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ABSTRACT

Pion Femtoscopy, a sophisticated technique in particle physics, is employed to unveil corre-
lations among pion particles from the source’s homogeneity region. Our analysis of collider
data from the STAR BES II experiment, focusing on

√
sNN = 7.7 GeV collisions, explores

the correlation function across centrality and transverse momentum (KT ) intervals. To en-
sure robust results, I meticulously manage track effects using tailored cuts derived from
the splitting level and fraction of merged rows. My investigation extends to understanding
the correlation function’s behavior with varying numbers of Vz bins during event mixing
and its response to different Vz ranges for analysis.cIntegral to my study is the fitting of
the Bowler-Sinyukov function to the correlation function. This yields essential parameters:
radii characterizing the source’s homogeneity region and correlation strength for positive and
negative pions. These parameters offer insights into the particle-emitting environment’s di-
mensions and inter-pion correlations. Additionally, I explore parameter variation in response
to changing centrality conditions, deepening my understanding of collision characteristics’
impact on the source’s behavior.
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1. INTRODUCTION

In the grand quest to comprehend the fundamental building blocks of the universe, one of

the most enigmatic and elusive states of matter that has captured the attention of physicists is

Quark-Gluon Plasma (QGP). This remarkable form of matter is believed to have existed in

the immediate aftermath of the Big Bang, providing a glimpse into the earliest moments of

our universe's evolution. At the forefront of the scienti�c endeavor to explore QGP lies the

Solenoidal Tracker at RHIC (STAR) experiment, a colossal collaborative effort conducted

at the Relativistic Heavy Ion Collider (RHIC) at Brookhaven National Laboratory in New

York. To comprehend the signi�cance of QGP and its relation to the STAR experiment, one

must delve into the nature of matter at its most fundamental level. At the heart of all visible

matter, such as protons and neutrons, lie elementary particles called quarks, held together by

the strong nuclear force mediated by gluons. These quarks and gluons are the constituents

of hadrons, the particles that make up the building blocks of everyday matter.

Under normal circumstances, these quarks and gluons are con�ned within hadrons due to the

forceful nature of the strong force. However, during the universe's infancy, in the astonish-

ingly high-energy environment that prevailed moments after the Big Bang, the temperature

and energy density were so extreme that quarks and gluons roamed freely, unbound by the

con�nes of hadrons. This extraordinary state of matter, akin to a primordial ”soup” of quarks

and gluons, is known as Quark-Gluon Plasma. QGP is believed to have been present dur-

ing the universe's �rst microseconds and persisted until the universe expanded and cooled

suf�ciently to form hadrons. The �eeting existence of this primordial state renders it excep-

tionally dif�cult to study directly. Nonetheless, scientists are determined to recreate QGP

under laboratory conditions, shedding light on the early universe and deepening our under-

standing of the fundamental forces that govern the cosmos.

1.1. STAR Experiment

The Solenoidal Tracker at RHIC (STAR) is a state-of-the-art experiment designed to explore

the properties of Quark-Gluon Plasma (QGP) and gain insights into the early moments of the

universe's evolution. Located at the Relativistic Heavy Ion Collider (RHIC) at Brookhaven

National Laboratory in New York. The STAR experiment, a �agship undertaking within the

�eld of nuclear physics, seeks to recreate and study the properties of QGP by colliding heavy

ions at ultra-high energies. RHIC, the platform on which the STAR experiment is conducted,

is a marvel of scienti�c engineering, capable of accelerating and colliding heavy nuclei, such
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as gold or copper, at velocities close to the speed of light. By subjecting these heavy ions to

high-energy collisions, the STAR experiment endeavors to replicate the extreme conditions

of the early universe, albeit on a vastly smaller scale. The collisions generate a minuscule

�reball of energy, liberating the constituent quarks and gluons from the nuclei, and momen-

tarily recreating the �eeting state of Quark-Gluon Plasma. As the �reball rapidly expands

and cools, the liberated quarks and gluons combine to form hadrons, which can be measured

and analyzed by the experiment's detectors. The creation and study of QGP is particularly

challenging since it exists for only a fraction of a second before transitioning into hadrons,

the particles that constitute everyday matter. The STAR experiment aims to detect and an-

alyze the particles emitted during these heavy-ion collisions to obtain valuable information

about the properties and characteristics of the QGP �reball.

