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Abstract: Scanning near-field optical microscopy (SNOM) in combination with interference
structures is a powerful tool for imaging and analysis of surface plasmon polaritons (SPPs).
However, the correct interpretation of SNOM images requires profound understanding of
principles behind their formation. To study fundamental principles of SNOM imaging in
detail, we performed spectroscopic measurements by an aperture-type SNOM setup equipped
with a supercontinuum laser and a polarizer, which gave us all the degrees of freedom
necessary for our investigation. The series of wavelength- and polarization-resolved
measurements, together with results of numerical simulations, then allowed us to identify the
role of individual near-field components in formation of SNOM images, and to show that the
out-of-plane component generally dominates within a broad range of parameters explored in
our study. Our results challenge the widespread notion that this component does not couple
to the aperture-type SNOM probe and indicate that the issue of SNOM probe sensitivity
towards the in-plane and out-of-plane near-field components – one of the most challenging
tasks of near field interference SNOM measurements – is not yet fully resolved.
© 2017 Optical Society of America
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1. Introduction
Scanning near-field optical microscopy (SNOM) has become a powerful instrument for
experimental studies of optical near-fields [1–4]. Depending on the spectral region of the
detected field, different types of SNOM probes are preferred. For detection in the infrared
(IR), the most suitable technique is so called s-SNOM, which is based on scattering from an
apertureless SNOM tip [5,6]. On the other hand, in the visible, a SNOM tip with aperture is
frequently used and the technique is known as a-SNOM [3,7,8]. The a-SNOM probe consists
of an optical fiber etched at its end into a tip covered by a metal coating with a small aperture
at its apex. This probe is approached in a controlled way (using a non-contact mode of an
atomic force microscope, AFM) to a sample surface where it couples with the near field.
Although the tip partially distorts the distribution of the near-field, the detected optical signal
principally reflects the original field distribution, as shown for instance in our previous work
[9].
As surface plasmon polaritons (SPPs) are inherently connected to near-fields, they are a
frequent object of study by SNOM – both in their localized (to metal nanoobjects) and
propagating (along metal-dielectric interfaces) form [10]. A special class of SPP that lies in
between those two categories is represented by patterns of SPP standing waves. These can
arise on plasmonic interference structures, formed e.g. by pairs of slits in a continuous metal
film, which act as linear sources of SPP when illuminated by light. Standing waves in
resulting interference patterns have found applications in 2D optics [11,12], nanolithography
[13,14], manipulation with nanoobjects [15], and bio- and chemical sensing [16–20].
The interference patterns can be controlled via geometry of slits, refractive index of
environment, or apparently by optical parameters of illumination, i.e. wavelength, phase, and
polarization [21–23]. Control of the patterns by these optical parameters has not been widely
used yet, most likely due to associated technical complications. For instance, to our best
knowledge, a-SNOM detection of SPP interference patterns has been done only in a
monochromatic mode so far, i.e. just at one or a few selected wavelengths [24,25]. Besides, it
was recently shown that also the magnetic components can strongly contribute to the
detected SNOM signal in some specific situations [26–29]. It is evident that for the correct
interpretation of acquired near field images, the understanding of principles behind the
formation of interference patterns and the role of individual electric/magnetic, in-plane/outof-plane near-field components [Fig. 1(a)] is fundamental [30]. In our previous paper [9], we
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have briefly discussed this subject for a limited case of polarized monochromatic light, yet a
systematic and detailed analysis of these aspects has been missing. To tackle this issue, we
have performed spectroscopic measurements by our a-SNOM setup for both polarized and
unpolarized illumination light generated by a supercontinuum laser (see Fig. 2) for more
details of experimental setup). In this way, a bigger variety of interference patterns has been
obtained and thus more general study could be performed. Together with numerical finitedifference time-domain (FDTD) simulations, our experimental results provide a
comprehensive description of SNOM image formation. Such knowledge can be utilized in
determination of SNOM probe sensitivity towards individual near-field components, which
still remains a challenge in SNOM experiments.

Fig. 1. (a) Schematic of a SPP wave propagating along the metal-air interface with the marked
near-field vectors. (b) Schematic of the sample cross-section with the slits carved into the
metal layers using FIB. Note that the laser beam is not drawn in scale. (c) AFM topography
image of the interference structure.

