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containing 425 clear charm decays, 57 decays with a charm signature but
without a clear topology and 75 decays without a charm signature but

paired with a charm decay in the same event.

The measurement of the charged particle multiplicity of the
interactions with charm production, as well as the determination of the
momentum spectrum of the hadrons accompanying (but not including) the
charm hadrons, do not require a complete identification and kinematical
reconstruction of the charm decays. We therefore include in this analysis
all events with a "charm signature" which signals the presence of charm

even if the charm decays are not unambiguously identified:

- Events with one-prong (charged particle decays) or 2-prong (neutral
particle decays) not compatible with a strange particle decay (the
strange particles represent, by far and large, the main source of
background te charm decays in this experiment). To be incompatible with
a strange particle decay, it is sufficient that at least one of the
decay particles has a transverse momentum (with respect to the line of

flight of the parent particle) larger than 250 MeV/c.

- Events with decay topologies (3, 4 or 5 prongs) which represent a clear
signature of charm decay, even if some of the decay particles are not

momentum analyzed (i.e. fall outside the spectrometer acceptance).

For the determination of the "shape" of interactions with charm
production (sphericity, thrust, etc.), we need a better knowledge of the
charm hadron kinematics and therefore limit ourselves to events in which

at least one charm particle is completely reconstructed and identified.

CHARGED PARTICLE MULTIPLICITY

The charged particle multiplicity distribution observed for 400 GeV/c
proton-proton interactions associated with charm production is shown in
fig. 1. Charm hadrons, if charged, contribute for one unit each to this
distribution (decay products, of course, are not included). To avoid the
bias which could be due to hidden charm decays occurring very close to the
primary vertex, we restrict the selection to events with two observed

charm decays.



The charged particle multiplicity distribution observed in the same
experiment for interactions with no charm production is also shown in

fig. 1.

As explained in details in [1], the interaction trigger was demanding
at least three hits in wire chambers placed directly downstream of LEBC,
introducing a suppression of low multiplicity events. For interactions
with charm production, there was a much smaller suppression since the
trigger would "see", in addition to the charged particles produced at the
primary interaction vertex, the charged decay products of the charm
hadrons. For interactions without production of charm, the trigger
efficiency was estimated by comparing the observed multiplicity
distribution of ~ 600,000 interactions with the distribution derived
from the KNO scaling curve of Buras et al. [3]). The parametrization

_ w(z)
Pn T —20.9 ’

n - 0.9
> — 0.9’
{nteractions in a wide energy range. The scaling curve was normalized to

with z = gives a good description of proton-proton

the data for the high values of n (n > 8) and the value of <n> = 8.99 was
taken from [4]. The correction factor is large (11.1) for n = 2 but
negligible for n = 8 (1.05). For interactions with charm, the correction
factors were much smaller: 2.2 forn = 2, 1.075 for n = 4 and 1.014 for

n = 6. The data shown in fig. 1 are corrected for these trigger losses.

The average charged particle multiplicity is <n> = 8.98 = 0.01 for

interactions without charm, the dispersion being d = 4.60 = 0.40.

It is clear from fig. 1 that the multiplicity distributions for
interactions with and without charm are different. The average charged
particle multiplicity for interactions with charm is <n> = 11.0 = 0.5,

the dispersion being d = 3.9 % 0.2.

The increase in <n>, going from interactions without charm to those
with charm, is about two units. The significance of this observation may
perhaps be better appreciated by noting that such an increase of <m»
corresponds to the change of average multiplicity when going from

400 CeV/c to 1060 GeV/c proton—-proton interactions [5].
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LONGITUDINAL AND TRANSVERSE MOMENTUM DISTRIBUTICNS OF THE PIONS
IN CHARM EVENTS

To reduce the contamination due to misidentified leading protons, we
limit the analysis tc negatively charged particles and reject from this
sample the tracks which, according to the particle identification provided
by EHS, have a larger probability to be a K or a p. Tracks for which no

particle identification is available are taken as pions.

The relative longitudinal momentum x {0 < x ¢ 1) and p; distributions
of ® are shown in figs 2(a) and 2(b), respectively. The invariant
longitudinal momentum spectrum is rather soft, as expected for central

production. A fit with the function

* dN n
E ax « (1 - x)

yields n = 5.2 £ 0.5. This result underlines the softer behaviour of
these pions with respect to those observed for Interactions without charm
production, In this last case, n = 4.0 for a rather large range of
incident momentum [6]. This is also the value predicted by the quark

counting rules [7].

The transverse momentum squared distribution follows a double
exponential behaviour, with a large slope (exp (-10.6 p;) at small p;
followed by a smaller one above p; = 0.20 (GeV/c)2 : exp(-4.6 p;).
The average transverse momentum is 326 % 9 MeV/c, to be compared to
334
352

I+

3 MeV/c for 360 GeV/c proton-proton interactions [8] or to

I+

5 MeV/c for 405 GeV/c proton-proton interactions [9].

EVENT SHAPE IN MOMENTUM SPACE

The shape of the events in mementum space 1s analyzed in terms of

sphericity and thrust [10]:

2
3, P
S = 2 min 2
Ip

2,P4 |

T = max ZP



where pT and p/ refer to the transverse and longitudinal momentum of

the secondaries, respectively, with respect to an arbitrary direction in
the centre of mass system. When the minimum (for 5) or the maximum (for
T) is reached, this direction defines the main axis of the event. This
axis is very close to the direction of the incident beam particle in our
case, The observed trends of § and 1 — T for e+e_, lepton hadron,

hard and soft hadronic interactions [11] is to steadily decrease with
increasing total energy, indicating the dominance of two jet final
states., The trend evolves into larger sphericities observed for ete”
annihilations above ~ 25 GeV, a new feature attributed to the presence
of 3-jet events, whereas such an evolution is not observed for soft hadron

interactions at similar energies [12].

