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Abstract

An estimation of polarization of Λ hyperon using the projection and flow method for
jetty-like and isotropic events was carried on for Monte Carlo and reconstructed data us-
ing the official Monte Carlo data sets of MPD collaboration. The identification of jetty
and isotropic events was made trough the transverse sphericity event shape variable.
Such separation of events is related with the elliptic flow and the corona contribution
to polarization in the Core-Corona model. Such analysis required the implementation
of the Analysis Framework in MPDroot. Results show a small difference between jetty
and isotropic events, but isotropic events seems to be a little larger. It was performed
a reconstruction of Λ in order to compare the obtained Monte Carlo results with recon-
structed data. Polarization for reconstructed data behaves similar to Monte Carlo, but
is necessary to improve the reconstruction and clean the signal, this is still a work in
progress.
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Chapter 1

Introduction

1.1 Nuclear matter

The purpose of this project is to carry out frontier research in one of the most challenging
tasks of modern physics; the study of strongly interacting baryonic matter and contribute
to a deeper understanding of the properties of nuclear matter in the maximum variance
density region of the quantum chromodynamic (QCD) phase diagram, which gives us
information about the evolution of the early universe and the formation of neutron stars.
For this we need to study and understand how is the transition from this matter to a
deconfinement phase, mixed phase and its critical end point, as well as to understand
phenomena such as the restoration of chiral symmetry, among others.

Figure 1.1: Phase diagram for nuclear matter [1].
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In heavy-ion collisions, it is suggested that exists an non zero total angular momen-
tum that affects the behavior of the QGP [2]. Figure 1.2 shows how the spectators of
the beam and the target move in opposite directions with a speed close to the speed
of light, the z component of the collective velocity in the system near the spectators is
expected to be different from the collective velocity at the center of the collision [3].

The production of this orbital angular momentum can manifest as vorticity. In the
heavy-ion physics community experimental and theoretical efforts have led to the extrac-
tion of the vorticity through measurements of spin polarization of Λ and Λ̄ in Au+Au
collisions [4–6].

Figure 1.2: Sketch of a peripheral heavy ion collision. Arrows indicate the velocity flux
[7].

1.2 Nucleotron-based Ion fAcility complex (NICA)

The Nucleotron-based Ion Collider fAcility (NICA) is the new accelerator of particles
designed at Joint Institute of Nuclear Research (JINR). Its efforts are aimed to the study
of nuclear matter in the regions of maximum baryonic density, as it should existed only
at the early stages of the evolution of our Universe and in the interiors of neutron stars [8].

In figure 1.3, it is shown a sketch of the main elements of the NICA complex.There
are an injection complex, which includes a set of ion sources and two linear accelerators,
the super-conducting acting Booster, the superconducting acting synchrotron Nuclotron,
a Collider composed of two superconducting rings with two beam interaction points, a
Multi-Purpose Detector (MPD) and a Spin Physics Detector (SPD) and beam transport
channels [9].

The NICA accelerator will provide variety of beam species ranged from protons and
polarized deuterons to very massive gold ions. Heavy ions will be accelerated up to
kinetic energy of 4.5 GeV per nucleon, the protons – up to 12.6 GeV.
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Figure 1.3: A diagram of NICA complex[8].

1.3 Multi-Purpose Detector (MPD)

The MPD has been designed as an spectrometer able to detect charged hadrons, electrons
an photons, in the operating energy ranges of NICA. The detector will comprise a precise
3-D tracking system and a high-performance particle identification (PID) system based
on the time-of-flight measurements and calorimetry.

At the design luminosity, the event rate in the MPD interaction region is about 6
kHz; the total charged particle multiplicity exceeds 1000 in the most central Au+Au
collisions at

√
sNN=11 GeV . As the average transverse momentum of the particles pro-

duced in a collision at NICA energies is below 500 MeV/c, the detector design requires
a very low material budget [10].

Simulation done for Au+Au and B+Bi at NICA energies have shown that MPD
experiment will be able to provide a good resolution of the event plane for measurements
of direct and elliptic flows, and polarization. [11–13].

