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Jolie Sbewest Dell in Evice

| “There is no new Physics withoul new prujects”
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QUANTUM TECHNOLOGY 2l QUEEN'S

Fluctuation theorems: Work is not an observable

Peter Talkner, Eric Lutz, Peter Hanggi
Institute of Physics, University of Augsburg, D-86135 Augsburg, Germany
(Dated: February 6, 2008)

The characteristic function of the work performed by an external time-dependent force on a Hamil-
tonian quantum system is identified with the time-ordered correlation function of the exponentiated
system’s Hamiltonian. A similar expression is obtained for the averaged exponential work which is
related to the free energy difference of equilibrium systems by the Jarzynski work theorem.




Settin g the context

In quaﬂtum contexts: work is not an observable

a0

Work Distribution

[ Talkner, C. Lutz, and P, Haenggi, Phgs. Rev. E 75, 050102 (2007)
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Fluctuation

theorems
| Work Distribution Characteristic function of Work Distribution
PeW) = SR W - (Ba=F)  xr(u) = / AW ™™ Po(W)

xp(u)=Tr [UH(7,0)eHOIU (7, 0)eH00) pg (1)

e—BH(Xo) /

Z (o)

pc(Xo) =




Fluctuation

theorems
| Work Distribution Characteristic function of Work Distribution
) =S W (BB xe(u) = / AW W P (W)

Jarzgﬂsldequalitg <e—5W> = e—}vAF

Jarzgnski, PRL 78 2690 (1997) |
‘FrCC"CnCrg\lj Changé

|

Tasaki-Crooks Pr (W) B(W—AF)

PB (_W) =G G. E. Crooks, PRE 60, 2721 (1999)
H. Tasaki, cond-mat/0009244 (2000)
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Classical luctuation
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J. Lipharcltj S. Dumont, S. B. Smith, . Jr Tinoco, and C. Bustamante,
Science, 296, 1832 (2002)
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week endin

PRI 101, 070403 (2D0R) PHYSICAL REVICW LETTLCRS 15 ALGUST S008

Employing Trapped Cold Ions to Verily the Quantum Jarzynski Equality

Cierhard Huober and Ferdinand Schmide-Kaler
Institu fur Quanten-Informationsverarbeitung, Universit@ Ulm, Albert-Einstein-Allee 11, D-§906% Ulm, Germany

Stbastian DelMner sand Ernc Lutz

Depariment of Physics, Universily of Augsbury, D-86135 Augsbury, Germany
{Reccived 11 April 2008; revised manuscript reecived 28 May 2008; pnbllshcd 14 August 2008)




QUANTUM TECHNDLAOGY »at QUEEN'S

Crooks Relation in Optical Spectra: Universality in Work Distributions
for Weak Local Quenches

M. Heyl

Deparmment of Physics, Arnold Sommerjeld Center for Theoretical Physics, and Center jor NanoScience,
Ludwig-Maximilians-Universutdt Miinchen, Therestenstrasse 37, 80333 Munich, Germany

S. Kelhrein

Deparmment of Physics, Arnold Sommerfeld Center for Theoretical Physics, and Center for NanoScience,
Ludwig-Maximihans-Universitit Miinchen, Theresienstrasse 37, 80333 Munich,

Germany and Georg-August-Universitar Gortingen, Friedrich-Hund-Plarz 1, 37077 Gottingen

(Received 28 June 2010; revised manuscript reczived 9 Murch 2012; published 7 May 2012)

werk endhi

PRL 109, 180601 (2012) PHYSICAL REVIEW LETTERS 2 NOVEMBEK 2012

Test of the Jarzynski and Crooks Fluctuation Relations in an Electronic System

SET O.-P Sgira,'” Y. Yoon,' T. Tanttu,” M. Mdtténen,'= D. V. Averin,” and J. P. Pekola'
. ‘Low Temperature Laboratory iOVLLY, Aalie Universiny P20, Dox 15100, FI-00075 Aalio, Finland
ne s 2Depxictment of Applivd PhysiexdCOME Aolio Univecsity, B.O. Box 14100, FISG0N76 Aalw, Finland

Deparment of Physics and Astrononyy, Steny Brook University, SUNY, Stony Brook, New York 117523500, USA
(Received 26 July 2012; published 21 October 2012)

Recent progress oa micro- und monometer-scale manipulation has opened the possibility w probe
systems small enough that thermal fluctuabons of energy und coondmale vamabks cin be significunt
compared with their mean behavior, We present an experimental study of noneguilibrium thermodynamics
na classical rwoosare systam, namely, o meallic single-electran bax. Wa have measurad with high
sraristical aceuracy the disrribnnion of dissipated enerpy as single cleetrans are rransfermed berwean the hox
electrodes, The vbunned distnbucons obey Juraynski und Crooks fluctuation relacons. A comprehensive
mucroscopic theory exists for the system, cnabling the cxperimental distribations to be reproduced without
fitting paramerers,




QUANTUM TECHNOLOGY 2l QUEEN'S

REVIEWS OF MODERN PHYSICS, VOLUME 83, JULY-SEPTEMBER 2011

Colloquium: Quantum fluctuation relations: Foundations and applications

Michele Campisi, Peter Hanggi, and Peter Talkner

Institute of Physics, University of Augsburg, Universitédtsstrasse 1, D-86135 Augsburg,
Germany




Mcasuring work

0) 4
LGH oD,
G

R. Dorner, et al., Phgs. Rev.Lett. 110, 250601 (201%)
. Mazzola, G. De Chiara, and MF, Phgs. Rev. Lett. 110, 250602 (201%)

L. Mazzola, G. De Chiara, and MP, Int. J. Quant. Inf. (2014)
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The experiment

week endin

PHYSICAL REVIEW LETTERS 3OCTOBER2gOl4

£

Experimental Reconstruction of Work Distribution and Study of Fluctuation Relations
in a Closed Quantum System

PRL 113, 140601 (2014)

Tiago B. Batalhﬁo,1 Alexandre M. Souza,2 Laura Mazzola,3 Ruben Auccaise,2 Roberto S. Sarthour,2
Ivan S. Oliveira,2 John Goold,4 Gabriele De Chiara,3 Mauro Paternostro,3’5 and Roberto M. Serra'
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The exPeriment

Jarzgnski equalitg
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kpT/h (kHz)
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T. B. Batathao, et al. Phgs Rev. Lett 115 140601 (ZOH')
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QUANTUM TECHNDLAOGY »at QUEEN'S

Raman 2
o +toy-vand o, — oy +V Adiabatic process

Detection
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Other experimental |

studies

Experimental study of quantum thermodynamics using optical vortices

R. Medeiros de Aratjo,! T. Hiffner,! R. Bernardi,! D. S. Tasca,”> M. P. . _.
Lavery,® M. J. Padgett,* A. Kanaan,! L. C. Céleri,” * and P. H. Souto Ribeiro!/1 :

INPUT OUTPUT
process -4
mode mode
Shece < sorter sorter
oQe oxkex
SN\
Y, y
+++++ - 44
e B — e — 1 1
| Ye-WNe L asex f dy
B Beam ExXpandex / \ / \ / \

R. Medeiros de Araujo, et al. arXiv: 1705.02990 :
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QUANTUM TECHNDLAOGY »t QUEEN'S

(a) _
J‘\ A Entangling === — Entangl_lng
Operation Operation

(Motion) >

‘ S Driving g

(Electronic state)

(c)

(b)

Probability

Imaging
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