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Abstract. The influence of perturbative QCD gluon 
radiation and initial state photon radiation on the 
experimental determination of the heavy quark frag- 
mentation functions is studied in order to extract 
(zc), the mean of the charm fragmentation function, 
from the recent measurements of inclusive D* pro- 
duction in e + e-  annihilation processes. The result is 
(zc)=0.71_+0.014_+0.03, which is scale invariant in 
the c.m. energy range of 10GeV to 34GeV. This 
result is interpreted in terms of kinematical calcu- 
lations on heavy quark fragmentation functions and 
also compared with results from v-N-reac t ions  and 
from investigations of inclusive lepton production in 
e + e-  annihilation. Results of a QCD shower model 
are in good agreement with the data and offer an 
alternative description of phenomenological frag- 
mentation functions. 

Elementary particle reactions at high energies are 
commonly described by hard scattering processes of 
quarks, leptons and gauge-bosons. Whereas leptons 
and the electroweak bosons appear as free particles 
in high energy experiments, thus allowing detailed 
studies of the electroweak forces, quarks and gluons 
materialise as jets of hadrons. Due to the strong 
'confinement'  of coloured objects, only phenomeno- 
logical models exist to describe the fragmentation of 
quarks and gluons, subsequently named partons, to 
the observable particles. During the last few years 
several measurements on the fragmentation of the 
heavy charm and bottom quarks have been carried 
out. This article tries to summarise these results in 
order to specify the parametrisation of the fragmen- 
tation process. 

In Sect. I, a short overview of the present frag- 
mentation models and the parametrisation of frag- 
mentation functions will be given. The experimental 

results on heavy quark fragmentation are reviewed 
in Sect. II, and calculations in order to combine and 
interpret those measurements are presented. In 
Sect. III, comparisons to different model calculations 
are presented. 

I. Phenomenological Fragmentation Models 

Fragmentation models are used to describe the tran- 
sition from quarks and gluons to the observable 
final state of hadrons. Independent jet [1,2] and 
colour string [3] models calculate the parton pro- 
duction according to first and second order per- 
turbative QCD down to invariant masses m~j be- 
tween two partons i and j of rn~j~4 GeV. The sub- 
sequent fragmentation into the observable particles 
is not calculable by perturbative QCD and is de- 
scribed phenomenologically by the process Q ~ q  
+meson:  in the colour-field of the outgoing quark 
Q a new quark-antiquark pair q Y/ is created; ~ and 
Q combine to a meson and the fragmentation is 
carried on by the quark q. This process is usually 
parametrised by a scaling function f(z), where 

z=(E + PlI) . . . . . .  /(E + Pli)q~a~k (1) 

is the fraction of energy and momentum component 
parallel to the fragmentation direction, carried away 
by the meson. In addition, the meson receives a 
transverse momentum component with respect to 
the quark axis, which is usually parametrised by a 
gaussian distribution. Using kinematical arguments, 
Azimov et al. [-4] and later Suzuki [5] and Bjorken 
[6J pointed out that in the case of a fragmenting 
heavy quark Q, a larger part of the energy is carried 
by the meson than in the case of a light quark, 
leading to harder fragmentation functions f (z)  for c- 
and b-quarks. 
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Starting from quantum mechanical arguments, 
Peterson et al. [7] proposed 

f(z) = 1/rz '(1 - 1/z - ee/(1 --Z)) 2] (2) 

for the fragmentation of heavy quarks Q with free 
parameters eQ, which are related to the effective 
quark masses of the formed meson by 

eQ=(mq/rnQ) a. (3) 

D*-meson have been performed by several experi- 
ments around c.m. energies of 10GeV [12, 13], 
29GeV [14 17] and 34GeV [18, 19]. The measured 
quantities are 

X E = E . . . . .  /Ebeam (4) 

o r  

X 2 2 
p = P  . . . . .  / / g b e a m  --77/ . . . . .  (5) 

Other functional forms have been proposed e.g. by 
the Lund group [3]. In these models as well as  in 
theoretical studies on heavy hadron production (see 
e.g. [8]), fragmentation functions f(z) are used to 
simulate that part of the fragmentation which is not 
calculable by perturbative QCD. 

