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Abstract

Charmed mesons, produced on silicon, copper and tungsten by 340 GeV 7™, have
been identified as peaks in invariant mass distributions. The comparison of the vields
of charmed particles originating from interactions in Si, Cu and W allows the mass

t number dependence of the charm hadroproduction cross section to be measured. As-
suming the usual parametrization ¢, = gpA%, we find & = 0.92 £ 0.06 for charmed

’ mesons with < zp >= 0.24. We do not find any decrease of o with increasing 2 in

contrast to the case of the production of particles containing only light quarks.



The cross section for particle production on a nuclear target of mass number A is
usually parametrized as: ‘ ‘

O'(A) = ggA” ' (1)

where g(A) is the nuclear cross-section, 0o = Ko(p) is proportional to the proton cross

section and « is a parameter. In the hadroproduction of particles containing only light

quarks o is observed to decrease with zp from ~ 0.75 at zp = 0 to ~ 0.45 at zp =1 [1]

and to increase with pr [2].

The importance of determining a for charm is two-fold:

(a) To establish if perturbative QCD is applicable in the case of charm (the QCD parton
model predicts the charm cross section to be an incoherent sum of elementary processes
on partons and hence proportional to the number of quarks in the nucleon, that is
a~1).

(b) To reconcile the results of charm hadroproduction experiments performed with differ-
ent target materials {3].

Previous A-dependence measurements of the charm hadroproduction cross section
o. give conflicting indications: a measurement based on the comparison of two bubble
chamber experiments [4] favours a ~ 1 but with large errors, while beam dump experiments
(5] based on the measurement of lepton yields which need large and model dependent
correction factors, favour a ~ 0.75.

In this paper we report on a study which compares charm hadroproduction in targets
of silicon, copper and tungsten. The experiment has been performed at the {? Spectrometer
at CERN using a beam of 340 GeV n~. Details of the apparatus, of the data processing
and of the trigger requirements have been given in previous publications [6]. Here we
simply recall the features that are most relevant to this analysis.

The experiment is based on the detection and measurement of secondary vertices.
Charm events are produced by interactions of 340 GeV 7~ in a 2 mm thick target composed
of two different materials placed side by side along the z axis, where 2z is the vertical
coordinate transverse to the beam direction. The beam illuminates the two halves of the
target simultaneously thus eliminating several possible sources of systematic uncertainty.
Part of the data have been taken using St and W as target materials, part using Cv and
W.

Tracks and vertices are precisely reconstructed by means of a telescope made of 23
silicon microstrip detectors that complements the track information provided by the Q2
Spectrometer. Typical errors on transverse (longitudinal) vertex position are of 10 (500)
pm while the error on momentum measurement is 8P ~10™* GeV~! [6]. The acceptance
of the apparatus is such that charmed particles can be reconstructed only for positive zp.

Events are accepted only if:

a) the primary vertex (VTX1) lies inside the target within 20;(o) being the error on the
VTX1 position);

b) at least one secondary vertex (VTX2) is found downstream of the target and upstream
of the first microstrip detector (5.6 ¢m distant from the target centre). The tolerance
here is 303(02 being the error on the VTX2 position);

c) the distance between VIX1 and VTX2 exceeds 60y, (where 01, = (02 + 02)1/?).
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d) the sum of the momenta of the tracks associated with a secondary vertex points back
to the primary vertex within 60 um.

In this analysis the invariant mass of the set of tracks associated with each secondary
vertex is calculated without using particle identification. For the two-prong vertices we
thus assume both the K'm and mK combinations, for the three-prong vertices the Cabibbo
favoured K'nm combination is taken and for the four-prong vertices the four possible Knnx
combinations are taken. Charmed mesons appear as peaks in the above invariant mass
distributions as shown in figure 1 (a) to (c). We similarly look, in the same data sample,
for K% — ntx~ and we find the signal shown in figure 1 (d); this signal was used as a
check in the analysis we describe below.