The aim of this Project is to build a first stage of the MPD setup, as shown
in figure 1.4, which consists of the superconducting solenoid, Time-Projection Cham-
ber (TPC), barrel Time-Of-Flight system (TOF), Electromagnetic Calorimeter (ECal),
hadron calorimeter (FHCal) and Fast Forward Detector (FFD) 1.4.
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Figure 1.4: A general view of the MPD detector with end doors retracted for access to
the inner detector components [14].



Chapter 2

Theoretical framework

2.1 Core Corona approach

In peripheral heavy-ion collisions, two regions can be identified as a high-density core
and a less dense corona. If the total number of Λ coming from the core is NΛ

QGP and

NΛ
REC is the number of Λ coming from the corona, the Core-Corona model allows to

express the global polarization as

PΛ =
PΛ
REC + z

NΛ QGP

NΛ REC

(1 +
NΛ QGP

NΛ REC
)

P Λ̄ =
P Λ̄
REC + z̄(w

′

w )
NΛ QGP

NΛ REC

(1 + (w
′

w )
NΛ QGP

NΛ REC
)

(2.1)

Where w′ =
NΛ̄ QGP

NΛ QGP
and w =

NΛ̄ REC
NΛ REC

are the ratio of the number of Λ and Λ̄ in the core

and in the corona respectively. z andz̄ are intrinsic polarizations for Λ and Λ̄. The quan-

tities PΛ/Λ̄
REC are the contribution to global polarization from the Λ and Λ̄ from the corona.

This model does a good average description of the global polarization obtained in
semi-central collisions of heavy systems [15, 16], as a function of the collision energy, tak-

ing PΛ/Λ̄
REC=0. However, these contributions become relevant of systems such as Ag+Ag

at
√
sNN=2.55 GeV, in the 10-40% centrality class, or Au+Au at

√
sNN=3 GeV, for

centralities larger than 40% [17].

Figure 2.1 shows an estimation of global polarization for
√
sNN= 3 GeV. In the left

panel, the contribution of polarization due the corona region is neglected. In the other
hand, in the right panel it is considered a contribution from the corona of PΛ

REC=4%.
This consideration improves a little the agreement between the estimated calculation
and the experimental data. This suggest that we can improve our estimations of the
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global polarization with a better understanding of the behavior of the contribution to
polarization coming from the corona region.

Figure 2.1: Λ global polarization as a function of centrality. With (right plot) and
without (left plot) PΛ

REC=4% contribution for all centrality bins. Data for Au+Au at√
sNN=3 GeV [18].

2.2 Estimation of the polarization from the corona

In peripheral heavy-ion collisions, the core-corona model assumes that particles are pro-
duced by nucleon-nucleon interactions, due the critical density of participants to produce
a QGP is barely or not achieved. Consequently, the polarization of Λ hyperons is pro-
duced during the hadronization process by an as yet unknown mechanism.

In p+p collisions, Λ transverse polarization PΛ is different from zero [19–22]. So,
we assume that the Λ produced in the corona shows a similar transverse polarization
with respect to its production plane, then we project this polarization along the global
polarization direction and estimate whether its contribution is different from zero.

This estimation can be done considering that each Λ is produced in a p+p collision
from the participants in the corona and that its polarization points along the direction
of the production plane n̂, which is defined by the direction of the incoming proton p⃗beam
and the Λ direction, p⃗Λ. Taking the beam direction parallel to ẑ,

n̂ =
p⃗beam × p⃗Λ
|p⃗beam × p⃗Λ|

=
1

pTΛ

(−pyΛ, pxΛ, 0) (2.2)
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For simplicity, we consider that the polarization PREC is only different from zero
along n̂. Therefore, its contribution to the global polarization can be determined us-
ing the angular distribution of protons produced in the weak of Λ, which are used to
experimentally measure the polarization. This distribution is given by

dN

dΩ
=

N

4π
(1 + αPREC cosσ∗) (2.3)

where α=0.732 [23] is the decay asymmetry parameter and σ∗ is the angle between n̂ and
total angular momentum direction L̂ = b̂× p̂beam = (sinΨRP ,− cosΨRP,0). Therefore,

cosσ∗ = n̂ · L̂ =
1

pTΛ

(−pyΛ sinΨRP + pxΛ cosΨRP ) (2.4)

