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The enhanced baryon rate observed in direct Y decays in comparison with the e÷e-  cont inuum is explained in the framework 
of standard hadronization models. The major part of  the present disagreement between the Lund model and experimental data is 
removed when recent measurements  of  inclusive charmed baryon branching ratios are taken into account. A different treatment 
of  quark and gluon jets is not needed to explain the measurements.  

The formation of hadrons during the final stage of 
fragmentation processes still has not found a theoret- 
ical description based on first principles. Instead sev- 
eral QCD-inspired phenomenological models have 
been used to approach this subject, especially for e +e-  
annihilation processes. However, attempts to inter- 
pret experimental data by comparing with model 
predictions have often to yield unique and satisfac- 
tory answers about the underlying physical quan- 
tities and mechanisms, because of the many free pa- 
rameters available within these models. 

In addition two major theoretical problems have 
challenged model developers, posed by the discovery 
of gluon jets [ 1 ] and the observation of baryons in 
the hadronic final state [ 2 ]. For the former, the ques- 
tion arose whether gluons, due to their colour octet 
charges, fragment differently from quarks. Some 
models suggested, beside topological differences be- 
tween quark and gluon jets, deviations in the com- 
position of the hadronic final states, i.e. a large frac- 
tion of isoscalar particles [ 3 ] or baryons [ 4 ] in gluon 
jets. Moreover, the observation of baryons in e+e - 
reactions required that in most models special con- 
cepts for baryon production has to be introduced by 
hand [ 5-8 ]. 

In 1981 both of these puzzles were brought to- 
gether when the DASP II Collaboration observed a 
much larger proton rate on the "f, which decays dom- 
inantly via three gluons, compared with continuum 
events at about the same energy [ 9 ]. This result was 

later confirmed and improved by CLEO [ 10 ] and 
ARGUS [11,12]. 

Today the production rate for many particle spe- 
cies in the continuum around 10 GeV and in direct Y 
decays are known with high precision, especially from 
recent ARGUS measurements [ 11-15 ]. For a com- 
parison of Y and continuum data it is advantageous 
to define the ratio of production rates 

hadron rate per event in direct Y decays 
r =  

hadron rate per event in the continuum 

in which several common dependencies cancel out. 
In fig. 1 the values of r for different hadrons are 

shown. Two characteristic features can be derived di- 
rectly from this plot: 

( 1 ) The production rates for all baryons (except 
the A(1520))  on the "f are larger by a factor 2-3 
compared with continuum data. 

(2) The production rates of mesons are only 
slightly enhanced in Y decays with respect to contin- 
uum data. 

The latter point, in particular, is important since it 
demonstrates that the baryon enhancement in Y de- 
cays is not a pure mass effect as assumed for example 
in cluster hadronization models [ 16 ]. The most im- 
portant question in this context is whether the larger 
baryon rate in "f decays reflects specific properties of 
gluon fragmentation or of the three-jet topology. 

It seems natural to begin a quantitative study with 
a model where the hadronization of quark and gluon 
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Fig. 1. Measured ratio r for different particles. The numbers were 
taken from recent ARGUS measurements [ 11-15 ]. The two val- 
ues for ~, K and 5  ̀( 1385 ) correspond to the different charge states 
of these particles, ordered in mass. 

jets  is t reated equally. For  this purpose the Lund event 
generator  ( JETSET 6.2) was chosen here, since it de- 
scribes most  da ta  on f ragmenta t ion  reasonably well. 
The gluon je t  is t reated within the Lund f ramework 
[ 5 ] as a t ransverse exci tat ion of  the colour field, an 
extension which does not influence much the prop-  
erties, and only slightly the numbers ,  of  generated 
hadrons.  

Using the Lund program in its s tandard  paramet r i -  
zat ion one indeed obta ins  a larger baryon rate in "f 
decays then in the con t inuum (see table 1 ), an obser- 
vat ion which has been t raced back to the following 
sources [ 5 ]: 
- A general increase of  the order  of  25% in mult ipl ic-  
ity in Y decays, which of  course affects both  mesons 
and baryons.  

- A smaller  number  of  baryons in con t inuum ce 
events. Since both a baryon and an an t ibaryon  must  
be formed,  baryon product ion  in events conta ining 
charmed part icles is suppressed within the model  by 
a factor o f  two due to the restr icted phase space. In 
the cont inuum,  charm product ion  accounts  for about  
40% of  the total  hadronic  rate and therefore its influ- 
ence on the hadron  rates is large. 
- Since diquarks  cannot  be produced  as pr imary  par- 
tons in the cont inuum,  one obtains  a "na tu ra l "  
suppression of  leading baryons.  This effect is small 
and is of  the order  10%. (Note  that  even using the 
"popco rn"  opt ion,  the Lund model  is effectively a di- 
quark model  were diquarks  are split  into two quarks,  
one of  which then recombines  with a th i rd  quark into 
another  diquark.  ) 

Table 1 shows that, for most  baryons,  the values 
for r given by the s tandard  Lund model  are much 
smaller  than the corresponding measured  ones. In 
addi t ion,  none of  the factors noted above can be re- 
sponsible for the strong variat ion of  r between 1.1 and 
2.8 for different  baryons  species. Only for the r-val- 
ues o f  the pro ton  and Z -  ( 1385 ) good agreement  be- 
tween da ta  and the model  is obtained.  

