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Summary:

A promising type of quantum devices [1] are the ones referred to as autonomous quantum devices: 
these  are  devices  which  operate  without  external  control  from  an  agent  or  from  an  auxiliary 
(classical)  system.  Some  experimental  proof-of-principles  has  been  realized  for  instance  with 
superconducting quantum circuits [2].
In  this  context,  a  recent  paper  introduces  a  thermodynamic  framework  [3]  allowing  to  design 
autonomous  quantum  devices  exploiting  resources  (in  the  form  of  non-thermal  characteristics) 
contained in arbitrary quantum systems. As illustrative application, one can design an autonomous 
quantum refrigerator composed only of a qubit and a quantum harmonic oscillator (for instance a 
cavity mode). Their interaction, when some well-chosen non-thermal resource is initially present in 
the harmonic oscillator, is enough to refrigerate the qubit (to lower its entropy), without need of 
thermal  baths  and  external  controls.  This  is  impossible  without  non-thermal  resources  (unless, 
obviously, if the harmonic oscillator is initial colder than the qubit).
The aim of the project is to use the thermodynamic framework meantioned above to analyze the 
energy efficiency of quanutm autonomous refrigerators, like the one realized in [2]. The first step will  
consist  in  a  numerical  simulation  of  the  dynamics.  For  that,  we  will  use  some  simpliffying 
assumptions,  and  we  will  follow  two  possible  model  for  the  thermal  bath:  (i)  single  harmonic 
oscillator or (ii) thermal bath in the weak coupling limit. Once a satisfying simulations is obtained, 
the thermodynamic analysis will carried out to determine the energy efficiency. The result will be 
compared  to  other  approaches  [4].  Additionally,  we  will  study  the  influence  of  parameters  like 
coupling strength, and energy gaps on the efficiency, the minimal achievable temperature, and the 
time needed to reach it.
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Type of project (theory/experiment): theory

Required  skills:  Interest  in  and  good  understanding  of  open  quantum  systems  with  good 
programming skills.


