Title: Thermodynamics of correlated quantum systems and a generalized exchange fluctuation theorem.
Date: Oct 23, 2012 03:30 PM
URL: http://pirsa.org/12100105

Abstract: <span>I will discuss the central role of correlations in

thermodynamic directionality, how strong correlations can distort the
thermodynamic arrow and contrast these distortions in both the classical and
guantum regimes. These distortions constitute non-linear entanglement witnesses,
and give rise to a rich information-theoretic structure. | shall explain how

these results are then cast into the language of fluctuation theorems to derive

a generalized exchange fluctuation theorem, and discuss the limitations of such

a framework.</span>
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Overview

Directionality in Physics & Role of Correlations.
Directionality in Correlated Quantum States.
Generalized Exchange Fluctuation Theorem.
Outlook.
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Correlations and Memory Records

| f |
* Proposed resolution of observed Arrow*.

. * Emphasis on Memory Records of Entropy-
decreasing events.

» Memorv Records identified with Classical
‘Correlations.
.« Argument: entropy-decreasing events

1 always coincide with memory erasure.
{

* (L. Maccone, PRL 103 080401, 2009).
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® Consider situation where B suffers an event E

® “all @ntropy-decreasing events E, reduce classical
correlations between A and B”

®Classical correlations <==> Memory Records.

Page 16/78



Can construct (W-state) quantum example
where:

ASRE0 AIL(A:B)>0

The entropy of B has
ASgp <0 decreased, but the

classical
correlation=memory has

-
wcreased.
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| Tli’ti: artite Quantum Syste

A"."Tli
o
1 & .l ;.

ms. AN

| : . Parameter Space for 3 qubit system:
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—

 With Mixed States.

Heat flow comparison for A:

- Entangled state
correlations

7. Rudolph, PRE, 81061130, (2010) :

—

* D. Jennings,
Ll
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~ \With Mixed States.

I”” ‘. o
q -

~ Heat flow comparison for A:

- Entangled state

correlations

« p, Jennings, T. Rudolph, PRE, 81061130, (2010) ___
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W lth Mlxed States

DW comparison for A:

Entangled state
correlations

T. Rudolpn PRE, 81061130, (2010) _ ‘

LS Sl i

*D. .ggggyngs,
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(1P By p———

- \With Mixed States.

= Distortion of heat flow
" into A, the coldest
system. e
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Mixed state correlations

* Correlation structure complex

(even for bipartite case)

* Applications in thermodynamics '
(e.g. "fuel refinement" for Szilard engines

iy 7y o g f
Ll.‘-?ih IOoN OT DUTITY)
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| Py
Jennirngs,
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Central Problem

Minimizing S(ea) -+ S(ep) is not equivalent to
minimizing S(eo 4)and S(oj) separately
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Fluctuation Theorems

* Strictly stronger formulations of the second law
of thermodynamics.

* Valid for wide range of non-equilibrium

dyvnamics
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() Time-reversal invariance

Analyse term |(¢', \'|U|&, \)|*

Since [ expl=—it Hy | '
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