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Abstract. Experiment NA57 studies the production of strange and multi-strange
baryons and antibaryons in ultrarelativistic nucleus-nucleus collisions at the SPS.
The principal aim of NA57 is to investigate the existence of an onset for the
strangeness enhancement effect at the variation of the energy and centrality (i.e.
number of participants) of the nucleus-nucleus collisions.
The experiment was successfully installed and commissioned in 1997.
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1. Introduction

Experiment NA57 studies the production of strange and multi-strange baryons and
antibaryons in ultrarelativistic nucleus-nucleus collisions at the SPS. The previous
experiments WAR5, WA94 and WA9T7 [1] have shown that the strange hyperons
abundance increases faster than the number of participants in the collision when going
from proton-nucleus to nucleus-nucleus interactions. This strangeness enhancement
effect is progressively stronger for the hyperons of higher strangeness content, as shown
in Figure 1. This effect was predicted [2] as a possible consequence of a phase transition
from standard hadronic matter to a plasma of deconfined quarks and gluons.
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Figure 1. WA97 Particle yields as a function of the number of participants. The
solid line drawn through the p-Pb point corresponds the expectation in case the
hyperon yields were proportional to the number of participants.

The principal aim of NA5J7 is to investigate the existence of an onset for the
strangeness enhancement effect at the variation of the energy and centrality, i.e.
number of participants, of the nucleus-nucleus collisions. The observation of such a
threshold effect would indicate a discontinuity in the behaviour of highly compressed
matter, as one would expect from a first order phase transition, and help locate the
transition point. NA57 will take data with a Pb beam both at 158 A GeV/c and 40 A
GeV/c, which is the minimum energy available from the SPS for lead ions. The latter
corresponds to a centre-of-mass energy (8.8 GeV per nucleon) intermediate between
that achieved at the AGS (4.7 GeV per nucleon) and what is currently used at the
SPS (17.3 GeV per nucleon).

2. The experimental apparatus

The principal challenge is to handle the large density of primary tracks produced
in central lead-lead interactions. To reconstruct A, Z, € and K decays in such an
enviroment, we employ a high granularity telescope of silicon pixel planes. The high
rate capability of these detectors allows us to collect a large statistics.

The apparatus, shown schematically in Figure 2, is placed inside the GOLIATH
magnet in the configuration with 1.05 m gap and 1.4 T maximum field. The main
features of the apparatus are:
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e a telescope made of 13 silicon pixel detector planes, for a total of about 1.1x10°
channels; 7 planes use the Omega2 front end chip with a pixel size of 75x500 ym?,
6 planes use the new Omega3 front end chip, with a cell size of 50x500 ym?. The
silicon pixel technique was succesfully pioneered by WA97 in collaboration with
RD19 [3].

e An array of 6 scintillator petals, placed 10 cm downstream of the target, covering
the pseudorapidity region 1 < 1 < 2, used to trigger on the centrality of the
collision.

e A set of silicon multiplicity detectors sampling the charged multiplicity produced
in the region 2 < n < 4, in order to measure the centrality of the nucleus-nucleus
collision.

PMD

Figure 2. An artistic 3D view of the NA57 apparatus on the left and a side view
on the right.

The telescope is placed above the beam line, is inclined and is aligned with the
lower edge of the detectors on a line pointing to the target. The inclination angle o and
the distance d of the first pixel plane from the target depend on the beam momentum
in order to cover in both cases the central rapidity region: at 158 A GeV/c (yrap ~
2.9) is @ = 40 mrad and d = 60 cm, at 40 A GeV/c (yrap ~ 2.2) is « = 72 mrad and
d = 30cm.

Hyperons and K mesons are identified via decay channels with only charged
particles in the final state, namely A — p + 77,27 — A+ 77,07 — A + K,
K - 7t 4+ 77 and K* — 77 4+ 7~ 4 7%, As an example, Figure 3 shows an
Q7 decay reconstructible with our silicon telescope.

