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Outline:

1. Work production and irreversibility: Irreversible work

1.1   Irreversibility due to Coherence generation

2.       Non-Adiabaticity and irreversibility: Inner friction

2.1  Non-Adiabatic generation of quantum Coherence

3.       Conclusions:

The role of coherence in Quantum Thermodynamics



Motivating example: single qubit Otto engine



Work production and 
Irreversibility



Setting the stage: Thermodynamic transformation

Closed quantum system :

the Hamiltonian generates the evolution

Work parameter              : 

Initial (equilibrium ) state

final state



Work and Jarzynski relation 

Probability density for the work done on the system: 

with and

Fluctuation relation

where



Irreversible Work  

The irreversible work quantifies the irreversibility



Irreversible Work  

The irreversible work quantifies the irreversibility



Irreversible Work  

The irreversible work quantifies the irreversibility



Irreversible Work  

The irreversible work quantifies the irreversibility

quantum relative entropy

S. Deffner and E. Lutz, PRL10

Hypothetical final state @ B:



(entropic) Quantification of Coherence

Incoherent states
(in a given basis)

definition



(entropic) Quantification of Coherence

Incoherent states
(in a given basis)

definition

minimization

In the thermodynamic context, the “preferred” basis is obvious !

Generated Coherence :

A. Streltsov, G. Adesso, M. Plenio,
ArXiv 2016



Irreversible work and coherence generation



Irreversible work and coherence generation

In fact, the decomposition holds
at any intermediate time t.



Irreversible work and coherence generation

In fact, the decomposition holds
at any intermediate time t.

Three fluctuation theorems:

Stochastic variables averages Fluctuation relations



Example 1: spin ½ in a rotating magnetic field

Experiment:
T. B. Batalhao et al., 
PRL 2015



Example 2: kicked rotor

model evolution



Adiabatic  Transformation and non-adiabaticity

Adiabatic Work (hypothetical final state @ A)

Inner friction 

Define the adiabatic state A by the relation:                                    (*)

(entropic) non-adiabaticity parameter:



Non-adiabaticity and coherence generation

For slow (but yet non-adiabatic) processes, 
Coherence generation is the dominant contribution 
to non-adiabaticity :



Summary:

1. Non-equilibrium thermodynamics 
irreversibility due to coherence generation

2. Non-adiabaticity
inner friction


