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Basics of kinetic theory

In kinetic theory microscopic quasiparticles evolve freely with
localized collisions

Evolution in phase space is governed by the Boltzmann equation
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Spontaneous symmetry breaking

Simple nonrelativistic example

A
L= 67100+ 536+ V(6°0)

Global U(1) symmetry— particle number conservation
qb _ eiaqb ¢* N e—ia¢*

Symmetry is spontaneously broken if vacuum is not symmetric
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Every broken symmetry- gappless Goldstone mode



Effective theory of pions

QCD has approximate SU(2) chiral symmetry. andd are light

Symmetry is spontaneously broken

(0]44]0) # 0
Pions are associated (pseudo)Goldstone bosons

Low energy effective chiral Lagrangian for pion$
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m, ~ 140MeV  f. ~ 93MeV

This is similar to effective theory of phonons in cold atoms



n/s from chiral effective theory

Calculations are simplest in the chiral limit, — 0

In the effective theory thew cross section
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From the Stefan-Boltzmann law
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Explicit calculation gives at low energies
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Pure gaugetheory

First step towards QCD- putel/ (N,.) gauge theory

1 a
L= _E(FMV)Q
In kinetic theoryn is obtained from binary gluon scatterings
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Scattering amplitude squared




Problem with scattering amplitude

| M|? diverges at small momentum transfergas~ g
Familiar from soft Rutherford scattering
Apparent problem in calculation of

Screening in quark-gluon plasmaiat> 0
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with the Debye mass:2, = g27” (1 + %)



n and s In perturbative QCD

Perturbation theory predicts for pure gauge theory
T3
g*(T') log(p* /mp)

1* is calculated from s- and u-channel diagrams and from gluon
bremsstrahlung

n==k

k=27.13

0t~ 2.765T

In QCD theory
gq andqg scattering in t-channeb affects onlyk andu*

Entropy— free gas of massless quarks and gluons
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n/s in perturbative QCD

From perturbative QCD with three massless quarks

N 5.12
s~ g (T) In(2.42/9(T))

n/s as a function of coupling,, = ¢*/(4x)
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n/s in perturbative QCD

n/s as a function of temperatuie
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Resembles the result for cold fermions at unitarity!



N = 4 Super-Yang-Millstheory

1 a a -\ a a a
L=~ FiF, — Mo DA} + DF$I D g + Lang + Ly

Fy,,— field strength tensor
A¢— fermionic gluino fields
i;— colored Higgs fields

D,— covariant derivative

This theory has a lot of symmetries
Lorentz spacetime-» conformal
supersymmetry
SU(N.) gauge
SU (4) global R-symmetry



n/sin N' = 4 Super-Yang-Millstheory
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Coupling A=N_g?

Weak coupling calculation from kinetic theory

Strong coupling calculation from AdS/CFT correspondence
KSS bound

Weak coupling extrapolation breaks downat: 12
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