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QuarkGluon Plasma

QUARK- NEUTRONS

Quarks and gluonare the building blocks of

GLUON aproTONs | NUCLE! protons and neutrons.

PLASMA

A strong nuclear force Is the most powerful forc
B ., iInvolved with holding matter together. It is muck
T - . stronger than the three other fundamental force

The strong nuclear force is so powerful, it make
extremely difficult to separate quarks and gluor
Because of thiguarks and gluons are bound
Inside composite particles

o iRl | Ha R | & N | Quarks come in
wfe @ |- @ |- @ || @ | @ three different
up | charm top | gluon Higgs colors: eee
‘olFelfoll @ s The only way to separate these particles is to

mediate interaction

between quarks create a state of matter known as quagkuon

plasma In this plasma, the density and
temperature are so high that protons and neutr
melt.
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Collision Evolution

Initial state

Quarkgluon _ T[a_h_qurt/Fre_gz_eQut

matter R
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Preequilibrium
dynamics
@ Non-equilibrium evolution at early times
e initial state at from QCD? Color Glass Condensate? ...

System properties can be probed via:

e thermalization via strong interactions, plasma instabilities, particle A Transverse momentum particle S_’peCtra
production, ... A Momentum and angular correlations
e Local thermal and chemical equilibrium A Azimuthal anisotropies
e strong interactions lead to short thermalization times A Global and local polarization of particles
e evolution from relativistic fluid dynamics A Jet spectrum and shapes
* expansion, dilution, cool-down A Fluctuation of conserved charges
@ Chemical freeze-out A Etc...

e for small temperatures one has mesons and baryons
e inelastic collision rates become small
e particle species do not change any more

@ Thermal freeze-out

e elastic collision rates become small
e particles stop interacting

i 3
e particle momenta do not change any more Grigory Nigmatkulov, Nov. 10, 2022



Some definitions “central”

n =0(90%

Kinematics
o . . n=-1 n=1(40.4°
* Pseudorapidity, N, is used to describe polar angle
(z-y plane): n = — In(tan g) n=-2 n=2(154)
. . . - =3 — " n=3(7
* N is agood approximation of to the rapidity, y: R e
_ 1y, (E + pz) “backward” “forward”
o £ —p: eam 2 eam
yrn, p>m, 0> 1/y ° ly peam 2
« Rapidity is invariant under Lorentz boosts in z |
. . . . Pr
* Azimuthal angle, @, is defined in x-y plane ¢
Collision centrality i x
« Peripheral collision /g@
9. ®
— Large distance between centers of nuclei = §a
— Small number of nucleons-participants (.:.‘ °
. . 02—
— Small multiplicity of created particles @
» Central collision
— Small distance between centers of nuclei @% .E
— Large number of nucleons-participants '\::3 %.

— Large particle multiplicity
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Relativistic Heavy lon Collider (RHIC)

R - Jet Target
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» The most versatile particle collider

v The only polarized proton collider in the world
v Type of collisions: p+p, p+Au, d+Au, Cu+Au, Cu+Cu, Ru+Ru, Zr+Zr, Au+Au, U+U,...
v Center-of-mass energy for Au+Au collisions: 3.0 - 7.7 - 200 GeV

Fixed-Target mode Collider mode
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-> BES-Il and FXT
BES.

A Search for the QGP twoff signatures
A Search for the firsbrder phase transition
A Search for the critical point

BESI and fixeetarget (FXT) program:
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A Need higher statisticsym 1~ (0 A Y S &-1) fork
precise measurements

LHC 2.76 TeV

F\_-

tHIC 200 GeV
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% A Detector upgrades (increased acceptance and
= capabilities)
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How Does the Nucleus Look Like?

—

 deBroglie wavelength of constituent
partons is effected by the beam energy.

* Determines whether a parton images:
A. The whole nucleus
B. Individual nucleons
C. Individual partons

Grigory Nigmatkulov. Nov. 10, 2022



How Does the Nucleus Look Like?

—

 deBroglie wavelength of constituent
partons is effected by the beam energy.

* Determines whether a parton images:
A. The whole nucleus
B. Individual nucleons
C. Individual partons

At lower energy, nucleons are At higher energy, nucleons are

opaque, and the valence quarks are transparent, and the valence quarks are
stopped in the fireball. pass through and exit the fireball.

Excess quarks =» higher i, Equal quarks and anti-quarks =» lower p,
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_WSTAR % The STAR Experiment at RHIC

Gold target:

A 2 cm below nominal beam axis
A 2 m from center of STAR

A 250 pm foil
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