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Measurement of short range forces  

using an interferometric sensor based on ultracold atoms  
  

The aim of our project is to realize precise measurements of atom surface interactions using 

atom interferometry techniques, in order to test QED and gravity related interactions. We 

expect to test the predictions of underlying theories at short range (of order of a µm), and push 

the limits on possible deviations from them. Our sensitivity will allow improving the current 

limits on the tests of gravity at short distances by two to three orders of magnitude, with a new 

technique, completely different from “classical” experiments that use macroscopic bodies. 

 

In our experiment, cold atoms are trapped in a vertical lattice at the vicinity of a surface, and 

an atom interferometer is created that allows for the measurement of the difference of 

potential energy seen by the atoms as a function of the atom-surface distance [1]. The 

interferometer is created by putting the atoms in a quantum superposition of wavepackets 

localized in two neighboring wells thanks to Raman laser pulses, and letting them evolve, 

before recombining them. The interferometer signal allows for the measurement of the phase 

difference accumulated by the two partial wavepackets, proportional to the energy difference 

between the wells. This difference reveals among over quantities, the atom-surface 

interaction. In a preliminary setup, where the atoms were far from the surface, we have shown 

that the Bloch frequency, that corresponds to the gravitational energy difference between 

adjacent wells, could be measured with a 10
-7

 resolution using a Ramsey type interferometer 

[2,3].  

 

The aim of this internship will consist in realizing the measurements in the vicinity of a 

dielectric mirror placed under vacuum, in a new setup where ultracold atoms will be 

transported close to the surface of the mirror before being interrogated. The work will focus 

on optimizing the transport efficiency, the control of the final atoms position, and the loading 

of the lattice trap. Once loaded in the trap at controlled distances from the surface, first short 

range force measurements will be carried out. 
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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 


