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Abstract: Near-field microscopy allows for visualization of both the amplitude and phase of
surface plasmon polaritons (SPPs). However, their quantitative characterization in a reflection
configuration is challenging due to complex wave patterns arising from the interference between
several excitation channels. Here, we present near-field measurements of SPPs on large
monocrystalline gold platelets in the visible. We study systematically the influence of the incident
angle of the exciting light on the SPPs launched by an atomic force microscope tip. We find that
the amplitude and phase signals of these SPPs are best disentangled from other signals at grazing
incident angle relative to the edge of the gold platelet. Furthermore, we introduce a simple model
to extract the wavelength and in particular the propagation length of the tip-launched plasmons.
Our experimental results are in excellent agreement with our theoretical model. The presented
method allows the quantitative analysis of polaritons occurring in different materials at visible
wavelengths.

© 2022 Optica Publishing Group under the terms of the Optica Open Access Publishing Agreement

1. Introduction

Surface plasmon polaritons (SPPs) can confine light in small volumes at the subwavelength scale
[1]. SPPs are surface waves and are being investigated for various applications such as sensing [2],
nanoplasmonic circuits [3], light generation [4,5] and photovoltaics [6]. To design and fabricate
the optimal structures for these applications, it is important to know the complex wavevector, as
its real part is inversely proportional to the plasmonic wavelength and its imaginary part inversely
proportional to the propagation length [1].

Scattering-type scanning near-field optical microscopy (s-SNOM) [7] allows to explore surface
waves with a spatial resolution down to a few tens of nanometers. In the past years, s-SNOM has
been demonstrated to be a powerful tool to study polaritons of various kinds such as polaritons in
two-dimensional (2D) materials [8,9] throughout the optical spectrum [10–15], in anisotropic
materials [16,17] and SPPs on metals [18–20]. While the characterization of polaritons has been
done in many works in the mid-infrared range [11–15], s-SNOM studies in the visible range are
less common. s-SNOM measurements in the visible are indeed more challenging because the
smaller extension of the light spot focused onto the atomic force microscope (AFM) tip makes the
alignment more difficult and renders less stable scans. The study of surface waves in the visible
is nevertheless relevant, as many polaritonic phenomena arise in this range [8–10,21]. In the case
of SPPs on gold, the characterization of plasmonic slot waveguides has been achieved with a
s-SNOM at telecom wavelengths [18,22] and the direct characterization of SPPs on a flat surface
with an aperture-type SNOM has been achieved at 780 nm [23]. However, these works measured
the SPPs in a transmission configuration, where the sample is illuminated from the bottom and

#454740 https://doi.org/10.1364/OE.454740
Journal © 2022 Received 26 Jan 2022; revised 10 Mar 2022; accepted 10 Mar 2022; published 17 Mar 2022

https://orcid.org/0000-0001-6529-5047
https://orcid.org/0000-0002-8286-7825
https://orcid.org/0000-0002-6808-9211
https://doi.org/10.1364/OA_License_v2#VOR-OA
https://crossmark.crossref.org/dialog/?doi=10.1364/OE.454740&amp;domain=pdf&amp;date_stamp=2022-03-17


Research Article Vol. 30, No. 7 / 28 Mar 2022 / Optics Express 11182

the AFM tip is used as a local scatterer to collect the near-field signal. This configuration is
thus limited to substrates that are transparent at the excitation wavelength. By contrast, the
characterization of SPPs in the reflection configuration offers more flexibility in the choice of
substrate. Moreover, the transmission configuration requires the mediation of a well-defined
scatterer to excite the SPPs, whereas in reflection the AFM tip itself acts as a scatterer to excite the
SPPs. However, the characterization in reflection comes with the drawback that many excitation
pathways are involved, which makes the near-field signal more difficult to analyze. One of these
excitation paths is mediated by the sharp tip apex that provides the wavevector required to excite
SPPs. These SPPs are called the tip-launched SPPs. Another excitation path is mediated by the
sharp edges of the platelet that can also provide the required momentum for SPPs. SPP excitation
by the edges is possible in gold since the SPPs have a weak confinement, in contrast to graphene
[11,12,14]. In previous works [19,20], several SPP excitation pathways involving the platelet
edge and the tip shaft have been identified. The SPPs excited or scattered at the edge are called
edge-launched SPPs, and the ones reflected at the tip shaft are called tip-reflected edge-launched
SPPs. All these SPPs can be identified through their interference patterns, and we showed in a
previous study [20] that the wavelength of the tip-launched SPPs can be retrieved by isolating a
region of the platelet free from edge-launched SPPs. However, the SPP propagation length is still
to be quantified to fully characterize SPPs in the visible range and in reflection.