A further class of models is based on QCD lead- 
ing log calculations for the development of parton 
showers down to invariant masses of ~ I G e V  
[9, 10]. At the end of such a cascade, gluons are 
split into quark-antiquark pairs, which are combined 
to colour singlet clusters. These clusters then decay 
into the final particles according to a simple phase 
space scheme. Within the framework of QCD show- 
er models, the phenomenological fragmentation 
process of the perturbative QCD models [1-3] now 
is described by multiple gluon emission down to 
small invariant masses, together with the formation 
and decay of colour singlet clusters, and no further 
parametrisation in terms of fragmentation functions 
and pr-distributions is necessary. 

II. Experimental Evaluation 
of the Heavy Quark Fragmentation Functions 

which, in general, are different from z for the follow- 
ing reasons: 

a) Due to perturbative QCD gluon radiation, 
Equar k at the beginning of the fragmentation process 
is less than E b . . . .  leading to x<z .  

b) Initial state photon radiation also diminishes 

gquar k. 
c) At high c.m. energies, c-mesons as decay-pro- 

ducts of primary bottom quarks are expected to 
populate the small-x region. 

The magnitude of these effects is illustrated in 
Fig. 1 for the D*-meson, as calculated with the Lund 

model at l / s =  34 GeV. The dashed line represents a 
fragmentation function f(z) of the Peterson-type 
with ec=0.05, which in the absence of radiation ef- 
fects would be identical to the measurable xe-spec- 
trum except for threshold effects at low x. The soften- 
ing of this spectrum due to QED and QCD ra- 
diation is also shown, as well as the expected D*- 
spectrum from the decay of b-particles. 

The published x-spectra of /)*-mesons are accep- 
tance-corrected and can therefore be directly com- 
pared with QCD model calculations, that also in- 

The production of heavy charm and bottom quarks 
in the fragmentation process is expected to the sup- 
pressed due to their large masses [3]. Thus, heavy 
mesons contain either the primary quark of the hard 
scattering process itself or its weak decay product 
and are the most useful sources of information on 
fragmentation functions. Experimental results on the 
fragmentation of heavy quarks are available from v 
-N-scat ter ing and e + e-  annihilation processes (for 
a review, see [11]). In general, two different kinds of 
analyses have been performed: the reconstruction of 
heavy mesons from their hadronic decay products, 
and the measurement of inclusive electrons and 
muons, which are interpreted as the semileptonic 
decay products of heavy particles. 

The most direct method of evaluating fragmen- 
tation functions is to measure in e + e -  annihilations 
the energy- or momentum- spectra of reconstructed 
heavy mesons. Such measurements of the charmed 
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Fig. l. Softening of the energy-spectrum of D*-mesons due to 
QED initial state photon and QCD gluon radiation, calculated 
for the process e+e --,c~ at ]/s=34GeV using the Lund model 
and a fragmentation function f(z) of Peterson et al. Also in- 
dicated is the expected spectrum of D*-mesons from b-quark 
decays 
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clude initial state photon radiation. In order to ex- 
tract the fragmentation function f(z) for c-quarks or 
the mean (z~) of that function, several fragmen- 
tation models [1-3, 10] and fragmentation functions 
have been used to study the transition from (Zc) to 
(X)D,, due to the effects a, b and c described above. 