1.2. STAR Detector

The STAR detector is a complex and multi-layered instrument, speci�cally designed to cap-

ture and measure the properties of particles produced in heavy-ion collisions. The detector

is situated at the intersection point of the colliding ions, allowing it to capture the emergent

particles effectively. The STAR detector is composed of several sub-detectors, each with its

specialized function to record the myriad particles generated during the collision events.

Figure 1.1: Schematic diagram of STAR detector (by Maria & Alex Schmah)
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1.2.1. Time Projection Chamber (TPC)

At the core of the STAR detector lies the Time Projection Chamber (TPC), one of the most

vital components of the experiment. The TPC is an enormous cylindrical device �lled with

a gas mixture, surrounded by a strong magnetic �eld produced by a solenoid magnet. When

charged particles pass through the gas volume, they ionize the gas, releasing electrons. These

electrons drift towards endplates, which are equipped with sensitive electronic readout cham-

bers. By tracking the path and curvature of these drifting electrons, the TPC reconstructs the

trajectory and momentum of the charged particles produced in the collision. This capability

allows scientists to identify and measure the properties of various particles, including pions,

protons, and other hadrons, which carry crucial information about the QGP medium.

1.2.2. Time-of-Flight (TOF) Detector

Complementing the TPC is the Time-of-Flight (TOF) detector, an essential sub-detector that

measures the time taken by charged particles to travel from the interaction point to the TOF

detectors. By combining this time-of-�ight information with the momentum and charge of

the particles measured by the TPC, scientists can calculate the particle's velocity. Accurate

velocity measurements aid in particle identi�cation, helping to distinguish between different

particle species.

1.2.3. Barrel Electro-Magnetic Calorimeter (BEMC) and Endcap Electro-Magnetic

Calorimeter (EEMC)

In addition to the EMC, the STAR detector is equipped with the Barrel Electromagnetic

Calorimeter (BEMC) and the Endcap Electromagnetic Calorimeter (EEMC). These calorime-

ters extend the EMC's coverage, providing a more comprehensive measurement of electro-

magnetic particles and interactions.

1.3. Experimental Techniques

The complex and highly sophisticated nature of the STAR detector enables the implementa-

tion of advanced experimental techniques to study the QGP medium and its characteristics.
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1.3.1. Particle Ratios and Abundance

One of the fundamental experimental techniques used in heavy-ion experiments is the mea-

surement of particle ratios and abundance. The relative abundance of various particles, such

as pions, kaons, and protons, provides valuable information about the conditions and com-

position of the QGP �reball. Deviations from expected ratios can hint at novel phenomena

occurring during the QGP phase.

1.3.2. Anisotropic Flow

Another crucial observable is anisotropic �ow, which refers to the preferential emission of

particles in certain directions relative to the collision's symmetry axis. This phenomenon

arises due to the collective motion of the QGP medium, which can be characterized by

different harmonic orders. The study of anisotropic �ow patterns allows scientists to gain

insights into the QGP's transport properties and the interactions among its constituents.

1.3.3. Hanbury Brown-Twiss (HBT) Correlations: Pion Femtoscopy

Pion femtoscopy, based on Hanbury Brown-Twiss (HBT) correlations, is a powerful exper-

imental technique used in heavy-ion experiments, particularly in the study of QGP. By ana-

lyzing the angular correlations and relative momenta of pion pairs emitted from the collision,

scientists can deduce information about the size, shape, and lifetime of the QGP �reball. This

technique provides crucial insight into the collective behavior of the QGP medium and the

expansion dynamics of the �reball. The exploration of this technique is also the main goal

of our project.

