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Received on 15 August, 2003.

Using the hydrodynamical code NeXSPheRIO, we compare predictions as usually done in hydrodynamics, us-
ing centrality windows defined through the impact parameter, and as obtainable experimentally, using windows
in participant number.

1 Introduction

Relativistic heavy-ion collisions as performed at the AGS,
SPS and RHIC, can be classified as central (nuclei over-
lap), peripheral (nuclei pass grazing each other) or semi-
peripherical. Quantitatively, one can classify these colli-
sions using the impact parameterb: zero for central colli-
sions, sum of the radii for peripheral, etc. More precisely,
one can define a centrality window as incorporating then %
most central collisions i.e. allb’s solution ofπb2/σinel = n
%). This criteria to define centrality window is purely geo-
metrical.

When the impact parameter is chosen, one can deter-
mine the initial conditions and run a hydrodynamical code
to obtain predictions for such quantities as transverse mo-
mentum and rapidity spectrum, particle abundances, elliptic
flow, etc, for various windows in impact parameter.

Experimentally, however, one does not have access to
direct measurement of the impact parameter. So experimen-
tal results are presented in windows of energy deposited in a
zero-degree calorimeter, number of participants, multiplic-
ity, etc. One expects that then % most central collisions in
term of impact parameter are also then % collisions with
lower energy in the zero-degree calorimeter, higher number
of participants and higher multiplicity.

However fluctuations are expected, for example the
same value for the impact parameter may lead to some-
what different values of the number of participants due to
the probabilistic nature of nucleon-nucleon collisions. The
aim of this paper is to compare predictions using a classi-
fication of events using the impact parameter, the standard
approach in hydrodynamics, and using the number of partic-
ipants, as obtained experimentally. We also confront these
two approaches to experimental data obtained at SPS by the
NA49 collaboration, to turn the comparison more realistic.

All predictions are made using the NexSPheRIO code.
The initial conditions are given by the NeXus code[1] for

nuclear collisions and so fluctuate from event to event.
These initial conditions are then used as input for SPheRIO,
a 3+1 hydrodynamical code[2] based on a technique called
Smoothed Particle Hydrodynamics.

2 Determination of the centrality
windows

Using NeXus, 800 Pb+Pb collisions at beam energy of 158
GeV A were simulated. In Fig. 1a, we show the resulting
distribution of participating nucleons. Events were binned
in six classes that contain 5%, 9%, 9%, 8%, 17% and 52%
of the total number of collisions (going from the most cen-
tral to peripheral), respectively. We explain later why we
made this particular choice of classes.

As indicated in the previous section, a fixed value ofb
can lead to various values ofNpart and vice versa. In Fig.
1b, we show for each of our 800 events, its precise value
of b and Npart. The horizontal lines are the windows in
term ofNpart as defined above and in Fig. 1a. The vertical
lines are the windows in term of the impact parameter. They
are defined by solving in term ofb the equationπb2/σinel =
0−5%, 5−14%, 14−23%, 23−31%, 31−48%, 48−100%
with σinel = π(2R)2 andR the nuclear radius (this neglects
boundary effects). In Fig. 1b, we see that the rectangles
delimited by a continuous line include events that belong
to a same window, independently of the classification used,
Npart or b. However if we used aNpart classification for
e.g. window 1, we add to the rectangle (1,1), the events in
the (2,1) rectangle while if use theb classification, we would
add instead the events in the (1,2) rectangle. In this case, the
number of events in (1,2) or (2,1) is small. However if we do
the same for rectangle (3,3), this is no more the case. As a
consequence, the average number of participants is modified
when going from one classification to the other. The average
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Figure 1. Results obtained with NeXus: a) (left) distribution of
participant number and resulting centrality windows (see text) b)
(right) relation between participant number and impact parameter
(each point corresponds to one collision). Horizontal lines limit
windows inNpart while vertical lines limit windows inb.

number of participants for each window and each classifi-
cation is shown in the table below. In the next section, we
explore consequences of this.

We now explain why we made our particular choice of
centrality windows. To classify our collisions in a realis-
tic way, we use data obtained by the NA49 collaboration,
shown in Fig. 2. In this case, the amount of energy deposited
in a zero-degree calorimeter was used to select events with
a given centrality[3].
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Figure 1. Results obtained with NeXus: a) (left) distribution of
participant number and resulting centrality windows (see text) b)
(right) relation between participant number and impact parameter
(each point corresponds to one collision). Horizontal lines limit
windows in Npart while vertical lines limit windows in b.

number of participants for each window and each classifi-
cation is shown in the table below. In the next section, we
explore consequences of this.

We now explain why we made our particular choice of
centrality windows. To classify our collisions in a realis-
tic way, we use data obtained by the NA49 collaboration,
shown in Fig. 2. In this case, the amount of energy depo-
sited in a zero-degree calorimeter was used to select events
with a given centrality[3].

Figure 2. Results obtained by NA49 for the distribution of energy
in the zero-degree calorimeter (solid line: with interaction trigger,
dashed line: unbiased values) and their centrality windows.

In an ideal situation, we expect that spectator nucleons
free-stream towards the zero-degree calorimeter and deposit
their energy there. Then the number of spectators would
be the ratio between the deposited energy EZDC by the
beam energy for the nucleon-nucleon collision (158 GeV in
our case) and the number of participating nucleons would
Npart = A−EZDC/158. In practice, this is an approxima-
tion because there may be other collisions than Pb+Pb de-
positing energy (such as Pb+air occurring because the zero-
degree calorimeter is very far from the target and which can
be corrected for to a certain extent), the beam energy fluctu-
ates, etc. However as a guideline, we may consider that the
5 % collisions with lower EZDC are also the 5 % collisions
with higher number of participants, and so on. With this as-
sumption, the NA49 classification which bins the events in
Fig. 2 in six classes that contain 5%, 9%, 9%, 8%, 17% and
52% of the total distribution of EZDC would be the same
as our classification of events in six classes of Npart. In
the table below, for each NA49 window in EZDC , the mean
number of participants is shown. This number of participa-
ting nucleons was estimated by NA49 in a way independent
of the EZDC measurement, by integrating rapidity distri-
butions. As a result, it may be wiser not to compare the
< Npart > of our two classifications, with that of NA49.

