
Single-shot 
thermodynamics meets 
Crooks fluctuation 
theorem 
 

Oscar Dahlsten 
with Aaberg, Browne*, del Rio, Garner*, Egloff, Renner, 

Rieper, Yunger-Halpern &  Vedral   
 

*=here at conference 
 

oscar.dahlsten@physics.ox.ac.uk 
quantumoxford.com 

 
 

h-bar kT, Grenoble,  30 Sep 2014 



‘Single-shot thermodynamics’ meets ‘Crooks fluctuation theorem’ 



Overview 



General Intro to single-shot statistical 
mechanics 

“Look, if you had one shot, or one opportunity  
To seize everything you ever wanted.  
One moment 
Would you capture it or just let it slip?”        Eminem 



The amount of work out is not always certain. 

𝛿𝐸 = −δ𝑊 



Work guaranteed in every single shot 



What can we calculate in single-shot approach? 



What can we calculate in single-shot approach? 



Single-shot information theory entropies 



Smoothing entropies 



Title Authors arXiv Journal 

Inadequacy of von Neumann entropy 
for characterizing extractable work  

Dahlsten, Renner, Rieper, 
Vedral 

0908.0424 NJP 

Thermodynamic meaning of negative 
entropy 

del Rio, Aaberg, Renner, 
Dahlsten, Vedral 

1009.1630 Nature 

Fundamental limitations for quantum 
and nano thermodynamics  

Horodecki, Oppenheim 1111.3834 NCOMMS 

Truly work-like work extraction Aaberg 1110.6121 NCOMMS 

The laws of thermodynamics beyond 
the von Neumann Regime 

Egloff, Dahlsten, Renner 
and Vedral 

1207.0434 

A quantitative Landauers Principle Faist, Dupuis, 
Oppenheim, Renner 

1211.1037v1 

The resource theory of informational 
non-equilibrium in thermodynamics 

Gilad, Muller, Narasim-
hachar, Spekkens, 
Yunger-Halpern 

1309.6586v1 

Papers to date on this approach 



Title Authors arXiv Journal 

The second laws of quantum  
thermodynamics 

Brandao, Horodecki, Ng, 
Oppenheim, Wehner 

1305.5278 
 

Non-equilibrium Thermodynamics 
inspired by Modern Information 
Theory (a soft intro) 

Dahlsten Entropy, 
Maroney 
Ed. 

Guaranteed energy efficient bit reset 
in finite time. 

Browne, Garner, 
Dahlsten, Vedral 

1311.7612 PRL 

Unifying fluctuation theorems and 
single-shot statistical mechanics 

Yunger-Halpern, 
Dahlsten, Garner, Vedral 

1409.3878 

Papers to date on this approach, cont’d 

There are now more papers which I have not had a 
chance to read and add here 



Quick recap of Crooks theorem 



Crooks theorem on fluctuations of work 



Why look for a link between the two? 

Non-equilibrium 
stat mech Single-shot 

information            
theory Single-shot 

stat mech 



 
 

Key link: p(w) in single-shot papers represents 
same physical thing as that in Crooks scenario. 

 

• I will now explain a work extraction model before showing 
how Crooks and single-shot results both apply in that model. 

  



The setting for W, p(W) -in pictures 

𝛿𝐸 = −δ𝑊 



The setting for W, p(W)- in writing 



Why one might think of Crooks theorem here 



Crooks holds in this set-up (1/2) 



Crooks holds in this set-up (2/2) 



Quantum extension of model: superposition problem 



Quantum extension of model, Quan-Dong style 



 Single-shot statistical mechanics also uses this setting 



 Single-shot statistical mechanics in this setting 



Early advantages of the links between 
the two approaches 
 
Source: http://arxiv.org/abs/1409.3878 
Unification of fluctuation theorems and  
one-shot statistical mechanics 
Yunger-Halpern, Garner, Dahlsten, Vedral 
 

Nicole Y-H Caltech Blog:  
http://quantumfrontiers.com/2014/09/16/the-experimentalist-next-door/ 



1. Connecting single-shot stuff to experiment 

Image& 
experimental 
data: 
Alemani&Ritort 



2.Single-shot information theory combined with Crooks 



Summary 



Outlook 
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