NA57 will address the question of how the increase in the production of hyperons
evolves with the number of participants when going from proton-nucleus to nucleus-
nucleus interactions, by measuring strange hyperons yields as a function of the
centrality of the collision. The aim is to enlarge the investigated centrality window
from about 40% oine; (WAIT) to 50-60% cinel-

The centrality of the collision is measured by sampling the charged multiplicity at
central rapidity, with two stations of Multiplicity Strip Detectors (MSD).
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Figure 3. An example of a hyperon decay reconstructable with the NA57 setup

The relation between the sampled multiplicity and the number of participant
nucleons is obtained by fitting the multiplicity distribution to a curve obtained by a
Glauber model calculation of the distribution of the number of participants, assuming
proportionality between the number of participants and the measured multiplicity,
and accounting for experimental smearings. An example of such a fit from WA97 is
shown in Figure 4.
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Figure 4. The WA97 charged measured multiplicity (squares) is compared with a
Glauber model calculation (points): in each bin of the spectrum the average number
of participant nucleons is estimated from the model.

3. Installation and commissioning of the experiment in 1997

The NA5ST apparatus was prepared and thoroughly debugged in the course of 1997.

In particular:

e the GOLIATH magnet was installed and commissioned in early 1997 and the
magnetic field was mapped in May;

e  four additional planes of Si pixel detectors were built, bringing the total number
of planes in the telescope to 13;

e a sliding optical bench, combining the high alignment accuracy required for Si
pixel detectors with ease of maintenance in the restricted volume of the Goliath



magnet, was designed, built and installed;

e the detector service systems (cabling, cooling, etc.) were completely redesigned,
installed and commissioned;

e a new Data Acquisition has been installed and debugged. The DAQ is based
on parallel subsystem VME processors running Unix, which are connected to an
Event Builder through a Fast Ethernet switch. The Event builder, also a VME
processor running Unix, sends data to the CERN Computer Center, where they
are written on to tapes;

e a new Detector Control System was designed, installed and commissioned. It
is based on the CAEN SY527 high/low voltage system, remotly controlled by a
workstation running a LabView user interface.

The full apparatus was succesfully commissioned with a proton beam in October
1997. All the detectors performed as expected, and the quality of the data is good. The
alignment and calibration of the detectors have been performed, and a preliminary A
peak, obtained with an online program, is shown in Figure 5. The full reconstruction
program ORHION is being tuned on these data.
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Figure 5. Preliminary A peak from the 1997 commissioning run.

4. Future developments

In the future, we plan to equip the multiplicity detectors with silicon pixel planes. This
new Pixel Multiplicity Detector (PMD), shown in Figure 2, will allow us to measure
the net baryon density at central rapidity, by measuring the sign of the charge of the
particles produced in the collision.

The principle of the charge determination algorithm is illustrated in Figure 6. A
charged particle trajectory, bent in the magnetic field, leaves one hit in each of the two
pixel planes which make up one arm of the PMD detector. A straight line is computed
joining the outer pixel hit to the center of the target, and the intercept with the inner
pixel plane is calculated. Assuming that the closest hit to the intercept has been
produced by the same particle, the charge of the track is determined by looking on
which side of the intercept the hit lies in the bend plane projection.

The combined use of the total and net (positive minus negative) multiplicity
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Figure 6. The sign of the charge can be determined using 3 points: target and 2

hits.

measurements will allow us to study whether the observed strangeness enhancement
effects are accompanied by an increase in multiplicity (entropy) per baryon.

5. Conclusions

The NAS7 experiment can play a unique role to explore the onset of a phase transition
from hadronic matter to Quark Gluon Plasma by addressing the two main questions
arising from WA97 results, namely: i) how strange particle yields behave at lower
values of nucleon participants to the collision and ii) how this behaviour depends on

the centre of mass energy of the collision.
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