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EXPERIMENTAL RESULTS CONCERNING GLOBAL OBSERVABLES
FROM THE CERN SPS HEAVY ION PROGRAM

Glenn R. Young
Oak Ridge National Laboratory,* Oak Ridge, Tennessee 37831

ABSTRACT

A brief overview is given of experimental results obtained during the initial
operation of the heavy-ion program at the CERN SPS during the period
1986-1988. This paper confines itself to a presentation of results on so-called
global observables, such as energy flow and multiplicity distributions, and on
information extracted from them. Of particular interest among the latter are
an estimate of the magnitude and spatial distribution of the energy density
attained.

CONF-900331—11
1. INTRODUCTION D E ) 0

It has been realized over the past decade that collisions of energetic heavy nuclei
can create extreme conditions of high baryon and energy density over a scale much
larger than that given by the QCD scale parameter, KQCD- A chance apparently
exists to create conditions in the laboratory under which strongly interacting matter
undergoes a phase transition from the familiar state of quarks and gluons confined
to hadrons to a state in which the quarks and gluons are free to move over a volume
up to 100 times that of a proton. Theoretical investigations of QCD using lattice
methods suggest that such a phase transition would occur when the energy density
of a strongly interacting systems exceeded 2 GeV/fm3; this should be contrasted
with the ground state energy density of a heavy nucleus of 0.15 GeV/fm3, arising
from its rest mass.

Scaling from existing experimental information from high-energy p—p and e+e~
colliders suggests that collisions of heavy nuclei in the range of y/a = 30 — 200
GeV/nucleon-pair should produce conditions favorable for the creation of such a
"deconfined" state, popularly referred to as a quark-gluon plasma, with particular
kinematical access to a baryon-free central rapidity region. In contrast, condi-
tions of maximum baryon density probably obtain in the range of yfs = 2 — 10
Ge V/nucleon, just where the AGS heavy-ion program operates. The existing pro-
gram at CERN finds itself in an intennediate range, since fixed-target bombarding
energies of E/A = 60 and 200 GeV are used, corresponding to i/a = 10 and 20
GeV/nucleon, respectively. These energies are thought to be above those at which
complete nuclear stopping can still occur, i.e., where some "transparency" has set
in. However, they are still well below the range where one can expect to observe any
mid-rapidity plateaus in the distributions of various experimental observables as a
function of rapidity and thus hope to have any access to experimental conditions the
opposite of the AGS situation, namely wherein the observed matter is free of any
net baryon content. Nonetheless, a number of experiments have been mounted to
observe the matter created. These were motivated in part by the expectation that
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reactions induced by beams from the CERN SPS would offer the highest attainable
energy densities (in the laboratory) and largest proper time duration of the ex-
cited hadronic matter created for the near future, until RHIC begins operation. Of
course, it was argued at the beginning of the program and again during the present
discussions about a lead-beam injector that if a quark-gluon plasma is formed in
collisions at presently-attainable energies, then maximizing its energy density and
proper time duration should enhance the probability for observing measurable con-
sequences of its creation.

CERN has accelerated ions of mass 16 (oxygen) to energies of 60 and 200
GeV/nu^leon and of mass 32 (sulfur) to energies of 200 GeV/nucleon. This yields
total energies of 960 GeV and 3.2 TeV for the 16O and 6.4 TeV total for the 32S .
This is done using a new 15 GHz ECR source from Grenoble plus a RFQ from LBL
to inject the old Linac-I of the Proton Synchrotron. This Linac delivers a beam
of 12 MeV/nucleon either 1 6 O 6 + or 3 2 S 1 2 + . After being fully stripped following
Linac-I, the ions pass through, in order, the PS Booster, which takes them to 500
MeV/nucleon, the PS, which takes them to 5 GeV/nucleon, and finally the SPS. The
SPS could accelerate the ions to 225 GeV/nucleon, but the decision was made at
the beginning of the program to limit the energy from the SPS to 200 GeV/nucleon
in order to increase the duration of the flattop from 2.2 to 4.4 seconds. Beams
of ions are then extracted and transported simultaneously to the North and West
Halls, where they feed six (eight starting in summer 1990) large electronic experi-
ments after passing through a series of magnetic and electrostatic splitters. Most
of the experiments utilize less than 10s ions/spill, with the exception of the dimuon
experiment NA31, which nominally takes 10 times that and is the only experiment
located in a high-radiation bunker. Upgrade plans for CERN call for construction
of a high-frequency ECR source capable of producing 208Pb in charge state 25-30+.
This new ion source would be followed by a new RFQ and then a new Linac capable
of furnishing the lead ions to the PS Booster/PS/SPS complex. There are ancillary
upgrades needed, particularly regarding the vaccuum system in the PS Booster.
The coexistence of this program with LEP operation depends upon the vaccuum
recovery time of the PS following acceleration of the electron and positron batches
needed for the frequent refills of LEP. An investment of Z0MSF is needed outside
of the normal CERN budget. This project was recently endorsed by the Director
General, and the process of securing funding was begun. Completion of the new
injector and commencement of experimentation is anticipated for 1093-1994. The
outcome of the even longer-term plans depends upon the fate of the Large Hadron
Collider at CERN.

