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Abstract: Non-conventional resonances, both acoustic and photonic, are found in metallic particles with a toroidal
nanopropeller geometry that is generated by sweeping a three-lobed 2D-shape along a spiral with twisting angle,
«. For both optical and acoustic cases, the spectral location of resonances experiences a red-shift as a function of .
We demonstrate that the optical case can be understood as a natural evolution of resonances as the spiral length of
the toroidal nanopropeller increases with &, implying a huge helicity dependent absorption cross section. In the
case of acoustic response, two red-shifting breathing modes are identified. Additionally, even a small « allows
the appearance of new low-frequency resonances, whose spectral dispersion depends on a competition between

length of the generative spiral and the pitch of the toroidal nanopropeller.

Keywords: acoustoplasmonics; nanopropeller; chirality; broken symmetries

The engineering of nanoacoustic and nanophotonic structures is relevant for the conception of
novel optomechanical systems, for quantum and sensing technologies, as well as for telecommunica-
tions, among others [1-3]. The size, shape, and materials of a nanostructure determine simultaneously
its elastic and electromagnetic behaviors. The development of nanofabrication techniques over the last
thirty years has enabled access to nanostrutures with unprecedented length scales, frequencies, and
resolution [4-8].

Objects are considered chiral when their mirror images cannot be superimposed, even after spatial
rotations in three dimensions. The importance of chiraly is such that it is critical in life systems since
biologically relevant molecules are predominantly chiral (proteins, amino acids, etc.) [9]. Handedness
(right vs. left, dextro vs. levo) identifies the two different enantiomers in a chiral structure, and it is the
crucial element determining how systems interact with their environment [10].

Thus, the presence of chirality in a system, unequivocally leads to a geometrical broken symmetry.
Good examples of macroscopic systems are helices, nuts or screws. Particularly interesting is the
nut-screw pair. In resemblance to what happens with a screw with the right helicity (and pitch)
that nicely couples with the complementary nut, and does not with the other, circularly polarized
light interacts with a chiral structure in a different manner depending on the helicity (left or right,
levo or dextro) of its circular polarization. In resonant systems, such as metallic ones that support
plasmon excitations, the optical interaction with the nanostructure is drastically enhanced. Therefore,
the differences in the optical response for levo or dextro light incidence (known as Chiro-Optical
Effect - COE) become prominent [11-13] . Among the plethora of structures to be employed for chiral
applications, toroidal propeller-like structures present peculiar properties such as COE reversal [14].

Macroscopic toroidal propellers are used in aviation and maritime transport to implement less
noisy propulsion systems, as they lead to a reduction of tip cavitation and fluid vortices creation since
the propeller have no tips. Aquatic toroidal propellers are also improving the fuel efficiency. Although
in the aforementioned cases the actual fabrication of these structures by means of classical machining
methods is complex, new additive manufacturing techniques may soon charge drastically this scenario.
In the nanoscopic world, advanced nanofabrication tools have enabled the possibility to fabricate these
systems by means of scanning electron lithography with an unprecedented resolution and accuracy
[14-16].

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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The development of novel nanostructures possessing simultaneous optical and acoustic reso-
nances is at the core of active fields of research such as optomechanics and nanophononics. In this
sense, most of the reported systems rely on relatively simple systems (multilayers, plasmonic antennas,
dielectic resonators), [17-22], where chirality remains elusive.

In this manuscript we develop a complete theoretical study of the optical and acoustic charac-
teristics of a three-lobed toroidal nanopropeller (TnP) made of gold. We do so via the analysis of the
scattering and absorption cross sections for the optical response, and calculating the average displace-
ment of the material for an harmonic response after a 5 degree Kelvin thermal uniform expansion
for the acoustic one. We demonstrate that the spectral location of the optical plasmon resonances
red-shift as a function of the twist angle « of the propeller. Additionally we observe an interesting
interference effect for « in the range of 90 deg. to 270 deg., where the electromagnetic field profile is
highly dependent on the spin or helicity of the incident wave. When analyzing the acoustic response
we find an even richer and more intriguing behavior. Through the analysis of the spectra of the average
RMS displacement we demonstrate that the resonance modes supported by the untwisted system also
experience a red shift as the twist angle increases. But, at variance with the optical case, the system also
allows unexpected new resonant modes at lower energies only present for non-zero twisting angles.

1. Materials and Methods

The geometry of the TnP used in this study is based on a three-lobed structure of identical rings,
with an inner diameter of 65 nm and a wall thickness of 20 nm, as presented in Figure 1. The centers
of the rings are disposed in the vertices of an equilateral triangle, as a result, the whole structure is
circumscribed in a circle with a diameter of 200 nm. The twisted TnP is subsequently obtained by
vertically sweeping this geometry along a helical path (L) with a varying «. That sweep, together with
the vertical dimension (H=60 nm), defines the pitch of the propeller (P = 27tH /). TnP is a singularly
connected structure and with a topological genus 3.

