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Results from NA57

H̊avard Helstrup1 for the NA57 Collaboration ‡
1 Høgskolen i Bergen, Bergen, Norway

Abstract. The NA57 experiment has measured strange baryon and antibaryon

production in Pb-Pb collisions at 40 A GeV/c and 158 A GeV/c beam momenta.

Expansion dynamics has been investigated; transverse dynamics using blast wave

fits, longitudinal dynamics obtained from rapidity distributions. HBT analysis gives

results compatible with those obtained by the other methods. Similar values are

observed for the transverse and longitudinal flow parameters. Particles carrying

all levels of strangeness have been studied. Enhancement factors increase with the

strangeness content of the particle, reaching above 20 for Ωs in central collisions.

Enhancement values are strikingly similar for SPS and RHIC energies. Central-

to-peripheral nuclear modification factors have been measured. The baryon/meson

pattern displays similarities with that observed at RHIC.

1. Introduction

The NA57 experiment has been designed to study production of strange and

multistrange particles in Pb-Pb collisions at the CERN SPS. The experiment has

extended previous WA97 [1] measurements to a wider centrality range and to lower

beam momentum.

Enhanced production of strange particles was one of the first signatures to be

proposed for the Quark-Gluon Plasma in heavy ion collisions [2]. The observed pattern of

strangeness enhancement factors increasing with the strangeness content of the particle

agrees with theoretical predictions describing particles originating from a dense system

with interactions at the parton level.

The expansion dynamics of the dense system can be extracted from the measured

final state particle spectra. Blast wave analysis has been applied to the transverse

mass spectra to obtain kinetic freeze-out temperature and radial flow velocity. The

longitudinal flow velocity has been obtained from fits to rapidity distributions.

RHIC data shows a significant suppression of high transverse momentum particles in

central heavy ion collisions. This effect is quantified using nuclear modification factors,

which are calculated as the ratio of yields per binary collision in nucleus-nucleus collisions

compared to proton-proton collisions (RAA) or central to peripheral nucleus-nucleus

collisions (RCP ). The NA57 experiment has measured RCP factors for negatives and

singly strange particles.

‡ A list of all members of this collaboration is given at the end of this issue.
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2. Experimental setup and data analysis

The layout of the NA57 experiment has been described elsewhere [3]. The main tracking

device is a silicon pixel telescope, with a 5 ×5 cm2 cross section. Planes are densely

stacked in the compact part of the telescope, with a total length of 30 cm. Additional

lever arm tracking detectors are used to improve the resolution for high momentum

particles. Multiplicity is measured by two detector systems, a scintillator petal detector

used for triggering and two planes of silicon microstrips used for offline analysis.

Strange particles are identified through their decays to charged particles. All decays

are required to take place in a fiducial volume located between the target and the

telescope, and all decay particles are required to pass through the compact part of the

pixel telescope. Kinematic cuts are applied to identify strange particle decays.

The multistrange particle spectra are corrected by calculating a correction weight

(which takes into account acceptance and efficiency effects) for each identified particle.

The same procedure has been applied to the much more abundant singly strange

particles, but in this case weights have been calculated only for a subsample of

the measured particles, as in this case systematic errors are already the dominant

contribution.

The collision centrality is determined from the charged particle multiplicity (Nch)

using the multiplicity microstrip detectors as described in [4, 5]. The Nch-differential

Pb-Pb cross section dσ/dNch is fitted assuming Nch = q · Nα
part [4] (a modified Wounded

Nucleon model) where Npart is the number of participants evaluated from the Glauber

model and q is a proportionality constant. The sample of collected events is divided

into centrality classes. For each class the average number of participants 〈Npart〉 and

binary collisions 〈Nch〉 is calculated.

3. Transverse dynamics: Blast wave fits

Transverse mass spectra obtained for K0
S and for Λ, Ξ−, Ω− and their antiparticles for

the two beam momenta are shown in the leftmost two panels of figure 1 [6, 7] § The mT

spectra have been analyzed within the blast wave model [8] assuming a linear velocity

profile. The blast wave fits are shown as dotted lines in figure 1.