For measuring the distribution of near-field intensity of SPP interference patterns a
SNOM microscope schematically shown in Fig. 2 was used. A supercontinuum laser
(Fianium) with tunable laser wavelengths and maximum output power of 6 mW/nm (in the
visible) was connected to a commercial SNOM instrument (NT-MDT Ntegra Solaris). The
laser beam was guided through an inverted microscope (Olympus IX71) and focused on the
sample with a 60 × objective (NA = 0.7). A linear polarizer was placed in front of the
objective to control the polarization of the incoming light. The homogeneity of illumination
of all four slits was achieved by the following procedure: First, the laser beam was focused as
tightly as possible (spot size ≈2 μm) and aligned with the center of the interference structure.
Then, the intensity of light transmitted through the individual slits in two perpendicular
SNOM line scans was monitored and made equal by further sample micro-positioning
(within margin of error of ≈5%). Finally, the perfectly centered beam was defocused up to
the spot size of ≈30 μm, which assured homogeneous illumination on the scale much larger
than the dimensions of our interference structures. The optical signal was collected through
an aperture of an in-house developed probe and guided into a photodetector. The diameter of
the aperture was ∼50 nm and the thickness of the metallic coating was ∼130 nm.
2. Results and discussion
Samples with interference structures consisting of four slits in square arrangement were
prepared by carving out a 200 nm-thick gold film on a glass substrate using Ga focused-ionbeam (FIB) milling [Fig. 1(b) and 1(c)] [31]. The thickness of the gold layer was set large
enough to avoid penetration of light from the illumination source through it. Gold was
chosen as a material which has plasma frequency in the optical range, can be easily etched,
and is resistive to oxidation [32,33]. To increase adhesion of the gold film to the glass, a 3
nm-thick titanium layer was used. The fabricated slits were no more than 100 nm wide and
thus well below the diffraction limit for the visible light. Both metal layers were deposited
using ion-beam-sputtering deposition with a beam energy of 600 eV [34]. The FIB energy
was set to 30 keV and the spot size was ∼30 nm. To avoid charging effects in the area inside
the slits during the milling process, the slits were not fully interconnected. The excitation of
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SPPs occurs at the fabricated slits via the electromagnetic wave incident on the interference
structure from the bottom [35–37]. SPPs then propagate along the metal-air interface in
directions perpendicular to the slits, with the wavelength (λSPP) proportional to the
illumination one (λ0) [38,39]. The resulting electromagnetic field can be simply modeled
analytically: By summation of radiation from dipoles distributed equidistantly along the slit
[9], or via interference of SPPs propagating along the surface in the perpendicular direction
away from the slits. Apparently, the efficiency of the SPP excitation depends on the
polarization of the incoming light and it reaches its maximum when the polarization vector is
perpendicular to a slit[40].

Fig. 2. Schematic of the SNOM microscope with the supercontinuum laser light source. The
inverted microscope enables to focus the light beam to an interference structure and set its
polarization. The optical signal is detected via the home-made SNOM probe and guided by
the optical fiber into the photodetector.

To accurately describe the resulting SPP interference patterns (5 nm above the surface)
without the presence of a SNOM probe, we performed FDTD simulations (Lumerical FDTD
Solutions 7.5.5) for monochromatic light polarized along the diagonal of the slit structure
that was later studied experimentally [9]. In Figs. 3(a) and 3(b) we show that the simulated
interference pattern changes from a diamond-like to a square-like one, depending on whether
the out-of-plane (Eout) or the in-plane (Ein) component of the electric field, respectively, is
taken into account. Existence of these two forms of patterns stems from the interference of
two standing SPP waves located between orthogonal pairs of slits (see Fig. 4). Note that our
numerical simulations showed that the magnetic field forms patterns identical to those above.
Thus on one hand, our structures cannot be used for the study of relative sensitivity towards
electric and magnetic fields [28], but on the other hand, eventual detection of the magnetic
fields will have no influence on the observed patterns and on our conclusions derived from
them. Moreover, as the SPPs at gold-air interface are transverse magnetic waves, their out-ofplane component of magnetic field is negligible and we can leave it out of our analysis.
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Fig. 3. Interference patterns of the square of modulus of (a) out-of-plane and (b) in-plane
electric field components calculated for linearly polarized illumination (polarization direction
marked by the white double arrows) at λ = 632 nm. Note that the dimensions of the
interference structures were only (5 x 5) μm2 for better visualization and the |Ein|2 values in (b)
are multiplied by a factor of 10. The purple dashed lines represent the symmetry axes. The
zoomed images show a schematic of the central region of the interference patterns with the
colored squares indicating their character. (c) Schematic of individual interference patterns of
the Ein and Eout components and their superposition together with the intensity profile along
the axis of symmetry. Note that the bright spots (maxima) of both patterns do not overlap. (d)
Experimental interference pattern for linearly polarized light (λ = 632 nm). All scale bars are 1
μm.

