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Abstract: Two approaches related to the centrality determination in heavy-ion Multi-Purpose Detector
(MPD) experiments, using charge-particles multiplicity in Time Projection Chamber (TPC) and the
energy deposition in Forward Hadron Calorimeter (FHCal) are discussed. The main features of the
FHCal are the fine transverse segmentation and the beam holes in the center of the calorimeters.
Leaking the heavy non-interacting fragments (spectators) leads to ambiguity in the dependence
of energy deposition in the FHCal on the collision centrality. However, the calorimeter transverse
segmentation allows one to measure the energy distributions in each of the FHCal modules and
to construct combined observables to resolve the problems associated with the beam hole. The
comparison of these approaches in the collision centrality measurements is discussed.
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1. Introduction

The centrality is the global observable determining the geometry of the nucleus–
nucleus collision for the event characterization. The measurements of centrality can be
performed with participants or spectators of colliding nuclei. The charged-particle mul-
tiplicity allows the number of participants to be estimated. Usually, the Glauber Monte
Carlo codes are used to evaluate the number of participants from the particle multiplicity
in the tracking detectors [1,2]. The number of spectators (non-interacting nucleons in the
colliding nuclei) is measured by the forward hadron calorimeters placed near the beam axis.
Monte Carlo simulations of the spectator production have been performed with transport
models [3].

The MPD experiment at NICA accelerator complex [4] has both options for the deter-
mination of the collision centrality. The Multi-Purpose Detector (MPD) [5] will be used to
study the heavy-ion collisions at energies of 4–11 AGeV in the center-of-mass frame. The
scheme of the MPD experiment is shown in Figure 1, left. The first stage of the experiment
setup includes Time Projection Chamber (TPC), Time-of-Flight system (TOF), Electromag-
netic Calorimeter (ECal), Forward Hadron Calorimeter (FHCal) and fast Forward Detector
(FD). All parts of the setup are placed in a superconducting magnet. The FHCal [6] will
measure the collision geometry, namely the centrality and the reaction plane orientation.
Two equivalent FHCal parts consist of 44 individual modules (see Figure 1, right) and
will be symmetrically placed at the opposite sides of the collision point. The transverse
segmentation of the calorimeter makes it possible to measure spatial energy distributions
and to construct different observables that combine both spatial and amplitude information
in the calorimeter.

The MPD setup allows the determination of the heavy-ion collision centrality in two
ways; estimating the number of produced particles from track multiplicity in TPC or
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number of spectators measuring deposited energy in the FHCal. This paper describes cen-
trality determination with the FHCal in details. The comparison with the track multiplicity
approach is discussed.
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Figure 1. Left: the side view of the MPD setup. Right: schematic view of FHCal transverse segmenta-
tion.

2. Centrality Determination with the FHCal

The main problem in the centrality measurements with the FHCal is the presence of the
central beam hole with transverse sizes of 15× 15 cm2. The fragments with small transverse
momenta from interacting nuclei leak into this hole. This leakage is especially significant
for the peripheral collisions, where the heavy spectator fragments are produced. As a result,
the deposited energy in the FHCal is comparable for the central and peripheral events that
lead to the ambiguity in the dependence of energy deposition on the collision centrality.

An advanced approach for the centrality measurements with the application of the
spatial distributions of the deposited energies in the FHCal has been developed. The
simulations were performed using the DCM-SMM Monte Carlo generator [7] for Au–Au
reaction at the maximum collision energy

√
s = 11 AGeV. This generator allows the bound

spectators in all collision centrality range to be identified. The spectrum of the medium
mass fragments in DCM-SMM generator is rather similar to the experimentally observed
spectrum, which indicates the reliability of the fragmentation mechanism used in the
model. This is important because energy deposition in the FHCal strongly depends on the
number of detected fragments.

Due to the fine FHCal transverse segmentation, one can measure the energy deposition
in each module on an event-by-event basis and construct new experimental observables
associated with such energy–space distribution, according to the following procedure. Ini-
tially, two-dimensional distribution of deposited energies in FHCal modules is constructed
(see Figure 2, left). Then, the energies in the modules with the same polar angles are
averaged to ensure the reliable fit of the histogram with a symmetric cone. As a result of
two-dimensional linear fit, two new observables, the height and the radius of the cone,
are obtained. The correlation between the height of the cone (maximum energy) and the
deposited energy in the FHCal is shown in Figure 2, middle. The upper branch of this
correlation is related to the central events, while the peripheral events belong to the lower
branch. The events were divided into 10 centrality classes with an equal number of events,
by constructing the perpendiculars to the envelope of the obtained correlation. Figure 2,
right, presents the distribution of impact parameters for each 10% centrality class. The
values of impact parameters are monotonically increasing according to the centrality class
index. More details on centrality determination with the FHCal can be found in [8].
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Figure 2. Left: the two−dimensional linear fit of the histogram with energies deposited in each
FHCal module. Middle: the correlation between the maximum energy (height of the fit cone) and
the deposited energy in the FHCal. Different colors denote 10% centrality classes. Right: impact
parameters distributions for each 10% centrality class fitted with Gaussian. Colors of the fit lines
coincide with the colors of the centrality classes in middle panel.

