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Recent results on the system size dependence of net-baryon and hyperon production

as measured at the CERN SPS are discussed. The observed Npart dependences of

yields, but also of dynamical properties, such as average transverse momenta, can

be described in the context of the core corona approach. Other observables, such as

antiproton yields and net-protons at forward rapidities, do not follow the predictions

of this model. Possible implications for a search for a critical point in the QCD

phase diagram are discussed. Event-by-event �uctuations of the relative core to

corona source contributions might in�uence �uctuation observables (e.g. multiplicity

�uctuations). The magnitude of this e�ect is investigated.

1. INTRODUCTION

The system size dependence of particle production in heavy ion collisions can be measured

in two ways: either by comparing central reactions of nuclei of di�erent size, or by analyzing

centrality selected minimum bias collisions of nuclei of �xed size. It turns out that many

observables follow a very similar Npart dependence, if their centrality dependence is studied.

Usually a rapid change for very peripheral reactions is followed by only a weak variation

towards very central collisions. This indicates that many features of system size dependences

are dominated by the same underlying geometrically e�ects. It is therefore important to �nd

a reliable way of modeling them in order to extract non-trivial e�ects.

2. CORE CORONA SEPARATION

A quite successful way of describing the main features of system size dependences of par-

ticle production is the core corona approach [1�4]. In this model a nucleus-nucleus collision
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is decomposed into a central core, which corresponds to the large �reball produced in central

AA collisions, and a surrounding corona, which is equivalent to independent nucleon-nucleon

reactions. To quantify the relative contribution of the two components the fraction of nucle-

ons that scatter more than once, f(Npart), can be used. f(Npart) can simply be calculated

within a Glauber model [5, 6]. This quantity allows for a natural interpolation between

the yields Y measured in elementary pp (= Ycorona) and in central nucleus-nucleus collisions

(= Ycore):

Y (Npart) = Npart [f(Npart) Ycore + (1− f(Npart)) Ycorona] (1)

Fig. 1a shows f(Npart) for various symmetric reaction systems. Due to their di�erent

surface to volume ratio, the Npart dependence of f(Npart) is much steeper for smaller reaction

systems than for larger ones. This feature of the model allows, for instance, to describe

the centrality dependences of strange particle production measured for CuCu and AuAu

collisions at RHIC [7]. An important feature of the curves shown in Fig. 1a is that the

maximum value of f(Npart) depends on the size of the nuclei. While for very central PbPb

collisions fmax ≈ 0.9 can be reached, the maximum value for very central CC reactions is

signi�cantly lower: fmax ≈ 0.65. This A dependence of fmax is illustrated by the dashed red

line. It has the important consequence that the di�erent relative core corona contributions

have to be taken into account when comparing even very central nucleus-nucleus collisions of

di�erent size, which usually are considered to represent only the core-like �reball. This e�ect

might explain any observed system size dependence of the chemical freeze-out parameters T

and µB, as derived from statistical model �ts to central AA collisions for nuclei of di�erent

size (e.g. [8]). As a consequence of this it therefore follows that the system size does not

provide a good control parameter to probe di�erent regions of the QCD phase diagram via

the production of �reballs of di�erent temperature [9]. It is thus more likely that one only

observes a change in the relative admixture of central �reball (core) and peripheral pp like

corona, whose freeze-out parameters are di�erent, but independent of the size of the involved

nuclei. In any case the underlying e�ect from the core corona separation should be taken

into account when chemical freeze-out parameters are extracted.

Another interesting aspect of the core corona approach is shown in Fig. 1b. Here, the

Npart dependence of f(Npart) is shown for asymmetric collisions. In this case quite distinct

centrality dependences can be observed. While for symmetric collisions this dependence is

following a continuous rise (Fig. 1a), for asymmetric collision systems with a small projectile
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nucleus (e.g. OPb or SiPb) a rapid rise followed by a maximum and a subsequent decrease of

f(Npart) is seen. Therefore, a similar centrality dependence of particle yields can be expected

for these type of collisions and its measurement would constitute a test for the validity of

the core-corona model [9].

