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Electronic ordering in high temperature superconductors 
Ordres électroniques dans les supraconducteurs à haute temperature 

 
Superconductivity, which enables an electric current to flow without any dissipation, is a 
quantum phenomenon which physicists thought they understood since the 50’s. However, 
since its discovery in 1986, the origin of superconductivity at high temperature in copper-
oxides defies understanding, making it one of the greatest challenges in condensed matter 
physics. The proposed PhD project aims at performing nuclear-magnetic-resonance (NMR) 
measurements in very high magnetic fields in order to determine whether an, hitherto hidden, 
electronic state underlies superconductivity in these copper oxides. 
 
The internship student will work in a high profile NMR group of several students, postdocs 
and permanent researchers at the Grenoble High Magnetic Field Laboratory. He/she will be 
exposed to cutting-edge experimental techniques in the lively and international scientific 
environment of Grenoble, offering excellent training opportunities. He/she will be involved in 
all aspects of the work: preparation of experiments, measurements, cryogenics, numerical 
simulations, analysis and presentation of the results. Short visits at the US National High 
Magnetic Field Laboratory (Tallahassee, Florida) are planned for additional measurements. 
 
More details on the scientific project: intense magnetic fields have recently emerged as a 
key for elucidating the origin of high-Tc superconductivity. The basic idea is that 
superconductivity might be related to the presence of another electronic state which is hidden 
by the superconducting state. Applying strong fields quenches superconductivity so that this 
“competing state” should become observable. Recently, using high magnetic fields and NMR, 
an extraordinarily sensitive probe of quantum materials, we have discovered that a charge-
density-wave (a spontaneous periodic modulation in space of the electronic density) lies 
behind superconductivity in a high-Tc copper-oxide (Nature 477, 7363 (2011), 
http://arxiv.org/abs/1109.2011, http://www.cosmosmagazine.com/node/4715/full). The PhD 
project aims at exploring the exact nature and the relationship to superconductivity of this 
new and fascinating phenomenon. The best existing samples will be available through 
international collaborations (Stuttgart, Vancouver, Minneapolis, etc.). 
 
 
Please, indicate which speciality(ies) seem(s) to be more adapted to the subject : 
 
Condensed Matter Physics :  YES     Macroscopic Physics and complexity  : NO 
Quantum Physics :  YES     Theoretical Physics: NO 


