=0 .12±0 .04 .  (3) 

B R ( S  ° --. 2-Tr+rt+ re- ) 

Averaging the A R G U S  measurements of  ¢ • BR for 

the decay modes A + --* Ae+ X and A + --. Ap+  X [5], 

one finds g ( e + e  - --* A + X )  • BR(A + --* A l + X )  = 

4.11 i 1.08 ± 0.77 pb. Dividing this into the average 

from eq. (2) one finds 

o ( e + e  - ~ 2 ° X ) .  B R ( 2  o --. 2 - l + X )  

c~(e+e - ~ A + X )  . BR(A + ~ A l + X )  

= 0.18 2z 0.08 ~- 0.04, (4) 

where some of the common systematic errors cancel in 

the above ratios. A knowledge of  the charmed baryon 

continuum production ratio would allow a determi- 

nation of  the ratio of  experimental semileptonic rates 

from eq. (5) and a direct test of  the various theoret- 

ical semileptonic decay models [7-11 ]. 
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In  summary ,  the first observat ion of  the decay 
,~o ~ 3 - l + X  has been made.  The sources of  back- 
ground have been  s tudied and  the data  subsequent ly  
corrected, leaving only ~ - l  + events  that are at- 
t r ibuted  to 2-0 semileptonic  decay. This  allowed a de- 
t e rmina t ion  o f a ( e + e  - --* ~o X ) . B R ( S ,  ° - ~ - I + X )  

= 0.74 ± 0.24 4- 0.09 pb. 
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