Generation of extreme ultraviolet vector beams from infrared laser pulses
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Vector beams are light beams with spatially variant polarization [1]. During the last decade vector beams
have become an indispensable tool in many areas of science and technology such as optical trapping, quantum
memories, and quantum optics. In particular, radially and azimuthally polarized light beams are the paradigm of
vector beams. Radial vector beams are especially interesting due to the non-vanishing longitudinal electric field
component present in tightly focusing systems, which allows to sharply focus light below the diffraction limit
[2]. On the other hand, azimuthal vector beams can induce longitudinal magnetic fields with potential
applications in spectroscopy and microscopy. However, the spectral limitations of the generation techniques of
vector beams based on linear optics prevent their efficient generation in the extreme-ultraviolet (EUV) and x-ray
regimes, which would further extend their applications down to the nanometric scale. High-order harmonic
generation (HHG) is known as a unique non-perturbative frequency up-conversion process for the generation of
coherent EUV and soft x-ray radiation. A remarkable aspect of HHG is its fully coherent nature, mapping the
characteristics of the driving field to the high frequency spectral region and thus allowing to harness the angular
momentum properties of the harmonic radiation through modifications of the driving field [3-5].

In this work EUV vector beams are generated for the first time using HHG [6]. To do so, an infrared fs
radially polarized vector beam —generated with a s-waveplate [7]- is focused into an argon gas target, whose
atoms emit coherent EUV radiation through HHG. Our experimental and theoretical results demonstrate that
HHG imprints the polarization state of the infrared beam, ranging from radial to azimuthal, into the higher
frequency radiation. Our numerical simulations also demonstrate that the generated high-order harmonic beams
can be synthesized into attosecond vector beams in the EUV/soft x-ray regime. Our proposal overcomes the state
of the art limitations for the generation of vector beams far from the visible domain and could be applied in
fields such as diffractive imaging, EUV lithography, or ultrafast control of magnetic properties.
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Fig. 1 Experimental set-up: an IR beam is converted into a vector beam after passing through a 1/2 waveplate and the s-waveplate, and
then focused into an Ar gas jet, where EUV harmonics are generated. The spectrometer input slit is placed at two different spatial
positions of the harmonic beam, as indicated on the inset. The HHG spectra recorded at slit positions 1 (b) and 2 (b) are shown as a
function of the A/2 angle. The =/2 periodicity allows us to identify the cases where the harmonics are radially or azimuthally polarized.
Theoretical intensity profiles for the (d) 17th and (e) 23rd harmonics when driven by a radial (left) or azimuthal (right) IR beam.
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