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COMPARISON OF LIGHT QUARK AND CHARM QUARK FRAGMENTATION 
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Separate samples of charm quark and light quark (u, d, s) jets have been isolated in an experiment studying e+e - 
annihilations at x/~ = 29 GeV. The results come from data corresponding to an integrated luminosity of 111 pb 1 collected by 
the High Resolution Spectrometer. Differences were observed in charged multiplicities, momentum distributions, and rapidity 
of the size expected from the different fragmentation functions and leading particle decay properties of the two samples. 

In this paper we report  the first comparison of  the 
fragmentation properties of  the charmed quark (c) 
with light quarks (u, d, s). The data are selected from 
a sample of  " 4 0  K hadronic events collected by  the 
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high resolution spectrometer (HRS) at the PEP e+e -  
colliding beam facility, corresponding to an integrat- 
ed luminosity of  111 pb -1 . The storage ring was 
operated at a center-of-mass energy of  x/s  = 29 GeV. 

The HRS is a general-purpose detector with out- 
standing momentum resolution for charged tracks 
[ 1 ]. Photons and electrons are also measured in a 
set of  calorimeters that  surround the tracking system 
and cover 90% of  the full solid angle. A set of  thresh- 
old ~erenkov counters with 7r and K thresholds of  
1.5 GeV/c and 6 GeV/c, respectively, were in opera- 
t ion for much of  the data-taking. 

0370-2693/85/$ 03.30 © Elsevier Science Publishers B.V. 
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The charm quark data sample is specified by the 
observation of a D *÷ ~ D0rr + decay (plus charge con- 
jugate) followed by one of the decays: D O -* K - n  +, 
or D O ~ K-Tr+lr+rr - .  The energy fraction ZD. 
= 2ED./X/~was required to be >0.4 for the former 
decay mode and >0.5 for the latter. To be called a 
kaon a particle had to go undetected in the ~erenkov 
counter system. The D * - D  0 mass difference (AM) 
shows a narrow peak containing 150 D*'s [2], which 
we use to tag cEevents. We estimate a (15 + 3)% light 
quark contamination in the charm quark data sample 
after applying the mass difference selection of 144 
MeV < AM < 147 MeV. The high ZD. requirement 
M__so effectively excludes those events originating from 
bb production. The momentum spectrum of the D* 
trigger particle is shown in fig. 1 a. 
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Fig. 1. (a) Momentum spectrum of trigger D* meson and 
trigger particle for light quark jet selection. (b) Monte Carlo 
prediction of charmed quark jet contamination in light quark 
sample. 

The light quark sample was obtained by selecting 
all events containing one charged trigger particle with 
momentum fraction Z = 2p/x/'s greater than 0.7 
(p > 10.15 GeV/c). Even though the c and b quark 
fragmentation is hard, the events have few high-mo- 
mentum rr and K mesons in the final state because of 
the large decay multiplicity of D and B mesons. The 
momentum spectrum of the trigger particle is shown 
in fig. la. There are 314 events above the 10.15 GeV/ 
c momentum cut. The excellent momentum resolu- 
tion of the HRS is important in allowing a clean selec- 
tion of such high momentum charged particles. As 
shown by the line, which was calculated from a 
Monte Carlo (MC) simulation of the experiment, the 
data include an estimated background from cE and 
bbevents of (11 +- 2)%. (In the MC simulation, the 
primary partons are generated according to the Lund 
model and the fragmentation of the partons into ha- 
drons uses the Feynman and Field prescription [3 ]. 
The charm fragmentation function is adjusted to 
agree with our measured D* data [2]. We also use this 
simulation to correct the measured quantities for the 
detector acceptance and resolution.) 

For both data sets the thrust axis of the event was 
required to be inclined at greater than 50 ° with re- 
spect to the e+e - beam direction, and the charged 
multiplicity of the event (Arch) to be greater than five. 
For the charm quark events, we count the decay 
products of the observed D* as a single particle. 

The characteristics of the jets opposite to the trig- 
ger jet are compared. For two-jet events long range 
je t - je t  correlations are weak so that the fragmenta- 
tion of the opposite jet should proceed independent- 
ly of the trigger jet [4]. A plane perpendicular to the 
thrust axis was used to divide the events into two jets. 
For three-jet events, however, the requirement of a 
high-momentum trigger particle tends to suppress 
light quark events with hard gluons compared to 
charm quark events. While the hard gluon events ac- 
count for less than 10% of both samples, they can 
have a strong effect on averages of jet variables. To 
remove those three-jet events which would be suppres- 
sed in different amounts in the two samples, we re- 
quired that M2/s < 0.04 for the jet opposite to the 
trigger, where M is the jet mass calculated from the 
charged particles, assuming the pion mass [5 ]. As 
seen in the MC results of fig. 2, this selection has little 
effect on the two-jet events but cuts a significant frac- 
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Fig. 2.M'2]s distributions calculated from the MC simulation 
for charm quark and light quark fragmentation for two~et 
(qq-) and three-jet (q~g) events for the jet opposite the trigger 
jet. 

tion of  the three-jet events. The final data set contains 
111 cU events and 287 light quark events. 

