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Figure 1. Invariant mass distribution (left) and rapidity distribution (right) of K0

s
at 158 A·GeV.

Rapidity distributions for Λ and Λ̄ hyperons in central Pb-Pb collisions at 40, 80 and
158 A·GeV and for K0

s
mesons at 158 A·GeV are presented. The lambda multiplicities

are studied as a function of collision energy together with AGS and RHIC measurements
and compared to model predictions. A different energy dependence of the Λ/π and Λ̄/π
is observed. The Λ̄/Λ ratio shows a steep increase with collision energy. Evidence for a
Λ̄/p̄ ratio greater than 1 is found at 40 A·GeV.

1. Introduction

Anomalies in the energy dependence of strangeness production have been predicted as a
hint for the onset of deconfinement [1,2]. Since Λ hyperons contain between 30 and 60%
of the total strangeness produced in hadronic interactions their measurements allows to
study simultaneously strangeness production and the effect of net baryon density.

2. Analysis

The data sets used for the present analysis are the 7.2 %, 7.2 % and 10 % most central
Pb-Pb events at 40, 80 and 158 A·GeV beam energy, corresponding to 8.73, 12.3 and 17.3
GeV c.m. energy per nucleon nucleon pair. The NA49 experiment [3] identifies neutral
strange baryons by reconstructing their characteristic V0 decay topology Λ → p + π−,
Λ̄ → p̄ + π+ and K0

s
→ π+ + π−. The Λ hyperons contain the short-lived Σ0, which decay

electro-magnetically into Λγ.
The charged decay products are measured with four time projection chambers (TPCs),
two of them are located inside two large dipole magnets, the other two downstream of the
magnets symmetrically to the beam line [3]. In figure 1, the invariant mass distribution
of K0

s
at 158 A·GeV is shown. An agreement between the peak position and the nominal

K0
s

mass, indicated by the arrow, is observed. The invariant mass distributions of Λ and
Λ̄ are shown in reference [4]. The mass resolution (σm) is 2 MeV/c2 for the lambdas and
4 MeV/c2 for K0

s
.
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Figure 2. Rapidity distribution of Λ and Λ̄ produced in central Pb-Pb collisions at 40 (left), 80 (middle)
and 158 A·GeV/u (right). The reflected points (open symbols) are in good agreement with the measured
ones (filled symbols).

3. Spectra

Corrections, described in detail in reference [4], are applied bin by bin in rapidity and
transverse momentum for geometrical acceptance and tracking efficiency. The rapidity
distributions are obtained by integrating the measured pT-spectra and by extrapolation
into unmeasured regions. In figure 2, the rapidity distributions of Λ and Λ̄ are summarized
for all three energies. It is found that the distribution of the Λ is broader than that of the
Λ̄. The Λ rapidity distribution becomes broader with increasing energy. The total lambda
multiplicities are obtained by integration of the rapidity spectra with small extrapolations
into unmeasured regions using a Gaussian fit for the Λ̄ at all three energies and the Λ at 40
A·GeV. A double Gaussian is used for the Λ at 80 A·GeV. For the Λ rapidity distribution
at 158 A·GeV an extrapolation is made using realistic estimates of the tails (e.g. Λ from
central S+S and net-proton distribution at 158 A·GeV [4]).
The corrections and the analysis procedure were checked by extracting the K0

s
meson at

158 A·GeV and comparing them to the charged kaons [5]. The charged kaons are identified
with a different method (dE/dx). The comparison between the rapidity distribution of
K0

s
and the charged kaons (using isospin symmetry: K0

s
= (K+ + K−)/2) is shown in

figure 1 (right). Good agreement is observed. The total K0
s

multiplicity, quantified using
a Gaussian fit to extrapolate the unmeasured regions yields 〈K0

s
〉 = 75 ± 4 .