For the case of an underlying f(z) of the Peter- 
son-type, Fig. 2a shows the relation between (z~) 

and (xp)o, at ] / s = 2 9 G e V  as a function of the 
parameter ~, calculated with the Lund model. For 
these calculations, model parameters have been used 
which provide the best overall description of the 
experimental data at 34GeV E20]. In particular, the 
strong coupling parameter Aoc D in second order 
QCD was set to 500MeV, and the perturbative 
QCD cutoff parameter y~=m~/s ,  the scaled mini- 
mum invariant mass squared between two partons i 
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Fig. 2. a Relation between (zr and (xp)  of D*-mesons as a 
function of the parameter  s of the Peterson fragmentation func- 

tion f(z), calculated with the Lund model at ] / s = 2 9  GeV includ- 
ing QED and QCD radiation effects, b Same as a, but including 
also D*-mesons from b-quark production and assuming several 
experimental lower limits in xp 

and j, was set to 0.015 at 29GeV and 34GeV c.m. 
energy and to 0.04 at 10 GeV. 

In Fig. 2a, the full line represents the mean of the 
Peterson function f(z,e). The final {z) of the pro- 
duced D*-mesons deviates from the function used in 
the fragmentation part of the model and is given by 
the dotted line. Such a shift occurs in all pertur- 
bative QCD models and is due to various technical 
and physical requirements: 

- Independent jet models [1, 2] do not conserve 
energy and momentum during the fragmentation 
process. This has to be artificially compensated at 
the end of the whole process, in general leading to 

<Z)final ~ <Z)initial" 
- In colour string models [3], the fragmentation 

proceeds along the colour-flux lines stretched be- 
tween quarks and gluons, rather than along the 
quark- and gluon- directions In addition, z is in- 
terpreted as z'=(E+plj)/(E+pli),.~, where (E+p),.~ is 
the total energy plus parallel momentum component 
of the unfragmented, residual system. The last two 
particles of the system are then kinematically con- 
strained. The advantage of this procedure is that 
energy and momentum are conserved at each point 
of the fragmentation chain. The final z of a particle, 
however, is shifted with respect to the initially cho- 
sen z', due to the boosts between different coor- 
dinate systems and the difference in the definition of z. 

The dashed line in Fig. 2a shows the final 
(xp)D,, also as a function of the parameter e c used in 
the fragmentation function f(z), including both pho- 
ton and gluon radiation. The influence of the initial 
state photon radiation with respect to the final 
<xp)o, is indicated by the dashed-dotted line. 

Further calculations have been done to study the 
influence of b-decays and to extrapolate all measure- 
ments to the full x-range. As a result, Fig. 2b shows 
the expected final (xp)v,  as a function of the param- 
eter e, including D* from b-decays, for full accep- 
tance and for typical experimental lower limits in x. 

In order to extract (z~> from all measured values 
of (x )o ,  , similar calculations have been done at c.m. 
energies of 10GeV and 34 GeV for both observables 
x e and x e. The available experimental values for 
(x)D,, determined from the published D*-spectra, 
are shown in Fig. 3a, together with the statistical 
errors and the measured range of the observables. 
Each value was corrected for perturbative QCD ra- 
diation, the full x-range and, if not done in the 
original publication itself, for b-decays and QED 
radiation, thus extracting the corresponding value of 
(z~). The final results of (%)  are illustrated in 
Fig. 3b and show a good agreement between all 
experiments. Also shown are the combined results 
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Fig. 3. a Experimental results on (x)  of D*-mesons, together with 
the measured ranges of the observables, b (z) for c-quark frag- 
mentation, calculated from the experimental <x) of D*-mesons 
after corrections for QED and QCD radiation, full x-range and 
decay of b-quarks 

for each energy range, which indicate that (zc) is 
constant between c.m. energies of 10GeV and 
34GeV. The overall combined value of (zc) from 
the D*-analyses is 

(zc) = 0.71 -t- 0.014 _+ 0.03. 