A first round of experiments with high energy nuclei began at CERN with a
3 week run in December, 1986, using E/A = 60 and 200 GeV " O ..beams and
continued with a run of similar duration in September 1987 utilizing E/A = 200
GeV 32S beams. A reference run using 200 GeV protons was performed during
1988. The program will take data again in August of 1990 and again in August
of 1991, both times using the E/A = 200 GeV " S beams, and possibly a E/A =
60 GeV 3 2S beam. There are presently 8 large electronic experiments mounted
together with more than one dozen smaller, typically emulsion, experiments. Most
of the electronic experiments recuperated the bulk of their equipment from earlier
setups, with the exception of WA80 and NA36, which constructed most of their
original equipment prior to the 1986 run (multiplicity counters and calorimetry
in the case of WA80, a TPC designed for heavy ion work in the case of NA36.)
The existing experiments have all undertaken major upgrades during the past two



years; for example, NA35 is adding a downstream TPC, WA80 has added two larger
lead-glass spectrometers, NA34/3 has reconfigured their muon spectrometer's front
end and NA38 has reworked their entire target/calorimetry/absorber zone. Two
new large electronic experiments (NA44 and NA45) and one smaller atomic-physics
experiment are being prepared "from scratch" for the 1990 and 1991 runs. The
program involves some 300 physicists and students drawn from nuclear physics and
high-energy physics backgrounds. A brief listing of the present experiments, ordered
by type of measurement performed and the type of information about the collision
thus obtained, is presented in Table 1.

2. GLOBAL EVENT PARAMETERS

One can obtain information on the global distribution of energy and produced
particles in such reactions by measuring the transverse energy and number of pro-
duced particles as a function of pseudorapidity and azimuth over a large region cen-
tered at mid-rapidity. The energy measurements are accomplished in the usual way
via a set of calorimeter towers divided into electromagnetic and hadronic compart-
ments. The multiplicity measurements are performed using large acceptance track-
ing devices (streamer chambers or TPCa) or large arrays of Iarrocci-type streamer
tubes with pad readout. Using a suggestion of Bjorken (Ref. 1), it is possible to
relate the measured transverse energy per unit rapidity, dEx/dy, to the energy
density produced in the reaction, modulo an uncertainty arising from an imperfect
knowledge of the proper time required for the final state particles to hadronize. If
the particle multiplicity proved to be a linear function of the transverse energy (or
vice versa), as it is found to be, it is also possible to estimate the energy density from
the particle multiplicity. It should also be possible to relate the entropy density to
the observed particle multiplicity.

It has also proved useful to measure the residual energy that appears in a region
within a few tenths of a degree of the incident beam direction but well downstream of
the target; the devices used to do this are often referred to as Zero Degree Calorime-
ters. This is particularly useful in the case of heavy-nucleus induced reactions as
opposed to proton-induced reactions due to the fact that one can relate the observed
energy at zero-degrees to the number of nucleons in the incident projectile nucleus
that did not participate in the reaction. That is, one can obtain a measurement of
the impact parameter of the collision. This occurs because nuclei are loosely bound
assemblages of nucleons - those projectile nucleons not coming within a strong ab-
sorption radius of a target nucleon will continue along their intial trajectory nearly
unperturbed by the violent collision suffered by their former neighboring nucleons
in the projectile that did interact with a target nucleon. This feature has proved
useful in selecting nearly head-on collisions of heavy nuclei, which are the collisions
expected to exhibit the largest energy density over the largest spacetime volume for

given bombarding energy and are thus those expected to offer the best chance for
observing formation of a quark-gluon plasma.