1.3.4. Jet Quenching and Parton Energy Loss

Another intriguing phenomenon explored in heavy-ion collisions is jet quenching, which

refers to the energy loss experienced by high-energy partons (quarks or gluons) as they tra-

verse the QGP medium. The STAR experiment and its advanced detectors enable the study

of jet quenching, shedding light on the properties of the QGP and its interactions with the

produced partons.
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2. PION FEMTOSCOPY

Pion femtoscopy is a powerful and sophisticated experimental technique used in heavy-

ion collision experiments to study the spatial and temporal characteristics of Quark-Gluon

Plasma (QGP). As one of the most abundant and readily detected particles produced during

these high-energy collisions, pions carry essential information about the medium's expansion

dynamics and interactions. By analyzing the correlations between pion pairs, researchers

gain valuable insights into the size, shape, and lifetime of the QGP �reball. This detailed

overview will delve into the intricacies of pion femtoscopy, its underlying principles, and

its signi�cance in unraveling the mysteries of QGP. During this brief moment of time, the

universe was �lled with a hot, dense ”soup” of quarks and gluons, known as QGP. As the

universe rapidly expanded and cooled, the quarks and gluons combined to form protons,

neutrons, and other hadrons, which constitute the matter we observe today. The �eeting

existence of QGP makes it exceptionally challenging to study directly. However, through

the recreation of QGP conditions in heavy-ion collisions, experiments like the Solenoidal

Tracker at RHIC (STAR) aim to provide valuable insights into the properties of this elusive

state of matter.

2.1. Why Pions?

Pions are mesons composed of a quark and an antiquark. As the lightest hadrons, pions are

produced abundantly in heavy-ion collisions, making them essential probes for studying the

properties of the medium created during the QGP phase. Due to their relatively long lifetimes

compared to other particles produced in the collisions, pions can traverse the expanding QGP

�reball and its subsequent hadronic stage without undergoing signi�cant interactions. Thus,

they carry crucial information about the medium's size, shape, and duration.

Pions can be categorized into two main types based on their charge: positively charged(p+ )

and negatively charged(p � ). Additionally, there are neutral pions(p0) that decay almost

instantly into two photons. The measurement of pion properties, such as their momenta,

trajectories, and emission angles, is crucial for conducting pion femtoscopy and extracting

information about the QGP medium.
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2.1.1. Principles of Pion Femtoscopy

2.1.2. The Hanbury Brown-Twiss Effect

The foundation of pion femtoscopy lies in the Hanbury Brown-Twiss (HBT) effect, which

was initially developed in the context of astronomy and later adapted for the study of particles

in nuclear and high-energy physics. The HBT effect is a phenomenon related to the quantum

statistics of identical particles, such as pions, that are emitted from the same collision source.

In the case of heavy-ion collisions, the source of emitted particles is the QGP medium,

which expands and evolves rapidly. Due to quantum statistics, identical pions tend to exhibit

a higher probability of being emitted in close proximity to each other, with similar momenta

and directions. Conversely, pairs of pions that are non-identical do not exhibit this quantum

statistical correlation.

2.1.3. Interferometry and Spatial Correlations

To understand the spatial correlations of emitted pions, interferometry concepts are em-

ployed. Imagine two detectors placed at different positions relative to the collision source.

If two pions are emitted from the same location in the QGP medium, they have a higher

probability of being detected by the same detector (coincidence). Conversely, if the pions

come from different sources, they are less likely to be detected together.

The correlation function, denoted as C(q), quanti�es this probability of detecting two pions

with a relative momentum q. The relative momentum of the two pions is denoted byq =

p1 � p2, wherep1 andp2 are the momenta of the individual pions. The correlation function

is inversely related to the spatial distribution of the particle source. By analyzing the C(q)

function, researchers can extract information about the spatial size and shape of the source,

effectively providing a snapshot of the QGP medium at the moment of particle emission.

2.1.4. Correlation Function and Femtoscopy

The fundamental principle behind pion femtoscopy lies in the study of the two-particle corre-

lation function, which quanti�es the probability of detecting two pions as a function of their

relative momentum. This correlation function provides insight into the spatial and temporal

evolution of the QGP medium during its expansion phase.
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The correlation function is de�ned as the ratio of probablity of observing two particles to-

gether to the of product of probablities of observing two particles seperately.. Mathemati-

cally, it is given by:

C(q) =
P(p1; p2)

P(p1)P(p2)
;

where C(q) is the correlation function,P(p1; p2) is the probability of observing two-particle

together, andP(p1) andP(p2) are the probablities of observing the particle 1 and particle 2

seperately.

