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Internship topic:  
 

Simulations of the quantum behaviour of nuclei in 
condensed matter using the Quantum Thermal Bath and 
associated methods. 

 
 

 
Many materials display intriguing properties caused by the quantum delocalization of the atomic 
nuclei, which are usually considered as classical particles mainly for lack of adequate and 
conveniently implementable theoretical means. This latter assumption is not always valid, 
especially for light nuclei such as hydrogen or when isotopic effects occur (same chemistry but 
different masses). These can be measured experimentally but are not always very well 
understood and remain a challenge for simulations: path-integral (Feynman) based methods 
which are the reference in this field are extremely demanding and thus limit drastically the 
questions which can be addressed.  
Recently, we implemented a stochastic technique that mimics the quantum indeterminacy 
through a random force that simulates the motion of classical degrees of freedom in a bath of 
quantum oscillators (the Quantum Thermal Bath – QTB), which is much lighter and significantly 
more efficient than path integrals. The QTB thus gives access to many otherwise out-of-reach 
issues and yields excellent results in quite a number of situations [1-3] but sometimes displays 
embarrassing drawbacks such as the zero-point energy leakage [4]. 
 
Two main directions are currently being explored in our group : 1) the use of the QTB in 
favourable situations such as hydrated minerals in the earth’s mantle or natural nanotubes and 
2) developing improvements for the QTB itself. The experience that has been recently gained 
through several PhD theses and Master internships makes it possible to address the fascinating 
phenomena of proton transfer across hydrogen bonds in complex materials of geological or 
technological interest.  
Both directions involve running ab-initio molecular dynamics simulations on our computer 
cluster, using an existing and proven code, and pondering the underlying physics which is 
sometimes paradoxical (such as the vanishing of Planck’s constant � through the addition of a 
small proportion of salt [2] to high pressure ice !) while keeping a highly critical eye on the 
behaviour of the method we must rely upon. Also, improvements on the method and/or 
alternative approaches are being explored and assessed on simple model systems. 
In this respect, there is no lack of interesting questions to be addressed, depending on the 
applicant's skills. Indeed, a taste for simulations and scientific computation is of course 
required, but both quantum and statistical physics will also be quite important ingredients of the 
internship work. 
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Techniques involved: Ab initio (DFT) molecular dynamics simulations, quantum calculations on model 
systems  
Paid internship: Yes 
Can this internship be continued for a PhD?  yes	  
If yes, type of PhD funding envisaged is: École doctorale 
 

 