Schematic layouts are shown in Figures 1,2 and 3 for the calorimetry in those
CERN heavy-ion experiments which measure transverse energy using devices which
can sum up nearly all of the electromagnetic and hadronic energy about mid-
rapidity. The coverage is most nearly complete in NA34: their present setup covers
-0 .1 < t] < 5.5. The GSI/LBL Plastic Ball is used by the WA80 group to have an
additional look at energy appearing at target rapidity, —1.7 < rf < 1.0.



An example of the observed spectrum in a zero-degree calorimeter is shown in
Figure 4 for E/A = 200 GeV 3 2S collisions on Al, Cu, Ag and Au nuclei as measured
by the WA80 group. This experiment had an upper electronic cutoff at 89% of the
beam energy; otherwise the "peak" at the upper end would be observed to rise a
factor of a thousand above the data shown, since a target equivalent to 0.1% of a
nuclear absorption length was used. An increase in the cross section for the lowest
energy events is observed for increasing target mass, and therefore increasing target
thickness, as the relative probability that the relatively small 32S projectile can
dive completely into the target increases with target radius and therefore target
mass. The fact that no cross section is seen for neai-zero energies in the zero-degree
calorimeter cannot necessarily be taken as evidence that some fraction of the center
of mass energy supplied by the projectile is unavailable for particle production (i.e.,
that the target does not "stop" all the nucleons of the projectile). Rather, for
the acceptance of the particular experiment, a fraction of the created particles are
emitted into the acceptance of the zero-degree calorimeter. The scaling with target
mass at E/A — 60 GeV and for a different acceptance of the ZDC is shown in
Figure 5 from the NA35 group. Again the increase in cross section at low values
of EZDC is observed for the thicker targets. The scaling with projectile mass can
be seen in Figure 6 which compares ZDC energy spectra for E/A = 200 GeV 16O
and 32S induced reactions. The solid lines correspond to the spectra for 18O + Ag
(upper) and 16O + C (lower), which are seen to be similar to those for S2S + Au
and 3 2S + Al, respectively. The projectile/target mass ratio is similar for each pair
of cases.

The correlation of energy appearing in the zero-degree calorimeter vs that ap-
pearing as observed energy in the calorimeters placed about mid-rapidity is shown
in Figure 7 for E/A = 200 GeV 16O + Au as measured in the WA80 setup. This
correlation is (unsurprisingly) observed to be quite strong. A more interesting
correlation, of EZDC VS the transverse energy, ET, measured in the midrapidity
calorimeters is shown in Figure 8 for the same experiment. Again a strong correla-
tion is seen, showing that either experimental device can be used to select central
collisions.

A similar correlation to that found for EZDC V S ET is found when one examines
the observed charged particle multiplicity as a function of ET- Figure 9 shows
the results for E/A — 200 GeV 10O and 32S induced reactions measured in a
hybrid experiment employing the NA34 calorimeters to measure ET and emulsions
to measure charged-particle multiplicity. As expected, the correlation has a similar
shape but exhibits the opposite sign as a function of ET- An analysis of all three
quantities together is shown in Figure 10 for E/A = 200 GeV 1 8O + Au events
measured in WA80. In three dimensions the correlation is found to resemble nothing
so much as a good cigar. An analysis of the widths of these distributions would then
appear to be best performed in a coordinate frame rotated to have one coordinate
describing the distance along the long axis of this "cigar". One can understand the
widths of the correlations obtained by slicing this cigar along its long axis as arising
in major part from fluctuations in the numbers of participating nucleons in a given
collision folded with the known experimental resolutions of the detectors used.

The distribution of cross section according to the transverse energy produced is
shown in Figure 11 for the reaction E/A = 60 GeV 1 8 0 + C, Cu, Ag, and Au as
measured in the WA80 midrapidity calorimeters. Before ascribing any particular
significance to the observation that the cross section appears to "saturate" for the
heavier targets at an ET of 55 GeV, especially conclusions as regards "stopping"



