Workshop : Thermodynamics at the single quantum
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Motivation : Counterintuitive trajectories

Energy expectation can increase due to the backaction
of measuring spontaneously emitted photons

[Bolund and Molmer, PRA 2014]

[Campagne-lbarcq et al., PRX 2016]
[Jordan, Chantasri, Rouchon, BH., arxiv:1511:06677]
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Classical Stochastic Thermodynamics

W work
AF' free energy

“A Crooks fluctuation theorem

P(A — B) _ J(W—AF)/kpT
P(A < B)

Jarzynski equality
<€—W/l<;BT> _ —AF/kpT

jeudi 26 janvier 17



Quantum thermodynamics

initial state  po = exp(—BHy)/Zo

energy U = (H) = Tr(p:H;)

1st principle dU = + Tr(dp: H;) = 4+

. . —W/ICBT - —AF/]{BT
Two projective measurements € — €

i

A Quantum Fluctuation Theorem by Jorge Kurchan 2001
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Quantum thermodynamics

=\ / \/ \/‘ measurement

................................................................................. two-level
huw
heat baths system AU = TQA (0z7)

Two projective measurements

AU = —hwg, 0 or hw,

t
oz =+ 1 oy =41

or — 1 or — 1
A Quantum Fluctuation Theorem by Jorge Kurchan 2001
[Shuoming An et al., Nature Physics 11, 193—199, 2015]
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Quantum work and the thermodynamic cost of quantum measurements
Sebastian Deffner Juan Pablo Paz and Wojciech H. Zurek, USA, 2016

During each measurement you have to take into account the work due to the back-
action of measurement

W = <720‘U7J[H7-U7-|7’L()> — E(TL(), )\())

A Quantum Fluctuation Theorem by Jorge Kurchan 2001
[Shuoming An et al., Nature Physics 11, 193—199, 2015]
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Quantum thermodynamics

Is there a Jarzynski or Crook
relation ?

What is work ?

What is heat ?

Continuous weak measurement

AbARARArA

A Quantum Fluctuation Theorem by Jorge Kurchan 2001
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Open question

Thermodynamics of weakly measured quantum systems
Jose Joaquin Alonso, Eric Lutz, and Alessandro Romito, 2016

(

dp; = P

[H, p;]dt + Z D;(ps)dt + Z VNiMi(pr)dWy
i=1 i=1

dp; = OW |p|dt + 6Q|pe|dt  + Jarzynski equality

non unitary

Quantum work and the thermodynamic cost of quantum measurements
Sebastian Deffner Juan Pablo Paz and Wojciech H. Zurek, USA, 2016
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Open question

Quantum-trajectory approach to the stochastic thermodynamics of a

forced harmonic oscillator
Jordan M. Horowitz, 2012

Stochastic Schrodinger Equation Formalism

. . 8ro _+_ 8r _ _3
dlt,b,):dt(—tH(f,)——,)O—a,Ta,—Tla,a,

— —

8ro ,_+_ gr ,_ _
=2 T(atTat)t + _<ataj)t)|wt>

P 2
+dN- a |yv:) D
(@af),
i —t|¢l> —
- —— |- dQ,[¥] = wdN; —dN}).
(a;a:)
Uil¥] = (Y| H(fo)lYe)-
dWi Y| =dU Y] —dOd V],
Perfectly measure the environment + Jarzynski equality

jeudi 26 janvier 17



Open question

Stochastic thermodynamics in the quantum regime
Cyril Elouard, Alexia Affeves, and Maxime Clusel, 2015

Again stochastic Schrodinger equation formalism

| dt | s o
i (¢, 7)) =~ Hea ()9 (&, 0)) + dDO) (2, 7))

Trace out the environment

dU, [w] = (SW[@D] -+ 5@0[%] + 5Qq[w] + Jarzynski equality

n . 3 gquantum heat
. <& )

“f. work?

A heat?

J interaction with the detector
mutual information
energy relocalisation?

- v
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Open question

How to quantify the occurrence of
unlikely single quantum trajectories
in this context ?

Is thermodynamics relevant ?

context :

- Open system
- Weak continuous measurement
- We cannot monitor perfectly the environment
- We don’t have access to the reverse trajectory
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