Now, we substitute
pxΛ = PΛ sin θΛ cosϕΛ

pyΛ = PΛ sin θΛ sinϕΛ

pTΛ
= PΛ sin θΛ

(2.5)

and we obtain

cosσ∗ = − sinϕΛ sinΨRP − cosϕΛ cosΨRP = − cos (ϕΛ −ΨRP ) (2.6)

Then, we can replace this last expression in Eq. (2.3) and integrate over the polar angle
θ and obtain an expression for PREC as

PREC =
−2⟨cos (ϕΛ −ΨRP )⟩

α
(2.7)

Then, we have two different methods to estimate corona polarization. We will call
Eq. (2.3) the projection method and Eq. (2.7) the flow method. It is important to
notice that the right-hand side of Eq. (2.7) appears also in the expression to determine
the directed flow. Therefore, if the directed flow is non-vanishing, one can expect that
the contribution to global Λ polarization in the corona is also non-vanishing [24].

2.3 Event shape variables

The event shape variables have been used in high energy physics to characterize events
with jet structure. One of the most analyzed event shape variables the transverse spheric-
ity (S⊥). In [25, 26], S⊥ has been employed to understand the dynamics of particle pro-
duction mechanism in pp collisions at LHC energies. Monte Carlo simulations have also
shown that different observables, like transverse momentum or multiplicity, are sensitive
to S⊥ and suggest that S⊥ can be used to separate isotropic events from jetty-like events
in pp collisions [27–30]. Also, another interesting, and relevant result for this project,
is shown in [31]. In this work it is shown that the elliptic flow parameter for the jetty
events are found to be much higher in magnitude than those obtained from both the
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Figure 2.2: Sketch of two events with different transverse sphericity S⊥. When λ1 = λ2,
S⊥ = 1 and the event is isotropic. When λ1 >> λ2, S⊥ → 0 and the event is jetty [33].

isotropic and entire class of events.

To define transverse sphericity we start from the transverse momentum matrix as

Sxy =
1∑
i p⊥i

1∑
i p⊥i

(
p2xi pxi pyi

pyi pxi p2yi.

)
(2.8)

Here p⊥i is the transverse momentum of the ith particle in an event, and pxi and
pyi are the components of p⊥i. The sum runs over the particle number belonging to an
event. The diagonalization of Sxy will lead to two eigenvalues, let us call them λ1 and
λ2. We can assume that λ1 > λ2 to define the transverse sphericity as

S⊥ =
2λ2

λ1 + λ2
. (2.9)

The values of S⊥ lies in the interval [0,1], the limit S⊥ → 0 corresponds to jetty-like
events, by the other hand the limit S⊥ → 1 corresponds to isotropic events. [32]



Chapter 3

Methodology

3.1 General methodology

The main purpose of this work is estimate the Λ polarization in the corona region. In
order to achieve this goal, we need to do several previous analysis to the data. These
analysis will provide us all the information we need to make an estimation of polarization.

First, we need to separate events by centrality class. This will allow us to compre-
hend the behavior of polarization as function of centrality class, which is the usual way
that polarization is reported.

Second, we need also to distinguish isotropic events from jetty events. As we discuss
before, Eq. (2.7) relates corona polarization with directed flow, and the elliptic flow be-
haves different from events with low and high sphericity, that is an event shape variable
capable to characterize jetty and isotropic events (see figure 2.2).

Once we have the events separated by centrality class and sphericity, we can estimate
polarization using Eq. (2.3) or Eq. (2.7). But it is necessary to identify protons who
decay from a Λ. Identify such protons is not a complex task by means of their PID, but
this method of identification are not appropriate for real data. In this case, we need to
reconstruct the Λ particle matching all protons and pions and estimate if a particular
pair can be a Λ decay.