The systematic error of 0.03 accounts for differences 
in the fragmentation models and the fragmentation 
functions used for calculating the corrections. No 
difference in the corrections is obtained using the 
colour string model or independent jet models, as 
long as model dependent values for the parameter 
AQc v (see e.g. [20]) and the above-mentioned internal 
shifts in z are taken into account properly. Un- 
certainties imposed by the unknown branching ra- 
tios from b-particles to D*-mesons are small, since 
the influence Of D*-mesons from b-decays on the 
measurable (x)D,-spectrum decreases with increas- 

ing experimental lower x-limits and is negligible for 
x>0.4.  Also the correction on ( x )  due to initial 
state photon radiation decreases from ~5  % for full 
x-acceptance to less than 2 %, if only x >0.4 is mea- 
sured. Different functional forms of the fragmen- 
tation functions [3, 7] in the model calculations re- 
sult in systematic uncertainties in (Zc) of less than 
0.02. The variation of the parameter Aoc D by 
+_200MeV for each type of model adds a systematic 
error of +0.015, and another _+0.02 is accounted for 
by changing the perturbative QCD cutoff parameter 
Ymin by a factor of 2. 

With the combined result of (zc)=0.71 some 
interesting kinematical considerations can be done. 
To get this (zc) with the function of Peterson et al. 
(2), e=0.04 must be taken. Interpreting e according 
to (3) as the squared ratio of the constituent quark 
masses and assuming the mass of the charm quark 
to be 1.5GeV/c 2, one obtains for the mass of the 
light u and d quarks m, ,a=0.3GeV/c 2. These values 
are a reasonable guess for the effective quark masses 
and show that the experimentally observed charm 
fragmentation is compatible with kinematic argu- 
ments as used in [7]. Similar results have been ob- 
tained by Azimov et al. [8], who carried out 
theoretical calculations on heavy hadron production 
and QCD radiative effects. 

Other charmed particles, e.g. the F-meson as a 
combination of c and s quark or charmed baryons, 
are expected to fragment softer than D-mesons, be- 
cause the more massive s-quark or diquark dece- 
lerates the c-quark more than a u- or d-quark does. 
Again applying (2) and (3) for mq-ms=O.SGeV/c 2 
and mQ=--mc=l.5GeV/c 2 leads to ~=0.11. Thus ( z )  
of F-mesons is expected to be ~ 10 % less than those 
for D-mesons. Indeed, the published data on F-me- 
sons production [21-25] seem to indicate a softer 
fragmentation, but the statistical significance is still 
rather poor. In addition one has to keep in mind 
that an unknown fraction of F-mesons coming from 
F*-decays also softens the measured spectrum. 

Following the line of (2) and (3) and taking a b- 
quark mass of mb=5GeV/c 2, results in %=0.004, 
and for primary B-mesons a fragmentation function 
with ( % ) ~ 0 . 8 5  is expected. This value is also quite 
consistent with measurements of inclusive leptons, as 
discussed below. 

So far, direct measurements of heavy particles 
are possible only for charmed mesons. Indirect infor- 
mation on both the charm and the bottom fragmen- 
tation is available from measurements of inclusive 
lepton spectra in e § e -  annihilation [26-31]. Those 
measurements are not directly comparable to the 
results obtained from D* production, for the leptons 
originate from an unknown mixture of primary me- 
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sons and baryons and their decay products, hence 
the resulting fragmentation functions are expected to 
be softer than those of the lightest primary D* and 
B mesons. The results of the different inclusive lep- 
ton analyses are presented using various fragmen- 
tation variables, defined as follows: 

X E = Ehadron/  E b  . . . .  

x~ = 2'  Ehadron/V/Shadronic system' 

Z E = Ehadron /Equark ,  

Z = ( E  -1- p 1[ )hadron/(E + p I] )quark" 

(6) 

(7) 

(8) 

(1) 

Both initial state photon radiation and hard 
gluon bremsstrahlung are unfolded in the variables z 
and z e. The variables x E and x)  are comparable to 
the observables used in the direct heavy meson ana- 
lyses (4), x~ being corrected for photon radiation. 
That implies the relation ( z )  ~ ( z E )  >= (x ' e )  > ( x e ) ,  

and it is not very meaningful to calculate the aver- 
age value of all published results. In addition, the 
correction of these results to a common basis, as 
presented for the direct D*-analyses, is quite difficult 
due to the different fitting procedures and model 
calculations done by the various experiments. 