Events are assigned to a given target material according to the z-coordinate of the
primary vertex. The distributions along z of primary vertices for K% and D° events
are shown in figure 2 for the Si/W target. In order to avoid wrong assignments a 180
pum wide horizontal band at the boundary between the two materials is excluded. The
number of charmed mesons in Si, Cu and W are then determined by maximum likelihood
fits to the invariant mass distributions. The signal peaks are fitted with Gaussians and
the backgrounds with a third order polynomials. As an example the fits for the decay
D* & K¥x*x% in Si, Cu and W are shown in figure 3. The number of D mesons that
we reconstruct are 102 + 13 in silicon, 528 & 32 in copper and 1017 £ 35 in tungsten.

In order to perform the calculation of & as defined in eq.(1) we must know:

a) the beam flux on the two sides of the target
b) the biases due to the trigger, to the event reconstruction and to the analysis.

The flux correction has been measured using beam events that have been recorded
interleaved with the experimental triggers. The error on the ratio of the fluxes is 3 - 1073
and it does not therefore contribute appreciably to the error on the a measurement.

To correct for the trigger, the reconstruction and the analysis biases we have developed
a detailed Monte Carlo. Charm events were generated by a combination of FRITIOF 6
[7] for the nuclear, low pr part and PYTHIA 5.4 [8] for the perturbative QCD part.
Simulation of hadronization and decays was done by JETSET 7.3 [9]. Events of the type
A — KX or A — CCX were generated, where A = §i,Cu, or W and C is the
charmed hadron under study. The decay channel of C is fixed whereas the nature and
the decay channel of the charmed partner C are distributed according to measured cross
sections and branching ratios. The phase space distributions for all particles are those
emerging from the Lund programs. The detector simulation was done with a GEANT
2 {10,11] program which includes all important effects like inefficiency, noise, scattering,
pair production, secondary interactions, etc.. GEANT outputs were then passed through
a trigger simulator and through the same program chain used for the analysis of the real
data. K2 events were generated by FRITIOF 6 and then treated in the same way as the
charm events.

To control our procedure, we have first performed the calculation of a for the K%
sample and we obtain

o(K%) = 0.72 £+ 0.02 for <zp>=0.05

in good agreement with published data [1,12].
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The same procedure, applied to the charm sample, gives

a(D)=10.9210.06 for <zp>=0.24

The error is dominated by the statistics, and the systematic uncertainty arising from Monte
Carlo corrections is small and is included in the quoted error.

Separate measurements for the three decay channels we have considered, give: a(f)'o —
K¥Fr%) = 1.0340.11,a(D* - KFr¥rt) = 084+ 0.08,a(D° — K¥rtrtr¥) = 0,93+
0.11.

There have been some indications that a may decrease with g in charm production
by pions {13]. Decrease of o with zp has been also reéently observed in J/¥ production
by protons{14]. However, as shown in Figure 4, our data do not indicate, within the
present statistical accuracy, any decrease of a(D) with zr which is similar to what has
been reported for J/¢ production by pions [15].

In conclusion, the present data obtained with a 340 GeV 7~ beam, indicate that
o, increases faster with the mass number than the production cross section of hadrons
containing only light quarks. The value of the a parameter we measure for open charm
production by pions is compatible with that predicted by perturbative QCD and agrees
with the value obtained for hidden charm production by protons [14], and by pions [15].

No statistically significant decrease of a with zp is observed.
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FIGURE CAPTIONS

Fig.1 - Charm signals used in this analysis:

a) K*zn¥

by K*Ep¥Fqo¥

¢) KtnFgaFpd

d) K% — n*n~ signal. Only the K% decaying in front of the silicon de-
tector telescope are considered.

Fig.2 - z-distribution of primary vertices in the target made of silicon and tungsten for the
K¢ and the D° — K¥x¥ samples.

Fig.3 - Invariant mass distributions of D¥ — K¥x*7% and their fits (see text for details)
for interactions in the target made of (a) tungsten and (b) silicon and in the target made
of (¢) tungsten and (d) copper.

Fig.4 - The parameter a for charm production as measured in three rp intervals.
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