All these steps require a lot of work by their own, but the MPD collaboration group
has several tools that helps and support the MPD experiment, the software framework
MpdRoot that is being developed. It provides a powerful tool for detector performance
studies, event simulation, and development of algorithms for reconstruction and physics
analysis of data of the events registered by the MPD experiment.

12



3.2 MPDroot framework and analysis trains 13

3.2 MPDroot framework and analysis trains

For this project, we will analyse the following official NICA Monte Carlo data sets [34]:

• Request 30: General-purpose, PHSD Bi+Bi
√
sNN=9.2 GeV.

• Request 25: General-purpose, UrQMD Bi+Bi
√
sNN=9.2 GeV.

These data set are integrated in the MPDroot framework, the main computational tool
of the MPD group [32]. The MPDroot framework is based on object oriented set of tools
to simulate, transport and reconstruct MC events within MPD experiment. It provides
a powerful tool for detector performance studies, event simulation, and development of
algorithms for reconstruction and physics analysis of data of the events registered by the
MPD experiment.

For analysis of big Monte Carlo data sets, was proposed to move to a centralized Analysis
Framework. In this framework, analyses are grouped in a train, see figure 3.1, analyses
are run simultaneously with a single access to data for all of them, reducing the number
of input/output operations for disks and databases, easier organization of data storage.

Figure 3.1: Sketch of the train analysis. Analysis manager reads event into memory and
calls wagons one-by-one to modify and/or analyze data [35].

3.2.1 Core-Corona analysis train

The analysis of the polarization with the core-corona model will be carried on in the
Analysis Framework. With this goal, we need to call the necessary analysis wagons
already availables. The core-corona analysis train is formed as follows

1. Centrality wagon → Analyses events and separate them by centrality class

2. Event plane wagon → Analyses events to obtain the angle between the momentum
the particles of each event and the normal vector to the event plane.

3. evPID wagon → Identifies particles due their energy loss by means of their track
in the TPC.
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Centrality class Jetty Isotropic

0-10% (0,0.8375) (0.9275,1)

10-20% (0,0.8275) (0.9225,1)

20-30% (0,0.8175) (0.9125,1)

30-40% (0,0.8025) (0.9075,1)

40-50% (0,0.7825) (0.9025,1)

50-60% (0,0.7625) (0.8925,1)

60-70% (0,0.7325) (0.8775,1)

70-80% (0,0.6925) (0.8575,1)

80-90% (0,0.6325) (0.8275,1)

90-100% (0,0.5275) (0.7675,1)

Table 3.1: Limiting values of transverse sphericity for jetty and isotropic events for Req.
25 data (UrQMD).

4. Event Shape Analysis wagon → Analyse different event shape variables of each
event.

The output file of the core-corona train is a root file with all the histograms necessary
to make an estimation of the global polarization by centrality class, from Monte Carlo
or from reconstructed data. Also, the Event Shape Analysis wagon allow us to separate
isotropic and jetty events due to the sphericity of events.

3.3 Isotropic and jetty events

We will separate events in isotropic and jetty events according their sphericity. To do
this, we will take the following procedure:

1. At a given centrality class, we will take N as all the events.

2. We will sum the events in each sphericity bin, starting from 0, the lowest value.

3. When the number of summed events Njet is the 30% of N , we will stop.

4. We will consider Njet as jetty events.

5. Doing steps 1-4 but starting from 1, the highest value, the Niso value equal to 30%
of N will be taken as isotropic events.

This procedure will provide us with sphericity intervals where the jetty and isotropic
events are for each centrality class. Such intervals are enlisted in tables 3.1 for the
UrQMD Req. 25 and 3.2 for the PHSD Req. 30.
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Centrality class Jetty Isotropic

0-10% (0,0.8775) (0.9425,1)

10-20% (0,0.8675) (0.9375,1)

20-30% (0,0.8575) (0.9275,1)

30-40% (0,0.8425) (0.9225,1)

40-50% (0,0.8325) (0.9175,1)

50-60% (0,0.8175) (0.9075,1)

60-70% (0,0.7975) (0.8925,1)

70-80% (0,0.7675) (0.8775,1)

Table 3.2: Limiting values of transverse sphericity for jetty and isotropic events for Req.
30 data (PHSD).