The mean values of the fragmentation variables 
resulting from inclusive lepton analyses are listed in 
Table 1. The average (zb) from MAC, MARK-J  
and TASSO is (Zb)=0.80+0.06 and agrees well 
with the value 0.85, calculated above from the ratio 
of quark masses as an expectation for primary B- 
mesons. The results for the charm fragmentation 
are compatible with the combined (ze) from the 
D*-analyses, except the value from [30]. 

Measurements on charm fragmentation have also 
been made in v-N-sca t te r ing  experiments by the 

CDHS 1-32] and E531 [33] collaborations. CDHS 
studies D-meson production in dimuon neutrino 
events. The fitted fragmentation variable is: 

z,  = E o / E  c, (9) 

E D and E c being the energies of the D-meson and of 
the charm quark in the rest frame of the hadronic 
system. This variable is similar to the ones used in 
e+e  - analyses, and the result of (G)=0.68_+0.08 
agrees quite well with those measurements. 

E531 reconstructs charmed mesons and baryons 
directly and presents a spectrum of the variable 

X v = E h a d r o n / ( E  v - -  e u )  (1 O) 

with (x~)=0.59+0.03+0.03 ,  where the energies of 
the incoming v and outgoing # are defined in the 
laboratory frame. The variable x~ is not directly 
comparable to z~ nor to the variables used in e + e-  
annihilation. This is pointed out in more detail by 
T.D. Gottschalk in [34], who expects 
(x~)~0 .8" (zv) .  Thus, the two results on c-fragmen- 
tation from v-N-sca t te r ing  are compatible with 
each other and with the measurements in e + e-  an- 
nihilation, but again it is not meaningful to calculate 
the average of all the published results due to the 
differences in particle contents, energy range and 
definitions of variables that enter all the analyses. 

III. Comparison with Fragmentation Models 

Up to now, no experimental result on the fragmen- 
tation functions of heavy quarks has been sensitive 
enough to allow reconstruction of the detailed shape 
of those functions, and all perturbative QCD models 

Table 1. Resul t s  on heavy  q u a r k  

f r agmen ta t ion  from inclusive  lep tons  in 
e + e -  ann ih i l a t i on  and  from v - N -  
scat ter ing 

Exp. Lep ton  F i t t ed  M e a n  for M e a n  for 

var iab le  cha rm b o t t o m  

M A C  /~ z 0.8_+0.1 

M A R K - I I  e z E - 0.75_+0.05_+0.04 
D E L C O  e x~ 0.69 _+ 0.06 0.78 + 0.05 
T P C  e x~ - 0.74 _+0.05 _+0.03 
T P C  /~ x e 0.60_+0.06_+0.04 0.80_+0.05_+0.05 
M A R K - J  ~ z 0.46-+0.02_+0.05 0.75_+0.03+0.06 

TASSO e z 0.57 + 0 ' 1 0 + 0 0 6  0.84 + 0 1 5 + 0 " 1 5  
- 0 . 0 9  - 0 . 0 5  - 0 . 1 0  - 0 . 1 1  

T A S S O  # z 0.77 + 0 . 0 5 + 0 . 0 3  085  + 0 1 0 + 0 0 2  
- 0 . 0 7 - 0 . 1 1  " - 0 . 1 2  0.07 

C D H S  d i m u o n s  z~ 0.68 _+ 0.08 - 
E531 hadrons  x v 0.59_+0.03_+0.03 - 
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Fig. 4. The experimental O*-spectrum of the ARGUS collabo- 
ration, compared with two different model calculations: the Lund 
model, using a fragmentation function of Peterson et aI. with e 
=0.05, and the Webber model with a simple procedure for 
charmed cluster decays 

using the standard fragmentation functions are able 
to describe the data if the parameters are adjusted 
properly. In the case of the commonly used single 
parameter function of Peterson et al., a good de- 
scription is obtained with e in f(z) calculated ac- 
cording to (3). This knowledge of the parametri- 
sation of the heavy quark fragmentation functions 
may reduce possible systematic errors in a wide 
spectrum of hadronic analyses, where detailed com- 
parisons of data with model calculations are neces- 
sary. 

