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Physique Quantique au Zéro Absolu 

 
We are currently keeping the world record of condensed matter cooling (with the University of 
Lancaster, UK), which corresponds to temperatures below 100 microKelvin. These conditions at the 
Frontier of experimental physics give us the ability to make very new physics. We are working with 
superfluid 3He, a quantum liquid with superfluid, magnetic and orbital ordering. This is the second 
system, after the Universe, which is described by quantum field theories. By our experiments we can 
test the different properties of quantum field theory. One of our subjects is the investigations of Spin 
Supercurrents and Bose-Einstein condensation of magnons. The spin supercurrent is the quantum 
transport of magnetization, similar to superfluidity and superconductivity. At the limit of our 
temperatures, the magnetic excitations (magnons) become well-defined particles and we have found 
experimentally their Bose-Einstein condensation (BEC), similar to BEC in atomic gases. These works 
have got an international recognition by awarding the London Prize in 2008, the highest prize in the 
field of Low Temperature Physics. http://neel.cnrs.fr/spip.php?article1656  
Other related works are ongoing now. We investigate superfluid 3He immerged in aerogel, a Silica 
nanostructure, which is able to reorient the ground state of superfluid 3He. We have observed new 
properties, including the new states of magnetic BEC. See: Yuriy M. Bunkov and Grigoriy Volovik 
“Magnon Bose Einstein Condensation and Spin Superfluidity” J. Phys.: Condens. Matter 22 (2010) 
164210 
 
Since both 3He and the Universe are described by quantum field theories, we are able to test some 
cosmological theories by experiments in 3He. One of our famous works was an experimental test of 
the Kibble-Zurek theory of cosmic strings formation. One can find the description of this work in the 
article: “L'Univers dans une éprouvette ?”, C. Bäuerle, Yu.M. Bunkov, S.N. Fisher, H. Godfrin, G.R. 
Pickett, La Recherche 291, 26 (1996). The modern development of this investigation can be found in 
the article : “3He Experiments: Insights into Cosmology and Atomic Physics”, Yu.M. Bunkov”, J. Low 
Temp. Phys. 158, 118–128 (2010).   
 
For the academic year 2011/2012 we are planning to make pioneering studies on dynamics of 
magnetic quantum vortices. This is a magnetic analogy of Abrikosov vortices in superconductors, 
mass vortices in 4He etc. We have created and observed the magnetic current vortex some time ago. 
Now the investigation of its dynamics is a hot topic, owing to theoretical investigations in atomic 
BEC, where similar magnetic vortices have been predicted but not yet observed.   
 
Ce stage pourra se poursuivre par une thèse 
 
Indiquez le ou les parcours (ex DEA) qui vous semblent les plus adaptés au sujet : 
Physique de la matière condensée : OUI Physique des Liquides NON 
Physique Quantique: OUI Physique Théorique   NON 