As the detected SNOM image is expected to reproduce the SPP fields, it should also be a
superposition of the two types of patterns described above. Yet in our experiment (Fig. 3(d)),
we observed only a distinct diamond-like pattern. This is consistent with the fact that
intensity of the out-of-plane electric component is more than ten times higher [compare the
scale bars in Figs. 3(a) and 3(b)] and in line with some similar experiments reported in the
past [9,41–43]. These results are, however, in contradiction with a widespread notion that the
out-of-plane component cannot be detected by the a-SNOM probe. This assertion is based on
the supposed incompatibility of the SPP out-of-plane components with the “guided” modes
of the aperture that emerged from theoretical considerations [27,29,44,45] and has been
supported by several experimental works [46–48]. This contradictory evidence renders any
categorical statement about the inability to detect one or the other component questionable.
To fully address this controversial issue, we first need to discuss absolute positions of the
diamond- and square-like patterns.
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Fig. 4. (a) Schematic of the formation of SPP interference patterns at the 4-slit structure for
illumination polarized in the direction perpendicular to the diagonal of the structure. (b)
Creation of the diamond-like interference pattern by the superposition of the SPP out-of-plane
components. The resulting pattern motif is marked by a green diamond. (c) Creation of the
square-like interference pattern (red square) by the superposition of the SPP in-plane
components. The arrows in (b) and (c) depict the electric field orientation and the resulting
amplitudes are indicated numerically for each grid point. The corresponding SPP wavelength
is indicated by the bar at the top of the schemes.

In Fig. 3(c), we schematically depict distributions of pattern maxima extracted from the
simulations in Figs. 3(a) and 3(b) (with respect to the center of symmetry of the whole
interference structure). It is clear that the Ein and Eout patterns differ not only in their shape
but also in their absolute position. This is an important result for SNOM, as it makes this
class of interference structures a useful platform for assessing the SNOM sensitivity towards
the individual near-field components. In particular, by comparing the measured and
calculated intensity profiles along the symmetry axis containing intensity maxima, the
relative weight of detected components could be estimated (with the uncertainty given by the
possible contribution of the in-plane magnetic field to the detected signal, as stated above).
The experimental verification, however, requires measurements with high resolution, low
signal-to-noise ratio, and calibration (due to possible non-zero background) that we were
unable to carry out using our current experimental setup. Nevertheless, we decided to draw
on this idea in theoretical simulations of the a-SNOM detection process, with the aim to
elucidate the presence of the out-of-plane component in our measurements. To this end we
incorporated a model of a SNOM probe into the existing simulations of SPP patterns [see
Fig. 5(a)] and analyzed the power transmitted into the dielectric core of the optical fiber for
different positions of the probe along a diagonal of the SPP interference pattern. The results
of these simulations, plotted in Fig. 5(b), clearly show a spatial profile that very well matches
the distribution of the out-of-plane component extracted from the SPP interference pattern
calculated for the bare interference structure, i.e. without the presence of the SNOM probe.
The fact that the out-of-plane field indeed couples to the perfectly symmetric probe is an
important finding that supports our claims and, interestingly, is in contrast with previous
studies. Simultaneously, it is worth noting that the power detected close to the apex of the
probe may not exactly match the signal at the detector. However, the analysis of the whole
signal path, i.e. from the tip apex through the guided modes of the optical fiber to the
detector, is beyond the scope of this work. At this point, one might also consider the
possibility that the strong sensitivity towards the out-of-plane component is caused by a tilt
of the tip with respect to the sample: For the out-of-plane component to be detectable, its inplane projection into the tip-coordinate frame would need to be at least comparable to the
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corresponding projection of the in-plane component. This would, however, require a tilt
exceeding 10 degrees, which is definitely not the case in our setup. So based on these simple
geometrical considerations, we may rule out the tilt of the tip as the cause of the probe
sensitivity towards the out-of-plane component. Therefore, we believe that both the
simulations and the experiments presented here constitute a compelling evidence that the outof-plane component can efficiently couple to the probe and strongly contribute to the signal
detected by a-SNOM in certain situations. The suspected mechanism facilitating this
coupling is a leakage of the probed field through the tip sidewalls [8]. Moreover, our
numerical simulations suggest that aperture shape and dimensions also strongly affect the
type of the detected signal [see Fig. 5(b)]. We therefore hypothesize that the large variety of
aperture diameters and coating thicknesses encountered in previously published works could
be the source of the contradictory statements regarding the SNOM sensitivity.