Figure 3.2: Topology of a Λ decay.

3.4 Reconstruction of Λ

The last considerations we need to take in account are cuts in some topological variables
that will ensure that a proton-pion pair come from a Λ decay.

In Figure 3.2 is shown a sketch of the topology of a Λ decay. In this picture, PV
represents the primary vertex, is the point in space at which the collision occurs. Parti-
cles coming from PV are called primary particles.

Neutral primary particles, as the Λ, cannot be detected directly, but by their decay
products. The particles that comes from the decay of other particles are called secondary
particles, and the point in space at the primary particle decays is called secondary vertex.

If we have two tracks identified as p and π−, we need that the closest distance be-
tween them, called dcaV0, be small. This will ensure that the pair pπ− come from the
same secondary vertex. The distances dcap and dcaπ are the closest distance between
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p track and π− track to PV. If these distance are small, the pair pπ− comes from the
PV and are primary partciles. So, to ensure that the pair are secondary particles, dcap
and dcaπ should be large enough.

When a Λ is emitted from PV, travels a distance pathΛ and decays at V0. If pathΛ

is short, the secondary vertex is at the same point that the PV. So, pathΛ should be
large enough.

Another useful variable is the angle between pathΛ and pΛ = pp + pπ vector. These
two vectors should be parallel, so we expect that this angle is small, or the cosine of the
angle close to 1.

In this work, we use the cuts in the variables showed in table 3.3, the χ2 are calcu-
lated for the track with respect the primary vertex.

Variable Cut

χ2
V 0 <7.0

angle < 0.008

χ2
p > 5.0

χ2
π > 8.0

Invariant mass 1.08 < m < 1.2 GeV

Table 3.3: Cuts in the topological variables for Λ reconstruction.



Chapter 4

Results

4.1 Polarization of Monte Carlo data

The following result were obtained using Req. 30 data set, using 7M events. We estimate
polarization using the projection method described in Eq. (2.3). We show in 4.1 the
distribution of protons with respect the projection of the momentum with the normal of
the reaction plane for jetty events in different centrality classes. We fit the data with the
Eq. (2.3), and the parameter P is our estimation of the local polarization. For isotropic
events, the procedure is similar and the results are shown in figure 4.2. We compare the
behavior of local polarization as function of centrality class for jetty and isotropic events
in figure 4.5.

For global polarization we followed a similar procedure. In 4.3, the distribution of
protons with respect the projection of the momentum of the protons with event plane is
shown for jetty events in different centrality classes. We fit the data with the Eq. (2.3),
and the parameter P is our estimation of the global polarization. Of isotropic events, the
procedure is similar and the results are shown in figure 4.4. We compare the behavior of
global polarization as function of centrality class for jetty and isotropic events in figure
4.6.
Now, we analyse global polarization with the flow method described in Eq. (2.7). In
figure 4.7, the distribution of protons with respect ∆ϕ = ϕ − Ψrp is shown for jetty
events in different centrality classes. Our estimation of the global polarization is now
P = 8b1

απ . For isotropic events, the procedure is similar and the results are shown in figure
4.8. We compare the behavior of global polarization as function of centrality class for
jetty and isotropic events in figure 4.9. We can compare figures 4.6 and 4.9 and notice
that behavior of polarization for jetty and isotropic are similar in projection and flow
method.

17
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Figure 4.1: Distribution of protons with respect the angle between their momentum and
the reaction plane for several centrality bins for jetty events. The parameter P in the fit
estimates the local polarization. The data is obtained from Req. 30, using 7M events.
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Figure 4.2: Distribution of protons with respect the angle between their momentum and
the reaction plane for several centrality bins for isotropic events. The parameter P in
the fit estimates the local polarization. The data is obtained from Req. 30, using 7M
events.
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Figure 4.3: Distribution of protons with respect the angle between their momentum and
the event plane for several centrality bins for jetty events. The parameter P in the fit
estimates the local polarization. The data is obtained from Req. 30, using 7M events.
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Figure 4.4: Distribution of protons with respect the angle between their momentum and
the event plane for several centrality bins for isotropic events. The parameter P in the
fit estimates the local polarization. The data is obtained from Req. 30, using 7M events.
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Figure 4.5: Local polarization as function of centrality class for jetty (blue) and isotropic
(red) events.