3. Comparison of Two Approaches for the Collision Centrality Determination

The method of collision centrality measurements described above is based on the
detection of the spectators in a very forward rapidity region. This method can be compared
with another one related to the measurements of the charge-particle multiplicity in the
TPC. Figure 3, left, presents the correlation between the energy deposition in the FHCal
and the track multiplicity in the TPC. The division to the centrality classes is based on the
method described above. There is a good correlation between these observables for the
central events. At the same time, the multiplicity is less sensitive to the characterization of
the peripheral events.
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Figure 3. Left: correlation between the energy deposition in FHCal and track multiplicity in TPC.
Each color corresponds to 10% centrality class determined in FHCal (see Figure 2). Right: charged-
particles multiplicity distribution in TPC divided into 10 parts, with 10% of events in each part.

Quantitatively, the comparison of two approaches for the centrality determination
can be done using the number of participants per event in the DCM-SMM generator.
For this purpose, the TPC track multiplicity distribution was divided into 10 parts with
the equal number of events (see Figure 3, right). Each part denotes the 10% centrality
class. Distributions of participants’ number for the TPC and the FHCal centrality classes
are shown in Figure 4, left and right, respectively. The events with a larger number of
participants are related to the more central events and vice versa.

As seen in Figure 4, the shapes of the distributions in left and right panels are non-
identical, which reflects the selection of different events in the same centrality class.

For each TPC or FHCal centrality class, the mean value of the participants’ distribution
and its relative standard deviation were calculated and shown in Figure 5.



Particles 2021, 4 239Particles 2021, 4 FOR PEER REVIEW  4 
 

 

 
Figure 4. The number of participants’ distributions for the centrality classes determined with the 
TPC (left) and with the FHCal (right). 

As seen in Figure 4, the shapes of the distributions in left and right panels are non-
identical that reflects the selection of different events in the same centrality class.  

For each TPC or FHCal centrality class, the mean value of the participants’ distribu-
tion and its relative standard deviation were calculated and shown in Figure 5. 

 

 
Figure 5. Mean values of the number of participants with errors’ bars that denote the standard 
deviations of the participants’ distributions for the given centrality class (left) and the relative 
standard deviations of participants’ distributions (right) for two methods of centrality determina-
tion.  

4. Conclusions 
The MPD/NICA experiment has an ability to measure the collision centrality in both, 

participants’ and spectators’ regions of the nuclei interactions. Two-dimensional fit of en-
ergy depositions in FHCal modules has been proposed and applied to obtain the centrality 
classes. The FHCal energy deposition and TPC track multiplicity methods of collision cen-
trality determination were compared. The mean values of the participants’ number distri-
butions are similar for both cases. The relative widths of the distributions for the central 
and semi-peripheral classes are comparable in both approaches. For peripheral events, the 
accuracy of the number of participants is much higher in the case of the FHCal. The pre-
sented results confirmed that both approaches are practically equivalent for the selection 
of the centrality. The choice of the method depends on the analysis purposes. For example, 
the centrality selection by measuring the forward energies in FHCal is of especial im-
portance for the study of spectra and multiplicities of the charged particles, see [9]. 

 
Funding: This research was funded by RFBR, grant number 18-02-40065.  

Conflicts of Interest: The author declares no conflict of interest. 

References 

Figure 4. The number of participants’ distributions for the centrality classes determined with the
TPC (left) and with the FHCal (right). Each color indicate 10% centrality class determined in FHCal.
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deviations of the participants’ distributions for the given centrality class (left) and the relative
standard deviations of participants’ distributions (right) for two methods of centrality determination.

4. Conclusions

The MPD/NICA experiment has an ability to measure the collision centrality in
both participants’ and spectators’ regions of the nuclei interactions. Two-dimensional fit
of energy depositions in FHCal modules has been proposed and applied to obtain the
centrality classes. The FHCal energy deposition and TPC track multiplicity methods of
collision centrality determination were compared. The mean values of the participants’
number distributions are similar for both cases. The relative widths of the distributions for
the central and semi-peripheral classes are comparable in both approaches. For peripheral
events, the accuracy of the number of participants is much higher in the case of the FHCal.
The presented results confirmed that both approaches are practically equivalent for the
selection of the centrality and choice of the method depends on the analysis purposes. For
example, the centrality selection by measuring the forward energies in FHCal is of special
importance for the study of spectra and multiplicities of the charged particles [9].
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