of the incident projectile kinetic energy into the midrapidity range, it must be
pointed out that these calorimeters were kept at the same angular positions as used
in the earlier E/A = 200 GeV runs on the same targets, and that the position
of the calorimeters was optimized for the E/A = 200 GeV runs. That is, the
calorimeters were placed so as to capture the peak of the (expected) distribution
of ET as a function of pseudorapidity, dE-r/drj , and cover at least half a unit of
T] on each side of the peak. As midrapidity at E/A = 60 GeV corresponds to
more backwards laboratory angles than it does at E/A — 200 GeV, one must worry
that acceptance effects might be significant and bias any conclusion drawn from a
plot of da/dEr alone. That this is indeed the case can be seen from Figure 12,
which shows similar results for E/A = 60 GeV 16O induced reactions as measured
in the NA35 experiment. In this case, however, the midrapidity calorimeters are
located on a carriage movable along the beam direction, and could be (and were)
centered about the midrapidity point (actually, mid-pseudorapidity point) for each
bombarding energy. Thus one is led to be quite cautious about making conclusions
concerning totality of stopped energy based solely on distributions of dcr/dET'- it is
crucial to have information about dEx/drj, as discussed below.

A representative set of distributions of da/dEx for E/A = 200 GeV 32S bom-
barding various targets as measured with the NA34 setup is shown in Figure 13.
This experiment has the most complete calorimetric coverage of all the heavy-ion
experiments, covering —0.1 < t] < 5.5 with good tower segmentation. Similar dis-
tributions are measured by the other groups; the NA34 result is significant in its
breadth of coverage, which is useful for extracting the behavior of rms widths in r\
of the observed distributions as a function of reaction centrality. The general shape
of the da/dE-r distribution is also observed in the daldNcp distributions, where
Ncp is the observed number of charged particles emitted, as seen in Figure 14 from
the WA80 experiment for E/A = 200 GeV 16O induced reactions. One of course
expects this if the shape of the charged particle multiplicity and ET distributions
is determined by the same principle considerations. Both distributions are seen to
cut off at small values of ET or multiplicity, as the minimum bias triggers used
discriminate against such events. The modelling of these distributions by various
authors seems to indicate that the geometry of the collision is responsible for the
gross features. The many "fits" of Monte Carlo vs measured ET distribution will
not be inflicted upon the reader here, except to point out that difficulties still exist
even for the dcr/dET distributions when regions of phase space near the projectile
or target are included when there is a large amount of spectator matter. An exam-
ple is shown comparing FRITIOF and IRIS fits to NA34 data for E/A - 200 GeV
S2S+W collisions over various angular regions in Figure 15.

There has been considerable discussion about how the ET distributions scale
as a function of projectile mass and energy. An example is given in Figure 16
of E/A = 200 GeV 16O and 32S reactions on tungsten as measured by NA34.
There is an increase in the length of the "plateau" in ET by about a factor of 1.7.
Though the exact factor depends on acceptance and method of extracting it, no
group finds a factor of the projectile mass ratio. A possible point of view is that
the number of participant baryons from the projectile and target is the governing
factor. The WA80 group have argued this point based on the calorimetry results
for their acceptance. Figure 17 shows the result of dividing the observed ET in
their acceptance by the calculated number of participant nucleons fas given by
FRITIOF) for a given residual energy observed in the ZDC. The resulting ratio is
rather flat as a function of EZDC- AS will be discussed below, the actual situation



is more complicated and is better addressed by examining distributions of
in various pseudorapidity intervals.

Examples of the distribution of ET with pseudorapidity are shown in Figure
18 for E/A = 200 GeV 32S incident on various mass targets, for minimum-bias
triggers, in Figure 19 for minimum bias collisions of E/A = 200 GeV 16O and 32S
with Au, and in Figure 20 for E/A = 200 GeV S2S incident on Au for various
cuts on centrality. (The centrality cuts are expressed here as impact parameters
- they are determined by assuming a direct mapping of da/dEzDC o n to partial
cross section as a function of impact parameter, with the additional assumption
that EZDC decreases monotonically as impact parameter decreases.) Examining
Figure 18 and 19 in particular demonstrates that any arguments about how ET
scales require careful statement of the kinematical region considered.