When analyzing surface waves in the reflection configuration, several studies [10,11,13–17]
use the pseudo-heterodyne interferometric method [24] to suppress the far-field background and
to obtain both the amplitude and phase of the near-field from their measurements. However,
the full characterization of the surface waves is often done using either the real part of the field
[14,16], where the amplitude and phase information have been merged, or only the near-field
amplitude [10,17]. The independent use of the phase information as well as a simple model that
could be used for the independent fitting and the comparison of the near-field amplitude and
phase signals seem thus to be lacking.

Here, we perform near-field reflection measurements at visible wavelengths on monocrystalline
gold platelets [25–31], that have shown to host better plasmonic properties compared to the
common polycrystalline gold surfaces [32,33]. We isolate the clearest tip-launched SPPs when
illuminating our sample with a laser beam impinging with a low azimuthal angle relative to the edge
of the gold platelet. With the signal of the tip-launched SPPs, we develop a simple model for the
amplitude and phase information, allowing us to determine with high confidence the wavelength
as well as the propagation length of SPPs propagating at the surface of a monocrystalline gold
platelet. To the best of our knowledge, this is the first time that the propagation length has been
determined with a s-SNOM in reflection and in the visible. Furthermore, this model explains
clearly the π/2 phase shift between the amplitude and phase signals observed in a previous
study [34]. This full characterization of the complex SPP wavevector paves the way towards a
broader understanding of the polaritonic phenomena in diverse materials [8–10,21]. Moreover,
the proposed model helps to fundamentally understand the behaviour of s-SNOM amplitude and
phase when studying surface waves in the reflection configuration.

2. Experimental details

An optical image of the sample measured in this study is shown in Fig. 1(a). More information
about the sample can be found in the section 1 of Supplement 1. A sketch of its cross section is
given in the inset. It consists of a monocrystalline gold platelet, synthesized by a wet-chemical
synthesis process [26] and deposited on a 300 nm thermally grown silicon oxide layer. The darker
branching line in the middle of the platelet is due to a fold of the platelet that has occurred during
its deposition on the substrate. The propagation length of the SPPs on gold is typically about 4
times smaller [35] than the distance from the fold to the region of interest (ROI). Thus, this fold
does not affect the SPPs on our ROI. The platelet under study is about 200 µm large. This is one
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order of magnitude larger than the typical propagation length of our SPPs. Thus, interference
between SPPs reflected from different edges can be avoided simply by scanning a region far from
the platelet corners. A 2-nm aluminum oxide (Al2O3) layer has been deposited on the platelet by
atomic layer deposition to protect the gold from impurities. The azimutal angle φ between the
gold platelet’s edge and the incident light is indicated in the figure.

Fig. 1. Experimental setup and measurements. (a) Optical image of the sample under
study. The incident light is represented by the red arrow and the azimuthal incident angle
is represented by φ. The small violet rectangle close to the tip of the arrow indicates the
scanned region. It is highlighted by the label "ROI" (region of interest). The inset displays
a sketch of the sample and substrate cross-section. (b) Sketch of the s-SNOM setup. (c)
Near-field amplitude, (d) near-field phase and (e) topography of the scanned region. The
respective profiles are shown above each map and the origin of the x-axis is chosen to be at
the platelet edge.

The s-SNOM setup used to characterize the SPPs is represented in Fig. 1(b). The light from a
helium-neon laser at a wavelength of 633 nm is separated by a beam-splitter (BS) in two paths
of equal intensity. One is focused on an AFM tip oscillating above the sample. The other is
directed towards a reference mirror oscillating at a frequency M = 300 Hz, necessary for the
pseudo-heterodyne interferometric detection [24]. The field scattered at the tip then interferes
with the reference field and is detected by a photodiode (PD). Demodulating the total signal
enables to retrieve the amplitude and phase of the near-field, as well as to strongly suppress the
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interference with the far-field background [24]. More information about the setup can be found
in the section 2 of Supplement 1.

