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She sang beyond the genius of the sea. £1 ftplT I

She measured to the hour its solitude.
She was the single artificer of the world
In which she sang.

Wallace Stevens, The Idea of Order at Key West, 1936

Introduction: A Tour of the Experiment

The CERN experiment WA98 is a general-survey, open-spectrometer experiment
designed to examine 160 A GeV/c Pb+A collisions at the CERN-SPS. The experiment
has a broad physics agenda, as suggested by its many different subsystems. A diagram
of the experiment as it stood in 1995 is shown in Figure 1. Detectors whose results are
presented here are described briefly:

Surrounding the target is the venerable Plastic Ball detector (PBall), an array of
~400 E — dE/dx telescopes packed in a geodesic-dome-like arrangement. Just down-
stream from the target, still inside the PBall, the collision is observed by the Silicon Pad
Multiplicity Detector (SPMD), a circular annulus with ~4000 charged-particle-sensitive
pads covering the range 2.4 < 77 < 3.8. Charged particles are bent in a wide-aperture
dipole magnet and are tracked in six Multi-Step Avalanche Chamber (MSAC) tracking
stations. Individual photons are detected in the Photon Multiplicity Detector (PMD),
a highly-segmented pixel array of preshower counters. At higher lab angles, energies
and positions of individual photons are reconstructed in the highly-laterally-segmented
(~10,000-element) Lead Glass Calorimeter Array (LEDA). At the most forward angles
(77 > 3.5) the total hadronic and electromagnetic energy in different 77 bins is measured
by the segmented Mid-Rapidity Calorimeter (MIRAC).

The physics topics addressed by WA98 include: global measurements of Et and
multiplicity in the MIRAC, SPMD and PMD; correlated NchaTgedlNneutrai fluctuations
as would be produced in a disordered chiral condensate (DCC), using the SPMD and
PMD; charged particle singles spectra and pair correlations for HBT using the MSACs;
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Figure 1. The WA98 experimental setup in 1995.

reconstruction of TT° and r)° mesons as well as inclusive and direct photons in the LED A;
global measurements of flow patterns using the PBall and the PMD; as well as many
others. Preliminary analyses of Et production, HBT measurements, the DCC search,
and reaction plane measurement are discussed here below.

Transverse Energy Production

The spectra da/dEt for transverse energy production at forward pseudorapidities,
and transverse energy distributions at different pseudorapidities, are shown in Figure 2
for different Pb+A colliding systems. The monotonically decreasing shapes of the
da/dEt distributions agree qualitatively with what one would expect for a symmetric
collision or a one with a larger projectile, as opposed to the peak structure observed
in S+Au collisions W. More revealing are the distributions of Et at different pseudo-
rapidities. These allow a determination, through Gaussian* fits, of the peak dEt/drj,
indicating the energy density reached in the collision, and the width of the dEt/drj
distributions which indicates the degree of stopping in the collision.

The behavior of the peaks and widths of the dEt/dr} distributions for events at
different centralities in a variety of colliding systems are plotted in Figure 3. Here
the different classes in the different systems are each described by the average number
of wounded nucleons per event, as determined through a Glauber-style calculation.
Plotted this way, it is clear that the trend seenM in the lighter systems continues
in the present data. The peak dEt/drfs are proportional to the number of wounded

'Though it is true that the WA98 spectra are measured on only one side of mid-rapidity, confidence in
Gaussian fitting is lent after observing that combining the WA98 spectrum for the symmetric Pb+Pb
collision, plus its reflection, with the distribution straddling mid-rapidity measured by NA49'2J leads
to a smooth and reasonably Gaussian shape overall.



Figure 2. Left: Distribution dcr/dEt of transverse energies measured in the pseudorapidity interval
3.5 < Tj < 5.5 for different systems in WA98 and WA80; the lines are predictions made using the
VENUS 4.12 model. Right: Distributions dEt/dr} of transverse energy at different pseudorapidities.
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Figure 3. Left: Values of the maxima of dEt/drj distributions for different ceritrality classes in
different collisions are shown, plotted against the average number of wounded nucleons in each
collision class as determined through a Glauber-style calculation; the inset graph is the same data on
a log-log scale. Right: Values of the widths of the dEt/drj distributions.



DTIO
•a

•' H

10

_ 10

I,.-'
10

10

Pb+Pb 158AGeV

very preliminary

negative particles

neutral pions

500 1000 1500 2000 2500 3000

pT (MeV/c)

158 Gev/n Central Pb+Pb (Preliminary)

0.2 -

• Venu»4.

• WAfl8doto

I . I . . . I . . . I . I . I . . . I . I I I I I I I . . . I . , . I . . .