2.2. Pion Source Function and Source Size

The pion source function, S(r), describes the probability of emitting two pions from a given

position, r, in the QGP medium. The HBT correlation function is related to the pion source

function through a Fourier transformation. By analyzing the shape of the correlation func-

tion, one can extract information about the size and shape of the pion-emitting source.

The source size parameters can be quanti�ed in terms of the HBT radii, which describe the

spatial extensions of the source along three orthogonal axes: the outward (Rout), sideward

(Rside), and longitudinal (Rlong) directions. The Rout and Rside radii correspond to the

size of the �reball at the time of pion emission, while the Rlong radius characterizes the time

duration of the particle emission process.

2.3. Interferometry and Extraction of Radii

The analysis of pion femtoscopy involves performing an interferometric measurement on the

emitted pion pairs. The interference between identical particles results in the modulation of

the correlation function at low relative momenta, creating a characteristic oscillatory pattern.

The radius parameters can be extracted by �tting the correlation function with a suitable

functional form, such as a Gaussian or an exponential �t.

Several methods are used to extract the radii from the correlation function, including the

Bertsch-Pratt method and the Yano-Koonin-Podgoretskii (YKP) method. These techniques

provide complementary information and help validate the results obtained using different

approaches. In this report, the correlation function is �tted using Bowler-Sinyukov function

for extract the information about radius and correlation strength.
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3. METHODOLOGY

3.1. Event Selection

Pion femtoscopy relies on collecting large datasets of heavy-ion collision events. The STAR

experiment at RHIC is ideally suited for this purpose, as it can generate a substantial number

of events with heavy ions such as gold or copper nuclei colliding at ultra-high energies. The

selection of relevant events for pion femtoscopy analysis is crucial to ensure that only events

with particle emissions from the QGP medium are considered. The data used for the current

analsis is from Au-Au collision experiment at
p

sNN = 7:7 GeV and with approximately

1.9M events.

1. Event Selection:

• Radial Collision Vertex Cut,Vr < 2 cm

• z-position of collision vertex cut,jVzj < 145 cm

2. Track Selection:

• Number of TPC hits used for track reconstruction:N f its
hits � 15

• Consider only primary track

• Distance of closest approach (DCA),jDCAj < 3 cm

• Total momentum of the primary track, 0:15< pprim
tot < 1:5 GeV/c

• Transverse momentum of the primary track, 0:15< pprim
T < 1:5 GeV/c

• Pseudorapidity of the primary track,jh j < 1:5

3.2. Pion Identi�cation

Identifying pions among the multitude of particles produced in heavy-ion collisions is a

critical step in pion femtoscopy. Particle identi�cation is achieved using detectors like the

Time Projection Chamber (TPC) and the Time-of-Flight (TOF) detector. The TPC measures

the ionization of particles passing through the gas volume, providing information on their

momenta, while the TOF detector measures the time taken by particles to travel to speci�c

detectors. By combining the information from both detectors, researchers can accurately

identify pions and separate them from other particle species.
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1. For 0:15< pprim
tot < 0:55 GeV/c (TPC-only identi�cation)

• jns (p)j < 2

• jns (e)j > 2

• jns (K)j > 2

• jns (p)j > 2

2. For 0:55< pprim
tot < 1:5 GeV/c (TPC+TOF identi�cation)

• jns (p)j < 3

• 1=b � 1=bexpected
p < 0:015

• � 0:05< m2 < 0:08GeV2=c4

3.3. Relative Momentum Analysis

To study the correlations between pion pairs, we examine the relative momentum of the

pions in the laboratory frame. This involves determining the momenta of the two pions in

the pair and then calculating their relative momentum vector,q = p1 � p2, wherep1 andp2

are the momenta of the individual pions. The correlation function C(q) is then constructed

by comparing the number of observed pion pairs with a given relative momentum q to the

number of pairs expected for uncorrelated pions.