0 10 20 30 40 50 60 70 80
c [%]

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

P
 [%

]

Global polarization for jetty events

Global polarization for isotropic events

Project method for global polarization

Figure 4.6: Global polarization as function of centrality class for jetty (blue) and isotropic
(red) events.



4.1 Polarization of Monte Carlo data 23

 / ndf 2χ  107.9 / 95
N         1.13e+02± 2.03e+05 

    
1

b  0.0003927± 0.0007078 
    

2
b  0.0062248± 0.0001097 

    
1

c  0.0003932± 0.0001893 
    

2
c  0.0062248± 0.0001097 

0 1 2 3 4 5 6
φ∆

32000

32200

32400

32600

32800

φ
∆

dN
/d

 

 / ndf 2χ  107.9 / 95
N         1.13e+02± 2.03e+05 

    
1

b  0.0003927± 0.0007078 
    

2
b  0.0062248± 0.0001097 

    
1

c  0.0003932± 0.0001893 
    

2
c  0.0062248± 0.0001097 

))φ∆cos(2
4

)+2Pφ∆sin(2
3

)+2Pφ∆cos(
2

)+2Pφ∆sin(
1

(1+2Pπ2
0

p

Proton distribution with centrality class 00-10 
 / ndf 2χ  146.5 / 95

N         1.39e+02± 3.09e+05 
    

1
b  0.00032± 0.00179 

    
2

b  0.0050444± 0.0002635 
    

1
c  0.0003188± 0.0005518 

    
2

c  0.0050444± 0.0002635 

0 1 2 3 4 5 6
φ∆

48600

48800

49000

49200

49400

49600

49800

φ
∆

dN
/d

 

 / ndf 2χ  146.5 / 95
N         1.39e+02± 3.09e+05 

    
1

b  0.00032± 0.00179 
    

2
b  0.0050444± 0.0002635 

    
1

c  0.0003188± 0.0005518 
    

2
c  0.0050444± 0.0002635 

))φ∆cos(2
4

)+2Pφ∆sin(2
3

)+2Pφ∆cos(
2

)+2Pφ∆sin(
1

(1+2Pπ2
0

p

Proton distribution with centrality class 10-20 

 / ndf 2χ  111.1 / 95
N         1.453e+02± 3.365e+05 

    
1

b  0.000305± 0.002059 
    

2
b  0.0048339±0.0001005 − 

    
1

c  0.0003055±0.0003487 − 
    

2
c  0.0048339±0.0001005 − 

0 1 2 3 4 5 6
φ∆

52800

53000

53200

53400

53600

53800

54000

φ
∆

dN
/d

 

 / ndf 2χ  111.1 / 95
N         1.453e+02± 3.365e+05 

    
1

b  0.000305± 0.002059 
    

2
b  0.0048339±0.0001005 − 

    
1

c  0.0003055±0.0003487 − 
    

2
c  0.0048339±0.0001005 − 

))φ∆cos(2
4

)+2Pφ∆sin(2
3

)+2Pφ∆cos(
2

)+2Pφ∆sin(
1

(1+2Pπ2
0

p

Proton distribution with centrality class 20-30 
 / ndf 2χ  84.58 / 95

N         1.371e+02± 2.999e+05 
    

1
b  0.000323± 0.002027 

    
2

b 03− 5.120e±05 − 1.412e
    

1
c 04− 3.234e±05 − 2.219e

    
2

c 03− 5.120e±05 − 1.412e

0 1 2 3 4 5 6
φ∆

47200

47400

47600

47800

48000

48200

48400

φ
∆

dN
/d

 