3. STRANGENESS PRODUCTION

Fig. 2a shows the system size dependence of the strangeness enhancement factors E

measured by the NA49 collaboration at
√
s
NN

= 17.3 GeV [10, 11]. For this measurement E

is de�ned relative to pp reactions as baseline:

E =

(
1

⟨Npart⟩
dN(PbPb)

dy

∣∣∣∣
y=0

)/(
1

2

dN(pp)

dy

∣∣∣∣
y=0

)
. (2)

As a general feature a rapid rise of E for Npart < 60 is seen, which then turns into a

slow increase with Npart for Λ, Ξ−, and Ω, or even into a saturation (Λ̄). Comparable

observations have been made by the NA57 experiment [12] at the same
√
s
NN

and by the

STAR collaboration at
√
s
NN

= 200 GeV [13].

In the context of statistical models, the system size dependence of strange particle pro-

duction was expected to be described by the transition from a canonical to a grand canonical

ensemble [14]. This e�ect provides a natural explanation of the hierarchy of the suppression

pattern, which depends on the strangeness content of the particles (E(Λ) < E(Ξ) < E(Ω)).

However, the onset of the enhancement is predicted to happen for smaller systems (Npart ≈

30), than observed in the data. Also, this model does not explain the slow rise with Npart

seen for Ξ and Ω for mid-central and central collisions. However, within the core corona

model this behavior can be described naturally, as described in the previous section. This is

illustrated by the solid lines shown in Fig. 2a.

It is interesting to note that this approach not only matches the observed centrality depen-

dences of yields, but does also describe dynamical quantities such as the average transverse

momenta ⟨mt⟩−m0. This is shown in Fig. 2b for strange particles and (anti-)protons [10, 15].

A similar observation has been made for elliptic �ow at RHIC [16].
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4. CENTRALITY DEPENDENCE OF NET PROTONS

Recent data on proton and antiproton production allow to study the system size depen-

dence of stopping [17]. In this analysis the rapidity spectra of net-protons (p − p̄) have

been determined in several bins of centrality for minimum bias PbPb collisions at 40 and

158 AGeV. Based on this data the centrality evolution of net-proton yields at di�erent

rapidities can be investigated. Fig. 3a shows a comparison of the net-proton yields normal-

ized by Npart (1/Npart dn/dy(p − p̄)) as measured at midrapidity and at forward rapidity

at 158 AGeV. While the midrapidity net-proton yields are slightly rising from peripheral

to central PbPb collisions, the forward yields exhibit a signi�cantly di�erent centrality de-

pendence. Here the normalized yields are constant from very peripheral on or even drop

towards very central collisions. In contrast to the net-protons at midrapidity, the forward

yields can therefore also not be described by the core corona approach. This implies that

for the system size dependence of stopping, i.e. the processes that transport baryon number

along the longitudinal axis and which dominate the net-proton spectra at forward rapidities,

the distinction between core and corona is not important. These processes do not seem to

depend to strongly on the number of collisions that a single nucleon experiences.

For the yield of antiprotons a di�erent centrality dependence is observed than for other

particles [17] (Fig. 3b). In this case the yield per participant is decreasing from pp collisions

towards central PbPb reactions. This is most likely caused by absorption antibaryons in the

�reball medium. Also this e�ect is di�cult to describe in the core corona framework, since

it rather depends on the average path length of the antiprotons inside the �reball medium

than on relative size of core and corona. The resulting antiproton yields will thus be rather

a complicated interplay between the system size dependences of production and absorption

mechanism.