Fig. 5. FDTD calculations of SPP interference patterns (illumination wavelength λ0 = 650 nm)
with a SNOM probe implemented into the model. (a) Amplitude of the electric field in the
vicinity of a SNOM probe with the shape and size matching the one used in experiments. (b)
The power transmitted through the aperture into the glass core calculated by integrating the
Poynting vector over its cross-section 700 nm above the tip apex. Red circles and triangles
show this transmitted power as a function of the tip position ξ along the diagonal of the SPP
interference pattern for aperture with diameter 60 nm (same as in our experiments) and 80 nm,
respectively. The resulting (discrete) ξ-profiles are overlaid with the profiles of SPP near-field
components (blue and green line) extracted from simulations without the SNOM probe shown
in (c). The energy flux through the smaller aperture corresponds to the out-of-plane
component, whereas the flux through the larger one exhibits a mixed character with
contribution from both components. Note that each point in (b) corresponds to one simulation
and one position of the probe along the diagonal indicated by the white line in (c).
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Now that we have dealt with the central aspects of our system, we turn our attention
towards scenario with unpolarized monochromatic (λ = 650 nm) illumination. In contrast
with the previous measurements involving polarized light, we observed a square-like pattern
[Fig. 6(a)] with periodicity corresponding only to the half of the calculated SPP wavelength
λSPP (the periodicity was obtained from the image analysis using the Fast Fourier Transform
(FFT) method). These experimental results were supported by FDTD simulations [Fig. 6(b)],
which confirmed both the pattern shape and its periodicity. The simulations also provided
quantitative information about the pattern intensity, which turned out to be lower by one half
than for the polarized illumination. To explain these results, it is necessary to recall that any
unpolarized light can be naturally broken down into two perpendicularly-polarized
components. These two components will excite two orthogonal diamond-like interference
patterns which will add up incoherently, i.e. the square of the modulus of their electric and
magnetic fields will be summed up [Fig. 6(c)]. But owing to their mutual shift, the regions of
maximum intensity of one pattern will be located in the regions of minimum intensity of the
other one. In this way, the square-like pattern is formed with halved periodicity and doubled
degree of rotational symmetry compared to the patterns arising from polarized illumination.
Note that in the above interpretation we do not consider the in-plane pattern for the very
reason that we did not observe it in our experiments with polarized light. Although the
transition between various degrees of polarization can alter the relative intensities of
individual patterns, we do not expect these changes to be large enough to warrant a dramatic
rise in the signal corresponding to the in-plane field components.

Fig. 6. (a) Experimental and (b) calculated interference patterns for unpolarized illumination
at λ = 650 nm. The four-fold symmetry of the square-like pattern is indicated by the dashed
purple lines. Scale bars are 1 μm. (c) The observed square-like pattern is the result of
incoherent superposition of two mutually shifted diamond-like patterns corresponding to two
mutually perpendicular polarization states of incident light. (d) The absolute position of
various interference patterns (polarized vs. unpolarized illumination; Ein vs. Eout components)
with respect to the center of the interference structure.

The absence of the in-plane component in our measurements does not prevent us from
inspecting a hypothetical situation where it dominates the detected signal. Although the
pattern shape will be identical, its absolute position with respect to the center of symmetry
will be shifted by a quarter of λSPP wavelength [see Fig. 6(d)]. Therefore, it should be in
principle possible to distinguish Ein from Eout even under the unpolarized illumination,
provided one has experimental data with sufficient resolution and quality. The fact that the
shape of Eout patterns depends on the symmetry of illumination (its polarization) is an
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important finding which indicates a strong link between interference patterns and symmetry
of the experimental setup. This has practical implications, as any perturbation that breaks the
lateral symmetry of the experiment will possibly manifest itself as an apparent anisotropy in
the sensitivity of the probe towards SPPs propagating in different directions. The symmetry
breaking can have its origin, for example, in elliptical probe aperture, partial polarization,
tilting of the sample with respect to the tip or presence of a material anisotropy (e.g. in
optical fiber transmittance). Therefore, by correlating observed variations in the interference
patterns with intentional symmetry-changing modifications of individual experimental parts,
one could in principle reveal the source of aberrations in the measured data.

