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What is relativistic 
heavy-ion physics?

• Multidisciplinary branch of nuclear/high-energy physics

• Uses the techniques of high-energy (particle) 
physics to study the remnants of nuclear collisions

• Uses concepts from thermodynamics, fluid dynamics 
and even string theory to explain the results.

• Ultimately want to understand the behaviour of bulk 
QCD matter and learn what goes on at the 
microscopic level.
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And what is it not?!

• It has not much to do with ‘traditional’ 
nuclear physics

• No shell models, γ-ray level schemes, or 
decay chains

• However we will need an approximate 
description of the nucleus as an extended 
object

• Extends study of nuclear matter to high T

5
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Motivations

• Cosmological

• The origin of (most of) the mass

• QCD Confinement

• chiral symmetry restoration

• Studying the hadronization phase transition

• Extracting the bulk properties of strongly 
coupled quark/gluon matter
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• 10 µs after Big Bang 
universe had a 
temperature of 1012 K

• Particles had typical 
energies 100 MeV
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The macroscopic quantities of the QGP will give us 
better understanding of  the underlying microscopic 
theory (QCD) in the non-perturbative regime
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QCD Phase Diagram
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• Increasing 
temperature or 
(a variable related to) 
density leads to new 
stable phases

K. Rajagopal and F. Wilczek, Handbook of QCD
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Thermodynamic 
Properties of Matter

• Specific heat capacity

• Energy required to change temperature

• Conductivity (to charge, colour,…)

• Speed of sound

• Viscosity

• resistance to flow
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QCD Confinement

15

• Additional linear term in 
potential due to ‘flux 
tube’ (or ‘string’)

• k ~ 1 GeV/fm

• Increasing separation 
results in a new q-q ̅ pair

illustration from Fritzsch
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Deconfinement

16

Hadrons:
Meson, (anti-)baryons (anti-)Quarks and gluons

Heating
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rough estimate: EoS and degrees of 
freedom

➡ energy density of g massless degrees 
of freedom

➡ hadronic matter dominated by lightest 
mesons (π+, π-, and π0)

➡ deconfined matter, quarks and gluons

➡ during phase transition large increase 
in degrees of freedom !
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• Gibbs’ criterion: the stable 
phase is the one with the 
largest pressure

• i.e larger number d.o.f. 

• Vacuum exerts pressure due 
to virtual particles

• ∆E∆t ~ h fluctuations
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rough estimate: QCD phase 
transition temperature

• confinement due to bag pressure B (from the QCD vacuum)

• B1/4~ 200 MeV

• deconfinement when thermal pressure is larger than bag pressure
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QCD on the Latice
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F. Karsch, E. Laermann and A. Peikert,  PLB  
478 (2000) 447

TC ~ 170 MeV,  εC ~ 0.6 GeV/fm3

at the critical temperature a 
strong increase in the 
degrees of freedom

✓ gluons, quarks & color!

not an ideal gas!

✓ residual interactions

at the phase transition dp/dε 
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QCD on the Lattice
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Debye Screening

21

• Modification of short 
range term in potential 
due to high colour 
charge density

• Debye radius rD

• Compare to Mott 
transition to conductor 
under pressure
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How?

Nuclear Matter
(confined)

20

How to do this?

22

Collision of two nuclei
(deconfined)
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Early experiment (SPS 1995)
23

NA49
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RHIC experiment (2000)
24

STAR
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Next lecture

25

• We will use the concepts covered here to 
understand what we see in relativistic 
heavy-ion collisions
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The Reaction Plane

E
d
3
N

d
3
p
=

d
3
N

p
t
dp

t
dyd(φ − Ψ

R
)

x, b

y
z

determine the angle of the reaction plane ψR

y

x

!
R

26



UKNPSS, Bristol, Sept 2013 Lee Barnby | RHI Physics 1

Flow concept
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Example from 
another field: 

Ultra cold 
atoms

Reaction 
plane
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