200 nm (a) (b)

Figure 1. Schematic view of a « = 60 degrees twisted gold TnP. (a) Top-view depicting the geometrical
parameters. The nanostructure is inscribed in a circle of D=200 nm diameter, the diameter of the inner
hole is 65 nm and the wall thickness is 20 nm. Label A corresponds to breathing modes resonances (see
section 2.2) (b) The height is H=60 nm, « is the twisting angle. The length of the helical path (blue line)
L increases from H (for & = 0) to L as the twisting angle a increases (see Eq. 2).

As mentioned, to simulate the optical and acoustic response, we assume the TnP is made of gold,
following the dispersive optical constants given in Ref. [23] provided in the Lumerical® software, and
the thermal expansion, sound speed and Young modulus embedded in the Finite Element Method
COMSOL®.

Lumerical® software suite has been employed to solve the scattering and absorption cross
section. The solutions are based on the Finite Difference Time Domain (FDTD) method. We use an
impinging circularly polarized plane wave with the proper circular polarization along the z axis, with
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a normalized amplitude in the whole simulation cell. The cell geometry (4 ym x 4 ym x 7 ym) ensures
that perfectly absorbing boundary conditions do have a negligible effect on the electromagnetic fields
obtained. We use a refined mesh in the nanostructures and in the near field region (0.3 ym x 0.3 ym
x 0.9 ym) of 2 nm x 2 nm x 2 nm, dx-dy-dz, respectively, growing uniformly up to a maximum of
40 nm out of the near field close to the simulation boundaries, so that convergence (to the best of
our numerical capabilities) is attained. The total and scattered fields are then collected to give rise to
intensity color maps and cross sections.

The Finite Element Method (FEM) within COMSOL® provides a suitable environment to model
the acoustic response upon isotropic heat expansion of a metallic nanostructure. In our simulations
the toroidal propeller is, as mentioned above, assumed to be made of gold, standing on a layer of
silicon dioxide semi-spherical substrate. The material parameters used for FEM simulation are the ones
built-in the materials library of COMSOL®. The SiO, substrate is a 800 nm diameter semi-spherical
region surrounded by perfectly matching layers (PML) that truncate the physical domain, see e.g.
Ref. [20].

2. Results

2.1. Optical Characteristics

As it can be seen, in a twisted TnP geometry like the one depicted in Figure 1b, there is a clear
handedness. Therefore, it is expected that the optical response will present an helicity dependence
that should, additionally, depend on the twisting angle a. To explore that possibility, the optical
response of this structure is interrogated by impinging with a plane wave whose propagation vector
is perpendicular in the x-y plane (i.e. in the z direction, from z = +00), and its polarization is either
left-circular (LCP) or right-circular (RCP) as

[x) +ily) . _ [ —ily)
|LCP) = 7 |RCP) = 7 (1)
where |x) represents a linearly polarized wave along the x-direction while travelling along the z-
direction, and |y) is travelling in the same direction but linearly polarized along the y-direction.

Let us first describe the optical response, in the form of scattering and absorption cross sections,
for the untwisted nanostructure as a function of the wavelength in the visible range of the optical
spectrum. Similarly to a system resembling a metallic gold disc [24], the system present a plasmon
resonance in the range of 0.8 ym (see Figure 2a). Another smaller resonance is also observed around
0.6 ym, expected as long as the dielectric constant of Au stays in the metallic range. It is worth noting
that for this case there is no difference between LCP and RCP, as foreseen for a structure with no
handedness.

In Figure 2b,c we present the scattering and absorption cross sections for the resonance at wave-
length Ares = 0.825 um, as a function of the twisting angle. Noticeably, in this case there are big
differences between LCP and RCP incoming waves, signaling the presence of chirality. However, the
most prominent feature is the oscillatory pattern in optical response. In this structure, the only relevant
parameter, from the point of view of the optical resonances, that changes with the twisting angle is
the length of the pores forming the lateral surface of the propeller. The length of the helix used for
generating the TnP (see Figure 1(b)) can be expressed as

2
L= (“2D> + H?, 2)

where « is in radiands, D is the radius of the helix, and H the height as mentioned above (see Figure
1b). Notice that the radius of the helix, optically speaking, will have a different dimension depending
on the nature of the resonance, i.e. weather the field is predominantly in the air or in the metal.
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Figure 2. (a) Scattering and absorption cross section for the untwisted TnP in Figure 1 for LCP and RCP
(no differences for this geometry), depicting clearly the main plasmonic resonance at Ares = 0.825 ym,
and other weaker at shorter ~ 0.6um wavelengths. (b) Scattering and (c) absorption cross sections for a
fixed wavelength, Ares, varying the the twisting angle.

