Available online at www.sciencedirect.com

sc.ENCE@D.nECTa

PHYSICS LETTERS B

ELSEVIER Physics Letters B 595 (2004) 68—74

www.elsevier.com/locate/physletb

Energy dependence of hyperon production in nucleus—nucleus
collisions at SPS

NAS57 Collaboration

F. Antinori', P.A. Bacorf, A. Badal&?, R. Barberd, A. Belogiann?, A. Bhasirf,
[.J. Bloodworttf, M. Bombard, G.E. Brun@, S.A. Bullé, R. Caliandrd,

M. Campbell', W. Carend, N. Carref", R.F. Clarke, A. Dainesé, A.P. de Haa§
P.C. de Rijke, D. Di Bari®, S. Di Liberto®, R. Divia", D. Elia®, D. Evang,

G.A. Feofilov, R.A. Fini®, P. Ganott, B. Ghidini®, G. Grella?, H. Helstrugd,
K.F. Hetland®, A.K. HolmeX, A. Jacholkowsk?, G.T. Jone§, P. Jovanovié, A. Juskd,
R. Kamermang J.B. Kinsorf, K. Knudsor, A.A. Kolozhvari?, V. Kondratie\,

l. Kralik !, A. Kravcakovd, P. Kuijers, V. Lenti®, R. Lietave, G. Lgvhgidert,

V. Manzari®, G. Martinskd, M.A. Mazzoni°, F. Meddi®, A. Michalon", M. Morandd,
E. Napp®, F. Navach, P.Il. Normarf, A. Palmer®, G.S. Pappalardy B. Pastitak,
J. Pisut, N. Pisutovd, F. Posd, E. Quercigh, F. Riggi?, D. Réhrich, G. Romand,
K. Safdik", L. Sandot, E. Schillings, G. Segath M. Sené", R. Send', W. Snoeys,
F. Soramel!, M. Spyropoulou-StassinakiP. Starobd, T.A. Toulina%, R. Turrisi',
T.S. Tvetek, J. Urban, F. Valievd, A. van den Brink, P. van de Vef P. Vande Vyvré,
N. van Eijndhovenf, J. van Hunef, A. Vascottd', T. Vik ¥, O. Villalobos Baillie®?,

L. Vinogradow, T. Virgili *, M.F. Votrubat, J. Vrlakovd, P. Zavada

@ Physics Department, University of Athens, Athens, Greece
b Dipartimento IA di Fisica dell’ Universita e del Politecnico and INFN, Bari, Italy
C Fysisk Institutt, Universitetet i Bergen, Bergen, Norway
d Hggskolen i Bergen, Bergen, Norway
€ School of Physics and Astronomy, University of Birmingham, Birmingham, UK
f Comenius University, Bratislava, Sovakia
9 University of Catania and INFN, Catania, Italy
) h CERN, European Laboratory for Particle Physics, Geneva, Switzerland
! Institute of Experimental Physics, Sovak Academy of Sciences, KoSice, Sovakia
I pJ. Sfarik University, Kosice, Sovakia
k Fysisk Institutt, Universitetet i Oslo, Oslo, Norway
! University of Padua and INFN, Padua, Italy
M Collége de France, Paris, France
M Institute of Physics, Academy of Sciences of the Czech Republic, Prague, Czech Republic
O Universita * La Sapienza” and INFN, Rome, Italy
P Dipartimento di Scienze Fisiche “ E.R. Caianiello” dell’ Universita and INFN, Salerno, Italy
4 Sate University of St. Petersburg, S. Petersburg, Russia

0370-2693/$ — see front mattér 2004 Elsevier B.V. All rights reserved.
doi:10.1016/j.physletb.2004.05.025


http://www.elsevier.com/locate/physletb

NA57 Collaboration / Physics Letters B 595 (2004) 68-74 69

" Institut de Recherches Subatomique, IN2P3/ULP, Srasbourg, France
S Utrecht University and NIKHEF, Utrecht, The Netherlands

Received 26 March 2004; accepted 5 May 2004
Available online 23 June 2004
Editor: M. Doser

Abstract

A measurement of strange baryon antitzaryon production in Pb—Plodisions has been carried out by the NA57 experiment
at the CERN SPS, with 40 and 138GeV/c beam momentum. Results oy & and £2 hyperon yields at mid-rapidity in the
most central 53% of Pb—Pb collisions at A@GeV/c are presented and compared with those obtained at higher energy, in the
same collision centrality range.