Experimentally, the correlation function (CF) is de�ned as

CF =
Signal

Background
;

where signal implies the values of q for pair of particles coming from same events while

background constitutes of q for pair of particles coming from different events. Among the

several methods of creating the background, the event mixing method is used in this report.

The q for background is chosen from the pair of pions which belong to similarVz and multi-

plicity distribution. This helps in considering the most relevent particles pairs to be chosen

as background while maintaining the good statistics at the same time.

The multiplicity has been divided into 30 bins for event mixing where each region consists of

multiplicity of order 10. Whereas for the Vz (-145 to 145 cm) case, it is divided into 58 bins

with each bin width is 5 cm. The correlation function is constructed by dividing the signal

with background with suitable normalization as the background will have higher number of

entries than the signal.
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4. CORRELATION FUNCTION

The interesting cases for studying is correlation functions comes from choosing some par-

ticular conditions to infer the information of source sizes. The CF is studied by choosing the

event centralities into the following categories:

• 0 - 10%

• 10 - 30%

• 30 - 50%

• 50 - 80%

Another interesting quantity isKT which is de�ned as

KT =

�
�
�
�
p1

T + p2
T

2

�
�
�
� ;

wherep1
T andp2

T are the transverse momenta of individual pions. The interesting cases for

KT dependence are

• 0:15� KT < 0:25 GeV/c

• 0:25� KT < 0:35 GeV/c

• 0:35� KT < 0:45 GeV/c

4.1. Centrality and KT Dependence of Correlation Function

From �g 4.1 and �g 4.2, it can be observed that for low centrality the CF is lowest and is

highest for high centrality. This can be understand in connection with the source size. For

low centrality, large radius of QGP is expected and small radius for high centrality. The low

q width for the distribution of CF withqinv with low centrality is less which implies the large

radius of QGP from uncertainty principle and vice-versa. Similarly, from �g 4.3 and �g 4.4,

it can be observed that CF with highKT value has more q width which implies low source

size from uncertainty principle and vice-versa. This is in very well agreement with what is

expected theoretically.
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Figure 4.1: Correlation Functions for different ranges of centrality forKT in [0.15,0.25)
GeV/c for positive pions

Figure 4.2: Correlation Functions for different ranges of centrality forKT in [0.15,0.25)
GeV/c for negative pions
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Figure 4.3: Correlation Functions for different ranges ofKT for 0 - 10 % centrality for
positive pions

Figure 4.4: Correlation Functions for different ranges ofKT for 0 - 10 % centrality for
negative pions
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4.2. Dependence of CF on number of Vz bins

To check for the dependence of CF of number of Vz bins while mixing the events, the number

of Vz bins have been taken to be 97, 58, 29, 19, 11, and 7. The correlation functions and their

ratios with respect to the CF with 58 Vz bins while event mixing for positive and negative

pions are plotted below.

Figure 4.5: Correlation Functions with different Vz bins for event mixing for positive pions

Figure 4.6: Correlation Functions with different Vz bins for event mixing for negative pions
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Figure 4.7: Ratio of CFs for different Vz bins w.r.t. CF with 58 Vz bins for event mixing for
positive pions

Figure 4.8: Ratio of CFs for different Vz bins w.r.t. CF with 58 Vz bins for event mixing for
negative pions
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From �g 4.5 and �g 4.6, there is not any signi�cant difference could be noticed between the

behavior of correlation functions when constructed by using different Vz width while mixing

the events. For qualitative demonstration, the ratio plots is also plotted in �g 4.7 and �g 4.8.

From the ratio plots, it can be seen that behavior of CF is opposite for Vz bins number greater

than 58, than that of smaller than 58. At lowqinv values, the CF is higher for higher number

of Vz bins upto 0.35 GeV/c for positive pions pair and 0.4 GeV/c for negative pions pair.

After this range the CF with 97 Vz bins has become smallest forqinv in approximately 0.38

to 0.6 GeV/c for positive pions and 0.45 to 0.85 GeV/c for negative pions. The exact reason

for observed oscillation in behaviour of from these plots will require further analysis.