One can try to describe the scaling of the observed ET in a given pseudorapidity
region by fitting the observed ET values to a functional form Aa. Here A could be
the target or projectile mass, or some combination thereof. The results of such a fit
to the target mass dependence for the various projectiles used to date by the WA80
group is shown in Figure 21. There the value of a extracted from such a fit as a
function of target mass is shown on the left side of the Figure vs the pseudorapidity
at which the fit is made. At forward pseudorapidities, a weak dependence upon
target mass is observed, with a < 0.3, as expected for a region of phase space near
the projectile rapidity. At pseudorapidities near 1.5-2.0, values of a near 0.5 - 0.6 are
observed, as might be expected if the number of participants from the target were
the important variable for determining overall scaling of the observed ET at those
pseudorapidities. In contrast, on the right side of the Figure the result of fitting to
a function of the projectile mass is shown. There it is observed that for TJ < 2.0, the
value of a extracted is less than 0.5, while for t] values near the projectile rapidity
(6.C6 for these reactions), values of a near one are found. One might expect such
values for a, were the number of particles produced in this rapidity range dominated
by the number of projectile participant baryons.

It is of some interest to quantify the rms width of the distribution in 17 of the
observed transverse energy as a function of reacting system and reaction centrality.
Figure 22 shows distributions of dEr/dtf as a function of 17 measured by the NA34
group for reactions of E/A = 200 GeV 16O and S2S with tungsten targets subject
to various cuts on the total ET observed in the range —0.1 < TJ < 5.5. The peak
in dEr/dr/ is observed to move from the cm rapidity for nucleon-nucleon collisions
for the lower ET windows (peripheral collisions), for which case the number of
participant baryons from target and projectile are nearly the same, to the rapidity
expected for a sulfur nucleus colliding with* the core of a tungsten nucleus that
covers the same transverse area as a sulfur nucleus for the highest ET, i.e., most
central, collisions. Again, one is seeing that the numbers of participant baryons
from the two initial nuclei set the gross features of the observed distributions.

The distributions are observed to narrow as the total observed ET increases.
The distributions never develop quite so small an rms width as one would expect for
a isotropically emitting fireball, however, as can be seen in Figure 23. In that Figure
the values for mean pseudorapidity, < TJ >, rms width of the dEr/drf distribution,
(Tv, and the maximum observed dET/dr] value are plotted VB total ET in the same
77 range as above.

What one would like to have of course are (pseudo)rapidity distributions for
the produced particles to compare with models for the expanding system produced



at and around central rapidity. Unfortunately such information does not yet ex-
ist, but there has been a start in the form of measuring the rapidity distributions
of baryons and hyperons. Figure 24 shows the distribution in rapidity of protons
and A hyperons produced in collisions of E/A = 200 GeV 32S with a sulfur target
as measured by the NA35 group. The protons are seen to exhibit mild peaks 1.5
units away from the projectile and target rapidities, while the A hyperons exhibit
a plateau covering the central three units (the beam rapidity is 6.06). In principle
one could then correct the observed charged particle distributions at midrapidity for
the participant baryons. One would thus like to know the distribution of "original"
baryons, that is, where the participants went. A difference of the proton and an-
tiproton distributions would be a start, although interesting questions would have
to be treated (how many protons suffered charge-exchange and made neutrons? do
the lambdas that appear arise from the initial interactions or are there final state,
e.g, K+ + n —+ A 4- TT+ reactions?) One could also measure the pions directly, but
again would have to answer to one's theoretical colleagues about how many of the
pions arose from final state decays of resonances. Perhaps a better way would be to
measure the distributions of the resonances themselves, but this has not been done
so far.

Finally, some distributions of transverse energy and baryon production in the
region near the target are presented. Figure 25 shows the ET distributions measured
in the Plastic Ball for the pseudorapidity range —1.7 < JJ < 1.0 by the WA80 group
for E/A = 200 GeV collisions of 18O with Cu, Ag and Au targets. This can be
compared to ET distributions at midrapidity at AGS energies; considerable violence
is done to the target at SPS energies. The distribution of the observed baryons
(measured using the particle ID capabilities of the Ball) as a function of rj is shown
in Figure 26, along with calculated baryon distributions using the Ranft code under
various assumptions about formation time.

3. ENERGY DENSITIES

It has become a tradition, fortunate or otherwise, in giving talks concerning ET
distributions measured in relativistic heavy ion reactions to quote some estimates of
attained energy densities, often following the suggestion made by Bjorken (Ref. 1),
which at least attempts to use boost-invariant quantities, or some other prescription
involving a variant on a fireball picture, possibly with formation time taken into
account. Plenty of theoretical critiques of any such number can be found in the lit-
erature (see the Proceedings of Quark Matter '87 and '88 for discussions and further
references.) An important thing to bear in mind when viewing anyone's quoted es-
timate is that the energy density will vary over the reaction volume and with proper
time during the course of the reaction. An experimentalist can at present only hope
to quote a number related to the asymptotic distribution of transverse energy with
(pseudo)rapidity, remind his theoretical colleagues to regard this as something to
compare among different systems, and duck the ensuing fireworks.

