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ABSTRACT

We report evidence for the production of the charged D*
mesons in pp collisions at /8 = 540 GeV. The search was
confined to the charged particle fragments of hadronic jets,
which are expected to be predominantly gluon jets in this
experiment. The fragmentation function and production rate for

*
D in jets are given.



A striking feature of the data collected so far at the
CERY proton-antiproton collider is the abundance of hadromnic
jets of large energy transverse to the beams (ET) f1]. The
understanding of the production of heavy quarks in these jets
is of considerable interest. Several studies of ¢ [2] and b
{3] quark production in e+e_ annihilation indicate that jets
initiated by these heavy quarks fragment in such a way that the
hadron carrying the heavy flavor takes a large fraction of the
total jet momentum. However in pp interactions at /s of 540
GeV, gluon rather than quark initiated jets are expected to
dominate for jet ET values below about 50 GeV [4]. 1In this
paper [5] we present observations of D,k+ production using- the
now standard procedure [2] of searching for the decay sequence
D*++ Doﬁ++ K—ﬁ+ﬁ+ as well as the charge conjugate mode. (Both
modes are implied by the mention of one throughout this paper.)

The UAl detector is described elsewhere [6]. We mention
briefly the detector elements of importance for this study. The
Central Detector, a large drift chamber immersed in a 0.7T
dipole magnetic field, was used for momentum and ionizatien
measurement of charged particles, The mean value of Ap/p2 is
(0.9X10_2)/(Gev/c) for the tracks used for the D*t search.
Ionization accuracy is about 10%Z for a track of 1lm length.
Total jet energy is measured with accuracy AE/E = 20% by
electromagnetic and hadronic calorimetry consisting of

lead/scintillator stacks followed by the instrumented irom of

the magnet yoke,



This work is based upon the data sample recorded in 1983
with integrated luminosity 113ob L. The following two
simultaneously recorded triggers are relevant to this study:

i) An "electron trigger”, namely at least 10 GeV of
localized transverse energy deposited in the central
electromagnetic calorimeters,

ii) A global "E_ trigger”, requiring more than 60 GeV of

T
total transverse energy in all calorimeters with
|n] < 1.5.
The results presented here come from the 1.2x105 electron
triggers having an electromagnetic cluster in excess of 15 GeV.
These events were reconstructed in the search for the
electronic decay modes of W and Z. However they also contain
about 30% of all jets having ET greater than 20 GeV. A subset
(27%) of these triggers which also satisfied the trigger
requirement (ii) was selected for this study.

Jets containing a minimum of three charged particles
were identified by applying a clustering algorithm to the
charged particle tracks in the events. The jets were required
to satisfy the following conditions: 16 < Py < 20 GevV/e, |n <
1, and ¢ > 450 with respect to the horizontal plane. Jets
closer to the horizontal plane were excluded because of
relatively poorer momentum resolution in this region. The lower

p.. limit is imposed due to reconstruction inefficiency of the

T

+ *+4 o+

nt from D + D at low momentum. Because of the steeply
*+ -+ + ) )

falling spectra in Py few D +» K wm n are lost by introducing

the upper Py limit, thus leaving a narrow range of Pp for the



fragmentation function study.

K—ﬁ+ and K_ﬁ+ﬁ+ mass combinations were formed from the
charged tracks associated with the jets. No particle
identification was used to distinguish between K and =, so both
K and 7 assignments were considered for each track. The
central detector ionization measurement was used to identify ei
arising from photon conversions in the beam pipe, delta rays,
etc.; these slow electrons can mimic the ﬁ+ from D*+ > Doﬁ+
which has a mean momentum of about 0.4 GeV/c in the kinematic
range under study. The average rejection factor of e/n for
momentum below 1 GeV/c is estimated to be 8,

Figures la,b show the mass difference AM = M(K—nl+n2+) -
M(K-n1+) for (a) all events , and (b) 1.83 < M(K_n1+) < 1.92
GeV/c2. Figures lc,d show the Kdn1+ invariant mass distribution
for (c) all events, and (d) 146 < AM < 148 MeV/c2. A fit of a
Gaussian distribution to the peak in AM (fig. 1lb) gives a mean
of 147.0 MeV/c?2 and an rms deviation of 0.6 MeV/c2. This width
is compatible with estimated experimental resolution, whereas
the mean is shifted by 1.6 MeV/c? from the standard value of
145.4 + 0.2 MeV/c2 [7]. This effect is associated with the fit
of the slow nﬁ track to the interaction vertex when it has
undergone multiple scattering in the steel beam pipe. The
fitted mean and width for the K_ﬁ+ peak (fig. 1d) are 1.870
GeV/c?2 and 23 MeV/c?, compatible with the known D° mass and the
estimated mass resolution, The corresponding mass

. . -+ -
distributions for the wrong charge combinations K w m and

K_ndﬁ+ exhibited no evident signals.



