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In this presentation I will focus on the behavior of quantum many body systems when the temperature 

approaches the absolute zero. Under these conditions it becomes more and more difficult to attain 

thermodynamic equilibrium, mainly because the following reason. In order to access the system for 

measurement, or manipulation, electrical power (I times V) is (usually) exerted on the electronic system. 

Through dissipation this power tends to heat the electrons. To maintain (effective) equilibrium the 

electronic system must get rid of this excess power. This is done through energy transfer to the host 

phonon system and, in some special cases, through the electrical leads. At low temperatures both these 

avenues are severely restricted, as the number of available phonons drops rapidly and electron-electron 

interactions limit the latter process. As a result, as the temperature approaches zero K, it is virtually 

impossible to maintain thermodynamic equilibrium and quantum systems, which usually roam these low-

temperatures, should be analyzed accordingly.  

Over the past decade our group was developing new approaches and experimental methods to probe the 

sensitive issues of how complex quantum systems maintain, or fail to maintain, equilibrium near zero K 

[1,2]. We studied disordered superconductors, mainly indium-oxide, with varying levels of disorder and 

under magnetic field. This system can be driven into an unusual insulating state that exhibits a high degree 

of decoupling of the electrons from the phonons, and hence find it very difficult to obtain equilibrium. 

More recently we applied our experience from the study of these insulators to superconductors at very 

low temperatures. We found that electron-phonon decoupling in these systems can be even more severe 

and is usually overlooked. We showed that the superconductors critical current, along with its ability to 

maintain thermodynamic equilibrium, are greatly diminished as a result of this electron-phonon 

decoupling [3]. 
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