4. Energy Dependence

The maximum of the Λ rapidity distribution decreases with increasing collision energy,
as shown in figure 2. This effect is even enhanced in the Λ/π ratio (see figure 3(a)). The
pions are calculated according to π = 3/2 (π+ + π−) [7,5]. The data at AGS energies
(triangles) are taken from reference [8–10,12,13]. The Λ/π ratio steeply increases at AGS
energies, reaches a maximum and drops at SPS energies. In comparison, the Λ̄/π ratio
shows a monotonic increase up to RHIC energies [11] without significant structure (see
figure 3(b)). The same behavior is visible for the total multiplicities 〈Λ〉/〈π〉 and 〈Λ̄〉/〈π〉
as shown in figure 3(c) and (d). These differences can be attributed to different production
mechanism for Λ and Λ̄ and to the effect of net-baryon density.
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Figure 3. Energy dependence of the Λ/π (a) and the Λ̄/π (b) at mid-rapidity. In the logarithmic scaled
inset of figure (b) the STAR measurement is shown in addition. The same ratios are shown for the 4π
values (3(c) and (d)). The 〈Λ〉/〈π〉 ratio from p+p collisions at different energies [1,6] is shown as well.
The different lines represent different model predictions.

Since the K+ carry about 80% of the produced s̄ quarks we expect the K+/π+ ratio to
show a similar behavior as the Λ/π ratio (using strangeness conservation) which is indeed
the case [5].
In figure 3, the measurements are compared to model predictions from UrQMD [14],
HSD [15], RQMD [16] and the statistical model of reference [17]. All models describe the
general trend of the experimental data correctly. The microscopic models under-predict
and the statistical model over-predicts the measured Λ/π ratios.

The Λ̄/Λ ratio at mid-rapidity rises steeply from AGS [18] to RHIC energies [11,19,20]
(see figure 4, left). The numerical values are 0.027 ± 0.0025 for 40, 0.079 ± 0.01 for 80
and 0.149 ± 0.016 for 158 A·GeV, respectively. The same trend is measured for the p̄/p
ratio [21,22], but the numerical values are smaller than for the corresponding Λ̄/Λ ratio.
(0.0079 ± 0.0008, 0.028 ± 0.0025, 0.060 ± 0.005, respectively). Total yields for p and p̄
will give more insight into this problem.
The Λ̄/p̄ ratio allows to study the interplay of production and annihilation processes. In
the SPS energy range this ratio indicates an increase with decreasing energy as illustrated
in figure 4, right. The data at lower and higher energies are taken from [10,23,19].
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Figure 4. The Λ̄/Λ (left) and Λ̄/p̄ (right) ratio as a function of c.m. energy. All particles are corrected
for weak decay feed-down.

In summary, the ratio Λ/π shows a maximum between top AGS energies and 40 A·GeV
whereas the Λ̄/π ratio increases monotonically with increasing energy. The upcoming
measurements at 20 and 30 A·GeV will give more details for this energy range.
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14. H. Weber, E.L. Bratkovskaya, H. Stöcker, submitted to Phys. Lett. B, 2002. (nucl-th/0205030).

http://arxiv.org/abs/nucl-ex/0205002
http://arxiv.org/abs/nucl-ex/0203016
http://arxiv.org/abs/nucl-th/0205030


6

15. E.L. Bratkovskaya, private communication, 2002.
16. N. Xu, private communication, 2002.
17. P. Braun-Munzinger et al., Nucl. Phys. A697, 902, 2002.
18. Y. Akiba et al. [E859 Collaboration], Nucl. Phys. A590, 179c, 1995.
19. K. Adcox et al. [PHENIX Collaboration], nucl-ex/0204007.
20. G. van Buren, J. Phys. G, Nucl. Part. Phys. 28, 2103, 2002.
21. L. Ahle et al. [E802 Collaboration], Phys. Rev. Lett. 81, 2650, 1998.
22. I. Bearden et al. [NA44 Collaboration], Phys. Lett. B471, 6, 1999.
23. G. Stephans et al. [E859 Collaboration], J. Phys. G23, 1895, 1997.

http://arxiv.org/abs/nucl-ex/0204007

