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We argue, using the Lund Monte Carlo model, that the increase in
mean transverse momentum (pr) with the number of charged particles n,
recently observed in e*e~ annihilations at LEP, has a significant contribution
from the production of strange particles and (anti)baryons. The correlations
of {pr} with na for kaons, protons and hyperons are much stronger than for
pions. The pattern of relative strengths of the correlations for these particles
is similar to that observed in high energy pp collisions. The comparison of the
data for the two reactions could provide a new insight into the dynamical origin
of these correlations in hadronic interactions.
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Recently we have argued [1] that the observed, but still not fully un-
derstood, increase in mean transverse momentum (pr) with the number
of charged particles ng, in high energy hadron-hadron collisions should be
also seen in ete_ annihilations into hadrons. In this earlier paper, we also
argued that the origin of this correlation in ete™ annihilations is due to
radiation of hard gluons. This prediction was soon thereafter confirmed by
the DELPHI Collaboration at LEP [2]. Meanwhile, it was also reported
[3] that in hadronic collisions (pT) vs ng, correlations have an important
contribution (at least for \/s = 1800 GeV) from the production of K*, A, A
and p [4].

The ete™ annihilation processes are believed to be adequately described
in terms of perturbative QCD amended by some acceptable fragmentation
scheme as, e.g., in the JETSET Lund Monte Carlo model [5]. These ete™
annihilations are also regarded as the simplest and cleanest examples of mul-
tihadronic production processes which can (and whenever possible, should)
be used as a testing ground, or even as building blocks, for models of all
hadronic multiparticle reactions. Also in [1], we indicated that such an
ete™ building block approach, although quite successful if applied to such
observables as mean multiplicities, mean pr or even multiplicity distribu-
tions, seems to fail in the simple, yet nontrivial correlation, {(pt) vs n.,.
The predicted growth of (pr) with energy in et e~ annihilations is hard to
temper to provide the much milder one seen in hadronic collisions (and it is
incompatible with possible saturation of (pr) with energy for hh reactions
at Fermilab Tevatron energies). A possible solution (and only if such a sat-
uration does not occur) is to allow for (at least) two component structure in
the hadronic collisions: (i) — one component is constant with energy and
nonperturbative in origin, dominating at lower energies and (ii) — a sec-
ond component, calculable in perturbative QCD, growth with energy, the
best candidate being the mini-jets [6]. This conjecture is strengthen by the
claim that such a perturbative QCD approach is also able to explain the de-
pendence of the correlations strength on masses of particles as measured in
hadronic collisions {7]. On the other hand, there are also other approaches
explaining this effect without any reference to perturbative QCD, hence
without any connection with the ete™ annihilation processes [8]. As an
example, we only mention the picture of a collective outward flow devel-
oping during the expansion and final breakup of the produced high-density
state (believed to be quark-gluon plasma) [9]. Such a flow would manifest
itself in a nonthermal shape of the pp spectrum and together with random
thermal motion would also provide the observed growth of the correlations
with the mass of emitted particles.

The mass and flavour dependence of (pt) vs ny, correlations is therefore
at the center of the vivid contest between the orthodox (here: at least par-
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tially perturbative QCD, valid also for ete™ annihilation processes) and
unorthodox (which means here the possible quark-gluon plasma forma-
tion specific only for hadronic and/or nuclear collisions) view of the high
energy hh processes. It is then of vital importance to check what the mass
dependence of the correlations is in such elementary processes as ete™ an-
nihilations governed mainly by perturbative QCD. This is the aim of our
work.

Using the JETSET 7.2 Lund Monte Carlo model [5] with gluonic shower
and string fragmentation (to date the most successful model for all ete™
annihilation data), we have calculated (pt) vs n), correlations for two ener-
gies and, unlike Ref. [1], we have resolved it into contributions from different
types of produced particles: K, A(A), p(p), = and = [10]. The results for
V3 = 30 GeV and 91 GeV are shown in Fig. 1 for the mean transverse
momenta in the event plane (pr), and in the direction perpendicular to
the event plane, (prout). Both directions are defined in the standard way
by using the second-rank tensor constructed from the final charged hadron
momenta [11]. For /s = 30 GeV, the gluon radiation effects are relatively
small [1]. We observe, however, that the very weak positive correlations for
the whole sample are magnified for heavier particles. This effect is enhanced
for /s = 91 GeV, where we observe a strong increase of (pin) and (PT out)
with ngy,, for the whole sample and large differences of the magnitude in cor-
relations for different types of particles. The correlations are much stronger
in the event plane (i.e., for (prin)), defined essentially by the quark and the
most energetic gluon emitted. They come mainly from gluon radiation [1]
and thus are controlled by perturbative QCD (modulo the fragmentation
procedure). This can be seen in Fig. 2, where the correlations are either
slightly negative for pions or absent for heavier particles in qg events with-
out hard gluon radiation generated by the matrix element version of the
Lund model [12]. Comparison of Fig. 1c and Fig. 1d with Fig. 2 shows that
the very weak mass effects in (pr) vs ny, correlations for heavy particles in
quark fragmentation are strongly amplified by the presence of hard gluon
radiation. We conclude then, that (pt) vs n., correlations for heavier par-
ticles provide more sensitive probes of hard gluon radiation than the same
correlations for pions.