However, it can be noticed that the �uctuation in correlation function with different Vz bins

is within approximately 0.2% which will not cause any signi�cant deviation in our results.

Hence, we can claim that the effect of the correlation function on choosing Vz widths for

event mixings is not statistically signi�cant.
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5. TRACK EFFECTS

Tracks can be merged or splitted during the reconstructions which will affect the behavior of

correlation function speci�cally at low q values. Splitting tracks refers to the reconstruction

of a single track as a pair of tracks, while merging tracks refers to the reconstruction of a pair

of tracks as a single track. Each track is given a binary code that can be up to 72 bits (after

recent iTPC upgrade) long (one bit for each pad), where 1 denotes the presence of a hit in

this row of pads and 0 denotes its absence in order to properly divide tracks.

5.1. Splitting Level

When a single track is reconstructed as a pair of events, it would lead to increase in correla-

tion functions. This effect can be clearly seen in the behavior or CFs at very q values which

are plotted previously. To takle this effect, we will de�ned the quantity Splitting Level (SL)

as

SL=
SSi

Nhits1 + Nhits2
;

whereSi is -1 if both the tracks have hit on the pad, 0 if none of the tracks have hit on the

pad, and 1 if only one of the track has hit on the pad.Nhits1 + Nhits2 are the total number

of hits on pad of both tracks.

Figure 5.1: 2D plot of splitting level (SL) vsqinv for positive pions and negative pions from
same events.
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Figure 5.2: 2D plot of splitting level (SL) vsqinv for positive pions and negative pions from
mixed events.

Because of the de�nition of SL, it can take values between -0.5 to 1. -0.5 value of SL

corresponds to case when both tracks have hit on the pad, 0 when no tracks have hit, and 1 if

only one track has hit on the pad. Now, correlation function is plotted with different cuts on

SL for the ranges of centrality andKT to check for appropriate cuts to minimize the splitting

events and maintaining the good statistics at the same time. Although the effect of splitting

would be prominent in numerator of correlation function but will use this in both numerator

and denominator for symmetry. From the above plots, it is clear the most of the data points

are below the SL value of 0.4. Now, we will plot the correlation function for No SL cut and

SL cuts of 0.8, 0.6, and 0.4 which is shown below.

The �g 5.3 and �g 5.4 represents the correlation function with different cuts on SL for dif-

ferent ranges of centrality andKT for positive and negative pion pairs respectively. From the

plots, we can see that forSL< 0:6, the correlation function is not changing much. Hence,

theSL< 0:6 can be taken as a cut on splitting level.
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Figure 5.3: CF for different cuts on SL for different ranges of centrality andKT for positive
pions

Figure 5.4: CF for different cuts on SL for different ranges of centrality andKT for negative
pions
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5.2. Fraction of Merged Rows

Merging effect arises when a pair of tracks is constructed as a single tracks. This will reduce

the value of correlation function. The fraction of merged rows (FMR) technique is employed

in the current analysis to takle this effect. It can take values from -1 to 1. It is de�ned by

number of merged hits, which can be calculated by estimating the distance between the hit

of one track to the hit of other track in the local TPC cordinate system. If this distance is

smaller than the ionization cluster, then this will lead to the merged hits. The fraction of

merged rows can be de�ned as

FMR=
No: o f Merged Hits

No: o f rows where both track have a hit
;

where, the maximum number of TPC hits could be 72. The FMR value would be -1 if

two tracks fall into different sectors of TPC as tracks falling on different sectors can not be

merged.

Ideally,FMR= � 1, would be the ideal case to eliminate the merging effects. But this could

cause the loss of lots of statistics. So, the correlation function is studied with different cuts

of FMR for the ranges of centrality andKT in the quest of �nding the optimized value of

FMR. The cuts on FMR used in current analysis is 0.8, 0.6, 0.4, 0.2, 0.1, 0.05, and with no

FMR cut.