NA49 classification Npart classification b classification
window centrality < Npart > Npart range < Npart > b range in fm < Npart >

1 0-5% 362 ± 12 320-416 358 0-3.1 364
2 5-14% 304 ± 16 230-320 268 3.1-5.2 289
3 14-23% 241 ± 16 175-230 200 5.2-6.7 220
4 23-31% 188 ± 16 145-175 158 6.7-7.8 171
5 31-48% 130 ± 14 90-145 116 7.8-9.7 117
6 48-100% 72 ± 8 0-90 35 9.7-14 35

3 Particle distributions

The number and distribution of particles in a window depend
on the average number of participants, therefore they depend

on the classification used. To quantify this, we run the hy-
drodynamical code NeXSPheRIO for 180 Pb+Pb collisions
at 153 GeV A and computed the rapidity and transverse
momentum distribution for p− p̄ and charged pions

Figure 2. Results obtained by NA49 for the distribution of energy
in the zero-degree calorimeter (solid line: with interaction trigger,
dashed line: unbiased values) and their centrality windows.

In an ideal situation, we expect that spectator nucleons
free-stream towards the zero-degree calorimeter and deposit
their energy there. Then the number of spectators would
be the ratio between the deposited energyEZDC by the
beam energy for the nucleon-nucleon collision (158 GeV in
our case) and the number of participating nucleons would
Npart = A−EZDC/158. In practice, this is an approxima-
tion because there may be other collisions than Pb+Pb de-
positing energy (such as Pb+air occurring because the zero-
degree calorimeter is very far from the target and which can
be corrected for to a certain extent), the beam energy fluctu-
ates, etc. However as a guideline, we may consider that the
5 % collisions with lowerEZDC are also the 5 % collisions
with higher number of participants, and so on. With this as-
sumption, the NA49 classification which bins the events in
Fig. 2 in six classes that contain 5%, 9%, 9%, 8%, 17% and
52% of the total distribution ofEZDC would be the same
as our classification of events in six classes ofNpart. In
the table below, for each NA49 window inEZDC , the mean
number of participants is shown. This number of participat-
ing nucleons was estimated by NA49 in a way independent
of the EZDC measurement, by integrating rapidity distri-
butions. As a result, it may be wiser not to compare the
< Npart > of our two classifications, with that of NA49.

NA49 classification Npart classification b classification
window centrality < Npart > Npart range < Npart > b range in fm < Npart >

1 0-5% 362± 12 320-416 358 0-3.1 364
2 5-14% 304± 16 230-320 268 3.1-5.2 289
3 14-23% 241± 16 175-230 200 5.2-6.7 220
4 23-31% 188± 16 145-175 158 6.7-7.8 171
5 31-48% 130± 14 90-145 116 7.8-9.7 117
6 48-100% 72± 8 0-90 35 9.7-14 35

3 Particle distributions

The number and distribution of particles in a window depend
on the average number of participants, therefore they depend

on the classification used. To quantify this, we run the hy-
drodynamical code NeXSPheRIO for 180 Pb+Pb collisions
at 153 GeV A and computed the rapidity and transverse
momentum distribution for p− p̄ and charged pions
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Figure 3. Results obtained with NeXSPheRIO for rapidity distri-
bution ofp − p̄ and transverse mass distribution, both for window
1. Open circles are for impact parameter classification:b from 0 to
3.1 fm and stars are for participant number classification:< Npart

from 320 to 416. No difference is seen between predictions from
these two classifications in this window. For comparison, open
squares are published data from NA49[4] and diamonds are data
from a more recent unpublished reference[5].

in the various windows for our two classifications.
As explained above, in window 1, we do not expect large

differences using one classification or another. This can in-
deed be checked in Fig. 3 forp− p̄. However in window 3,
we expect larger differences and this is shown in Fig. 4 for
charged pions.

In our code, the initial conditions are fixed running
NeXus, but we still have the freedom to adjust the freeze out
temperature. In Figs. 3 and 4, we made the canonical choice
Tf.out = 140MeV , i.e. we did not try to adjustTf.out to
best fit the data. However, we see that the hydrodynamical
results are reasonably close to the data.

4 Conclusion

In this paper, we compared predictions as usually done in
hydrodynamics, using centrality windows defined through
the impact parameter, and as obtainable experimentally, us-
ing windows in participant number. We computed rapidity
and transverse mass distributions forp−p̄ and charged pions
in various windows, and found no significant difference be-
tween the two classifications. This result corroborates those
of Broniowski and Florkowski[6]. We feel however that a
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Figure 4. Results obtained with NeXSPheRIO for rapidity distribu-
tion of charged pions/2 and transverse mass distribution, both for
window 3. Open circles are for impact parameter classification:b
from 5.2 to 6.7 fm and stars are for participant number classifica-
tion: < Npart from 175 to 230. An 8% difference at mid-rapidity
is seen between predictions from these two classifications in this
window. For comparison, diamonds are data from an unpublished
reference[5].

more detailed study should be done for other quantities such
as the elliptic flow and for other experimental classification,
for example using multiplicity.
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