In the many-body localization litterature

Application to many-body lattice models

Difficult because of the exponential growth of Hilbert space with number of particles.

What is integrable/Poisson-like when there is no classical analogue/limit ? => whenever there is an underlying block diagonal structure that prevents ergodicity of levels Bethe-ansatz integrability, infinite number of conserved quantities classical limit : dominated by diagonal elements free particle limit : free bosons, free fermions The joint probability distribution of eigenvalues

For gaussian orthogonal ensembles, we will show that

The Coulomb gas intuitive picture Rescale "particle positions" Boltzmann weight such that the thermodynamic limit corresponds to zero effective temperature for potential (independent of )

[

  LNV] Introduction to Random Matrices, by Livan, Novaes, Vivo (arxiv:1712.07903) [Fyodorov] Introduction to RMT, by Fyodorov,arxiv:math-ph/0412017 (2010) many, many others,... Level statistics : history Level statistics : the critical plot Idea : density of states is not universal but fluctuations of spacings could be ! Definition : probability distribution of level spacings with rescaling (1977): integrable model have no level repulsion (Poisson random process) BGS conjecture (1984): « spectra of time reversal-invariant systems whose classical analogues are K systems show the same fluctuation properties as predicted by GOE » Consider simple quantum systems (few degrees of freedom) with a classical limit. Example: single-particle problem on a billiard (H=Laplacian on domain), chaotic or integrable This conjectures the relations: integrable <=> Poisson | chaotic <=> GOE Chaos matters more than complexity No proof but supporting arguments based on : non-linear sigma model trace formula approaches Lots of numerical evidences afterwards : first on few-body and then on many-body

A

  seminal example: Montambaux, Poilblanc, Ziman, Belissard, Sire PRL & EPL (1993) What are random matrices ? Matrices with elements drawn randomly : linear algebra meets probability theory Statistical properties from ensemble average Many matrix ensembles exist with various properties : Wigner, Dyson, circular, Laguerre, Ginibre, Wishart,... Many analytical results and tractable techniques to make predictions with RMT Useful models for many physical systems : energy spectra, quantum chaos, Anderson localisation, mesoscopic transport, statistical physics, string theory, random surfaces & 2D quantum gravity,... Here, we are going to discuss Wigner-Dyson ensembles (beta ensembles) and the connection between quantum chaos and level statistics in many-body systems.Layman's classification square NxN matrices with real eigenvalues joint probability distribution of elements: Two main realistic features for classification (i) independently distributed entries (Wigner) (ii) rotational invariance : under similarity transformation , we have since, one quite often has , the constraining condition reads Weyl's lemma : one has rotational invarians if and only ifGaussian ensembles : requiring both (i) and (ii), one can show that one necessarily hasHow to draw gaussian random matrices ?To get real eigenvalues, one must have some particuliar features, square NxN matrix :Gaussian Orthogonal Ensemble (GOE): real symmetric Gaussian Unitary Ensemble (GUE): complex hermitian Gaussian Symplectic Ensemble (GSE): complex symplectic symmetric (not much discussed hereafter)diagonal form : (doubly degenerate for GSE)Important remarks on gaussian ensembles (i) Rotational invariance means that change of basis / eigenvectors are irrelevant to the eigenvalue statistics (ii) Relation between the variance of diagonal and off-diagonal elements:(iii) there exist a powerful triadiagonal matrix method to sampling the jpdf for large N see Dumitriu, Edelman, Jour. ofMath. Phys. 43, 5830 (2002) 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

Density of states : Wigner's semi-circle law

At finite N, the effect of effective Coulomb interaction is visible, the larger , the larger the interaction N=8 N=4000

Hands on : 2x2 matrices and beyond For 2x2 matrices, we are going to (i) show that the gaussians GOE are the only rotationaly invariant and independent distributed variable matrices