5. MULTIPLICITY FLUCTUATIONS

The system size dependence of multiplicity �uctuations was measured by the NA49 ex-

periment [19]. The �uctuations, quanti�ed by the variance of the event-by-event measured

multiplicity n normalized by its mean ω = Var(n)/⟨n⟩, exhibit a quite distinct centrality

dependence. While at
√
s
NN

= 17.3 GeV ω ≈ 1 is found for pp collisions, very peripheral

PbPb reactions result in much higher �uctuations (ω ≈ 3 for all charged particles) which
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then decrease towards very central collisions where ω close to unity is observed again. In

the following we investigate to what extend these �uctuations could be caused by geometry

�uctuations that are intrinsic to the core-corona approach. This source of �uctuations is of

special interest, since it will be present even in the idealized situation of a perfect centrality

selection, corresponding to the hypothetical situation where the number of participants could

be �xed exactly in the experiment. Also in the case Npart = �xed, the relative contribution

of the core and the corona, as given by f(Npart), will still �uctuate from event to event. The

upper left panel of Fig. 4 shows the distribution of f versus Npart, as calculated within a

Glauber model [5, 6]. The event-by-event distribution of f is much wider for peripheral re-

actions than for central ones. The resulting variance Var(f) (see upper right panel of Fig. 4)

has a Npart dependence that is quite similar to the one observed for multiplicity �uctuations.

Since the particle yield per participating nucleon is smaller for the corona than for the core

part, the �uctuations in f will translate into multiplicity �uctuations that should be part

of the observed ones. To evaluate how large this contribution can be, a simple Monte Carlo

model was constructed. In this model the multiplicity of a given event is calculated accord-

ing to Eq. (1). The event-by-event yields of the core and corona sources, Ycore and Ycorona,

are generated from Poisson distributions, whose means have been adjusted to the measured

midrapidity yields per participating nucleon of charged pions in central PbPb (core) [20] and

pp (corona) [21] collisions. The value of f for a given Npart is sampled from the distribution

shown in Fig. 4. In the lower left panel of Fig. 4 the result of this simulation is shown. This

way one obtains multiplicity �uctuations whose centrality dependence has the same shape

as the one observed in the data. However, the magnitude of the �uctuations is much higher

in the data than what results from this model study (see the comparison in the lower right

panel of Fig. 4). The di�erence between the yields Ycore and Ycorona would need to be two

orders of magnitude higher to reach the level of the measurement.

6. CONCLUSIONS

Many observables measured in heavy ion reactions turn out to follow a very similar

centrality dependence, which is characterized by a rapid rise in the region of very peripheral

collisions followed by a signi�cantly slower increase towards very central ones. This include

the yields per participant of strange particles, but also their mean transverse mass and even
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elliptic �ow v2. It is found that the core corona model provides a very e�ective way to

describe the main features of this geometry driven behavior and thus constitutes a good

comparison baseline which allows to separate non-trivial e�ects. Observed exceptions to this

general picture are, for instance, the centrality dependence of antiproton yields and net-

proton dn/dy at forward rapidities, where more complicated physical processes are involved

(absorption of antibaryons, baryon number transport) which cannot easily be described

by the core corona approach. For asymmetric collisions a signi�cantly di�erent centrality

dependence than for symmetric ones is predicted by this model, which is characterized by a

maximum for mid-central and a drop towards central collisions. Therefore the investigation

of asymmetric collisions might provide a good test for the core corona approach. Another

consequence of this model is that the observed change of the chemical freeze-out temperature

as derived from statistical model analyses is basically only due to a change of the relative

admixture of the core and corona contributions. Therefore, the system size might not provide

a good control parameter to scan the QCD phase diagram, since the properties of the central

core �reball might in fact not change and the system always follows the same trajectories

through the phase diagram. Event-by-event �uctuations of the relative core and corona

contribution, which must be present even in the case of an ideal centrality selection (i.e.