The A and £~ yields per unit rapidity stay roughly constant while those®f, A, &1 and 2+ increase when going to
the higher SPS energy. Hyperon yields at the SPS are compared with those from the STAR exper{/Rgnf i# 130 GeV
Au-Au collisions at RHIC.
0 2004 Elsevier B.V. All rights reserved.

PACS 12.38.Mh; 14.20.Jn; 25.75.Nq; 25.75.Dw

1. Introduction from the higher energy Au—Au collisions at RHIC is
also included.

The CERN NA57 experimeifit] has been designed
to study the onset of the multi-strange baryon and an-
tibaryon enhancements in Pb—Pb collisions with re- 2. The NA57 experimental layout and data sets
spect to proton-induced reactions, first observed by
the WA97 experiment at 158 GeV/c beam momen- The NA57 apparatufs], schematically shown in
tum[2]. NA57 has extended the WA97 measurements Fig. 1, has been designed to detect strange and multi-
over a wider centrality range and to lower beam mo- strange hyperons by reconstructing their weak decays
mentum: data on Pb—Pb collisions have been taken atinto final states containing charged particles only.

both 158A GeV/c (as for WA97) and 44 GeV/c. Tracks are measured in the silicon telescope, a 30 cm
Measurements of strangeness production at SPS havéength array of pixel detector planes withxG5 cn?
been carried out also by the NA49 Collaboratjdh cross-section. Additional pixel planes and double-

The NA57 results on hyperon and antihyperon sided silicon microstrip detectors, placed behind the
production at 1584 GeV/c [4] confirm the pattern  telescope, are used as a lever arm to improve the
observed by WA97: the enhancements increase with resolution for high momentum tracks. The distance
the strangeness content of the particle up to a factor from the target and the angle of inclination of the
of about 20 for 2 hyperons. In this Letter the telescope were varied with beam momentum in order
absolute yields and the inverse slopes of the transverseto cover the central rapidity region. The telescope
mass distributions forA, £~ and 2~ (and their acceptance covers about half a unit of rapidity at
antiparticles) in Pb—Pb collisions at both 40 and central rapidity and mediu transverse momentufn.
158 A GeV/c are presented and discussed. Theresults  The centrality trigger, based on a scintillator system
had been preliminarily shown at the Quark Matter (Petals) placed 10 cm downstream of the target,
2004 conferencs]. A comparison with the results  selects approximately the 60% most central fraction

E-mail address: domenico.elia@ba.infn.it (D. Elia). 2 The lower pt limits are about 0.3, 0.5 and 0.8 Gg/for A,
1 Permanent address: University of Udine, Udine, Italy. Z and$2, respectively.
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Fig. 1. The NA57 experimental layout for Pb—Pb collisions.

of the inelastic cross-section for Pb—Pb collisions.
The centrality of the collision is measured using
the charged particle multiplicity sampled at central

rapidity by two stations of microstrip silicon detectors
(MSD).

The full apparatus is placed inside the 1.4 Tesla

field of the GOLIATH magnet. About 240 M and

460 M events of central Pb—Pb collisions have been

collected at 40 and 158 GeV/c, respectively.

3. Dataanalysis

The following decay channels (and the correspond-

ing ones for antiparticles) have been detectéd:
77 p, &7 - An~ (with A - 77 p) and 2~ —
AK™ (with A — 7~ p). The particle selection proce-
dure, based on geometricaihd kinematical cuts, al-
lows the extraction of signals with negligible back-
ground[4].

The study of the collision centrality is based on
the charged particle multiplicity sampled by the MSD
in the pseudorapidity ranges9l< n < 3.6 (for the
40A GeV/c data) and 2 n < 4 (forthe 1584 GeV/c

data)? following the analysis procedure described
in [7].