The resulting kinetic freeze-out temperature and average transverse flow velocity

are:

T = (118 ± 5 ± 11) MeV, 〈β⊥〉 = 0.38 ± 0.01 ± 0.01 at 40 A GeV/c

T = (144 ± 7 ± 14) MeV, 〈β⊥〉 = 0.40 ± 0.01 ± 0.01 at 158 A GeV/c.

Comparing more central to more peripheral collisions, the temperature parameter

decreases whereas the transverse flow velocity increases. Comparing 40 A GeV/c results

to those obtained at 158 A GeV/c, the kinetic freeze-out temperature is lower and the

transverse flow velocity is similar, as shown in the right panel of figure 1.

§ See therein for original references to the various NA44, NA49 and CERES data used to compile these

figures.
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Figure 1. Blast-wave fits to transverse mass spectra for the 53% most central collisions

at 158 (left) and 40 (middle) A GeV/c. To the right is shown the 1 σ contour levels

of the fit at the two beam momenta.
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Figure 2. Inverse slope parameters for various particles with predictions of the blast

wave model at 158 A GeV/c (left) and 40 A GeV/c (middle). The right panel shows

temperature and transverse flow parameters obtained by three independent methods

from NA57 data.

The inverse slope parameters are plotted as a function of particle mass at the two

beam momenta in figure 2. The full line corresponds to the inverse slope which would be

obtained for a generic particle of mass m0 using the blast wave fit parameters obtained

from the best fit to singly strange particles at the corresponding beam momentum. Since

the inverse slope is a function of the mT−m0 range where the fit is performed, the inverse

slopes of the particles identified by NA57 has also been computed within the mT − m0

range of NA57. These values are shown by full circles in figure 2. The multiply strange

particles clearly deviate from the blast wave fit, and are better described by a fit with

higher temperature and lower transverse flow velocity, suggesting earlier decoupling of

these particles.

The right hand panel of figure 2 shows temperature and transverse flow parameters

obtained from the NA57 data at 40 A GeV/c using three independent methods. The

lines with a negative slope (blue in the online version) are obtained by applying the
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blast wave model to the spectrum of negative particles, the lines with a positive slope

(black) from HBT analysis and the contour plots at the centre (red) from the blast wave

analysis of singly strange particles. The three lines of each group show the central value

and the one sigma error band. A very good overlap from all three methods at the values

quoted above from the blast wave fit is observed.

4. Longitudinal dynamics: Rapidity distributions

Rapidity distributions for the 158 A GeV/c data sample have been obtained for all

strange particles identified by NA57 [9]. Within the NA57 acceptance region, all

distributions are compatible with being flat, except for K0
S and Λ, for which a Gaussian

shape is clearly visible. The rapidity distributions have been used to extract information

about the longitudinal expansion of the system, using the blast wave model of Bjorken

[10] and Landau [11] hydrodynamics folded with a thermal distribution of fluid elements

[8, 12].

The rapidity distributions with the fit including longitudinal flow are shown in

figure 3. The extracted longitudinal flow velocity is 〈βL〉 = 0.42 ± 0.03, which is rather

similar to the transverse flow velocity discussed above. This may indicate a significant

stopping of the incoming nuclei at the top SPS energy, and may indicate an almost

isotropic expansion of the fireball produced in the collision.

5. Strangeness enhancements

The observed cross section of each particle species has been fitted by the expression

d2N

dmTdy
= f(y)mT exp

(

−
mT

T

)

. (1)

The rapidity distribution is taken to be flat within our acceptance region for all particles

except for K0
S and Λ, where a Gaussian distribution was used. The central rapidity yield

is obtained by extrapolating to a common phase space region covering the full mT range

and one unit of rapidity around mid rapidity:

Y =
∫

∞

m
dmT

∫ ycm+0.5

ycm−0.5

d2N

dmT dy
dy. (2)

The enhancement factor E is defined as the yield per participant in each multiplicity

bin divided by the similar yield obtained in proton-beryllium interactions:

E =

(

Y

< Npart >

)

Pb−Pb

/

(

Y

< Npart >

)

p−Be

. (3)

The 158 A GeV/c results are shown in figure 4. The hierarchy of enhancements,

with E(Λ) < E(Ξ) < E(Ω) is consistent with early predictions of strangeness production

in a Quark Gluon Plasma scenario [2]. The enhancement factors reach above 20 for Ω in
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Figure 3. Rapidity distributions of strange particles in the full centrality range of

NA57 (53%). The full lines shows a fit by a thermal model including longitudinal flow.
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Figure 4. Centrality dependence of hyperon enhancements observed at 158 A GeV/c.

