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Outline
ÅAnderson localization basics (Hamiltonian & disorder)

ÅQCD spectrum at low and high temperature

ÅRandom Matrix Theory (RMT), level spacing

ÅFinite size scaling studies, multifractals at criticality

ÅWhat is the disorder in QCD? (* )

ÅDirac low-modes: analysis of background gauge fields

ÅPerspective and future works

Universality and the QCD Anderson Transition, Giordanoet al., PRL 112, 102002 (2014)
An Ising-Anderson model of localisationin high-temperature QCD, Giordanoet al., JHEP 1504 (2015) 112 
Anderson transition and multifractals in the spectrum of the Dirac operator of Quantum Chromodynamics at high temperature, Ujfalusiet al., 
1507.02162v1 [cond-mat.dis-nn]
An Anderson-like model of the QCD chiral transition, Giordanoet al. JHEP 1606 (2016) 007
Χ
(*) Anderson Localization in high temperature QCD: background configuration properties and Dirac eigenmodes, GC and S. Hashimoto, JHEP 
1606(2016) 056



Anderson Localization

Metal-insulator transition (MIT)

P.W. Anderson, paper March 1958 

Absence of diffusion in certain random lattices

Phys. Rev. 109 (5): 14921505

Spatial localizationof the states of a system 
due to multiple quantum interference caused 
by disorder

Nobel prize 1977



Anderson Localization (AL)
Tight binding model Hamiltonian, non interacting electrons

ÅRandom noise ‭(Uniform, Gaussian, Lorentz) (also hopping term)
ÅSecond order quantum phase transition at Ec

ÅMIT occurs in 3D due to the scaling theory of
localization, in 1 & 2D all electronic states are localized for
any amount of disorder
ÅInteractions complicate the description (Coulomb potential)



AL, experiments

Anderson localization of light
Mordechai Segev, YaronSilberberg , DemetriosN. Christodoulides
Nature Photonics 7, 197ς204 (2013)

Three-Dimensional 
Anderson Localization 
of UltracoldMatter
S. S. Kondov, W. R. McGehee, 
J. J. Zirbel, B. DeMarco*
Science 7 October 2011: Vol. 
334 no. 6052 pp. 66-68

Cavity Quantum Electrodynamics 
with Anderson-Localized Modes
Luca Sapienza, Henri Thyrrestrup, Søren
Stobbe, Pedro David Garcia, Stephan Smolka, 
Peter Lodahl
Science (2010) 327, 1352-1355

Electromagnetic, sound waves
Ultracoldatoms



AL, Random Schrödinger operator

Åὠὼ random potential, disorder
ÅAnalogous to the Anderson tight-binding model
ÅExponential spectral localisation above a critical disorder



AL, Random Schrödinger operator

ÅAbove a critical energy Ec , Ƴƻōƛƭƛǘȅ ŜŘƎŜ Ҧ ŘŜƭƻŎŀƭƛǎŀǘƛƻƴ
Å(Second order) quantumphase transition at Ec

Two regions
ÅLocalised states: Poissondistributed (classical dynamics)
ÅDelocalised states: Random Matrix Theory (chaotic dynamics) 

Bohigas, Giannoni, Schmitconjecture 1984



QCD spectral density

Chiral condensate vs low modes spectral density

Banks-Casher relation:

Non zero chiral condensate at low temperature

QCD Dirac operator



QCD spectral density

Banks-Casher relation
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Cossu et al., PRD87 (2013) 11, 114514