The topography, amplitude and phase maps resulting from one of our measurements are
displayed in Fig. 1(c)-(e). The topography presented in Fig. 1(e) gives a sample thickness of
about 90 nm. The platelets are thus thick enough to allow us to neglect any possible hybridization
between modes propagating at the air/gold and silica/gold interfaces [20,36]. The sample
root-mean-square (RMS) roughness extracted from this Fig. 1(e) is about 200 pm, attesting for a
very high surface quality. Note that the platelet edge - placed at the x-axis origin - is sharp and
without defect: this is important to avoid additional perturbations of the propagating wavefront
pattern. The near-field optical amplitude and phase are shown respectively in Fig. 1(c) and 1(d).
The scales have been adjusted to visualize the SPP interference patterns better. Line profiles
are extracted from these maps by averaging the signal over 200 pixels in the y-direction. The
respective profiles are displayed above the maps. On the gold surface, SPP interference patterns
superimposed on a constant field offset are visible up to about 15 µm, both in the near-field
amplitude and the near-field phase maps.

3. Results and discussions

3.1. Influence of the light incidence

Figure 2(a)-(c) present the profiles extracted from three measurements where the azimutal angle
φ has been varied, with φ = −3◦, −136◦ and −93◦, respectively. For clarity, the profiles are
normalized and shown on a restricted interval of 15 µm. The measurements of three other angles
can be found in the section 4 of Supplement 1. The three figures show a region closer to the edge
with a complex interference pattern, and another region - highlighted by the red background - with
more regular damped sinusoidal oscillations. The first region is characterized by the interference
between the tip-launched SPPs, the edge-launched SPPs and the tip-reflected edge-launched SPPs
[20]. Because the edge-launched and tip-reflected edge-launched SPPs are present only when the
incident light illuminates the edge, the length of the edge region (white background) is taken
as always larger than the width of the diffraction-limited spot of the incoming light projected
onto the sample at a polar angle of θ = 60◦. The Fourier transforms of the amplitude profiles are
displayed as the black curves in Fig. 2(d)-(f). To make the small fringe spacing more apparent,
the resulting spectra are plotted as a function of the fringe spacing Λ = 2π/K instead of the
spatial frequency components K. By considering only the interference of each type of SPP with
a strong constant field and neglecting higher-order interference effects such as the interference
between the different SPP paths [20], several peaks can be recognized. The peaks at the shortest
wavelength are the peaks of interest corresponding to the tip-launched SPPs at a wavelength Λtl,
given by [14,19,20]

Λtl =
λSPP

2
=
λ0

2ℜ(ñ)
=

2π
Ktl

(1)

where ñ is the effective complex refractive index of SPPs at the air/Al2O3/gold interface, ℜ(ñ) is
its real part and λ0 is the wavelength of the incident light in vacuum. Since it is directly launched
by the tip, Λtl is independent of the incident angle. Other peaks can be found at the wavelengths
of the edge-launched SPPs, Λel1/el2 and the wavelength of the tip-reflected edge-launched SPPs,
Λtrel. Using the phase-matching condition along the platelet edge and approximating the incident
wave as a plane wave, these edge-launched SPP wavelengths have been found to be expressed as
[19,20]

Λel1/el2(θ, φ) =
λ0

− sin(θ) sin(±φ) +
√︁

sin2(θ) sin2(±φ) − sin2(θ) +ℜ(ñ)2
, (2)

where the + sign is used for Λel1 and the − sign for Λel2. The tip-reflected edge-launched SPP
wavelength is expressed as Λtrel = Λel1(θ

′, φ), where θ ′ depends on the reflection angle of the
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incident light at the tip. More information about the different SPP wavelengths and interference
paths can be found in our previous work [20]. To calculate the value of these wavelengths
for the different incident angles, we use as reference values the tabulated frequency-dependent
refractive index of gold from McPeak et al. [35] of εg(633 nm) = −13.02 + 1.033i and the
one of Al2O3 from M. Tulio Aguilar-Gama et al. [37] of εAl2O3 (633 nm) = 2.62. The value of
the gold refractive index has been chosen over other tabulated values [38,39] as it was giving
the longest SPP propagation length at this wavelength. Solving the dispersion relation for the
multilayer system [1] composed of air, Al2O3 and gold gives the complex SPP wavevector
βSPP = (10.37 + 0.03662i) µm−1, thus ℜ(ñ) = ℜ(βSPP/k0) = 1.045. Using this last value and
Eqs. (1) and (2), the different SPP wavelengths can be determined. These wavelengths are
displayed as vertical lines in Fig. 2(d)-(f). In Fig. 2(d) - corresponding to the grazing incident
angle - the tip-launched peak at Λth