In order to complete the optical analysis, it is apparent that the complete spectrum of the scattering
and absorption cross sections needs to be obtained. This is shown in Figure 3, where we present the
scattering and absorption cross sections as a function of the wavelength, for twisting angles bellow 360
degrees.

In all panels in Figure 3 we observe that the resonances at 0.825 ym and at 0.6um, as a function
of the twisting angle, behave in the following manner: for a from 0 to c.a. 50 deg. there is very little
dispersion, for values from 50 to ~110 deg. the resonances strongly shifts to longer wavelengths,
and, interestingly, for twisting angles & 22120 deg. they disperse linearly towards high wavelengths
running parallel to each other. This happens both for the absorption and the scattering cross sections.
Noticeably, for the twisted structure (x ~ 120 degrees), the absorption (depicted in (c) and (d)) is over
two times bigger than for the untwisted one, but the volume of the system remains essentially the
same. There are obvious differences in the intensity for LCP and RCP waves, pointing out COE, but,
apart from the actual value of the cross sections, the overall oscillatory phenomenology is virtually
equivalent for both helicities. In fact, the plot of Equation 2 (see Appendix A) shows that it accurately
describes the trend followed by the resonance peaks, even in the fact that some may have different
slopes (that would depend on a varying effective D).

Additionally, from a simple inspection of the panels in Figure 3 there are obvious signatures of a
sizeable COE. This COE is specially relevant in the absorption cross section, where the response of the
propeller is enhanced for LCP waves respect to RCP ones, reaching differences larger than 100%. For
the scattering cross section, the differences are not as marked and occur at shorter wavelengths than
for the absorption.
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Figure 3. Top: Scattering cross sections for LCP (a) and RCP (b) as a function of the twist angle and of
the wavelength. Bottom: Absorption cross sections for LCP (c) and RCP (d) as a function of the twist
angle and of the wavelength. As it can be seen, there is an almost linear dependence of the resonances
for increasing twist angles. The high helicity dependence, COE, of the absorption is clearly observed in
the bottom panels.

2.2. Acoustic Characteristics

Let us now address the characterization of the acoustic response of the TnP. For that end we study
the vibrations, characterized by the displacement of each point in the harmonic regime upon an initial
isotropic thermal expansion produced by a AT = 5K.

In order to find the resonant modes corresponding to the structure, we monitor the average
displacement (i.e. the 3D integral of the RMS displacement of each point of the TnP normalized to
its volume). The resonant modes appear as distinct peaks as presented in Figure 4. Two natural, low
frequency, modes for an untwisted (red curve) TnP appear at 4.6 GHz and 5.5 GHz respectively and
correspond to the breathing modes with maximum (low frequency) and minimum (high frequency)
displacement at the point marked as A in Figure 1. As soon as the structure is slightly twisted (even
just one degree) we clearly observe two different phenomena. The first one is that the resonances
associated with the breathing modes shift towards lower energies (i.e. the wavelength associated to
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the resonances increases), in perfect correspondence with the previously presented optical behavior.
The second observation, now at variance with the optical case, is that in the 3 to 4 GHz region two new
resonances appear that disperse downshift in frequency as the twist angle increases. For zero twist
angle (red curve in Figure 4 and its inset) there are no resonances in this region, but even for a twist of
one degree, they appear (black curve inset Figure 4). The evolution with twist angle from =0 to a=15
deg. (see inset in Figure 4) shows a further increase in intensity and a downshifting in frequencies. In
Figure A2 in Appendix B we present some snap-shots for the breathing modes at « = 0 deg. and for
the low frequency twist-enabled modes at « = 15 deg..
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Figure 4. Average RMS displacement of a gold TnP as a function of the acoustic frequency for different
twisting angles (0 to 60 degrees). The curves for non-zero twist angle are shifted 0.015 nm vertically
for clarity. The peaks represent acoustic phononic modes of the structure. In the inset we present the
angular evolution (1 to 15 degrees) of the low frequency modes that appear only for non-zero twist
angles.