Similar analysis is being used here from �g 5.9 and �g 5.10 for �nding the cut in FMR

as alread did in for splitting levels. From the plots at lowqinv values, the splitting can be

observed even among the FMR values of 0.1 and 0.05. Since, FMR value less than 0 (i.e.,

FMR value of -1) implies that tracks fall on different TPC sector and hence it would not

cause the effect of merged hits. Hence, the FMR cut can be chosen to be less than 0.05.

Figure 5.5: 2D plot of fraction of merged rows (FMR) vsqinv for positive pions from same
events.
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Figure 5.6: 2D plot of fraction of merged rows (FMR) vsqinv for negative pions from same
events.

Figure 5.7: 2D plot of fraction of merged rows (FMR) vsqinv for positive pions from mixed
events.

Figure 5.8: 2D plot of fraction of merged rows (FMR) vsqinv for negative pions from mixed
events.
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Figure 5.9: CF for different cuts on SL for different ranges of centrality andKT for positive
pions

Figure 5.10: CF for different cuts on SL for different ranges of centrality andKT for
negative pions
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6. ANALYSIS OF CORRELATION FUNCTION

6.1. Dependence of Correlation Function on Vz range

With the recent upgrade of iTPC, it is now possible to collect data from the the entire range

of Vz of TPC i.e., -145 to 145 cm. It would be interesting to check if the correlation function

can be build from the full Vz range of TPC. It would be equally interesting and important to

check if there would be any dependence of correlation function on the chosen range of Vz

for its construction. The analysis has been carried out initially at three ranges of Vz:

• -5 to 5 cm

• -80 to 80 cm

• -145 to 145 cm

In this kind of analysis, the width of Vz bin has been chosen to be 58 bins and will follow

the same for rest of the analysis. The SL and FMR cuts of 0.6 and 0.05 respectively from

the previous section has also been implemented for a good qualitative analysis of the CFs.

The correlation function and their ratios for the above mentioned three Vz ranges has been

plotted for positive and negative pion pairs in �g 6.1-6.4.

Figure 6.1: CF for positive pions with different ranges of Vz for different centrality andKT
range
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Figure 6.2: Ratio of CFs for positive pions with different ranges of Vz w.r.t CF in Vz range
(-5,5) cm for different centrality andKT range

Figure 6.4: Ratio of CFs for negative pions with different ranges of Vz w.r.t CF in Vz range
(-5,5) cm for different centrality andKT range

From the above plots, it can be noticed that the correlation function is quite same for all

the three ranges of Vz. The �uctuations at higherqinv value is also trivial in the plots with

minimum Kt because of lack of signi�cant data points in that regions. However, in the plots

for centrality range 0-10% andKT range 0.15-0.25, 0.25-0.35, the correlation function seems
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Figure 6.3: CF for negative pions with different ranges of Vz for different centrality andKT
range

to be decreasing for higherqinv value. There are also error bars which are signi�cant in that

region which can be observed from ratio plots. To check for if it is just an statistical effects,

the further analysis for both type of charges is carried out for Vz range:

• -145 to -115 cm

• -25 to 5 cm

• 5 to 35 cm

• 125 to 145 cm

From �g 6.5-6.8, it can be clearly seen that the lack of statistics for correlation function at

higherqinv for Vz in range -145 to -115 cm and 125 to 145 cm in the centrality range of

0-10%, andKT in range 0.15-0.25 GeV/c and 0.25-0.35 GeV/c. This is causing a signi�cant

error bars in that region. So, it can be said that the �uctuation of correlation function for

full Vz range at highqinv mentioned above could be due to lack of statistics which would be

causing the decrease in correlation function. But for lowqinv value (region which would be

essential for �tting the correlation function), the correlation function is equally good even for

higher Vz values as for the central Vz values. This is good success of recent iTPC upgrade

and now the correlation function can be plotted even at the extreme values of Vz. From this
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analysis, it can be concluded that the correlation function is independent of the Vz range

chosen for analysis.

Figure 6.5: CF for positive pions with different ranges of Vz for different centrality andKT
range

Figure 6.6: Ratio of CFs for positive pions with different ranges of Vz w.r.t CF in Vz range
(-5,5) cm for different centrality andKT range
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