Magnetic-only optical spectroscopy with ultrafast laser pulses
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In optical spectroscopy, the vast part of light-matter interaction is constituted by the electric field
(EF) of light interacting with the molecular electric dipole moment, as the analogous magnetic field (MF)
interaction is orders of magnitude weaker. Still, magnetic dipole transitions can provide valuable com-
plementary information due to their distinct spectroscopic selection rules. Nowadays, tightly focussed
azimuthally polarized beams (APBs) can locally enhance the MF while suppressing the EF, resulting in
a high MF/EF contrast along the beam propagation axis [2]. Previously reported simulations [ | ] revealed
that upon focusing ultrashort APB pulses on a small metal iris, a so-called aperture, few-femtosecond
ring currents are induced inside the aperture material, which in turn enhance the MF on the beam axis.
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Figure 1: Illustration of MF enhancement within a magneto-only optical excitation scheme. In the
simulations, the APB is constructed as a superposition of two Laguerre-Gauss (LG) beams which is
focused onto a metallic aperture. Simulations for a set of different geometrical aperture shapes show
high MF enhancement (heatmaps of B amplitude) and EF suppression (not shown).

In this contribution, we present particle-in-cell simulations of the spatiotemporal evolution of few-
femtosecond APB pulses interacting with a conducting metal aperture. We investigated different aperture
profiles with the objective of achieving a high MF enhancement and providing a large area of substantial
MF/EF contrast. Moreover, we considered smooth aperture profiles that can be produced with nanofab-
rication techniques. For optimized aperture geometries, our findings predict MF strengths close to the
beam axis that surpass the unapertured case by a factor of up to 70 at vanishing EF strengths. Further-
more, we provide evidence that neither the variation of the width of the APB pulse nor the variation
of its wavelength within the visible regime leads to significant changes in the MF enhancement or in
EF suppression. Our results indicate that a conceptually simple apertured APB setup can be utilized to
investigate a wide range of atoms or molecules by means of a magneto-only optical spectroscopy.
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