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Quark-Gluon Plasma
Quarks and gluons are the building blocks of 
protons and neutrons.

A strong nuclear force is the most powerful force 
involved with holding matter together. It is much 
stronger than the three other fundamental forces.

The strong nuclear force is so powerful, it makes it 
extremely difficult to separate quarks and gluons. 
Because of this, quarks and gluons are bound 
inside composite particles.

The only way to separate these particles is to 
create a state of matter known as quark-gluon 
plasma. In this plasma, the density and 
temperature are so high that protons and neutrons 
melt.

2
Grigory Nigmatkulov. Nov. 10, 2022



Collision Evolution
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System properties can be probed via:
• Transverse momentum particle spectra
• Momentum and angular correlations
• Azimuthal anisotropies
• Global and local polarization of particles
• Jet spectrum and shapes
• Fluctuation of conserved charges
• Etc...

Initial state

Pre-equilibrium
dynamics

Quark-gluon 
matter

Hadronization

Transport/Freezeout



Some definitions
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Relativistic Heavy Ion Collider (RHIC)
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BES-I -> BES-II and FXT
BES-I:

• Search for the QGP turn-off signatures

• Search for the first-order phase transition

• Search for the critical point

BES-II and fixed-target (FXT) program:

• Need higher statistics (≥10 times than in BES-I) for
precise measurements 

• Detector upgrades (increased acceptance and PID 
capabilities)

• Access to energies √sNN<7.7 GeV via FXT
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How Does the Nucleus Look Like?
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How Does the Nucleus Look Like?
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The STAR Experiment at RHIC

Gold target:

• 2 cm below nominal beam axis

• 2 m from center of STAR

• 250 µm foil
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Particle Identification at STAR

Good particle identification in a broad momentum range using TPC and TOF
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Evolution of the High-Energy Heavy-Ion Collision
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Transverse Momentum Spectra
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Particle Yields
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Energy Dependence of Particle Yields
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Extracting Baryon Chemical Potential and Temperature at Chemical 
Freeze-Out
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Extracting Parameters of the Quark-Gluon Matter at Kinetic Freeze-Out

• The kinetic freeze-out parameters are obtained 
by fitting the spectra with a blast wave model. 
The model assumes that the particles are locally 
thermalized at a kinetic freeze-out temperature 
and are moving with a common transverse 
collective flow velocity. Assuming a radially 
boosted thermal source, with a kinetic freeze-
out temperature Tkin and a transverse radial 
flow velocity β, the pT distribution of the 
particles is given by

where mT is the transverse mass of a hadron, 
ρ(r) = tanh−1β, and I0 and K1 are the modified 
Bessel functions.
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Mapping QCD Phase Diagram

• Using a statistical equilibrium model and the measured 
particle yields, one can estimate the location of the phase 
diagram

• The〈β〉decreases from central to peripheral collisions 
indicating more rapid expansion in central collisions

• Tkin increases from central to peripheral collisions,
consistent with the expectation of a shorter-
lived fireball in peripheral collisions
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Energy Dependence of Freeze-out Parameters
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• Chemical freeze-out temperature increases and 
then saturates with beam energy

• Kinetic freeze-out temperature decreases while 
<β> (collectivity) increases with beam energy for 
central collisions

• Difference between chemical and kinetic freeze-
out temperatures increases with beam energy
• Suggests system interacts for longer duration at 

higher collisions energies
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QGP at High Collision Energies
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QGP at High Collision Energies
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Identifying QGP at High-Energy Collisions
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• The data clearly indicate that there is no suppression 
of high-pT particles in d+Au collisions.

• The data suggest, instead, that the suppression of 
high-pT hadrons in Au+Au is more likely a final state 
effect of the produced dense medium



Searching for Turn-Off Signatures of QGP
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Azimuthal Anisotropy in Heavy-Ion Collisions
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• v1=<px/pT> – directed flow
• Describes the sideward collective motion of particles 

within the reaction plane (x-z)
• Probe of the softening of the EoS:

• Strong softening: consistent with the 1st-order 
phase transition

• Weaker softening: more likely due to crossover
• v2 – elliptic flow

• Sensitive to the properties of the medium



Beam-Energy Dependence of Directed Flow
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Anisotropic Flow at RHIC – scaling relations
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Vortical motion of nuclear matter
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Polarization Measurements
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Global Polarization in BES and FXT 
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3 GeV at 20-50%
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Correlation Femtoscopy
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Why Correlation Femtoscopy?

• Access to the spatial and temporal information about a 
particle-emitting source at kinetic freeze-out

• Different particle species are sensitive to various 
effects (Final State Interactions (FSI), transport properties, 
asymmetries, etc...)

• Strong model constraints
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Femtoscopy: World Systematics
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• Precise measurements in a broad energy 
range (from 7.7 GeV to 2.76 TeV)

• Need more high-statistics 
measurements at low energies

• Precise measurements exist only with 
pions
• Need heavier particles
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Summary

• Many exciting results from STAR

• Most of the physics measurements rely on the precise measurement of:
• Collision centrality

• Event plane

• Particle momentum

• Particle identification

• More results will appear soon for the data from the Beam Energy Scan II 
program
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Thank you for your attention
ध्यान देने के लिएआपका धन्यवाद


