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Quantum thermodynamics

e [ aws of thermodynamics for quantum
systems, in full generality”?

» small guantum
systems

» information-bearing
systems (memory
reqgisters)

» observer-dependent,
‘ormation

generality expected because the laws
of thermodynamics are so universal!
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e Framework with desired level of generality”
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An approach for thermodynamics

e Framework with desired level of generality”

e (Often, dynamics naturally conserve a
particular state

—_

energy-preserving interactions with bath preserves
thermal state

energy-conserving unitary evolution preserves
microcanonical state

steady state of Master equation

KITP, Santa Barbara, June 2018 3



An approach for thermodynamics

e Framework with desired level of generality”

e (Often, dynamics naturally conserve a
particular state

— energy-preserving interactions with bath preserves
thermal state

— energy-conservi
microcanonical

Natural basis for a formulation

— steady state of | > )
of a general “second law
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[ -sub-preserving maps

To each system of interest S is
associated an operatorI'g > 0

Choosel'¢ = e PHs

Allowed only trace-nonincreasing
CPMs satisfying ®(I") < T’

Can always be dilated to trace-preserving, ®'(I') = T

battery = work storage system

Large family of battery models are equivalent
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Work cost of an exact process
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Work cost of an exact process
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Work cost of an exact process

simple mathematical characterization how
much work a specific process requires
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Framework: Example

T() < PV T
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States and processes

Predominant thinking in thermodynamics:

(state A) (state B)
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States and processes

Predominant thinking in thermodynamics:

(state A) (state B)

For information-bearing devices, the
actual process is important
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Relevance of processes
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Relevance of processes
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Relevance of processes
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Relevance of processes
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Relevance of processes
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same input/output states, very different processes
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Work cost of a process?

3

a( X )—™>( X

» mapping of input states to output states

— AND, XOR, ... gate
— any classical or guantum computation

— any physical process (completely positive, trace-
preserving map)
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Cost of process: Known input state

Case input state known: Fundamental limit given
by the coherent relative entropy

W = —KkT' - lA)X—)X’ (E(O'XRX) H €_BHX,€_BHX/)

/ /o \ 1

units of work quantum input state .
. ’ Hx Hx =in/out
= 1/(kT X, 1 x
B =1/(kT) orocess incl. reference it onian
system

PhF & Renner, PRX, 2018
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Macroscopic I.1.d. limit

e

W - _kT . lx\)g(_)X/ (E(O-XRX) H Q_BHX, €_BHX’)

PhF & Renner, PRX, 2018
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Macroscopic I.1.d. limit

Hxv\ = ; HX;
| 7

~W = kT - Din, xa(€(0%x) [| €771, e PHx7)
w

PhF & Renner, PRX, 2018
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Macroscopic I.1.d. limit

Hxh = ; HX;
| 7

~W = kT - Din, xa(€(0%x) [| €771, e PHx7)
w

—  F(&(0)) — F(o)

F(p)=—p""S(p) + (H),

= 37D (p|| e ") PhF & Renner, PRX, 2018
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Universal implementation of a process

e New result: Implementation of an 1.i.d.
orocess € that works for all input states

E°"(+)

Proximity in diamond gen
norm||...||,
_ B _. thermodynamic
Work cost = max F(E(o)) — F(o) ; W& capacity
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Resource theory for channels
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Resource theory for channels

gen
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Resource theory for channels

Reversible cost per copy
T'(F)—-T()

Can extract T'(£) work per copy
from an implementation of &£

Navascues & Garcia-Pintos, PRL, 2015
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Gibbs-preserving maps, really?

More physical framework — thermal operations

e Allowed any ancilla in a Gibbs state
vg = e PHB [ tr(ePHB)

e Allowed any energy-conserving D—-
unitaries: l
[Ua Htota,l] =0 <
—,
> e Allowed to discard any system
Lo
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Results using thermal operations

NT‘.

e Universal implementation of
.1.d. process [time-covariant
only]

* |mplementation of any i.i.d.
process for fixed 1.1.d. input
+ small amount of coherence

a®™ known

( Gibbs-preserving maps
are not that powerful in

. . Anshu et al., arxiv:1702.019402
the 1.i.d. regime
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Outlook

reversible (1.1.d.), like for states

‘hermodynamic resource theory of channels

Thermodynamic capacity T'(£) = “value” of

the channel

Our result is analogous to the reve

Shannon theorem for communicati

Bennett et al., 2014;

SE
Oon

Berta et al., 2011

New information-theoretic tools “typical

universal conditional relative projectors”
Bennett et al., 2014; Haah, |[EEE TIT 2017;
Bjelakovic et al., arXiv:quant-ph/0307170
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Thank you for
your attention!



