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Abstract: The canonical example of emergence is how thermodynamics emerges from microscopic laws through statistical mechanics. One of the
vexing questions in the foundations of statistical mechanics is though how is it possible to justify thermalization in a closed system. In quantum
statistical mechanics, entanglement can give the key to answer this question, provided that they are typically very entangled. Fortunately, most states
in the Hilbert space are maximally entangled. Unfortunately, most states in the Hilbert space of a quantum many body system are not physically
accessible. We show that the typical entanglement in physical ensembles of statesis still very high.
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® The Canonical example of Emergence is
how Thermodynamics emerges from the
simple Newton laws through statistical
mechanics

® And statistical mechanics is enormously
successful
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[} SHANK KENG MA: “STATISTICAL
MECHANICS IS ESTABLISHED ON A DARING
M " ~ =
ASSUMPTION S = log I
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THERMALIZATION IN A CLOSED QUANTUM SYSTEM

D IN A CLOSED QUANTUM SYSTEM EVOLUTION IS

UNITARY

[0 THE STATE IS ALWAYS PURE AND ITS ENTROPY IS
THUS ZERO

[l How cAN IT THERMALIZE?

(] THE H THEOREM IS ALWAYS TROUBLE, EVEN MORE
SO IN QUANTUM STAT MEC!
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® Actually, quantum mechanics can give some
help

® We have a fundamental lack of knowledge

in compound systems, for every local
observable
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® The state of the ]
first spin is %) = —= (101) + [10))

V2

completely
mixed, it is a

- I l
thermal state at  ~1 = Tr2|¥) (%] = ]0)(0] + |1)(1]
infinite
temperature
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its restriction to S is

now pick a random state 9 in Hr and look at it locally
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its restriction to S is

now pick a random state 1 in Hr and look at it locally
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for all but an exponentially small (in the dimensions..) number
of states in the Hilbert space it turns out that pg ~ (g

Well this is because almost all states
in the Hilbert space are almost maximally entangled!
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: . . - . : Hg
if R is an energetic restriction the canonical state is {25 ox exp | — T
-

So because typical states in a large Hilbert space are very entangled,
typically subsystems appear completely mixed (or in the thermal state

if there are restrictions)

POPESCU, SHORT, WINTER, NATURE PHYS 2, 754 (2006)
BOCCHIERI, LOINGER, LLOYD, GEMMER, MICHEL, MAHLER, TASAKI...
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THE PROBLEM OF PHYSICAL STATES

We have taken random states in Hpi with the Haar measure...
but how physical are these states?

The states that can be obtained by evolution with
a local Hamiltonian in polynomial time are an
exponentially small fraction of the Hilbert space

POULIN, QARRY, SOMMA, VERSRAETE (2011)

U, ~ H Huxp{—ul_\(_,'_\fmr}
X

J=1
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TYPICALITY OF ENTANGLEMENT IN ENSEMBLES OF
PHYSICAL STATES

A.H. S, Santra, P. Zanardi, arXiv:1109.4391

local Hilbert spaces of qudits

a completely factorized state is |P) = @, cv|d.)
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WARM UP EXAMPLE, SINGLE EDGE MODEL
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! ¥ é - . .’\'
For large &k we find P, ~ 2 l‘\,/;”(l — .\,/)]

The average 2—Renvi entropy is
(- | A .

) —log2 ~ klogd — log 2

The average is also typical in view of the Markov inequality

For & — oc the fixed point is the completely mixed state
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CONCLUSIONS AND PERSPECTIVES

DTYPICAL PHYSICAL STATES HAVE
AN AREA LAW IF THEY ARE OBTAINED
WITH O(1) EVOLUTION

D THEY SHOW VOLUME LAW IF THE
TIME SCALES WITH THE SIZE OF THE
SYSTEM

[(JWE wouLD LIKE TO SHOW AREA
AND VOLUME LAW ON 2D AND 3D
LATTICES

[ How Do WE IMPLEMENT ENERGY
CONSTRAINTS IN ORDER TO OBTAIN
THE THERMAL STATES AT FINITE
TEMPERATURE?
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