*
The peaks in figs. 1b,d contain an estimated 20 D + e

K_n+ﬁ+ events on a background of 8. We have investigated the

distribution in z = $D*;*jet/(pjet)2 for these events, where

-

*
pD* is the D momentum measured in the central drift chamber

and pjet is the modulus of the total jet momentum determined
from the energy deposited in the calorimeter modules. When the
total momentum of the charged particle jet is within +20° of
the vertical, the efficiency of the calorimetry is reduced and
a mismeasurement of pjet could result., Such events were
excluded from further consideration, leaving 9 events. After a
visual scan two additional events were eliminated due to
possible ambiguities in the association of the charged jet with
the correct jet as reccrded by the calorimetry, The =z
distribution for the remaining 7 events is shown in figure 2.
The data points have been corrected for inefficiency in
detecting the slow pion from D* > Dy decay. This inefificiency
is less than 10% for z > 0.1, but increases rapidly for smaller
z values., No attempt has been made here to extrapolate to
below z of §.1. The values of pjet for these events range from
25 to 45 GeV/c. The sensitivity of <z> to various alterpative
definitions [8] for z is less than 10%.

We have observed 20 D*+ > K—ﬁ+ﬁ+ decays in 3.4x103 jets
meeting the conditions discussed above. This number includes
only jets with at least 3 tracks. The corresponding total
number of jets was obtained as follows: A comparison of the
(charged + neutral) energy of a jet from calorimetry and the

{charged) energy from the tracking chamber for the same jet was



made, This gave the probability that a jet have a charged Pr
between 16 and 20 GeV/c as a function of the total {charged and
neutral) transverse energy. All calorimeter jets meeting
trigger and acceptance criteria equivalent to the charged jet
sample were then weighted by this probability, yielding a total
of 4.0x103 jets corresponding to the sample of 3.4XI03 charged
particle jets. The branching ratios used are B(D’k+ -+ Doﬁ+) =
0.44 +0.10 [9] and B(D® > K n') = 0.030 * 0.006 [10]. From the
effects of quality cuts and the track reconstruction
efficiency, the fraction of observed D*+ decays was estimated
as 0.42 + 0.18 for z > 0.1, The fraction of D*+ excluded by the
mass cuts was found to be 0,16 * 0.13. Then N(D*i)/N(jet) =
l.1 +0.2 +0.6 for z > 0.1. Although the systematic error is
large, with roughly equal contributions from branching ratio
and efficiency, this number of D*t per jet seems surprisingly
high. And the number of D*o could presumably be equal to D*'.
However we note that this measurement applies only to jets in

events satisfying the combined electron and global E_ triggers,

T
and may well be different for an unbiased jet selection.

Figure 2 implies a charm fragmentation which is much
softer than that determined in e+e_ annihilation, where the
fragmentation distributions were found te have mean values near
z of 0.6. This suggests that the charm production found here
for pE collisions does not result from the fragmentation of
jets initiated by a c-quark, In fact the number of observed

*+

D ~ is about a factor of 102 higher than predicted for c—quark

jets [4). Since the jets studied here are expected to be



predominantly initiated by gluons, a likely conclusion is then
that the observed D* production results from the fragmentation
of gluon jets into charm quark pairs, although production via
the decay of a copiously produced heavy object can not be ruled
out at this point.

Little is known about the particle content of gluon
jets, except perhaps that they contain a larger baryon fraction
than quark jets [8]. Although the amount of charm produced in
gluon jets would depend on the fragmentation mechanism, the
large rate observed here is probably consistent with the flavor
independence of the gluon coupling to quarks. Evidence
supporting the flavor independence for the gluon coupling of
charm relative to lighter quarks has indeed recently been
obtained [11]. If the interpretation presented in this paper
is correct, it is the first direct observation of heavy quark

production from gluon jets.
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Figure Captions

la. MM distribution in the region of M(D*+)—M(D0) with no MKn cut.

1b. MM distribution for 1.83 < M. < 1.92 GeV/c2,

lc. MKn distribution in the region of M(DO) with no AM cut.

1d. MKn distribution for 146 < AM < 148 MeV/c2,

Ze D*t fragmentation distribution for z > 0.l1. The data has been
corrected for the track finding inefficiency of the ﬂ? from

*
D * > D0ﬁ+. The mean value of z for z > 0.1 is 0.2.
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