 / ndf 2χ  84.58 / 95
N         1.371e+02± 2.999e+05 

    
1

b  0.000323± 0.002027 
    

2
b 03− 5.120e±05 − 1.412e

    
1

c 04− 3.234e±05 − 2.219e
    

2
c 03− 5.120e±05 − 1.412e

))φ∆cos(2
4

)+2Pφ∆sin(2
3

)+2Pφ∆cos(
2

)+2Pφ∆sin(
1

(1+2Pπ2
0

p

Proton distribution with centrality class 30-40 

 / ndf 2χ  116.7 / 95
N         5.221e+01± 4.347e+04 

    
1

b  0.000848± 0.001915 
    

2
b  0.0134477±0.0007836 − 

    
1

c  0.00085±0.00011 − 
    

2
c  0.0134477±0.0007836 − 

0 1 2 3 4 5 6
φ∆

6700

6800

6900

7000

7100

7200φ
∆

dN
/d

 

 / ndf 2χ  116.7 / 95
N         5.221e+01± 4.347e+04 

    
1

b  0.000848± 0.001915 
    

2
b  0.0134477±0.0007836 − 

    
1

c  0.00085±0.00011 − 
    

2
c  0.0134477±0.0007836 − 

))φ∆cos(2
4

)+2Pφ∆sin(2
3

)+2Pφ∆cos(
2

)+2Pφ∆sin(
1

(1+2Pπ2
0

p

Proton distribution with centrality class 40-50 
 / ndf 2χ   87.1 / 95

N         1.046e+02± 1.745e+05 
    

1
b  0.000424± 0.002234 

    
2

b  0.0067133± 0.0001583 
    

1
c  0.0004241±0.0002064 − 

    
2

c  0.0067133± 0.0001583 

0 1 2 3 4 5 6
φ∆

27400

27500

27600

27700

27800

27900

28000

28100

28200

28300φ
∆

dN
/d

 

 / ndf 2χ   87.1 / 95
N         1.046e+02± 1.745e+05 

    
1

b  0.000424± 0.002234 
    

2
b  0.0067133± 0.0001583 

    
1

c  0.0004241±0.0002064 − 
    

2
c  0.0067133± 0.0001583 

))φ∆cos(2
4

)+2Pφ∆sin(2
3

)+2Pφ∆cos(
2

)+2Pφ∆sin(
1

(1+2Pπ2
0

p

Proton distribution with centrality class 50-60 

 / ndf 2χ  82.08 / 95
N         7.925e+01± 1.002e+05 

    
1

b  0.000560± 0.003044 
    

2
b  0.0088596± 0.0005724 

    
1

c  0.0005595±0.0004793 − 
    

2
c  0.0088596± 0.0005724 

0 1 2 3 4 5 6
φ∆

15500

15600

15700

15800

15900

16000

16100

16200

φ
∆

dN
/d

 

 / ndf 2χ  82.08 / 95
N         7.925e+01± 1.002e+05 

    
1

b  0.000560± 0.003044 
    

2
b  0.0088596± 0.0005724 

    
1

c  0.0005595±0.0004793 − 
    

2
c  0.0088596± 0.0005724 

))φ∆cos(2
4

)+2Pφ∆sin(2
3

)+2Pφ∆cos(
2

)+2Pφ∆sin(
1

(1+2Pπ2
0

p

Proton distribution with centrality class 60-70 

0 1 2 3 4 5 6
φ∆

5200

5250

5300

5350

5400

5450

5500

5550φ
∆

dN
/d

 

Proton distribution with centrality class 70-80 
 / ndf 2χ  94.43 / 95

N         4.60e+01± 3.38e+04 
    

1
b  0.000963± 0.002266 

    
2

b  0.0152531±0.0006841 − 
    

1
c  0.00096±0.00131 − 

    
2

c  0.0152531±0.0006841 − 

))φ∆cos(2
4

)+2Pφ∆sin(2
3

)+2Pφ∆cos(
2

)+2Pφ∆sin(
1

(1+2Pπ2
0

p

Proton distribution with centrality class 70-80 

Figure 4.7: Distribution of protons with respect ∆ϕ for several centrality bins for jetty
events. The parameter P in the fit estimates the local polarization. The data is obtained
from Req. 30, using 7M events.
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Figure 4.8: Distribution of protons with respect ∆ϕ for several centrality bins for
isotropic events. The parameter P in the fit estimates the local polarization. The
data is obtained from Req. 30, using 7M events.
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Figure 4.9: Local polarization as function of centrality class for jetty (blue) and isotropic
(red) events.