Fig. 7. (a) Schematic of the excitation of SPPs at the edges of the slit structure and their
propagation through it. These SPPs are subsequently partially decoupled into free space
radiation at the upper edge of the slits. This effect can be qualitatively modeled as an electric
dipole radiation. (b) The corresponding far-field radiation interferes coherently and forms a
distinct pattern with spatial periodicity larger than in the case of SPP interference. (c)
Transition of the SPP near-field interference towards the far-field interference accompanied
by the change in pattern periodicity. (d) Electric field maps (|E|2) at different heights above the
gold surface for two different wavelengths. For short wavelengths (below 550 nm), the pattern
undergoes a transition from the near-field diamond-like to the far-field square-like character
as we increase the distance from the surface. Although we performed our measurements with
a conventional a-SNOM, thus with the tip-sample distance < 100 nm, the agreement between
these simulations and experiment indicates that we also detect the free space radiation,
probably through the probe sidewall: Despite the skin depth of gold below 550 nm is still
significantly smaller (≈35 nm) than the probe coating (≈130 nm), the power flux through the
sidewall, which was negligible at the longer wavelengths, can become comparable to the
power transmitted through the aperture at these shorter wavelengths.
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Fig. 8. Interference patterns measured for linearly polarized illumination at different
wavelengths showing the same diamond-like pattern (indicated by the green grids) for all
wavelengths ranging from 575 nm to 750 nm in agreement with the numerical simulations in
Fig. 2. For shorter wavelengths the square-like pattern originating from the far-field
interference of electromagnetic field decoupled from SPPs dominates (cyan grid). The scale
bars are 2 μm.

Once the interference patterns for a specific wavelength (λ = 650 nm) were measured and
analyzed, we have proceeded to spectroscopic measurements for polarized illumination with
wavelengths ranging from 500 nm to 750 nm. Below 550 nm, artefacts from an interference
of electromagnetic far field decoupled from SPPs dominated in the SNOM images (see Fig.
7) [39,49] and, therefore, we have excluded them from further analysis. At all wavelengths
above 550 nm, the SNOM images (see Fig. 8) exhibited diamond-like patterns, with values
of λSPP in a good agreement with the theoretical ones [Fig. 9(a)] [38]. This observation
renders the aforementioned domination of the out-of-plane component a more general and
not spectrally-isolated phenomenon. Apart from the pattern periodicity, the theoretical
calculations also revealed additional interesting aspects of SPPs patterns: First, the overall
intensity of patterns rises with the illumination wavelength, indicating more efficient
excitation of SPPs via the slits in the gold [50]. Second, the analytical description of a single
propagating SPP predicts that as the illumination wavelength grows, the out-of-plane
component of the electric field becomes increasingly dominant over the in-plane one [38]. In
the case of (non-propagating) SPP interference patterns, this ratio further depends on how the
individual SPPs constituting the pattern interfere with each other (see Fig. 4). Note that as the
patterns corresponding to these two components are mutually shifted, it is more reasonable to
compare their maximal values rather than the values at one specific point. We plot the
analytically calculated ratio of |Eout|2 and |Ein|2 at respective interference maxima in Fig. 9(b),
where the rapidly growing strength of the out-of-plane component with the increasing
wavelength (up to the ratio in the order of 102 in the near infrared spectral region) can be
observed. This effect, however, did not manifest itself in our spectroscopic measurements,
probably due to substantially larger sensitivity of our setup towards the out-of-plane
component, as discussed above. To eliminate the possibility that the in-plane pattern is
actually present but obscured by its stronger diamond-like counterpart, we attempted to
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locate the pattern in the reciprocal space (i.e. in Fourier-transformed images). Unfortunately,
the FFT representations of the two patterns partially overlap, which makes their
discrimination impossible unless very precise and quantitative measurements are carried out.
So although we were not able to experimentally verify the behavior displayed in Fig. 9(b), it
can be potentially valuable for future analyses of SNOM tip sensitivity: As the SNOM probes
sensitive to either in- or out-of-plane components have been described in literature, we
anticipate that by tuning the probe’s parameters, one could achieve a state where the two
field components contribute to the detected signal equally. Then simply by changing the
illumination wavelength one should observe in the detected SNOM image a smooth
transition between the two different pattern shapes. This would represent an unambiguous
proof that a single SNOM probe can indeed detect the two components simultaneously.

