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Non—-—equilibrium thermoclgnamics

cnc quantum Processes: two

or an invitation to stuc19 stochastic

thcrmodgnamics O‘F quantum PFOCCSSCS
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j VTE Content & structure

| Non~eclui|ibrium definition of thermoclgnamic
‘ work: fluctuation theorems

lrreversibilit9 & entropg

Procluction in closed q—-sgstems

Quantum correlations, coherences

and thermodgnamics
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Plan of the

discussion

nllul

Ty
A
€\ Finite~-time

| andauer Principle & quantum (open——sgstem) dgnamics

N

, Thermodgnamics
O) Non—-ec]uilibrium interpretatlon

of non~unita|itg

) Non~equilibrium version of Landauer Principle:

- tighter bound than the original one”?
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How about heat?

(En—Em))

e mepn|m8(Q =

Environment

Wor|< Distribution System
Bath

(aj £-<0 (hst=20 (€00t ()t

Talkner, Lutz, and Haenggj, Phgs. Rev. E 75, 050102 (2007)
Goold, Poschinger, and Modi, Phgs. Rev. E 90, 020101 2014)

. .
-l,--.-\.-\..-:—'-.l..'-‘_,.."rl wa k
! - 5

i T e S e B e Wt . . T Ko Ay e R B
5 H ;1 b .'| '} - .. I -
3 | E i F; ] a . b
¥ "u " . | - '} . .. ] . - - ek

By T
Py L r ']
P .

T

=

e "I-m-ql- e o T e T g
i ol el A B R e Fip '

> - 4% g ! ! i

e i ] . . ]

4 &



i

|

f

| Statements liﬂking the stochastic Properties

Link to fluctuation

theorems

Finite-time

of thermodgnamica”y relevant quantities

to equilibrium features

Jarzinsku equaiitu <e—5W> _ o~ BAF

Jarzunski, PRL 78 2690 (1997) icree-encrgg Change

| Standard fluctuation relations hold unchangeci for unital o

A. E. Rastegin, J. Stat. Mech. PO6016

Thermocﬂunamics
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Mr. Lanclaucr’s

Principlc

The Principlc
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must be accompanied bg a corresponcling cntropg Increase .
nﬁ' —

in non-information bcaring clegrecs of freedom of the A4\
F O
{

€\
B<Q> Z AS Rolf Landauer

information Processing aPParatus or its environment”

Can we let Landauer’s Principle emerge from microscol:)ic cquations?
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QUANTUM TECHNOLOGY 2l QUEEN'S

initial state final state

System C9s

Reservoir C% = C4r

Hamiltonian H = Hp £ = initial inverse
temperature
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d ncﬂauer:

(l m) Proving |

our Wag

H=Hs+Hg +PI5£

Psr =ps® e Pz )2y U

Ai—jk = /Mj(selUls;) Y, AA = 1g

Goold, Paternostro, and Modi, PRL 114, 060602

(2015)
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How about heat?

P(Q) = mepn|m8(Q = (En 5% Em))

Environment

Heat Probabilitg distribution!

Talkner, Lutz, and Haenggj, Phgs. Rev. E 75, 050102 (2007)
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(Im) Proving | andauer:

our Wag

P(Q) = Z <”n|Al|’”m>(fA)£)mm<"m’A;”’n>6(Q_Enm)

[.m,n

|
{

Thermoclgnamic interpretation of the ‘clegree’ of non~unita|it9

Og a PT’OCCSS

Goold, Paternostro, and Modi, PRL 114, 060602 (2_015)
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(Im) Proving | andauer:

our Wag

Jarzinskg equality <6—5W> o 6—5AF

Not a proper ﬂuctuation theorem

Talkner, Campisi, Haenggj, J Stat Mech P02025 (2009)
Goold, Paternostro, and Modi, PRL 114, 060602 (2015)
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(Im) Proving | andauer:

our Wag

P(Q) = Z <”n’Al"”m>(ﬁ£)mm<”m’A;”’n>6(Q_Enm)

[,m,n

=t[ps @1z 0" 15®pg U] = r[M{py]
Assume unitality  (Q) > 0
B(Q) > By = —In(tr[Apz]) = —In(tr[Mpy])
A tlghter bound than Reeb and Wolf’s 7 VYes!
Goold, Paternostro, and Modi, PRL 114, 060602 (2015)
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