tl = 0.303 µm is very prominent, while the peaks at about
Λel1(60◦,−3◦) = 1.0 µm, Λel2(60◦,−3◦) = 1.17 µm and Λtrel(35◦,−3◦) = 0.71 µm can barely be
recognized. However, for incident angles of φ = −136◦ in Fig. 2(e) and φ = −93◦ in Fig. 2(f),
peaks at Λel1(60◦,−136◦) = 0.44 µm and Λel1(60◦,−93◦) = 0.33 µm, as well as a smaller
tip-launched peak at Λth

tl , can be identified in the corresponding Fourier transforms. The large
linewidth of the edge-launched contribution can be explained by the fact that Eq. (2) is valid for
an illumination by a plane wave with concomitant spatially constant intensity. In our case the
beam is focused on the tip with a numerical aperture of 0.37, thereby exciting SPPs propagating
with different angles with respect to the normal of the edge of the platelet. Furthermore, the
intensity of the excitation beam at the edge changes while scanning due to the Gaussian profile of
the laser beam.

a b
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el1
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el1
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Fig. 2. Angle dependency of the different SPPs. (a)-(c) Near-field amplitude profiles of
the scanned region on the gold platelets at grazing angle (φ = −3◦), at φ = −136◦ and
at φ = −93◦, respectively. The red areas starting at the value xb indicate the portion of
the curve where the tip-launched plasmons dominate the signal. The insets depict a top
view of the sample edge for each measurement. The red arrow represents the incident light.
(d)-(f) represent the fast Fourier transforms (FFT) of (a)-(c), respectively, as a function of
the fringe spacing Λ = 2π/K. The red curve is the FFT of the data in the red area of (a)-(c),
demonstrating a clear tip-launched plasmon peak at grazing angle.

The Fourier transform of the truncated profiles located in the red-shaded areas in Fig. 2(a)-(c)
are represented by the red curves in Fig. 2(d)-(f). As has been highlighted recently [20], selecting
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the data far from the edges has the effect of filtering out the contribution from the edge-launched
SPPs and isolating the tip-launched SPPs, thus leaving a clearer tip-launched peak. However, the
significance of this filtering effect is angle dependent. For the angles φ = −136◦ and φ = −93◦,
truncating has indeed the effect of highly suppressing the peak at Λel1 in Fig. 2(e) and 2(f).
However, compared to the truncated profile at grazing azimutal angle, only a very small and
noisy tip-launched peak remains. The RMS of the noise amplitude for Λ between 0.1 and 0.2 µm
in the truncated profile of Fig. 2(d) is indeed about 20 times smaller than the tip-launched peak,
while only about 5 to 7 times smaller in Fig. 2(e) and 2(f). Furthermore, in Fig. 2(f), the peak at
Λel1 is present close to the tip-launched peak. These two effects hinder the proper fitting of the
tip-launched peak, and thus the characterization of the tip-launched plasmons at these incident
angles.

The comparison between the different incident angles highlights that the tip-launched SPPs
could be best retrieved using the measurement at grazing angle. This angle dependency could
be explained by an anisotropic excitation of the SPPs by the tip. Previous results [19] have
indeed reported an angle-dependent generation of the tip-launched SPPs, due to the non-circular
symmetry of the commercial tip used in their s-SNOM. In the aforementioned study, the angle
for which the tip-launched plasmons could be seen best has been identified as the perpendicular
incidence, i.e. φ = 90◦. The ideal angle is different in our case, as our tip has a different shape
than the one used in Ref. [19]. Therefore, we assign the difference in the ideal angle to the
difference in tip shape.

As a clear tip-launched plasmon peak is needed for the full characterization of the complex
wavevector, in the following we will focus our analysis of the SPP properties on the measurement
at grazing angle, in the restricted region where only the tip-launched SPPs are present.

3.2. Model for the detected SPPs

Figure 3(a) displays the near-field amplitude and phase profiles of the s-SNOM measurement at
grazing azimutal angle φ = −3◦, in the region where only the tip-launched SPPs are present. Both
profiles show similar sinusoidal oscillations, with an apparent relative shift between the near-field
phase and amplitude by a distance of about Λtl/4, corresponding to a phase of π/2. Besides
having been observed in a previous study [34], this π/2 shift is also confirmed by the good
overlap between the two curves when shifting the near-field phase curve by −π/2, as presented in
Fig. 3(b).