An interesting question is whether QCD-shower 
models describe the experimentally observed frag- 
mentation of charmed particles. To describe the 
fragmentation process, no phenomenological frag- 
mentation functions are needed by those models, as 
described above. The model of Webber et al. [10], 
which originally did not include the fragmentation 
of charmed particles due to the weak decay of c- 
quarks before formation of clusters, has been extend- 
ed in the following way [35]: Primary c-quarks stay 
in the QCD-cascade without weak decays and form 
clusters similar to the light quarks. Each charmed 
cluster then decays into a D* plus a n or a K meson. 
This simple procedure cannot describe the experi- 
mental charm particle yields and cross sections, but 
is well suited to study the fragmentation Of D*- 
mesons. 

The spectrum of the final D*-mesons predicted 
by this model, including initial state photon ra- 
diation, is compared to the ARGUS data in Fig. 4. 
Also shown is the final D*-spectrum calculated from 
the Lund model and f(z) of the Peterson type with a 
=0.05. Both models agree quite well with the data, 
indicating that multiple gluon radiation due to lead- 

ing logQCD plus a simple cluster decay model may 
well describe the phenomenological fragmentation 
functions needed to explain data in the framework 

of perturbative QCD models. At l / s =  10 GeV, how- 
ever, the dominant process that determines the final 
D*-spectrum of the QCD shower-model is the clus- 
ter formation and decay. A good agreement with the 
data can also be achieved at c.m. energies of 29 and 
34 GeV, where both the contributions of QCD gluon 
radiation and of the cluster decay algorithm are 
approximately equal in size. 

IV. Summary 

Calculations have been presented in order to extract 
<zc>, the mean of the charm fragmentation function, 
from direct measurements of the D* energy- and 
momentum- spectra in e + e- annihilation. The result 
is 

<zc> =0.71 +_0.014+_0.03 

for a cutoff between fragmentation and perturbative 
QCD at Ymi,=0.015. This result is constant in the 
c.m. energy range of 10GeV to 34GeV. It is com- 
patible with kinematic considerations of hard frag- 
mentation functions for heavy quarks, in particular 
with the interpretation of the parameter e in the 
function of Peterson et al. as the squared ratio of the 
constituent quark masses. Following these conside- 
rations, F-mesons and charmed baryons are expect- 
ed to fragment ~10% softer, which seems to be 
compatible with recent F-measurements. For pri- 
mary B-mesons, (zb) is expected to be ~0.85. Re- 
sults on charm and bottom fragmentation from in- 
clusive lepton spectra in e + e- annihilation and from 
v-N-scattering cannot be directly compared and 
combined due to the presentation of different ob- 
servables, but are in general agreement with the 
presented results from D*-mesons. QCD-shower 
models reproduce the experimental data on charm 
fragmentation and offer an alternative description of 
phenomenological fragmentation functions by mul- 
tiple gluon radiation and a simple model for 
charmed cluster decay. 

Acknowlegements. I wish to thank my colleagues from the JADE- 
collaboration for many discussions and suggestions, in particular 
J. v. Krogh, E. Elsen, R. Marshall and J. Heintze. Special thanks 
also to T. Sj6strand and B.R. Webber for numerous fruitful dis- 
cussions on the model calculations. 