4.2 Invariant mass for reconstructed Λ

The invariant mass obtained for our reconstruction of Λ is shown in figure 4.10 above.
Also, the Armenteros-Podolaski plot for reconstructed Λ is shown in figure 4.10 be-
low. Besides reconstructed Λ exhibits the expected behavior in invariant mass and
Armenteros-Podolanski plot, reconstruction may be improved as future work.

4.3 Polarization of reconstructed and associated data

Once we have reconstructed data, we can analyse their polarization. In figure 4.11, the
distribution of protons with respect ∆ϕ = ϕ−Ψrp is shown for reconstructed events in
different centrality classes. Our estimation of the global polarization is now P = 8b1

απR1
EP

,

with R1
EP the resolution of the event plane. For associated events, the procedure is

similar and the results are shown in figure 4.12. We compare the behavior of global po-
larization as function of centrality class for reconstructed and associated events in figure
4.13. The precision in this calculations is related with the quality of the reconstruction.
Hence, it is a work in progress.
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Figure 4.10: Above, the significance of the invariant mass signal. Below, the Armenteros-
Podolanski plot for reconstructed Λ. Te reconstruction was made with the data obtained
from Req. 30, using 7M events.
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Figure 4.11: Distribution of protons with respect ∆ϕ for several centrality bins for
reconstructed events. The parameter P in the fit estimates the local polarization. The
data is obtained from Req. 30, using 7M events.
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Figure 4.12: Distribution of protons with respect ∆ϕ for several centrality bins for
associated events. The parameter P in the fit estimates the local polarization. The data
is obtained from Req. 30, using 7M events.
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Figure 4.13: Local polarization as function of centrality class for reconstructed (blue)
and associated (red) events.



Chapter 5

Conclusions

In this work, we estimate the local and global polarization of Λ hyperons for an energy
Bi+Bi collisions at

√
sNN=9.2 GeV using the Monte Carlo data set Req. 30. The most

important feature of this work was the identification of jetty and isotropic events. We
assume from previous works that jetty events have a sphericity value close to 0 and
isotropic events a sphericity value close to 1. We calculate at which sphericity bin we
have the 30% of the total events, from a lower limit and from an upper limit and we
take these events as jetty and isotropic respectively for each centrality bin.

The separation of jetty and isotropic events allow us to study their polarization in-
dependently. From figure 4.5, we conclude that local polarization in both type of events
is close to zero, which is expected for this PHSD data set. In the other hand, figure
4.6 shows that polarization is different from 0 for both cases. But also suggest that
polarization of isotropic events are a little larger than for jetty events.

For reconstructed Λ, we identify secondary protons and pions using the evPID wagon
and applied cuts in topological variables of the decay. Figure 4.10 shows the histogram
of invariant mass and its analysis of significance y the upper part. Below, figure 4.10
shows the Armenteros-Podolanski plot, with the characteristic arch of Λ hyperons. Re-
construction can be improved optimizing the cuts. An analysis for polarization for these
reconstructed events were carried out.

Besides the results achieved in this work, several important skills were developed. I
learned how to work in the MPDroot framework or create and modify analysis trains in
order to obtain certain result. Also, I learned a lot of technical and important features
of the NICA experiment, that help us to focus our analysis. In the case of this work, the
MPD characteristics are important to define the cuts on the topological variables and Λ
reconstruction.

In summary, the principal goals achieved in this work were

• Familiarization with MPDroot framawork and another important tools for analysis

30
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in the MPD collaboration.

• Implementation of Analysis Framework to the Core-Corona analysis.

• Obtaining an estimation of polarization in the framework.

• Identification of jetty and isotropic events due its sphericity.

• Analysis of the polarization for jetty and isotropic events.

• Reconstruction of Λ particle.

• Analysis of the polarization for reconstructed events.
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