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OBSERVATION OF THE C H A R M E D  BARYON Zc IN e+e - ANNIHILATIONS 
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Using the ARGUS detector at the DORIS II storage ring, we have observed the charmed baryons Y ++ and Y °, through their 
decays to A + n -+. We have measured the mean Zc-A + mass difference as 167.6_+ 0.3 _+ 1.6 MeV/c 2. The isospin mass splitting 
between the Z + + and the Z ° was found to be 1.2 _+ 0.7 _+ 0.3 MeV/c 2. The rate ofA + production from Z¢ decays was found to be 
(36 _+ 12 + 11 )% of the total rate of A + production. The Yc xp spectrum was observed to be similar to that of the A + , with a 
Peterson function parameter E of 0.29 _+ 0.06. 

In a previous publicat ion [ 1 ] the A R G U S  Collab- 
orat ion has reported the observation of the charmed 
baryon Ac + , the isospin singlet state of the lowest level 
charmed baryons. This paper ~ reports the observa- 
t ion of two of the corresponding isospin triplet states, 
the Y + + and the Y °. Measurements  of the mass dif- 
ference between the Zc and the A + , and between the 
two observed Ec states provide useful tests of models 
for baryon spectroscopy. Determina t ion  of produc- 
t ion characteristics of charmed baryons may assist in 
the unders tanding of the process of heavy quark frag- 

mentat ion.  To do this the xp spectrum for Zc produc- 
t ion was measured and the rate of A { product ion 
from Zc decays was determined.  

The data used in this analysis were collected using 
the ARGUS detector at the DORIS II storage ring at 
DESY, and comprised an integrated luminosity of 219 
pb -~ taken on the •(1S), "g(2S) and "I'(4S) reso- 
nances, and in the nearby cont inuum.  The ARGUS 
detector and its particle identification capabilities are 
described in ref. [ 2 ]. 

The Zc states were observed by examining the Zc- 
A~ + mass difference spectrum, where the Z~ was re- 
constructed from its decay to A + n -+, and the A~ + was 
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observed in decays to p K - n  +, A n + n - n  +, and I(°p. 

The mass difference method exploits the fact that the 
Q value for the Zc decay is quite small and conse- 
quently the resolution of the mass difference is better 
than that of the mass of the Zc itself. Searches were 
made only for the Z + + and Z ° states, as the Z + would 
decay to A + n °, and studies involving neutral  pions 
imply high levels of combinatorial  backgrounds. 

A + candidates were found using procedures simi- 
lar to those described in ref. [1 ], with two differ- 
ences. First, the likelihood ratio required for particle 
identif ication was 5% rather than 15%. A tight cut 
was required in the original A + analysis as D meson 
reflections proved to be a difficulty. In the Ec system, 
however, reflections of D* decays do not fall in the 
region of concern, and so the cut was relaxed. In ad- 
dition, the requirement  on the scaled momentum,  xp, 
of  the A + candidate was dropped. Combinat ions  
from the different decay channels were used as A + 
candidates, if their masses were within 30 MeV/c  2 of 
the A + mass determined in ref. [ 1 ] for the pK - n  + 
and A n + n - n  + channels, and 35 MeV/c  2 for the I(°p 

channel. To construct mass difference spectra, each 
selected A + candidate was combined with a n + for 
the E + + spectrum or a n -  for the Z ° spectrum. Two 
requirements were made on these Ac + n combina-  
tions. The scaled m o m e n t u m  xp of the combinat ion  
was required to be greater than 0.4, which greatly re- 
duced the background. The quant i ty  xp is defined by 

x p = P ( A c + n ) / P ( I L + n )  . . . .  where P (A+ n)max = 
2 4Ebeam - - m2(  A + n) .  Furthermore, the cosine of the 

angle a between the n and the ( A + n )  boost direc- 
tion, as measured in the (Ac+n) rest frame, was re- 
quired to be greater than - 0 . 8 .  The angle cut was 
motivated by the expectation that the angular distri- 
but ion  for pions originating from real, unpolarized 
Zc baryons, with spin ½, would be isotropic in this 
frame, while background pions, particularly those 
from the opposite jet, would usually go backwards. 

After applying these requirements, signals were seen 
in the mass difference distr ibutions as shown in fig. 
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1. The mass difference spectra were f i t ted with a 
background funct ion consist ing of  a th i rd  o rder  po- 
lynomial ,  and  a gaussian o f  fixed width  to represent  
the signal. The width  of  the gaussian was fixed to the 
expected de tec tor  resolut ion of  !.8 M e V / c  2, as deter-  
mined  from Monte  Carlo studies. For  the A~ + n + mass 
difference dis t r ibut ion,  the f i t ted signal conta ined  
9 2 +  19 events with a mass difference value of  
168.2 + 0.5 M e V / c  2, while for the A + n -  mass differ- 
ence d is t r ibut ion  the signal conta ined  70 + 19 events  
at a mass difference o f  167.0 + 0.5 M e V / c  2. 