To explain this phase difference, we introduce a model that considers the interference between
the tip-launched SPPs, described as a circular wave, Etl, and a constant field Eg. Because
the tip-launched SPPs travel two times the tip-edge distance at each scanning position, the
corresponding plasmonic field is described by an apparent wavevector Ktl = 2ℜ(βSPP) which is
twice larger than the actual wavevector, ℜ(βSPP). This also means that we observe an apparent
propagation length of the field Ltl

p = 1/(2ℑ(βSPP)) that is two times smaller than the actual
one. Eg = |Eg |eiφg , with |Eg | its constant amplitude and ϕg its constant phase, corresponds to
the constant offsets seen on the gold surface in the experimental profiles in Fig. 1(c) and 1(d).
Our model does not assume anything about the nature of this constant field. However, as the
pseudo-heterodyne detection removes the far-field background due to the incident light [24,40],
Eg is understood as the near-field coming from the portion of the light back-scattered directly
from the sample surface towards the AFM tip [14]. This effect can be considered as constant
because our gold platelets are extremely flat. With these two contributions, the total near field is
ENF = Etl + Eg. From the experimental profiles, we observe that typically |Eg | is indeed constant
and much larger than the SPP oscillation amplitude A (see the amplitude profile in Fig. 1(c)).
Further analysis gives values of Eg that are typically 40 times larger than A.

In addition, we only consider a range of positions from about 3 µm - to avoid the contributions
from the edge SPPs - to about 30 µm - where the oscillations cannot be differentiated from the
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Fig. 3. Amplitude and phase at grazing azimutal angle. (a) Comparison of the amplitude
and phase profiles at grazing angle. (b) Same profiles with the near-field phase shifted by
−π/2. (c) Fit of the tip-launched SPPs’ amplitude peak visible in Fig. 2(b). The CW model
curve refers to the FFT of a circular wave (here Eq. (3)) where the refractive index from
McPeak et al. [35] has been used. (d) Fit of the corresponding phase data.
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noise anymore. Using a Taylor expansion in A/(
√

x|Eg |) of the total amplitude expression and
keeping the first-order terms of this Taylor expansion, one can find that (see Supplement 1 Section
5.B)

|ENF | ≈ |Eg | +
A
√

x
e−x/Ltl

p cos (Ktlx − ϕ), (3)

where ϕ is a constant phase consisting of the sum of a plasmonic phase constant ϕp due to the
reflection at the edge and the gold phase constant ϕg. Using the same principle, the total phase of
the near-field can obtained as follows (see Supplement 1 Section 5.C)

ΦNF ≈
A

|Eg |
√

x
e−x/Ltl

p sin (Ktlx − ϕ) + B, (4)

where B is a constant depending on the value of ϕg and on the average optical path difference
between the near-field and the reference field [24,40]. The derivation of these expressions and of
the π/2 relative phase shift can be found in the section 5 of Supplement 1. Since the resulting
expressions feature a cosine dependence of the total amplitude and a sine dependence of the total
phase, the π/2 shift can be seen as a direct consequence of the interference between the strong
constant field and the SPPs.

In addition to highlight in a unambiguous way the π/2 shift between the near-field amplitude
and phase, these expressions have the advantage of being simple enough to be used as fitting
functions, meaning that the amplitude and the phase signals can be fitted separately, both in real
space and in k-space. While fitting the near-field amplitude or real part of the near-field is fairly
common in s-SNOM studies of polaritons [10,14,17], no independent fitting of the near-field
phase has been done so far. As the information extracted from the near-field phase is essentially
the same as the near-field amplitude, the two fits can be compared to verify the accuracy of the
corresponding parameter values. Note that fitting in k-space has the advantages of displaying the
extracted information in a concise manner through a single resonance, and of filtering out the
noise at other frequencies.

Defining S3 = |ENF | − |Eg | and Φ3 = ΦNF − B, the discrete Fourier transform of the near-field
data can be fitted. Because the tip-launched SPPs are circular waves and we are using the fast
Fourier transform (FFT) algorithm on the measurement profiles, the peak is not expected to be a
Lorentzian. An analytical expression of the Fourier transform of a circular wave can be found
and has been used to find the SPP wavelength on gold in a previous study [41]. However, this
analytical expression is not valid for a circular wave profile truncated at the starting value xb (see
Supplement 1 Section 6). For this reason, we chose to fit numerically the signals in k-space. The
description of the fitting procedure can be found in the section 3 of Supplement 1. The Fourier
transform of the experimental data and the circular wave fit are plotted in Fig. 3(c) and 3(d) for
the amplitude and phase information, respectively. The fit of the near-field amplitude and phase
for the starting value of the truncated segment xb = 4.02 µm, and its comparison with the fit in
real space, are summarized in Table 1. The uncertainties when fitting in k-space are slightly
larger, but still comparable to the uncertainties in real space.