The above cautionary notes nonwithstanding, the results of an exercise are
presented here to give an estimate of the improvement that might be obtained in
energy density attained by changing from the light projectiles presently used at
the AGS and SPS to truly heavy ions such as gold or lead. This seems useful to
present as the present workshop is motivated by the anticipation of the availability
of gold ions from the AGS in 1992, and much of the present SPS program is looking
forward to the availability of lead ions at E/A = 160 GeV by 1994. The point of



departure is the observation in the Quark Matter '87 meeting by Sorensen et al.
(Ref. 2) that the observed ET in. the two units of rapidity about midrapidity at
SPS energies appears to scale as the sum of the the number of projectile and target
participants. By then noting that the dET)Jdri distributions have quite similar
shapes and widths for different systems (see Figure 22 above from NA34), one can
argue that the transverse energy per unit rapidity per participant baryon is observed
experimentally to be roughly a constant, for a fixed value of -/a. If one then applies
Equation 8 of Reference 1 (the Bjorken estimate for energy density), replacing the
term dE-r/dy by the above constant value times the number of participants expected
for a given reaction, one can obtain energy density estimates for any given reaction
at the same y/s.

Going further, one can also choose to estimate the energy density in a cylinder
with its axis along the direction of relative momentum (by taking advantage of
the fact that the estimate in Reference 1 is normalized per unit transverse area of
the colliding partners). A nucleus contains more nucleons per unit transverse area
through its center than near its edge, meaning that if the above ideas about ET
per participant baryon are correct, a higher value of dET/drj/unit area will obtain
for those collisions involving the nucleons in the center than for those involving
nucleons near the edge, so a higher energy density will obtain there. One thus
expects a gain in energy density in the region near the center axis, particularly
if very heavy projectiles are used, compared to what is found when one averages
over the entire transverse area of the colliding partners, as is usually done. The
result of applying these ideas to the observed values of dETJdt) for E/A = 200 GeV
collisions to the case of 18O , 32S and 19TAu projectiles colliding with Au target
nuclei are shown in Figure 27, which was presented earlier in Reference 3. If one
regards e = 2.5 GeV/fm3 as a good line of demarcation, then the use of gold nuclei
looks much more promising than the use of either 18O or S2S for creating collisions
favorable for achieving deconfinement over a reasonable volume. One would expect
that this can only enhance the chances for observing signals of deconfinement, as
now a larger fraction of the reaction volume enjoys the necessary conditions for
achieving deconfinement. If the line of demarcation is instead at e = 3.0 GeV/fm3,
then the present experiments would fail to achieve the necessary conditions for
deconfinement, while reactions of Au with Au would provide a cynlindrical volume
some 10 fm across that would be above the critial energy density. This argument
should be useful at other values of y/s, both lower and higher.
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Table 1. Present CERN SPS High-Energy Heavy-Ion Experiments (circa 1990)

Measurement

Transverse energy spectra
NA34, NA35, WA80

Multiplicities and Spectra
NA34, NA35, NA36, NA44
WA80, WA85

Emulsions
EMU01,02,03,...

Particle identification
NA34 7r,iiC,pfor y < ycm; fi+fi
NA35 A.S.-K?, Kn3

NA36 A,S,... tracking TPC
NA38 /i+M~ P^f spectrometer
NA44 7r, K, p focussing

spectrometer
NA45 e+e~ pair spectrometer
WA80 7,7T°; p,d,«,afor
WA85 A,2,ii:» in Omega

spectrometer
Pion (kaon) interferometry
NA35, NA44, WA80

Information

Estimate of achieved energy density
Propagation and collisions of
nuclei and nucleons in nuclear matter

Propagation and collisions of
nuclei and nucleons in nuclear matter

Pseudorapidity distributions of all
charged partcles, small angle
correlations of charge particles

Selective information on stopping
hydrodynamic expansion or
signals of quark-gluon plasma

Volume/lifetime of system
at hadronization

Photon, lepton pair production
NA34, NA38, NA45, WA80

Selective probe of deconfined phase
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Radial Energy Density Profile (A=1fm)
Central collisions on Au (b=0)
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