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It is nowadays routinely possible to reach the regime of strong light-matter coupling in 
experiments. In this regime, the interaction between confined light modes (such as optical 
cavity modes or plasmonic resonances in nanoparticles) and material excitations is faster than 
the decoherence of either component. The excitations of the system, called polaritons, then 
acquire hybrid light-matter character. While this general phenomenon has been realized in a 
wide range of platforms, a particularly interesting system is provided by the excitons of 
organic molecules due to their large coupling to light (large transition dipole moments) and 
their stability at room temperature. Consequently, the light-matter coupling strength, 
parameterized through the vacuum Rabi splitting (the energy splitting between the different 
polariton modes), can reach a significant fraction of the transition energy of the exciton. At 
the same time, organic molecules possess complex internal structure and dynamics, as for 
example demonstrated by the large difference between their light absorption and emission 
spectra, while the plasmonic modes used for strong single-molecule light-matter coupling are 
typically highly lossy and lead to femtosecond-scale emission dynamics. The interplay 
between these internal molecular dynamics and the hybrid character of the polaritons leads 
to complex light absorption and emission dynamics [1,2,3]. The goal of this master’s thesis is 
to study ultrafast molecular dynamics in such settings. The work will combine concepts and 
techniques from electro-magnetism, molecular physics, and quantum optics, and will be 
performed within the supervisor’s group at the Departamento de Física Teórica de la Materia 
Condensada. 
 

Illustration of photoprotection through strong light-
matter coupling [3]. 
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