0 0.020.040.060.08 0.1 0.120.140.160.18 0.2

(Gev/c)

Figure 1: B.E Correlation in Qinv from Pb+Pb -i h~h~

Coulomb Correction from Pratt method:

Fit: C2(Qinv) = 1 + Aeip(-<3Lfl?»v/2)

gives Rinv = 6.71 ±0.18 fm, A = 0.27±0.01, xJ = 1-3
(stat. only)
For comparison:
NA44: Rinv = 7.19 ±0.22 fm (J. Dodd, proc. ISMD)
NA49: «,„„ ~ 7 fm. (P. Seyboth, CERN HBT Seminar)

Figure 4. Left: Comparison of single-particle Pt spectrum shapes; small symbols are negative
charged particles as tracked in the MSAC stations, large symbols are jr°'s reconstructed in the LEDA
(relative normalization is arbitrary). Right: The <72 correlation function for negative pairs produced
in central Pb+Pb collisions as a function of Qmv', the parameters resulting from a functional fit are
shown, and compared to similar analyses from other experiments.

nucleons over a wide range and a variety of systems. The widths continue to decrease
with increasing system size, indicating a greater degree of stopping in larger systems.
The corresponding Bjorken-style estimates for initial energy densities also rise from
~2 GeV/fm3 in central S+Au to ~3 GeV/fm3 in central Pb+Pb.

Particle Tracking and HBT

Charged, particles are detected and tracked in WA98 through the series of six
MSAC tracking stations. Each of these consists of a multi-step avalanche chamber to
amplify the particles' primary ionization, followed by a converter to generate light at
location of the ionization, whose pattern is then recorded in CCD cameras. In effect,
each station is a pixel plane with on the order of a million effective elements. The
tracking arm is backed up by a scintillator-slat time-of-flight array to allow particle
identification, though the spectrometer is primarily used to track negative particles
which are in the great majority pions.

Figure 4 shows the the measured single-particle spectra for negative particles in
central collisions compared with the spectra for 7r°'s as reconstructed in the LEDA



array'3'; the shapes of the two spectra continue match very smoothly. The figure also
shows the C-i correlation function for pairs of negative particles, along with parameters
from a one-dimensional Gaussian functional fit^. The fit radius parameter of 6.7 fm
is similar to those seen in other SPS Pb+Pb experiments. While Gaussian functional
fits are traditional in HBT analyses, the WA98 data are noticeably better^ described
by a simple exponential in Qinv than by a Gaussian.

Search for Disordered Chiral Condensates

One of the more intriguing physics topics recently discussed has been the possibility
that within a high-energy heavy-ion collision there might be formed a disordered chiral
condensate (DCC). A DCC is an extended domain of excited nuclear matter which
exhibits isospin coherence; when the DCC decays/hadronizes, the resulting pions are
either preferentially charged or preferentially neutral. The experimental signature of
DCC formation, then, would be larger-than-expected fluctuations in the TT0 /?^ ratio
measured event-by-event. WA98 can observe such fluctuations, event by event, by
comparing Nchar9ed as measured in the SPMD to Nneutral as measured in the PMD
(within their common pseudorapidity coverage).

Of course, in order to make a sensitive search one needs to do two things: (1) to
credibly model what size the "expected" fluctuations would take, and (2) to predict
the size (and frequency) of fluctuations that would result from a DCC being formed.
In the WA98 preliminary DCC analysis these were carried out as follows. The VENUS
simulation was used to model the basic Pb+Pb central collisions; parameters were
tuned until the predicted spectra for individual Ncharged and Nphoton per event agreed
very well with the measured spectra, after which the joint distribution was presumed
to model collisions in which no DCC is formed. The simulated formation of DCC's
was modeled according two parameters: frequency, i.e. on what fraction of events is
a DCC formed; and intensity, i.e. what fraction of the total pions produced in that
event come from the DCC domain. Figure 5 shows the simulated distributions with
and without a DCC component, and the distribution in the WA98 data that were used
for the preliminary analysis. The distribution in the data clearly resembles that of the
simulation with no DCC formation, and there were no events in the designated search
region for DCC candidate events.

Within the two-parameter model of DCC production, these data can be used to
set limits on the intensity and frequency with which DCC's are produced in central
Pb+Pb collisions. The resulting limits are illustrated in Figure 6. In the future, of
course, the sensitivity of even this simple DCC search can be improved. Substantially
increased statistics from a period of dedicated DCC-search running in 1996 will improve
sensitivity to the frequency; a more sophisticated model for the background fluctuations
will increase sensitivity to the intensity. A new approach to modeling the background
is currently being investigated, in which the fluctuations within limited regions of az-
imuthal angle $ are modeled by rotating the pattern of charged hits relative to neutrals
within single events. In searching for DCC's which are localized in <j) this method can
obviate the need for a sophisticated simulation and in principle lower the uncertainties
of modeling background fluctuations to a different order altogether.
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Figure 5. Left: Event-by-event Nchar^ed vs Nphoton joint distributions for simulated Pb+Pb
collisions in which no DCC's are formed (dark points) compared to the case in which 60% of the
pions in each event come from a DCC (light points). Right: The joint distribution in the WA98 data
used in the preliminary analysis. The region to the upper left of the line is the search region for DCC
candidate events.
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central Pb+Pb collisions from the preliminary WA98 analysis.
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Figure 7. Distribution of the direction of secondary light fragments relative to the net proton
direction, weighted by fragment kinetic energy. Left: distribution of fragment azimuthal angles;
Right: projection of fragment directions along the net proton direction (the "X" axis) and cross to it
(the "Y" axis). These are compiled from events of intermediate centrality.