References 
1. P. Hoyer et al.: NucL Phys. B161, 349 (1979) 
2. A. All et aL: Phys. Lett. 93B, 155 (1980) 



S. Bethke: Heavy Quark Fragmentation Functions 181 

3. B. Andersson et al.: Phys. Rep. 97, 33 (1983); T. Sj6strand: 
Comp. Phys. Commun. 27, 243 (1982); ibid. 28, 229 (1983) 

4. Ya. I. Azimov et al.: Leningrad preprint LNPI-222, 1976 
5. M. Suzuki: Phys. Lett. 71B, 139 (1977) 
6. J.D. Bjorken: Phys. Rev. D17, 171 (1978) 
7. C. Peterson et al.: Phys, Rev. D27, 105 (1983) 
8. Ya. I. Azimov et al.: Yad. Fiz. 40, 777 (1984); Leningrad 

preprint 912, 1983 
9. T.D. Gottschalk: Nucl. Phys. B214, 201 (1983) 

10. B.R. Webber, G. Marchesini: Nucl. Phys. B238, 1 (1984); B.R. 
Webber: Nucl. Phys. B238, 492 (1984) 

11. J.M. Izen: XV. Symp. on Multiparticles Dyn., Lund 1984; 
DESY 84-104 

12. CLEO-Collab. P. Avery et al.: Phys. Rev. Lett. 51, 1139 
(1983) 

13. ARGUS-Collab. H. Albrecht et al.: Phys, Lett. 150B, 235 
(1985) 

14. MARK-II-Collab. J.M. Yelton et al.: Phys. Rev. Lett. 49, 430 
(1982) 

15. TPC-Collab. R.J. Madaras: Proc. of the XIXth Rencontre de 
Moriond, Vol. 2 1984 

16. DELCO-Collab. H. Yamamoto et al.: Phys. Rev. Lett. 54, 522 
(1985) 

17. HRS-Collab. S. Ahlen et al.: Phys. Rev. Lett. 51, 1147 (1983) 
18. JADE-Collab. W. Barrel et al.: Phys. Lett. 146B, 121 (1984) 
19. Tasso-Collab. M. Althoff et al.: Phys. Lett. 126B, 493 (1983) 

20. JADE-Collab. W. Bartel et al.: Z. Phys. C - Particles and 
Fields 25, 231 (1984) 

21. CLEO-Collab. A. Chen et al.: Phys. Rev. Lett. 51,634 (1983) 
22. TASSO-Collab. M. Althoff et al.: Phys. Lett. 136B, 130 (1984) 
23. TPC-Cotlab. H. Aihara et al.: Phys. Rev. Lett. 53, 2465 (1984) 
24. ARGUS-Collab. H. Albrecht et al.: DESY 84-043; K.P. 

Schubert: 5th Moriond workshop on Heavy Quarks, La Plagne 
1985 

25. HRS-Collab. M. Derrick et al.: ANL-HEP-PR-85-02 
26. MAC-Collab. E. Fernandez et al.: Phys. Rev. Lett. 50, 2054 

(1983) 
27. MARK-II-Collab. M.E. Nelson et al.: Phys. Rev. Lett. 50, 

1542 (1983) 
28. DELCO-ColIab. D.E. Koop et al.: Phys. Rev. Lett. 52, 970 

(1983) 
29. TPC-Collab. M. Aihara et al.: Z. Phys. C - Particles and 

Fields 27, 39 (1985); JHU-8501 
30. MARK-J-Collab. B. Adeva et al.: Phys. Rev. Lett. 51, 443 

(1983) 
31. TASSO-Collab. M. Althoff e ta] . :  Z. Phys. C - Particles and 

Fields 22, 219 (1984); DESY 84-061 
32. CDHS-Collab. H. Abramovicz et at.: Z. Phys. C Particles 

and Fields 15, 19 (1982) 
33. E531-Collab. N. Ushida et al.: Phys. Lett. 121B, 292 (1983) 
34. T.D. Gottschalk: Nucl. Phys. B227, 413 (1983) 
35. B.R. Webber: private communication 