In fact, this l imited agreement  provides  a hint at 
the origin of  the general discrepancy between data  and 
Lund model.  The different  model  predic t ions  for the 
r-values of  Z - ( 1 3 8 5 )  and its isotr iplet  par tner  
Z + (1385)  show that  isospin violat ing processes are 
responsible for the deviat ion between model  and data. 
Here two isospin violat ing effects have to be consid-  
ered, both  relevant  only for the con t inuum data: 

( 1 ) The p r imary  decay of  the vir tual  photon  into 
a quark and an ant iquark,  which favours the produc-  
t ion of  p r imary  u- and c- over  d- and s-quarks. 

Table 1 
Ratio r of rates of direct f decays over continuum for different baryon species. The table shows a comparison between data and two Lund 
model predictions using inclusive Ac branching ratios into A of 20% (modified Lund) and 64% (standard Lund ) 

B a r y o n  r ( m e a s u r e d )  r ( s t a n d a r d  L u n d )  r ( m o d i f i e d  L u n d )  

p 1.9_+0.2 1.8 2.1 
A 2.5+0.2 1.5 2.2 
Z- 3.1 + 0.4 1.7 1.9 
5`+(1385) 3.3_+0.9 1.6 2.6 
5'-(1385) 2.6_+0.6 2.8 3.2 
.E°(1530) 3.3_+ 1.4 1.3 2.1 
f l -  2.5_+1.5 1.1 1.8 
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(2) The weak decays of charmed baryons into bar- 
yons of the SU (3) octet and decuplet. 

Indeed the different Lund model predictions for the 
r-values of Y + ( 1385 ) and Z -  ( 1385 ) arise from the 
qCl data as can be shown by comparing the produc- 
tion rates of these particles per multihadronic event. 
The Lund model predicts in its standard parametri- 
zation for q(t events the ratio of rates 

R = n ( Y + ( 1 3 8 5 ) )  =1 .8 ,  
n (Y-  (1385)) 

while the experimental value for continuum data [ 11 ] 
is R =0.93 _+ 0.25. Note that this is an additional dif- 
ference between model and data which is indepen- 
dent of the hadron rates on the Y. 

This discussion hints at two possible sources for the 
observed discrepancies between model and data. The 
first possibility is an additional suppression of bar- 
yons as leading particles in quark jets. This approach 
is theoretically well motivated and was already pre- 
dicted by different models [7,17 ]. It could also ex- 
plain the discrepancies in the particle momentum 
spectra, where at least for protons and A's the Lund 
model yields a spectrum which is too hard [ 11,18 ]. 
On the other hand a significantly lower r-value for 
the proton than for other baryons has been measured 
[12]. This is not predicted if the baryon enhance- 
ment in Y decays is caused mainly by a suppression 
of leading baryons, since one would expect that such 
a mechanism affects all varieties of baryons about 
equally. 

Consequently a different explanation for the en- 
hanced baryon production in "IF decays has to be 
searched for. As has already been stressed, the decays 
of charmed baryons into the SU (3) octet and decu- 
plet states, still poorly measured, contribute to the 
rates of the individual baryon species in the contin- 
uum and therefore introduce large uncertainties in 
model predictions. This argument is only in a re- 
stricted sense true for protons and neutrons, since 
charmed baryons will finally decay with about 50% 
probability into p and n, respectively. Hence for pro- 
tons one expects good agreement between the predic- 
tions of the Lund model and the data, which indeed 
is observed. The fact that the experimental r-value of 
the proton [ 12 ] is lower than that of strange baryons 
indicates that charmed baryons have low branching 
ratios into hyperon states. 

In fact this ansatz solves the puzzle of the different 
E ÷ ( 1385 ) and Z -  (1385) rates in Lund qCl events. 
The Monte Carlo analysis shows that due to the fla- 
vour content of the Ac and the frag:nentation scheme 
used within the Lund model for its decay, the Ac 
branching ratio into E+(1385) is much larger than 
that into E- (1385) .  This explains the major part of 
their different rates within this model. Setting the 
branching ratios of Ac into Y(1385) states to 0, the 
Lund model yields R = 1.2 in agreement with the data. 

Therefore a conservative approach consists in 
modifying the branching ratios of charmed baryons 
in an appropriate way, before looking for additional 
physical input to models. Most charmed baryons will 
finally decay via the Ac, and therefore its branching 
ratios are the most relevant ones. Recently, new mea- 
surements of the inclusive Ac branching ratio into the 
A hyperon have been published. In addition, the A 
has the most precisely determined r-value, making it 
an ideal object for parameter tuning. The currently 
available values of Br (Ac--,AX) are 

( 1 ) Two direct measurements of (23+ 10)% and 
(49 + 24 )% from photon beam experiments [ 19,20 ]. 