The mean values of  the kinematic variables mea- 
sured in the jet opposite the trigger jet, corrected for 
detector acceptance, are given in table 1. There are 
statistically significant differences in some variables 
for the two samples which disappear when account is 
taken of  the different kinematic behavior of  the lead- 
ing quarks. 

The mean multiplicity of  the charm quark jets is 
higher than that of  the light quark jets. Although the 
higher momentum of  the leading particle in the c 
quark events leads to a lower multiplicity for the sea 
fragmentation, this effect is more than compensated 
by the decay multiplicity of  the c quark mesons. A 
detailed calculation [5] uses the branching ratios to 
obtain the mean number of  charged decay products 
of  charmed and light quark leading particles. The 
fragmentation functions are used to obtain the resi- 

dual energy (EBeam-Eleading quark)" The measured 
charged particle multiplicity in e+e-  collisions at this 
residual energy (corrected because no charm particles 
are produced in the hadronization of  the residual en- 
ergy) and the mean number o f  charged decay products 
gives (Neh)calc = 6.4 for chark quarks and 5.7 for light 
quarks which is in good agreement with the observed 
values in table 1. Suitably weighted,the (Ncl a) mea- 
surements are consistent with our inclusive jet 
sample * 1. The multiplicity distributions, normalized 
to the mean value Nch/OVch), are quite similar as seen 
in fig. 3a. 

The values o f  (PT)for charged particles in the two 
samples are the same, within errors, as are the p2 T dis- 
tributions shown in fig. 3b. They are also in agreement 
with (pT) for charged particles measured for the in- 
elusive sample [6]. 

The source of  the difference in (p) for charged par- 
ticles from light and charm quark jets as seen in table 
1 is the same as that for (Neh). The p distributions for 
the two samples are shown in fig. 3c. 

The rapidity distributions of  fig. 4 show a 10% 
higher plateau value for the charm quark jets, consis- 
tent with the higher multiplicity of  that sample. In 
calculating rapidity, we assign the pion mass to all 
particles. The rapidity plateau is somewhat wider for 
the light quark events (fig. 4a); the distribution falls 
to (1/Nev)dN/dY= 1 at Y=  2.8 + 0.1 for the charm 
jets and Y = 3.0 + 0.1 for the light quark jets. 

The MC curves on fig. 4 show the predicted distri- 
butions in rapidity of  the two components: the 
dash-dot ted  curves correspond to the decay particles 
from the hadron that contains the leading quark, 
whereas the dashed curve shows the rapidity distribu- 
tion o f  the remaining particles in the jet. The sum of  

*1 We have previously reported values for the inclusive jet 
sample of <Nch) = 6.55 ± 0.30, (p) = 1.31 ± 0.02 GeV/c, 
(PT) = 0.380 ± 0.005 GeV/c and (53 = 0.130 ± 0.003 
-+ 0.010 [6]. 

Table 1 
Mean values of jet variables 

(Arch> (p) GeV/c (pT) GeV]c (S) (1 - T) 

charm quark jets 6.6 -+ 0.2 1.38 -+ 0.06 0.39 + 0.01 0.094 + 0.010 0.082 + 0.005 
light quark jets 5.8 ± O1 1.52 ± 0.04 0.40 ± 0.01 0.087 ± 0.007 0.092 ± 0.004 
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quark events. The dash-dotted line shows the distribution of 
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the harder charm quark fragmentation. The effect is 
even more pronounced for the b quark as has been 
reported by the DELCO collaboration [7]. Such dif- 
ferences might be useful to select top quark jets in 
future studies of  very high energy e+e-  or hadronic 
interactions [8]. 

The TASSO group [9] has compared properties 
of  charm quark jets (selected with a D* tag) with a 
global data sample and observed no differences. With 
a larger data sample and a selected light quark sample 
the present experiment detects some differences be. 
tween light and charm quark events, but these are at- 
tributable to effects associated with the difference in 
mass of the leading quarks. No other differences be- 
tween hadronization of  quarks of  different flavors is 
observed. 

This work was supported by the US Department 
o f  Energy. We thank the technical staff of  PEP and all 
the collaborating institutions for making the experi- 
ment possible. 
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