The results presented in Fig. 1 show strikingly similar pattern of corre-
lations strengths to that observed in pp collisions [3, 4] although, as noted
in [1] for all particles, the effect is more pronounced in e*e™ annihilations.
The comparison of the two types of reactions (cf., for example, Fig. 2 in
Turkot’s presentation [4]) shows a steeper increase of (pr) with n., and
higher values of (pr) expected in et e~ annihilations at LEP energies than
in pp interactions at the Tevatron for all the corresponding species of par-
ticles.
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JETSET 7.2 parton shower vs=30 GeV
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JETSET 7.2 parton shower vs=91 GeV
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Predictions of the Lund parton shower model for the dependence of average trans-
verse momenta of various particles in the event plane, {(pri,), and in the direction
perpendicular to the event plane, (prout), on charged-particle multiplicities in e*e™
annihilations into hadrons at /s = 30 GeV [(a) and (b)] and /s = 91 GeV [(c)
and (d)].
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ally in the Lund Model. The dlstmctlve feature of the (nonperturba.twt; in,
character) procedure of string fragmentation [13] is its strong dependence
on the mass of produced particles for small z, This region is almost to-
tally dominated by the pions whereas for larger 2 this dominance s greatly
diminished [11]. This z-dependence on mass is transformed by gluen radi-
ation to transverse dimensions because pp ~ z: Ejc¢ 5in 6, where Eje is the
energy carried by the gluon jet and 6 is the angle between thrust axis and
the direction of the gluon jet. Very important are also decays of resonances,
which finally produce slow pions whereas relatively “stable” final baryons,
like p(p) or A(A) retain their original larger pr (being, therefore, much more
sensitive probes of gluon emission). The consequences of such behaviour for
the correlations can be seen most clearly in Fig. 3, where we have plotted
the expected (pr) vs ng, correlations but here (pT) was calculated only for
particles with the longitudinal momentum |p| > 2 GeV/e. One can see
immediately that in this case the correlations for pions are also very much
enhanced, in fact in a way similar to other particles. The main reason is
that the averaging procedure inherent in calculating (pr) does not “dilute”
the effect for large z pions as it does in the case for the total pion sample
[14]. The remaining differences in Fig. 3 ean be attributed to the phase
space effects for particles with different masses [15].

To summarize, the main difference between (pr) vs n.y, correlatians for
pions and heavier particles can be explained by the abundant production
of pions at low momenta in ete™ annihilations [14]. If the erigin of the
correlations in hadrenic cellisions is similar (i.e., caused mainly by gluenic
mini-jets 6, 7]), we expect that the same mechamsm should explain also the
differences in the magnitude of the correlations observed for pions, strange
particles and baryons in pp collisions at the Tevatron. In this case we
predict that the magnitude of the correlations for pions should increase
if 'very low momenta particles are removed from the sample, It is alse
possible to explain the differenge between the magnitude of the (pr) and ngp,
correlations in ete™ annihilations and in hadronic collisions if the amount
of low momentum particles is much larger in these last processes because,
for example, of the presence of a second, nonperturbative compenent.

Our findings, if confirmed experimentally, would, therefgre, support
the orthodox (i.e., partially based on the perturbative QCD) models of
multiparticle production processes in hh collisions such as the one presented
in [6, 7]. On the other hand, however, as can be seen from Fig. 1 for ete”
annihilations, we should expegt strong energy dependence of the (pr) vs
nep correlations for different particles in hadronic collisions, essentially the
same as the one observed in [1] for the whole effect. The crucial test which
would then possibly differentiate between the proposed mechanisms lies in
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Predictions of the Lund matrix element model for the dependence of average trans-
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JETSET 7.2 parton shower pl > 2 GeV/c vs=91 GeV
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Predictions of the Lund parton shower model for the dependence of average trans-
verse momenta (pria) (8) and (prout) (b), for various particles with longitudinal
momentum |py| > 2 GeV/c, on charged-particle multiplicities in e* e~ annihilations
into hadrons at /s = 91 GeV.
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the energy dependence of this effect in hadronic reactions and so far we
have data only for /s = 1800 GeV. The purely perturbative QCD approach
clearly demands the untempered with energy growth of such correlations.

Therefore, any hint of its weakening with energy would suggest either
a growing with energy importance of the nonperturbative component (as
the one present already in [6, 7]) or even the nonperturbative origin of the
whole effect, the formation of (some sort of) quark-gluon plasma being the
most obvious candidate [16].

Before concluding we would like to draw attention to still another im-
portant feature of the Lund Model, namely to its apparent ability to mimic
genuine flow effects. In ete™ — qgg type of events it is known that strings
spanned between q — g — 4 are boosted in the overall c.m.s. This boost
affects mostly the heavier produced particles, in qualitatively the same way
as a collective flow of the type described in [9]. This collective feature of
the string in an otherwise elementary perturbative description of the e*e™
annihilation processes should be then kept in mind in any analysis of the
type presented above.

In conclusion, we suggest measurements of (pr) vs n., correlations
for various identified particles in ete™ annihilations and hh collisions at
different energies as a sensitive probe of the mechanisms of multiparticle
production.

We would like to thank M. Gazdzicki, M. Gyulassy, S. Pokorski, T.
Sjostrand and R. Sosnowski for very useful and illuminating discussions
and K. Lassila for critical reading of the manuscript.
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