Reaction Plane Measurement

It has been a long-standing question in relativistic heavy-ion physics as to whether
any artifact of the orientation of the original impact parameter - the reaction plane
direction - remains in the pattern of the particles' final states. Accordingly, much
effort has gone into looking for azimuthal asymmetries using detectors with wide cover-
age, and then looking for correlations between the axes of asymmetries measured with
different kinds of particles or in different rapidity ranges.

As a first step in such a program, a technique has been investigated in WA98 to
identify a reaction plane direction using secondaries near target rapidity observed with
the PBall. Each of the PBall's elements can identify the relatively low-energy (in the
lab) secondaries by measuring their total kinetic energy in a thick scintillator and their
velocity through ionization in a thin scintillator - the well-known E vs dE/dx match.
Of particular concern here are the identification of protons vs light fragments, for which
the technique works well with few complications. The candidate for a reaction plane
direction on a given event is taken as the average azimuthal direction of all the protons
in the target region, weighted by their kinetic energy.

In order to check that this candidate had the right properties for a reaction plane
direction, two checks were made. First, if the direction of the summed proton mo-
mentum is not simply a random fluctuation, then it should be correlated with the
directions of other secondary particles. To study this, the direction of secondary light
fragments in the target region, relative to the net proton direction in that event, was
compiled; the results are shown in Figure 7. There correlation is clear; light fragments



12 r

u

ID 0)
1-1 (0

<U H
O «

8

4 f

4

N

id

14-1

o

0

-2

-4

^ M * y •••• •••*••••••

J

. j I-""-: v

_

1 -

- I

«
0 100 200 300 400 500 600

Transevers energy (GeV/c)

Figure 8. The strength of the proton-fragment correlation va centrality for different event classes;
the strongest effect is seen for intermediate centralities as would be expected for a remnant of the
original collision geometry. (The ordinate is the slope resulting from fitting the \</>fragment - flWcmsl
distribution with a simple linear function.)

are emitted preferentially in the same direction as the protons. Further, the extent of
the fragment-proton correlation provides a measure of how extant the reaction plane
is for a given class of events, which leads to the second check. If this correlation is
really a remnant of the original collision geometry, then it should weaken in the most
peripheral collisions, which most strongly resemble p+p collisions in which there are
fewer re-interactions with spectator matter; and it should greatly weaken or disappear
completely in the most central collisions where there is little or no original asymmetry.
Figure 8 bears this expectation out: the proton-fragment correlation is strongest for
events of intermediate centrality.

With these observations, the net proton direction as measured with the PBall
is a reasonable candidate for an event-by-event reaction plane direction. It will be
interesting to see in later analyses how the patterns of particle and energy flow at higher
rapidities correlate with this direction; and how individual particle/pair measurements
such as HBT and Pt spectra differ with and across this direction.
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Conclusions and Outlook

The WA98 experiment is a multi-purpose survey experiment with a broad physics
agenda to investigate Pb+A collisions at the CERN-SPS. A sample of preliminary
findings have been described here. Distributions of transverse energy produced at for-
ward rapidities continues the trend seen with lighter projectiles: the larger interacting
systems (as measured by number of wounded nucleons) show a higher peak energy
and a greater degree of stopping. HBT-style correlations of negative particles indi-
cate a source size in central collisions similar to that of the lead nuclei, and similar to
those observed in other SPS experiments. A search has been made for excess event-
by-event charged/neutral fluctuations as might result from formation of the disordered
chiral condensate (DCC). Within a simple model this search has ruled out DCC for-
mation at the level of ~ 1/103 collisions; greatly increased statistics from dedicated
running, as well as more sophisticated background simulations and production models
are expected to extend the sensitivity of the search in the future by several orders of
magnitude. Target-rapidity protons measured in the Plastic Ball reveal a reasonable
candidate for an event-by-event reaction plane direction in collisions of intermediate
centrality. Future analyses of wide-acceptance detectors at mid rapidities will measure
the correlation of various particles' production with this reaction plane direction, po-
tentially shedding light on the relationship between geometry and dynamics in these
collisions.
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