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Abstract. Most important problems in modern photonics are fabrication, visualization and
characterization of nanomaterials at optical frequencies. A number of optical techniques uses
tightly focused laser beams to access longitudinal electromagnetic fields, which are directed
towards the wave vector. In this Letter, the distribution of transverse and longitudinal optical
fields in tightly focused laser beams, polarized in a new fashion, is investigated. Polarization-
dependent fingerprints of transverse and longitudinal optical fields are experimentally captured
by means of photoinduced surface deformations in azobenzene polymer thin films.
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Over the last few years, together with the development of three dimensional optical material
engineering [1], the designing and manipulation of the spatial structure of optical fields became a
topical research area in photonics [2]. In general, an electromagnetic wave structure is characterized
by distribution of polarization, amplitude and phase. Until recently, the diversity of polarizations was
limited to three types: linear, circular and elliptical. The transformation between these polarizations, as
well as them identification is easily accomplished by standard optical instruments such as polarizers,
quter- and half-wave plates. The generation of unprecedented polarization states becomes possible due
to the development of polarization converters based on multi-element wave-plates [3], metamaterials
[4] and plasmonic metasurfaces [5].

This work focuses on investigation of radially and azimuthally polarized laser beams. According
to analytical calculations [6], when focusing the radial/azimuthal mode with a high numerical aperture
lens (N.A. > 1), a strong longitudinal (towards the wave vector) electric/magnetic field (up to 5 times
higher compared to transverse one) arises in the focal region. On the other hand, conventionally
polarized light mainly remains the transverse nature provided that light is tightly focused [6]. This
unique feature of radial and azimuthal beams make them very attractive for applications, ranging from
single molecule spectroscopy [7] and high resolution near-field optical microscopy [8] to optical data
storage [9]. In practice, radial and azimuthal modes can be generated through transformation of
linearly polarized light by means of special polarization converter. In this Letter we examine two
kinds of radial/azimuthal mode converters: polarizer, consisting of four oriented half-wave plates [3],
and “s-waveplate” based on metamaterial [4]. Strong focusing the radial and azimuthal modes is
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probed with photoinduced surface deformations in azopolymer thin films [10, 11]. In order to
distinguish the longitudinal and transverse electric field components in the total intensity we apply an
optical-field gradient force model [11].
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