S and T have been calculated for all events with, at least, one
reconstructed charm particle and having at least one non charm charged
particle emitted in the forward c.m.s, hemisphere. Such a selection is in
agreement with the symmetric behaviour of proton-proton interactions and
takes Into account EHS acceptance. This selection does not affect T,
whereas Monte-Carlo simulations have shown that the corrections on 5 due
to this selection are smaller than statistical errors on this quantity.
The sample used for our calculations consists of 101 events with charm
production. After correcting for charm visibility, acceptance losses and

kinematical ambiguities, one finds the average values:

<S> = 0.14 x 0.02,
<1 - T> = 0.12 = 0.01.

The reliability of these results was checked, repeating the calculations
for samples of events having at least 2, 3, 4, 5 particles emitted in the
forward c.m.s. hemisphere: mno significant deviation from the quoted

values were found.

We also checked that the reconstruction inefficiency (4% for charge
particles emitted in the forward c.m.s. hemisphere) had negligible effects

on ¢8> and <1 - T>.

The mean values obtained for § and 1 - T for 360 GeV/c proton-proton
non-diffractive interactions without charm production are very similar
[12]:



<S> = 0.136 = .003,
<1 - T> = 0.120 = 0.002,

The charge multiplicity dependence of <S> and <1 - T»> is shown in fig. 3.
Both quantities increase with the number of charged particles, as also
observed for soft hadronic interactions (70 GeV/c K+p interactions [13],
147 GeV/c (v, K¥, p)p interactions [14]). The rise of <S> and

<1l - T> with increasing multiplicity is very steep in soft hadronic
interactions where the production of additional particles leads to more
and more isotropy. A weaker dependence is observed for events with charm
preduction. This production, characterized by relatively large pT

values for the charm particles, has a clear influence on the event shape.
More quantitatively, one obtaims <S> = 0.110 = 0.014, <1 - T> =

0.097 = 0.006 for events with charm particles produced at Pp < 1 GeV/c,

whereas <5> = 0.200 = 0.025, <1 — T> = 0.166 = 0.012 if Pp 2 1 GeV/c.

In fig. 3, the data are also compared to model predictions. For

these predictions, one combines the charm quark generating process.

gg ~ cc
(where g denotes hard gluons) with the Lund fragmentation scheme [15].

With this ensatz, the multiplicity dependence of <S> and <1 - T» is fairly

well reproduced.

Fig. 4 shows a comparison of the event shape ¢1 - T> and the average
charged multiplicity for interactions with and without charm production.
The non-charm production data cover a large range of incident momentum (10
to 400 GeV/c) and initial states (Wip, Ktp, pp interactions) [12-14, 1l6].
For non-diffractive production, the multiplicities were estimated, if not
published, using the approximation suggested by Wroblewski [17]. The
point corresponding to events with charm production (this experiment) lies
above the general trend observed for soft hadronic interactions. This is
primarily due to larger multiplicities observed for events with charm

production.

SUMMARY

The global properties of 400 GeV/c proton-proton interactions with

charm preoduction have been studied.
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The comparison of these properties to those of soft hadronic
interactions at similar energies shows an increase of the mean charged
particle multiplicity and a softening of the momentum spectra for the

hadrons (pions) produced in association with charm.

It is natural to interpret these differences by the more central
nature of collisions leading to charm production. The mean charged
particle multiplicity of the interactions with charm production is
<n> = 11.0 = 0.5, about two units larger than for soft hadronic
processes and the relative longitudinal momentum dependence of the

5.2

negative pions follows the distribution (1 - x) whereas it is

(1 - x)4 for noermal hadronic production.

The increase of <S> and <1 - T> with the charged particle multiplicity
of the final state is fairly well reproduced by a QCD fusion model

combined with the Lund fragmentation scheme.

Analyzing the dependence of the event shape on the average
multiplicity one finds that charm final states are more spherical than
expected from the general trend observed for the various soft hadron
experiments. A simple explanation is that charm events are less collinear
due to the high transverse momentum of the charm particles and due to the

larger multiplicities of the final states.
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FIGURE CAPTIONS

Fig. 1

Fig. 2

Fig. 3

Fig. 4

Charged particle multiplicity distributions, for 400 GeV/c
proton-proton interactions with and without charm production.
The data shown are corrected for trigger losses. The KNO
scaling curve, with Buras' parametrization, is also shown (see

text),

Momentum distributions of negative pions emitted in the forward

c.m.s. hemisphere from events with charm production:

(a) Invariant relative longitudinal x distribution.
(b) p; distribution.

Dependence of the sphericity and thrust on the charged particle
multiplicity of the final states for interactions with charm
production. The corresponding distributions for 70 GeV/c and
147 GeV/c interactions without charm production are also shown.

QCD model predictions are also shown (see text).

¢l - T> versus the mean charged particle multiplicity observed
for this experiment (with charm production) and others (without

charm production).
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