For each selected particle a weight is calculated
by means of a Monte Carlo procedure based on
GEANT [8] that takes into account geometrical ac-
ceptance and reconstruction efficiency losses. The full
samples of the reconstructéland £2 hyperons have
been individually weighted. Since the method is CPU
intensive, for the much more abundaftand A sam-
ples we only weighted a small fraction of the total
sample in order to reach a statistical error better than
the systematic error.

The double differential X, mt = \/m2 + p2) in-
variant cross section for each particle type has been

fitted to an exponential using the maximum likelihood
method and the parametrizatif9i:

1 d°N — roexe =T
mtdmtdy Y T )

@

3 The central rapidity values are 2.2 and 2.9 at 40 and
158 A GeV/c, respectively.



NA57 Collaboration / Physics Letters B 595 (2004) 68-74

We assumef(y) = const (flat rapidity distribution)

within our acceptance region around central rapidity

and leave the inverse sloffeas a free parameter.
Yields have been calculated as the number of

71

fits discussed in the present Letter we obtained a value
of x2/dof below 2.

These inverse slopes have been used to calculate
the particle yields given inTable 1 (according to

particles per event extrapolated to a common phasethe formula (2)). Statistical and systematic errors

space window, covering the fulpt range and one
unit of rapidity around mid-rapidity, by using the fitted
slopes:

00 Yem+0.5
y / d / ay N @
= m .
T ymedy
m Yem—0.5

4. Resultsand discussion

Inverse slopes and yields at 40 and 15&eV/c
have been compared within a centrality range corre-
sponding to the most central 53% of Pb—Pb collisions:
the average number of participants for this sample is
about 165.

The 2~ and$2* samples have been merged in the

are given. The systematic errors were estimated by
varying the analysis procedures, the selection criteria
and the extrapolation function. The slope extracted
from the combined spectra g2~ and 21 has been
used for the extrapolations.

Going from 40 to 1584 GeV/c, the A and &~
yields at mid-rapidity are similar while the corre-
sponding antiparticle yields increase by a factor 5. The
£2 hyperon production shows a larger increase, with
about a factor 3 rise for the particle and more than a
factor 7 for the antiparticle. These results can be un-
derstood as due to a higher baryon density in the colli-
sion fireball at lower energy.

From the above yields, production ratios for differ-
ent particle species are calculated and showiian
ble 2 Fig. 2 shows these particle ratios, keeping the
antiparticle to particle (a) separate from the mixed
ones (b). Only the statistical errors are shown. We es-

same spectrum for the lower energy data, due to the timate the systematic errors to be of the order of 5%

low statistics. The inverse slope paramef@isbtained
with the fit procedure and the corresponding statistical
and systematic errors are givenTiable 1 The values

of theT parameter at 158 GeV/c are larger than the
corresponding ones at 40GeV/c for A, A and& .
Larger errors, due to the limited statistics at lower
energy, preclude such comparisons fBF and £2

hyperons. The details of the analysis of the transverse

mass spectra at 158 GeV/c are discussed ifi9].

for the antiparticle to particle ratios and of the order of
10% for the mixed ratios.

When going from 40 to 158 GeV/c the antihy-
peron to hyperon ratios go up, the effect being largest
for A. As for mixed ratios we do not see any signifi-
cant variation, except fa2 ~/ £~ which increases by
more than a factor 2.

Results on hyperon production at mid-rapidity in
J/snnv =130 GeV Au-Au collisions from the STAR

A similar description of the transverse mass spectra experiment at RHIC are also availab[&Q]. For

analysis at 404 GeV/c is in preparation. For all the

Table 1

comparison we selected our data in the same centrality

Inverse slope parameters and yields for the most central 53% of Pb—Pb collisions at 40 ahG&%3c. Statistical (first) and systematic