(2) ( 19_+ ~o )% from studies of inclusive A produc- 
tion and A/lepton correlations in B events (AR- 
GUS) [ 21 ]. This is still in contradiction with a CLEO 
measurement, which implies a larger branching ratio 
of about (60_+20)% [22]. In both cases Ec produc- 
tion has been neglected, which would further reduce 
Br(Ac~AX).  

(3) The HRS Collaboration demonstrated from 
data on inclusive A production a correlation between 
an additional strangeness suppression for baryons and 
the Ac branching ratio into A [ 23 ]. Assuming no such 
extra strangeness suppression, which is supported by 
the inclusive baryon rates from the ARGUS experi- 
ment [ 11 ], a branching ratio for Ac~AX of the or- 
der of 20% is obtained. 

Hence, experimental information favours an in- 
clusive Ac branching ratio into A between 20% and 
30%, while, due to the many unknown exclusive 
branching ratios, the Lund event generator uses a 
fragmentation scheme for the Ac decay which gives 
the much too large value for Br (Ac ~ A  + X) of 64%. 

In order to study the influence of charmed baryon 
branching ratios, the value of Br(A~--,AX) was 
changed to 20% in a simulation using the Lund event 
generator. As a first approximation, decay of the Ac 
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into baryon states other  than p, n and A were ne- 
glected. The values ob ta ined  for r are included in ta- 
ble 1 (modi f i ed  Lund)  and agree much bet ter  with 
the data. As an example,  for the A one now obta ins  
r = 2 . 2  compared  to r =  1.5 in the s tandard  Lund pa- 
rametr iza t ion,  while the measured  value is 2.5 + 0.2. 

For  most  other  baryons  the agreement  is even bet- 
ter, but the experimental  uncertainties are also larger. 
Only for the -=- does one f ind a predic ted  r-value o f  
1.9 which is too small compared  with the measured  
result of  3.1 + 0.4. A bet ter  agreement  between the 
model  and  the da ta  can be achieved by reducing the 
inclusive Ec branching rat ios into the w states, but  so 
far no exper imenta l  da ta  are avai lable  on this point .  
Alternat ively,  one could interpret  this d iscrepancy as 
indirect  evidence that  ei ther the product ion  rate of  
-=c states, or their  branching ratio into SU (3)  octet  E 
states is less than assumed in the Lund  model.  

One remaining question is why the A (1520) shows 
a much lower enhancement  than other  baryons.  
Judging from the m o m e n t u m  spectra [24] ,  the an- 
swer seems to be a suppression of  the rate on the )? at 
low x, where the spect rum even falls below that  in the 
cont inuum.  This  effect can therefore not  be ex- 
plained,  for example,  by a large branching rat io of  Ac 
into A (1520) .  Presumably  a bet ter  unders tanding  is 
needed o f  how orbi tal  angular  momen ta  of  part icles 
are formed,  since the A ( 1 5 2 0 )  is in a L =  1 state. 

It should be stressed that  correct ing the charmed  
baryon branching rat ios does not  remove the discrep- 
ancy between the Lund model  and  con t inuum data  
for the baryon m o m e n t u m  spectra  at high x [ 11,18 ], 
since baryons  from Ac decays most ly  popula te  the re- 
gion of  med ium x ~ 0.5. Cer ta inly  the s i tuat ion could 
be improved  by tuning the parameters  of  the frag- 
menta t ion  function, but  a more  physical  in terpreta-  
t ion is o f  course desirable.  In two publ ica t ions  
[25,26] modif ica t ions  o f  the Lund  f ragmenta t ion  
funct ion were suggested which gave good agreement  
between the model  and the measured  baryon spectra 
for con t inuum data.  I f  would be interest ing to see 
whether  these models  can describe the baryon spec- 
tra  on the ~l" [ 11 ] where the shapes o f  the measured  
spectra are even harder  than those of  the Lund model. 

In conclusion the higher baryon rate in direct  "g de- 
cays in compar i son  with that  in the con t inuum is 
quant i ta t ive ly  expla ined by taking into account  the 
recently measured  inclusive branching rat ios o f  

charmed baryons,  especially for the Ac. The remain-  
ing devia t ions  between Lund model  and data  are less 
than 15%. No special t rea tment  of  gluon fragmenta-  
t ion is necessary. Though the analysis was based on 
the Lund model,  it can be appl ied  easily to any other  
f ragmenta t ion  model.  It also should be emphas ized  
that  this explanat ion does not depend  strongly on a 
specific baryon product ion  mechanism.  One can ex- 
pect  that  even mesons have r-values in the order  of  
1.5-1.9, i f  they are rarely produced  in the decay of  
charmed part icles (e.g. possibly tensor  mesons) .  
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