Fig. 9. (a) SPP wavelengths determined by an image analysis of patterns measured for
polarized (green symbols) and unpolarized (red symbols) illumination and analytically
calculated SPP wavelengths (black line) as a function of the illumination light wavelength.
Note that at shorter wavelengths, the error bars are much longer because the peaks
corresponding to the pattern periodicity are gradually approaching the central maximum of the
Fourier images and thus becoming less and less resolvable. (b) Ratio of the maximal values of
|Eout|2 and |Ein|2 for analytically calculated interfering SPPs at the air-gold interface as a
function of the illumination wavelength.

In contrast to the spectroscopic experiments with polarized light, the unpolarized
illumination gave us more complex results: As presented in Fig. 10, the measured
interference patterns undergo a change in their character with increasing illumination
wavelength. Below 550 nm, the patterns are again obscured by the far-field interference of
electromagnetic field decoupled from SPPs [indicated by the large cyan squares in Figs.
10(a) and 10(b)]. For longer wavelengths, the square-like pattern can be observed [indicated
by the red squares in Figs. 10(c)-9(f)], in accordance with the aforementioned formation
mechanism [recall Fig. 6(c)]. The λSPP derived from these patterns, plotted in Fig. 8(a), scales
with the illumination wavelength as predicted by the theoretical model of SPPs. In many
randomly distributed areas in Figs. 10(b)-10(f), the diamond-like pattern appears as well
(marked by the green diamonds). In the discussion above, we have shown that the diamondand square-like patterns are related to polarized and unpolarized illumination, respectively
[cf. Figure 6(d)]. Therefore, a natural explanation for appearance of the diamond-like
patterns in Figs. 9(b)-9(f) can be a non-zero degree of polarization (DoP) of illuminating
light [see schematics in Fig. 11(a)]. To verify this hypothesis, we measured the DoP of
incoming light, obtaining nonzero values up to 0.3 at some wavelengths [Fig. 11(b)].
Simulations with various DoP then revealed that the mixture of diamond-like and square-like
patterns emerges already for values around 0.2 [Fig. 11(c) and 11(d)], thus providing a solid
explanation for the observed images. Although other symmetry-breaking perturbations and
anisotropies do not seem to play a role in our case, they might have significant influence in
other experimental configurations, manifesting themselves as pattern distortions. This makes
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interference structures a useful tool for detection and elimination of such aberrations in
SNOM experiments.

Fig. 10. Interference patterns measured at different wavelengths using unpolarized
illumination. Nearly at all wavelengths a mixture of diamond-like (green) and square-like
(red) patterns was observed. As we go towards shorter wavelengths (below 550 nm), a squarelike pattern originating from the far-field interference of electromagnetic field decoupled from
SPPs (cyan) starts to emerge and eventually dominates the entire image. All scale bars are 2
μm.

Fig. 11. (a) Formation of the interference pattern for partially polarized light. The breaking of
the symmetry results in appearance of the diamond-like pattern on top of the originally
square-like pattern. (b) Measured degree of polarization (DoP) of the used laser beam as a
function of illumination wavelength. Simulated interference patterns at λ = 650 nm for a
degree of polarization set to 0.2 (c) and 0.3 (d).

3. Conclusion
In summary, we used a spectroscopic a-SNOM setup for investigation of SPP interference
patterns formed amongst four slits milled in a gold layer. Our results revealed a major
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difference between the interference patterns formed under polarized and unpolarized
illumination, i.e. their respective diamond-like and square-like characters. With the aid of
FDTD simulations, we were able to clarify the mechanism of their formation, more
specifically, the role of individual SPP field components. This allowed us to formulate two
important conclusions regarding the near-field detection by a-SNOM: (1) The inherently
larger out-of-plane electric field component dominates in our SNOM images at all relevant
illumination wavelengths, regardless of the polarization state. In the context of reports from
other research groups, this finding is rather unusual and challenges the widespread notion
that this out-of-plane component does not couple to the a-SNOM probe. (2) The two patterns
corresponding to the in-plane and out-of-plane components of SPP field are mutually shifted.
This aspect of SPPs could find its use in assessment of SNOM probe sensitivity to these
near-field components, which would be an important step towards full vector a-SNOM
mapping. In addition, based on the results of our numerical simulation, we argue that there is
a strong link between the shape of observed patterns and imperfections present in the
experimental setup. This interconnection can be, in principle, also utilized for detection and
elimination of such imperfections.
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