(second) errors are also quoted

T (MeV) Yield

40 A GeV/c 158 A GeV/c 40 A GeV/c 158 A GeV/c
A 261+ 4+ 26 289+ 7+ 29 7.18+0.13+0.72 7.84+0.21+0.78
A 263+ 6+ 26 287+ 6429 0188+ 0.005+ 0.019 117+0.03+0.12
B~ 228+ 12+23 297+ 5+ 30 0635+ 0.041+ 0.064 08524 0.0154+ 0.085
ok 308+ 63+31 3164+ 11+ 30 00444 0.008+ 0.004 0209+ 0.007+ 0.021
Q-+t 3684+ 1204+ 40 271+ 16+ 27
Q- 264+ 19+ 27 0039+ 0.0144+ 0.004 0118+ 0.011+0.012
ot 284+ 28+ 27 0007+ 0.003+ 0.001 Q0544 0.0074+ 0.005




72 NA57 Collaboration / Physics Letters B 595 (2004) 6874

[ Pr>0, |y-y..l<0.5
- O Pb-Pb160GeV
B Pb-Pb 40 GeV

| pr>0, |y-y,l<0.5
L O Pb-Pb160 GeV
B Pb-Pb 40 GeV

Ratio
Ratio

T T

T

...
S
]
0
[P —
-
oS
mann T
—a0
_(m]
[my 3

T
-
—— 0O

. = (a) | (b)

= | | 2 !

10
AlA =

Qo OIE Q/E"  Z/A Z/A

Fig. 2. Antiparticle to particle ratios (a) and mixed particle ratios (b) in the most central 53% of Pb—Pb collisions at 40 Ar@EMy8. Errors
shown are statistical only.
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Fig. 3. Hyperon yields at central rapidity at SPS and RHIC energies.selected data samples correspond to the most central 5%, 10% and
11% collisions forA, £ and$2, respectively. Errors shown are statistical only.
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Table 2 = SPS RHIC
Particle ratios in the most central 53% of Pb—Pb collisions at40 and &£ |
158 A GeV/c. Quoted errors are statistical only F !
Particle ratio A +
40 A GeV/c 158 A GeV/c
A/A 0.026+ 0.001 Q0149+ 0.006 o —
gt/5- 0.069+ 0.013 Q245+ 0.009 107 s OV
foadions 0.18+0.10 0458+ 0.073 i o« Tz
T/ET 0.061+0.022 0138+ 0.013 [ - =
Qt/Et 0.159+ 0.074 0258+ 0.035 - + o AlA
g7 /A 0.088+ 0.006 0109+ 0.003 - © i |
Et/A 0.234+0.043 Q0179+ 0.008 5 -
Vs [GeV]
Table 3 Fig. 4. Comparison of antihyperon to hyperon ratios at SPS and
Hyperon yields in the most central 5%, 10% and 11% of Pb—Pb RHIC energies. The selected data samples correspond to the most
collisions for A, & and §2, respectively, at 40 and 158 GeV/c. central 5%, 10% and 11% collisions fdr, & and $2, respectively.
Statistical (first) and systematic (second) errors are also quoted Errors shown are statistical only.
Yield
40 A GeV/c 158 A GeV/c have been presented and compared. fihand =~
A 211+08+21 1854+ 11+19 yields per unit rapidity stay roughly constant while
A 0.4440.034+0.04 247+0.14+0.25 those of 22—, A, &% and 27 increase when going
g~ 1.84+0.16+0.18 191+0.05+0.19 to the h|gher SPS energy.
=+ - . .
= 0.068+0.021+0.007 0422:£0.023:£0.042 Comparison with higher energy results from the
2 0.08540.046+0.009 Q259+0.037+£0.026 STAR . t at RHIC fi th t d
o+ 0.035:0.020+0.004 0129:0.02240.013 experiment a coniirms the same trend,

with hyperons showing a weaker energy dependence
than antihyperons. The antihyperon to hyperon ratios

range used for STAR results (most central 5%, 10%, increase with the energy, with a stronger dependence
11% collisions forA, & and £2, respectively). The  for particles with smaller strangeness content. Such a

corresponding yields per unit rapidity at 40GeV/c pattern is consistent with a decrease of baryon density
(J/Sny = 88 GeV) and 1584 GeV/c (/snn = in the central region with increasing energy.

17.3 GeV) are given inTable 3and compared with
those from STAR irFig. 3.
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