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Probing atoms or molecules at nanometric distances away from a surface by precision 
spectroscopy  

 
Scientific project:  
Dispersive forces between neutral but polarisable objects are essential for the cohesion of matter and play a 
vital role in our understanding of the electromagnetic properties of matter. A paradigm of such forces is the 
Casimir force between two parallel plates, representing a mactroscopic manifestation of quantum fluctuations. 
Closely related to the Casimir effect are Casimir-Polder interactions between a dielectric surface and a 
quantum object (atom or a molecule) that shift atomic and molecular energy levels at nanometric distances 
away from a surface (typically from a few nanometers to a few microns). Atom-surface interactions have been 
mainly investigated with ground state alkali atoms focusing on the distance dependence of the atom-surface 
interaction potential [C. I. Sukenik et al. Phys Rev. Lett. 70, 560, (1993)]. The SAI (Spectroscopie Atomique 
aux Interfaces) group of the LPL has developped selective reflection and nanocell spectroscopy as two major 
methods for probing Casimir-Polder interactions with excited state atoms. Using these techniques, we have 
pioneered atom-surface interaction studies focusing in particular on the influence of thermally excited surface 
polaritons [J. C de Aquino Carvalho et al., Phys. Rev. Lett. 131, 143801, (2023)]. At the moment the group is 
offering a Masters internship in one of the following new experiments: 
 

Probing Casimir-Polder interactions with molecules: Molecule-surface interactions have attracted theoretical 
attention focusing on the effects of anisotropy (molecular orientation with respect to the surface) or chirality. 
However, experimental studies of the Casimir-Polder interaction with molecules remain scarce. Our group 
has recently demonstrated that high-resolution spectroscopy of molecular gases close to surfaces is indeed 
possible [J. Lukusa Mudiayi et al. Phys. Rev. Lett. 127, 043201 (2021)]. We are now building a new 
experiment aiming at probing a HF molecules confined in a gas cell of nanometric thickness. We will 
subsequently attempt to measure the induced Casimir-Polder shift on molecular rovibrational energy levels 
by precision spectroscopy. The intern will work with H. Mouhanna (3rd year PhD student).  
 

Probing Rydberg atom-surface interactions: The size of highly excited Rydberg atoms scales as n2 (n:principal 
quantum number) reaching typically tens to hundreds of nanometers. When the size of the atom is comparable 
to the atom-surface distance (extreme near-field) the dipole approximation breaks down and higher order 
terms need to be considered. These terms manifest themselves with a novel distance dependence of z -5 that 
has not been experimentally investigated yet. We plan to perform Rydberg spectroscopy inside a nanocell of 
thickness that ranges from 50-1000nm in order to measure Rydberg-surface interactions and test the limits of 
the dipole approximation. The intern will work with Esther Buttery (2nd year PhD student) and in 
collaboration with the theory group of Stefan Scheel (Universität Rostock, Germany). 
 
Methods and techniques: Quantum optics, High-resolution thin cell spectroscopy, Casimir-Polder 
interaction, molecular gases, Rydberg atoms 

Possibility to go on with a PhD ? YES  
Envisaged fellowship ? Available funding by ‘Ecole Doctorale Galilée’ for the group SAI  