The left panel shows particles having at least one quark in common with the incoming

nuclei, the right panel shows particles containing quarks created in the collision only.
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Figure 5. Enhancement of Ξ− at different energies. The left panel shows measured

data by NA57 and STAR [14], the right panel shows canonical suppression calculations

[13].

the most central bins. For all particles except Λ there is a clear centrality dependence.

A saturation behaviour in the two most central bins cannot be excluded.

The enhancements observed at 40 A GeV/c are rather similar (due to low statistics

in our proton-beryllium sample, enhancements for Ξ
+
and Ω cannot be obtained at 40

A GeV/c). Calculations based on the Canonical Suppression Model [13] suggested a

clear energy dependence of the enhancement factors, with decreasing enhancements for

increasing beam momenta. The enhancements are found to be rather similar for all

observed energies, both at SPS and RHIC, as confirmed by recent STAR data [14]. A

slightly steeper centrality dependence can be observed for the data at lower energy, as

displayed in figure 5.

6. Nuclear modification factors

Nuclear modification factors have been used by the RHIC experiments to quantify

nuclear effects. The central-to-peripheral nuclear modification factor is defined as

RCP (pT) =
〈Ncoll〉P
〈Ncoll〉C

×
d2NC

AA/dpTdy

d2NP
AA/dpTdy

. (4)

A suppression of RCP at high pT is observed by the RHIC experiments (see e.g.

[15]). Also a markedly different behaviour between baryons and mesons has been seen,

confirmed to be a particle type effect rather than a mass effect by the measurement of

the nuclear modification factor of the φ particle [15].
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Figure 6. Left: Nuclear modification factors observed at SPS and RHIC. NA57

points shown with filled symbols, STAR points with open symbols. Middle: Relative

K0

S
and Λ RCP factors at SPS (open points) and RHIC (filled stars). Right: Model

comparisons to NA57 RCP data. Thin line without energy loss in the medium, thick

line including energy loss.

The NA57 experiment has measured nuclear modification factors for negatives, K0
S,

Λ and Λ, thus covering both mesons and baryons carrying one unit of strangeness. The

results are shown in the left hand panel of figure 6, along with similar ratios obtained

by the STAR experiment at RHIC [16]. No suppression effect at high pT is observed at

SPS. Nevertheless the relative pattern of the K0
S and Λ RCP factors is strikingly similar

between NA57 data from SPS and STAR data from RHIC. At RHIC this meson/baryon

ratio has been interpreted as due to recombination effects. Recent 62 A GeV/c data

from RHIC [17] confirms this pattern.

The NA57 RCP data has also been compared to model predictions by X.N. Wang

[18, 19], as shown in figure 6. The calculation including parton energy loss in the medium

(thick line) describes the NA57 data better than the calculations without energy loss.

Also a PQM [20] calculation with energy loss (dashed area in the right panel of figure 6)

is consistent with the NA57 measurement.

7. Conclusions

The expansion of the dense medium produced in lead-lead collisions at SPS has been

described by a hydrodynamic model, yielding similar values for the transverse and

longitudinal expansion velocities, suggesting a rather isotropic expansion profile. At

40 A GeV/c a similar transverse flow velocity, but a lower temperature parameter is

observed as compared to 158 A GeV/c.

Strangeness enhancements have been observed at both beam momenta. The

enhancement factors increase with increasing strangeness content of the particle in both

cases, in agreement with predictions from QGP models.

Central-to-peripheral nuclear modification factors have been measured for negatives

and particles carrying one unit of strangeness. The ratio between K0
S and Λ RCP is very

similar at SPS and RHIC energies, within the pT range covered by NA57.
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