The average o f  the Z + + and E ° to A~ + mass differ- 
ences was 167.6 + 0.3 + 1.6 M e V / c  2. The systematic  
error  contains  cont r ibut ions  from the uncer ta in ty  in 
the m o m e n t u m  scale cal ibrat ion,  and  the effects due 
to difference between the Ac + mass as measured  in its 
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Fig. 1 (a) Mass difference spectrum for A~+~+-A~ +, using A + 
candidates from the decay modes pK-x +, Ax+~-x +, and I(°p. 
The solid line shows the best fit to a polynomial background and 
a gaussian signal shape. (b) Mass difference spectrum for 
A~ + r~--A~ + , using A~ + candidates from the decay modes pK-~ +, 
A~+x-x +, and ~0p. The solid line shows the best fit to a poly- 
nomial background and a gaussian signal shape. 

different  decay modes  [ 1 ]. This result is consistent  
with most  previous  a t tempts  to measure  the mass dif- 
ference (see ref. [ 3 ] ), bu t  more  accurate.  

The isospin mass spli t t ing between the Y.~+ ÷ and 
E ° states is 1 . 2 + 0 . 7 + 0 . 3  M e V / c  2. In this case the 
systematic  error  is due to var ia t ions  in the mass  dif- 
ference upon changing the background parametr iza-  
tion. This  value is in major  disagreement  with the 
recent result repor ted  by Diesburg et al. [4]  o f  
- 1 0 . 8  +2 .9  M e V / c  2. While  the two measurements  
repor t  consis tent  values o f  the mass difference be- 
tween the Ec + + and A~ + , we see no indica t ion  of  an 
enhancement  in the region o f  the o + Yc-Ac spectrum 
which corresponds  to the mass difference as repor ted  
in ref. [4 ]. 

The xp spect rum of  the Xc was measured,  after ex- 
cluding da ta  taken in the energy region of  the ~ ( 4 S )  
in order  to el iminate possible contaminat ion  from the 
decay of  B mesons to the Zc. The signals were d iv ided  
into four bins Of Xp, and  a gaussian was fi t ted to each 
d is t r ibut ion  with its width fixed to the Monte  Carlo 
value for the resolution,  and  the mass fixed to the 
overall  measured  value in the par t icular  charge state. 
The numbers  were corrected for detector  acceptance,  
in each xp bin, using the weighted mean of  the accep- 
tance for the E~ + + and the X °. The procedure  was fur- 
ther  compl ica ted  because the acceptance differs for 
each of  the A~ + decay modes.  For  each A~ + channel  
the acceptance was de te rmined  by Monte  Carlo sim- 
ulation and weighted by the branching fraction of  that  
par t icular  A~ + mode  relat ive to the decay to p K - n  +. 
These rat ios have been de te rmined  in ref. [ 1 ]. This 
procedure  results in the acceptance normal ized  to the 
branching rat io of  A~ + - ~ p K - n  + as given by the 
expression 

~/(Xc ) x-" B r ( A  + ~ X )  
~ ~ X ~ 

B r ( A  + ~ p K - n  + ) = ~ B r ( A  + ~ p K - n  +)  

where the sum X is over  the modes  p K - n  +, 
An+x-n +, and K°p. The result has a _+ 20% error due 
to the uncerta int ies  in the relative branching frac- 
tions. Following this procedure the xp spectrum shown 
in fig. 2 was obtained.  This was fi t ted with the well 
known Peterson function [ 5 ], giving a value for the 
pa ramete r  e of  0.29 _+ 0.06, which is close to that  mea- 
sured for the xp spect rum of  the A + , which has a 
Peterson e o f  0.24 _+ 0.04. 

The rate o f A  + product ion  from Yc decays was de- 
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Fig. 2. Combined Z~ + and Z ° Xp spectrum.The solid line shows 
the results of a fit with the Peterson splitting function. 

t e rmined  by making use o f  the above  equation.  The 
number  o f  events in the entire xp spec t rum was deter-  
mined  by integrat ing the Peterson funct ion der ived  
from the fit, and  d iv id ing  this by the number  of  A + 
baryons  observed in the p K - n  + decay mode.  This  
gives the fract ion o f A  + baryons  or iginat ing f rom the 
decay o f  each charge state o f  the Zc to be 0.12 + 0.04. 
Assuming isospin invariance,  for three Zc states, the 
total  fract ion o f  A { baryons  p roduced  from Zc de- 
cays is 0.36 + 0.12 + 0.11. The sys temat ic  er ror  con- 
tains contr ibut ions  f rom the uncer ta in ty  in the 
acceptance weighting procedure,  and  the dependence  
o f  the number  o f  f i t ted events on var ia t ion  o f  the 
background paramet r iza t ion .  

In summary,  we have observed two o f  the E~ states 
and found a mean mass difference between the Z~ and 
the A + of  167.6+0.3_+ 1.6 M e V / c  2. We observe an 

isospin spli t t ing between the Z + + and Y ° states of  
1.2 + 0.7 + 0.3 M e V / c  2. These results should provide  
more  precise tests o f  models  for baryon spectroscopy. 
We have measured  the rate o f  A + product ion  f rom 
the decay o f  the Yc to be 0.36 + 0.12 _+ 0.11 o f  total  
A~ + product ion.  
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