Table 1. Comparison of values for the wavevector Ktl = 2π/Λtl and propagation length Ltl
p, as

obtained in real space and in Fourier space, for one starting value xb .

Amplitude profile Phase profile McPeak et al.

k-space Real space k-space Real space

Ktl (µm−1) 20.658 ± 0.009 20.662 ± 0.003 20.674 ± 0.007 20.674 ± 0.009 20.75

Ltl
p (µm) 12 ± 1 12.5 ± 0.4 12 ± 1 11.9 ± 0.3 13.65

These values could vary with the choice of xb. This starting value has to be sufficiently
large to avoid the signal from the edge-launched and tip-reflected edge-launched SPPs, but also

https://doi.org/10.6084/m9.figshare.19345019
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sufficiently small to cover as much of the tip-launched SPP signal as possible. Once these two
criteria are fulfilled, there still can be some slight changes in the extracted values due to noise that
depends on the choice of xb. After studying systematically the evolution of the fitting parameters
with xb, we find that our fitting procedure is stable with regard to the choice of xb (see Supplement
1 Section 7).

We compare the values of our fitting parameters with theoretical calculations taking into
account values of the refractive index for gold and Al2O3 found in the literature [35,37] (see
Table 1). The FFT of circular waves obtained with these reference values - integrated over the
same range as curves of the circular wave fit - are plotted in dashed lines in Fig. 3(c) and 3(d).
While being close, the experimental values are slightly different from the calculated ones, up to
about 15% lower in the case of the propagation length. These discrepancies can be explained
by a slightly different experimental refractive index than the one from the literature. Indeed,
different studies characterizing gold [35,38,39] have provided slightly different refractive indices.
In addition, the refractive index of Al2O3 taken from the literature corresponds to a layer of 50
nm of Al2O3, while we have only 2 nm. This could also induce a difference in the refractive
index of our sample.

We have thus shown that with our method it is possible to extract both the real and imaginary
parts of the complex wavevector of our SPPs simultaneously, in excellent agreement with our
theoretical model and values found in the literature.

4. Conclusion

In this work, we have identified the grazing azimutal angle as the best configuration to isolate the
tip-launched SPPs. At this particular angle, the near-field amplitude and, for the first time, phase
could be fitted. To obtain the expressions for the fitting functions, we have developed a model
for the interference between these tip-launched SPPs and a field that we approximated to be a
constant. The equations derived for the fitting procedure explicitly justify the damped sinusoidal
behaviour of the near-field amplitude and phase, and the π/2 shift between them. It should be
noted that the structures of Eqs. (3) and (4) do not depend on the material and are valid as long
as the amplitude of the plasmonic oscillations is much smaller than the amplitude of the constant
field. Our analysis could thus be applied to a whole range of other materials hosting different
types of polaritons.

With our method, we obtain, for the first time to our knowledge using a s-SNOM in reflection
configuration, values of both the gold SPPs wavelength, Λtl = 304, 0 nm, and propagation length,
Ltl

p = 12 µm, corresponding to about 40 coherent oscillations. These values are consistent
between the near-field amplitude and phase, do not sensitively depend on the choice of interval
used for the fit and are in excellent agreement with previous values found in the literature.
Furthermore, our measurements confirm the high surface quality of the monocrystalline gold
platelets. With the Al2O3 protection layer, we reproduced our results after eight months (see
Supplement 1 Section 7), which shows the stability of our sample. This full characterization of
the SPPs provides a better quantitative understanding of their interactions with other materials.
Quantitative study of polaritons in reflection and in the visible is thus facilitated. With the
possibility to measure the complex-valued wavevector of polaritons, this work opens the door to
the exploration of quantum related phenomena in polariton physics [21,42,43] at the nanometer
scale, at visible frequencies and irrespective of the type of substrate.
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Note. During the revision process of this manuscript, a similar recent preprint was brought to our attention [44]. The
authors use similar monocrystalline gold platelets to study the propagation length of SPPs excited at the edge of the
platelets, for 5 different excitation wavelengths and in a transmission configuration. Although the configuration and the
data processing is different from our work, the authors obtained a value of the propagation length in good agreement with
our results.
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