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Fluctuations in particle densities of non-statistical origin are studied in
central !60+Ag(Br) and 32S+Au interactions at 200 A GeV. Non-statistical
fluctuations in the 32S-induced interactions seem to enhance the local par-
ticle densities, and suggest the presence of intermittgncy. The fluctuations
are found to be accompanied by a clustering tendency also in the azimuthal
plane. A new method for the study of azimuthal correlations is proposed.

(Talk given at QM’88, Lennox, Massachusetts, Sept 25-30, 1988)



One of the proposed signals for collective phenomena in relativistic heavy
ion interactions is large fluctuations in the number of produced particles in
local regions of phase space. As an example, the transition from the QGP back to
the normal hadronic phase, is predicted to give rise to such fluctuations(!).

The EMUOl-experiment was specially designed to be able to measure angles of
produced charged particles with extremely high accuracy!?’. For that purpose a
technique with vertically exposed emulsion chambers, consisting of several
emulsion layers, were used and a semiautomatical measurement system to facili-
tate the measurements was devised. With this technique it was possible to keep
the errors in the pseudorapidity, n = - 1ln tan 6/2, for a particle produced in
the region 1 < n < 7 smaller than 0.013 units of pseudorapidity. The emulsion
chambers were exposed to the CERN oxygen beam at 200 A GeV in 1986, and in 1987
chambers equipped with thin gold-foils were exposed to the sulphur beam. The
high accuracy makes this experiment well suited for studies of non-statistical
fluctuations of particles along the n-axis down to regions, 4n, of 0.01 units of
pseudorapidity. Some results from the '¢0-run have been published elsewheref(3).

For this study 80 190+Ag(Br) events with more than 150 charged particles
within a 30° (n = 1.3) cone and 40 preliminary 32S+Au events with a correspond-
ing multiplicity cut at 300 charged particles were selected. The cuts correspond
to 15 - 18% of the estimated minimum bias cross section. The multiplicity cut
for the 160-induced interactions automatically excludes the contribution from
the 1lighter target components (H, C, N and 0) in the emulsion, verified by
FRITIOF-calculations. The events were analyzed using normalized factorial mo-

ments,

k k
F,(dn) = M < I (n-i+1) > / I (N-i+l) , (1)

i=1 i=1

where N 1is the event multiplicity, M the number of An-bins and n is the multi-
plicity inside a bin of size 4n, as proposed by Bialas and Peschanski(?’. The
approach has the advantage that the moments will be independent of An whenever
On is less than the typical size related to the fluctuations. Furthermore, in-
termittancy shows up as a power-law behaviour on An.

Besides the two experimental data samples, two event samples generated by the
Monte-Carlo code FRITIOF(5), were used for comparisons. In the analyzis the same

conditions were applied to the FRITIOF-samples as to the experimental ones. The



fraction of the cross section remaining after the multiplicity cut is approxi-
mately the same as for the experimental data, i e 17% for the !60-induced and
19% for the 32S-induced interactions, respectively.

In fig 1, the normalized second factorial moments, F,, of the multiplicity
distributions as a function of bin width in pseudorapidity, are shown. The solid
curves are from the FRITIOF model, and the deviations from the model and zero
correlations, mainly depend on the change of the average particle density inside
the studied pseudorapidity window. Similar results are obtained for higher or-
ders, k. When plots like these are studied, it is important to realize that all
points (one for each chosen bin-size) contain essentially the same information,
i e points nearby along the abscissa are strongly correlated. The same is also
true between moments of different orders, k. With this in mind it is impossible
to claim that the oxygen data shows a significant deviation from the model. The
sulphur data, however, seems to deviate from the model, with a rise in the
moments down to very small values of &n, indicating that sources of many differ-

ent sizes are at play, i e intermittancy.
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FIGURE 1
The normalized factorial moments F, of the multiplicity distribution as a func-

tion of bin width in pseudorapidity for k = 2 for the region 2.0 < n < 4.0.



The question that now arises is "If there are any non-statistical fluctua-
tions in the longitudinal direction, will they, in that case, be accompanied by
corresponding fluctuations in the transverse direction ?". If, for instance,
some source like a fireball of some kind is responsible for the fluctuations, a
small transverse motion of this source should be detectable. Also a directed
emission from a QGP could give rise to longitudinal as well as transversal
fluctuations. In central collisions effects like shock wawes etc. could tend to
smear out the particles in the azimuthal plane. Such a question can only be
answered if the events are measured with a detector having a perfect ¢-symmetry
and a close to 100% efficiency. Again, the idea with emulsion chambers together
with the measurement system, seems ideal.

In an attempt to answer the question each event is scanned for the narrowest
pseudorapidity window containing exactly n, observed particles, which in the
following is referred to as a cluster. In the so found clusters the particles
are ordered in azimuthal angle, and the A¢ between each consecutive pair of
particles are recorded. The angles are normalized so that the full revolution
equals unity, i e I(A¢) = 1. For each cluster the azimuthal-correlation paramet-
ers VI(A84)? and -Iln(8¢) are calculated. Both of these parameters are smallest
whenever the particles are produced equidistant and increases as the particles
are clustering in the azimuthal plane. The parameter VI(A¢)? is mainly sensitive
to the large gaps, A¢, in the cluster, whereas -Iln(A¢4) is mainly sensitive to
the smaller ones. Thus the two parameters may contain complementary information.

In figure 2, not only the narrowest clusters from each event, but instead all
possible combinations of n, consecutive particles, are extracted. For n, > 2
this means that closelying clusters are strongly correlated due to the overlap.
This effect is, however, taken into account in the calculation of the statisti-
cal errors. The average correlation parameter -Iln(A¢), as defined above, are
shown as a function of the width of the clusters. Particles emitted at n > 6,
are excluded here, since a small misalignement of the individual event will tend
to rise the values of the correlation parameters above the statistical level.
For particles with n < 6, this effect certainly becomes negligable. Again the
dashed 1levels indicate the average values for random emission, in all cases
coinciding with the results from FRITIOF. The oxygen-sample show no dependence
on On, for any values of n,, but again the sulphur-sample shows a deviation from
the expectation with a clustering effect for small values of 4nh. One might argue

that the way of selecting clusters may distort the effect since a possible "non-
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FIGURE 2

The azimuthal correlation parameter -Iln(A¢) averaged over the selected "clus-

ters" as a function of 4n.

statistical fluctuation" may end up in several different clusters with different
bn-values. On the other hand the method can not create an effect which is not
already there from the beginning. In the case of n, = 2 (not shown here), an
effect of Bose-Einstein correlations is seen for the smallest values of &n for

both data samples.



To summarize, a small effect of non-statistical fluctuations in the longitu-
dinal direction is observed for central 32S + Au interactions at 200 A GeV. Also
a small effect for the largest "clusters" are seen in the transversal direction.
The last effect shows a dependence on the width of the "cluster", i e clusters

with large particle densities shov an enhanced azimuthal clustering.
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