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Paradigma da Fisica Classica

Determinismo e reducionismo

Jma particula em 1D
- Conheco as forcas e {x(0), v(0)}
- Leis de Newton
- Obtenho x(t) e v(t)
- Espaco de Fase
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N Particulas

» Objetos Macroscopicos: Termodinamica!

« Espaco de Fase tem 6N dimensoes

« Conhecer todas as posicoes e velocidades
- Complicado

e Tenho Informacao Macroscoépica: energia

- Restringe os estados possiveis
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“Receita” da Fisica Estatistica

e Introduz probabilidades: Pr(x,v)
- Ignorancia subjetiva sobre o estado
— Obter propriedades fazendo medias
* Funciona, mas porqgue

- O sistema estd em um estado bem definido e
evoluindo deterministicamente!

— Irreversibilidade!?
- Joel L. Lebowitz
» Qual Pr(x,v) usar?

- lguais a priori: Postulado? Maxima ignorancia?



Cenario Quantico

» Informacao macroscopica sobre o sistema: H - H

» Duas possibilidades:

- Assumo dei — Escolho|w| aleatoriamente: Pr(y)
- Olho o sistemRa - p=|w/ly]
- Q,=Tr,|0] —ps=Trl|y|ly]]

* Pr(y) uniforme: py=1
« Ha diferenca?

— D1=||p5—,55||1



Concentracao de Medida

 Funcaof: V"> C

e Se nao oscila muito, entao é praticamente
constate para n>>1

Prob {|f — f| > e} < kiexp(—koec*n/n?)

| f(Ur) — f(U2)]
|Ur — Us||2

I = SUpu,+U,
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» Tipicamente ps~€;

- Principio das probabilidades iguais a priore €
aparente

- Emaranhamento € responsavel pela ignorancia local:
- Resultados de concentracao de medida



Phys. Rev. Lett. 96, 050403 (2006) [3 pages]

Canonical Typicality

Abstract References Citing Articles (37)

Download: PDF (76 kB) Buy this article Export: BibTeX or EndNote (RIS)

Sheldon Goldstein”, Joel L. Lebowitz T, Roderich Tumulka®?¥, and Nino Zangh]a’g’
rDeparrmenEs of Mathematics and Physics, Hill Center, Rutgers, The Siate
University of New Jersey, 110 Frelinghuysen Road, Piscataway, New Jersey
08854-8019, LISA

2\Mathematisches Institut, Eberhard-Karls-Universitét, Auf der Morgenstelle 10,
72076 Tabingen, Germany

BD:'pam'menm di Fisica dell'Universita o Genova and INFN sezione of Genova, Via
Dodecaneso 33, 16146 Genava, [taly

Received 4 November 2005; published 8 February 2006

It is well known that a system S weakly coupled to a heat bath B is described by
the canonical ensemble when the composite S+B is described by the
microcanconical ensemble corresponding to a suitable energy shell. This is true for
both classical distributions on the phase space and quantum density matrices. Here
we show that a much stronger statement holds for quantum systems. Even if the
state of the composite corresponds to a single wave function rather than a mixture,
the reduced density matrix of the system is canonical, for the overwhelming
majority of wave functions in the subspace corresponding to the energy interval
encompassed by the microcanonical ensemble. This clarifies, expands, and justifies
remarks made by Schridinger in 1952,
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For a macroscopic, isolated quantum system in an unknown pure state, the
expectation value of any given cbservable is shown to hardly deviate from the
ensemble average with extremely high probability under generic equilibrium and
nonequilibrium conditions. Special care is devoted to the uncontrollable microscopic
details of the system state. For a subsystem weakly coupled to a large heat bath,
the canonical ensemble is recovered under much more general and realistic
assumptions than those implicit in the usuwal microcanconical description of the
composite system at equilibrium.
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Problemas?

« Como selecionar estados aleatoriamente com
uma probabilidade (medida) uniforme (Haar)

» Geracao nao ¢ eficiente: ha muitos parametros.
 Ficar restrito a estados realizaveis/fisicos
« Como escolher tal conjunto de estados?



Estados de Produto de Matrizes (MPS)
o) = tr[AMAE AN, i)

?/2 .

« A éumamatrizX xX:d"= NdX?

e X é 0 parametro fundamental
« DMRG é um método variacional no conjunto de MPS

« Boa aproximacao para Hamiltonianas 1-D locais e com
gap
« Obedecem a lei da area para o emaranhamento

* Pode descrever qualquer estado para X ~dV



Estados de Produto de Matrizes

 Liberdade de Gauge: A-x"'Ax
e Impor D A'A'=I

— Util numericamente

- A vem de unitarias dX por dX

Unitarias podem exibir concentracao de medida



Tipicalidade para MPS

Observavel em L particulas: O

- Constante Lipschitz para o(U)=(y|0|y|

— Usando calculo diferencial de matrizes

- Pr||0-0|=¢€l|c,exp[—c,€ Xi]z\f)]

A ||L

O

— r}S4d2L+2N

2 X(N)
N2

Limite superior € exponencial em N

- Pr“0—5|2€]clexp[—c26



Resultados Numeéricos

e Particulas de Snin 1%
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Figure 5: (a) The variance of the expectation value of o, (L =
1) increasing the size of the system and for fixed but different
values of y = 2,4,6,8,12,20, 50,100, and 180 (from top to
bottom). (b) The variance of the expectation value of o,
(L = 1) for increasing system size when the MPS dimension
increases linearly with the number of particles in the bath:

X:JP\T_L.



Conclusao

* Tipicalidade nao surge somente no espaco de Hilbert
todo, mas também numa regiao pequena de estados
fisicamente acessiveis

* Tipicalidade pode ter um papel num melhor
entendimento dos fundamentos da Mecanica Estatisica

« MPS médio



Perspectivas

 Resultados sao estaticos

- Existem resultados dinamicos para estados gerais
- Reiman, Popescu e outros

« Como selecionar MPS com certas propriedades
- White
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The circumstances under which a system reaches thermal equilibrium, and how to derive this from
basic dynamical laws, has been a major question from the very beginning of thermodynamics and
statistical mechanics. Despite considerable progress, it remains an open problem. Motivated by this
issue, we address the more general question of equilibration. We prove, with virtually full general-
ity, that reaching equilibrium is a universal property of quantum systems: Almost any subsystem in
interaction with a large enough bath will reach an equilibrium state and remain close to it for almost
all times. We also prove several general results about other aspects of thermalisation besides equi-
libration, for example, that the equilibrium state does not depend on the detailed micro-state of the
bath.
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We demonstrate the equilibration of isclated macroscopic quantum systems, prepared in nonequilib-
num mixed states with a significant population of many energy levels, and observed by instruments with a

reasonably bound working range compared to the resolution limit. Both properties are satisfied under

many, if not all, experimentally realistic conditions. At equilibrium, the predictions and limitations of
statistical mechanics are recovered.

DOL: 101103 PhysRevLett. 101, 190403 PACS numbers: 05.30.—d, 03.65.-w
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