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In the past years, the underdamped dynamics of a single Brownian nanoparticle trapped in va-
cuum by light has sparked considerable interest. The study of the three-dimensional mechanical
oscillator, formed by a nano-sphere in a non-harmonic optical potential, has helped to unders-
tand the influence of very weak non-conservative forces [1]. When the trapped object is not
spherical, the torque transfer from the elliptically polarized laser beam to matter allows for
imparting rotation at giant speeds of 10'° rad/s [2]. This transfer mechanism, first experimen-
tally observed in 2018, has been explained recently by our group [3], as well as the rotatio-
nal dynamics at moderate vacuum pressure (~mbar). Today, we are reaching a complete
understanding of the 6-dimensional dynamics of a trapped nano-dimer (translation + rota-
tion).

In this internship, we propose to study the coupling between two anisotropic particles.
The Langevin dynamics will be solved for the translation and rotation motion simultaneously.
Toy models and exact calculation will be used. We expect several dynamical regimes to appear,
depending on the degree of synchronisation of the motion. For each regime, we will compute
the exchange of work, angular momentum, and heat between the particles, seeking in particular
a way to make sympathetic cooling between them.
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