Npart = �xed), do contribute to multiplicity �uctuations. However, the magnitude of this

e�ect is way too small to explain the measured data. Still, further studies might help to

understand the system size dependences of �uctuations of non-intensive quantities, such as

K/π �uctuations.
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Figure 1. The fraction f(Npart) of participating nucleons that scatter more than once as a function of

the number of participants Npart. f(Npart) was calculated within a Glauber model [5, 6]. (a) shows results

for symmetric systems, (b) for asymmetric ones. The dashed lines connect the values for the most central

collisions.
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Figure 2. (a) The midrapidity yields of Λ, Λ̄, Ξ−, and Ω− + Ω̄+ per wounded nucleon relative to pp

yields for central CC, SiSi, and minimum bias PbPb reactions at 158 AGeV [10, 11]. (b) The ⟨mt⟩ −m0

values of strange particles and (anti-)protons at mid-rapidity for PbPb collisions at 40 and 158 AGeV, as

well as for near-central CC and SiSi reactions at 158 AGeV [10]. The (anti-)proton data are taken

from [15]. Also shown are the results from a �t for Λ and Λ̄ with the core-corona approach (solid lines).
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Figure 3. (a) The net-proton yields per number of wounded nucleons at forward rapidity and at

midrapidity for centrality selected PbPb collisions at 158 AGeV. (b) The total antiproton and antilambda

yields per number of wounded nucleon at midrapidity for centrality selected PbPb collisions at

158 AGeV [17].
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Figure 4. The distribution of the fraction of nucleons that scatter more than once f(Npart) (upper left)

and the corresponding variance Var(f) (upper right), both as a function of Npart as calculated for PbPb

collisions at 158 AGeV. The lower left panel shows the multiplicity �uctuations generated with the MC

model (see text for details). The red circles display the result if event-by-event �uctuations of f are

included, while the blue boxes correspond to the case where they are switched o�. The lower right panel

shows multiplicity �uctuations for all charges versus the number of projectile participants as measured in

PbPb collisions at 158 AGeV [19] (blue boxes). The red line is the same MC result as shown in the left

panel.
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FIGURE CAPTIONS

Fig. 1: The fraction f(Npart) of participating nucleons that scatter more than once as a func-

tion of the number of participants Npart. f(Npart) was calculated within a Glauber

model [5, 6]. (a) shows results for symmetric systems, (b) for asymmetric ones. The

dashed lines connect the values for the most central collisions.

Fig. 2: (a) The midrapidity yields of Λ, Λ̄, Ξ−, and Ω− + Ω̄+ per wounded nucleon relative to

pp yields for central CC, SiSi, and minimum bias PbPb reactions at 158 AGeV [10, 11].

(b) The ⟨mt⟩ −m0 values of strange particles and (anti-)protons at mid-rapidity for

PbPb collisions at 40A and 158 AGeV, as well as for near-central CC and SiSi reactions

at 158 AGeV [10]. The (anti-)proton data are taken from [15]. Also shown are the

results from a �t for Λ and Λ̄ with the core-corona approach (solid lines).

Fig. 3: (a) The net-proton yields per number of wounded nucleons at forward rapidity and

at midrapidity for centrality selected PbPb collisions at 158 AGeV. (b) The total

antiproton and antilambda yields per number of wounded nucleon at midrapidity for

centrality selected PbPb collisions at 158 AGeV [17].

Fig. 4: The distribution of the fraction of nucleons that scatter more than once f(Npart) (up-

per left) and the corresponding variance Var(f) (upper right), both as a function of

Npart as calculated for PbPb collisions at 158 AGeV. The lower left panel shows the

multiplicity �uctuations generated with the MC model (see text for details). The red

circles display the result if event-by-event �uctuations of f are included, while the blue

boxes correspond to the case where they are switched o�. The lower right panel shows

multiplicity �uctuations for all charges versus the number of projectile participants as

measured in PbPb collisions at 158 AGeV [19] (blue boxes). The red line is the same

MC result as shown in the left panel.


