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Résumé / summary

We have developed at SYRTE a state of the art cold atom gravimeter, whose principle of operation is based
on atom interferometry techniques. It uses free-falling 87Rb atoms, which experience a sequence of Raman
pulses driven by counter-propagating vertical lasers. This creates an atom interferometer, whose phase shift
is proportional to g, the Earth gravity acceleration. Our instrument measures g with a sensitivity better than
conventional state of the art absolute gravimeters, with a record sensitivity of 5.7 10-9g at 1s, limited by
residual vibrations. After averaging, we typically reach statistical uncertainties in the low 10-10g range.
We have recently implemented on the setup a crossed dipole trap with a high power fiber laser at 1.5 µm, in
which we prepare ultracold atoms by evaporative cooling. We routinely produce samples of ultracold atoms,
with temperatures in the 50 nK-10 µK range, and with much higher densities. Using this new source, we have
recently improved the accuracy of the measurement of gravity by tackling the dominant systematic effects:
Coriolis acceleration and wavefront distortions of the Raman lasers. Both effects being related to the motion
of the atoms in the interferometer laser beams profile, the reduced expansion of the ultracold atoms allowed
us to reduce the uncertainty in the evaluation of these effects by a factor of 3, down to 1.3 10-9g, in a first
series of interferometer measurements.
The aim of the internship is to improve the evaluation of these effects even further, by performing
measurements at lower temperature, and with more atoms. This will require to optimize the evaporation
sequence, by increasing the capture volume of the trap using modulation techniques. Yet, a drawback when
using dense samples of ultracold atoms, eventually Bose-Einstein condensed, instead of a more dilute laser
cooled source, arises from the effect of interatomic interactions, which are expected in our configuration to
impart small biases to the measurement. The intern will take advantage of the well-controlled environment of
our gravimeter to carry a detailed investigation of this new systematic effect. In the end, we target an accuracy
below 10-9g, which will make our instrument the best standard in absolute gravimetry worldwide
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