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Abstract. Recent results of the NA49 collaboration on the production of p and p at midrapidity in central
Pb+Pb collisions in the beam energy range 20–158 AGeV are presented. The preliminary results for the
rapidity distributions of p and p at 40 AGeV are also discussed.
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1 Introduction

The study of heavy-ion collisions at relativistic energies
allows to learn how baryon number, carried by nucleons,
is distributed in the produced final state. One can ob-
tain significant information about energy loss of colliding
nuclei by exploring the rapidity dependence of p and p
production.
The measurement of baryon stopping in heavy ion colli-

sions provides essential information on the particle produc-
tion mechanisms.
In Fig. 1, published by the BRAHMS collaboration [1],

the net proton distributions measured at AGS, SPS and
RHIC [1–5] are shown. The shape of these distributions
depends strongly on energy. As seen, at AGS energies the
net proton distribution peaks at midrapidity, while at the
top SPS energy (

√
sNN = 17GeV) the distribution devel-

ops a minimum at midrapidity. This means that at SPS
energies collisions exhibit larger transparency.
At RHIC (

√
sNN = 200GeV) the data follow this pat-

tern and the distribution is flat over±1 unit aroundmidra-
pidity and rises at rapidity interval y = 2−3. The midra-
pidity region at RHIC is not yet totally baryon free, how-
ever a transition from a baryon dominated system at lower
energies to a mainly meson dominated system at RHIC can
be observed.

2 The NA49 experiment

The NA49 detector [6], shown in Fig. 2, is a large ac-
ceptance fixed target hadron spectrometer at the CERN-
SPS. The main tracking devices are four large volume
time projection chambers (TPCs). Two of them, the Ver-
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Fig. 1. The net proton rapidity distribution measured at
AGS (

√
sNN = 5.5 GeV), SPS (

√
sNN = 17 GeV) and RHIC

(
√
sNN = 200 GeV) for 5% most central collisions. For RHIC

data the closed symbols indicate measured points and open
symbols are symmetrized, while the opposite is true for AGS
and SPS data

tex TPCs (VTPC), are located in the magnetic field of
two superconducting dipole magnets. The other two, Main
TPCs (MTPC), are optimized for precise measurement
of the ionization energy loss dE/dx with a resolution
3%–6%.
The particle identification capability of the MTPCs is

augmented at midrapidity by two Time of Flight (TOF)
detectors (resolution 60 ps).
The centrality of the collisions is determined by a Veto

Calorimeter (VCAL),which measures the energy carried
by the projectile spectator nucleons. The NA49 experiment
collected data in Pb+Pb collisions at beam energies be-
tween 20A and 158AGeV.
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3 Results

3.1 p and p production at midrapidity

At midrapidity both dE/dx and TOF measurements are
available and provide excellent particle identification.
Transverse mass distributions for protons and antipro-

tons for central Pb+Pb collisions at five SPS energies are
shown in Fig. 3. The shape of mt spectra hardly changes
in the SPS energy region and can be described by hydro
inspired models.
Figure 4 shows p/p ratio at midrapidity as a function of

energy in central collisions at AGS, SPS and RHIC. The
increase of the p/p ratio reflects the decrease of the bary-
ochemical potential towards the higher energy.
Table 1 shows p and p yields at midrapidity at five beam

energies. The midrapidity p yield decreases gradually with
increasing energy in contrast to the rapidly rising p yield.
Details of the proton and antiproton analysis at midra-

pidity at SPS energies can be found in [7].

3.2 Rapidity spectra

The large acceptance of the NA49 detector allows measure-
ments of rapidity spectra from midrapidity up to almost
beam rapidity Due to the symmetry of Pb+Pb collisions

Fig. 2. The experimental set-up of
the NA49 experiment

Fig. 3. Transverse mass distribu-
tion for antiprotons and protons at
midrapidity in central Pb+Pb colli-
sions at SPS energies. Curves show
fits with a sum of two exponential
functions [7]. For clarity, the spec-
tra are scaled down by a factor of
2 successively from the uppermost
data

Table 1. Particle yield dn/dy for protons and antiprotons
at midrapidity in central Pb+Pb collisions at different beam
energies

Energy (AGeV) dn/dy p dn/dy p

20 46.1±2.1 0.06±0.01
30 42.1±2.0 0.16±0.02
40 41.3±1.1 0.32±0.03
80 30.1±1.0 0.87±0.07
158 29.6±0.9 1.66±0.17

4π yields can be determined. Raw p and p yields were ex-
tracted from fits of a sum of four Gaussian-like functions to
the dE/dx distributions in narrow bins of momentum and
transverse momentum. They were corrected for geometri-
cal acceptance and reconstruction efficiency, which is bet-
ter that 98% in all bins. The track reconstruction efficiency
was calculated by embedding simulated particle tracks
into raw data events, which were then passed through the
same reconstruction procedure as the real data. The final
rapidity distributions were obtained by integration over
the transverse momentum distribution in each y-bin. In
Figs. 5 and 6 the preliminary rapidity distributions of pro-
tons and antiprotons measured in central Pb+Pb collisions
at 40AGeV are shown. The results have not yet been cor-
rected for feed-down from weak decays, but the bias has
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Fig. 4. The energy dependence of p/p ratio at midrapidity for
central Pb+Pb/Au+Au reactions

Fig. 5. Rapidity distribution of p in central Pb+Pb collisions
at 40 AGeV. The full symbols indicate measured values, while
the open symbols are reflected around midrapidity (dotted line)

been estimated to be about 18% for protons and 35% for
antiprotons. It can be seen that the antiproton distribu-
tion peaks around midrapidity, while for protons there is
a shallow minimum at midrapidity. Thus the net proton
distribution at 40AGeV, shown in Fig. 7, has a shape simi-
lar to the one at 158AGeV ([2] and Fig. 1).

4 Summary and outlook

The midrapidity transverse mass distributions for protons
and antiprotons at 20, 30, 40, 80 and 158AGeV were
shown. No visible change in the mean transverse mass for

Fig. 6. Rapidity distribution of p in central Pb+Pb collisions
at 40 AGeV. The full symbols indicate measured values, while
the open symbols are reflected around midrapidity (dotted line)

Fig. 7. Net proton distribution in central Pb+Pb collisions at
40 AGeV. The full symbols indicate measured values, while the
open symbols are reflected around midrapidity (dotted line)

p and p is observed in central Pb+Pb collisions within the
measured SPS energy range.
Preliminary results for the rapidity distributions of p

and p at 40 AGeV were presented. They are consistent
with the results at the highest SPS energy of

√
sNN =

17GeV. To complete the energy scan program of the NA49
experiment the rapidity spectra of p and p at all SPS ener-
gies need to be analysed.
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