Similarly to the optical case, we are presenting in Figure 5 the whole evolution of the resonance
location for a TnP with a complete twist angle (360 deg.). As already indicated in Figure 4, we can
see that the lowest energy resonances for the untwisted geometry (inset (c) of Figure 4) appear for
4.6 GHz and 5.5 GHz and evolve towards lower energies as the twist angle increases. One relevant
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aspect that can be extracted from this figure is that, although the resonances always evolve towards a
lower energy value, there is a change in the trend. Initially, the frequency decreases roughly as 1/L
as expected to fit with the increase of helix lenght (see Equation 2). However, this trend changes at
« ~ 120 deg.. To shed some light into the change in slope, we refer to the features depicted in the
insets (a) and (b) in Figure 5, showing the geometry for twist angles of 360 degrees and 120 degrees
respectively. If the structure were made by a single, isolated lobe, at one full loop (=360 deg.) the
height of the TnP would match the pitch of the helix, and that would be the first occasion in which
one lobe in the base would have another one exactly above. However, our structure is made of three
lobes, and Figure 5a, resembles a much more twisted structure, not surprisingly it appears to have
three twists. In fact, as seen in Figure 5b, it is at one third of a twist (¢ = 120 deg.) when a lobe of the
base have another one above. It is then when two effects compete: the resonance trend to decrease in
energy due to the growth of L against the resistance due to the upper and lower branches of the TnP.
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Figure 5. Colormap of the average RMS displacement of a gold TnP as a function of the acoustic
frequency for one complete loop of the twisting angle. The intensity is saturated at 0.05 nm for clarity,
and the peaks representing the five lowest acoustic phononic modes of the structure are marked with

dots. The insets show the geometry for a TnP with a twist angle of 360 degrees (a), 120 degrees (b) and
untwisted (c).

Eventually, for a very twisted geometry, the resonance should converge to that of a disk shape
with a twisted void geometry inside, so compressed that the variation of the angle should have a

negligible effect.
3. Discussion and Conclusions

Understanding the origin of these optical and acoustic modes is essential to actually use them
in optomechanical systems, where the helicity of light can be use as a design parameter. Towards
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that end, in this work we have presented a complete study of the optical and acoustic properties of a
three-lobed twisted toroidal nanoscale propeller-like structure. The presence of the twist in the TnP
is indicated by a red-shift in both its optical and acoustic resonances. This red-shift occurs because
the wavelength couples with the effective length of the generative helix, which varies with the twist
angle of the TnP. Consequently, the twist angle acts as a tuning structural parameter that influences
the nature, intensity (which depends on helicity), and spectral positions of the optical and acoustic
resonances. Additionally, the twist present in the TnP leads to new low frequency resonant acoustic
modes that are not present in the spectrum of an equivalent untwisted structure. These new acoustic
modes appearing at non-zero twisting angles enable a new knob in the engineering of opto-phononic
interactions at the nanoscale.
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Abbreviations

The following abbreviations are used in this manuscript:

COE  Chiro-Optical Effect

FDTD  Finite Difference Time Domain
FEM Finite Element Method

LCP Left-Circular Polarization
PML  Perfectly Matched Layers

RCP Right-Circular Polarization
TnP Toroidal nano-Propeller

Appendix A. Length of the Helix

In the main text we have argued that the trend followed by the optical and acoustic resonances
might be caused by the change in the length of the helical path as the angle increases. This is based
on the well-known fact that resonances occur whenever the wavelength is commensurate with a
representative length of the system. In our case, the aspect ratio of the TnP changes with a by varying
L according to Equation. 2. In Figure A1, we present the behavior of the red-shift that the resonances
should experience if the only aspect to be taken into account is the variation of L. As it can be seen, the
graph qualitatively describes the physical picture presented in Figures 3 and 5. Obviously, this has to
be taken just as a poor-man phenomenological hand-waving explanation of the actual physics, since
there are other aspects playing a key role. Some of them are the dispersive nature of the dielectric
permittivity of the materials or the actual path followed by the mode (i.e. where the field or dispersion
is maximal), the latter would modify the effective length of the helix, giving rise to different slopes, as
seen varying D.
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Figure Al. Relationship of the variation of the helix length (AL) of the TnP helix as a function of the
twisting angle for different values of the parameter D.

Appendix B. Displacement Profiles

In Figure A2a,b, we present the displacement spatial profiles corresponding to the two lowest
energy modes for the untwisted TnP, appearing at 4.6 and 5.48 GHz, respectively (see red lines in
Figure 4). We can clearly see that the profiles correspond to two complementary breathing modes: the
one with lowest energy corresponds to maximum displacement at the "tip" of each lobe, marked as A
in Figure 1, whereas the one at highest energy essentially presents a anchor point at that location.

In Figure A2c,d, we depict the displacement profiles for a TnP with « = 15 deg.. In this case
the deformation is essentially devoted to exert a torsion in the TnP. The anchor point at Figure A2c
is located at the intersections of the lobes, and at the center of the TnP, allowing more freedom of
movement than in the case presented in Figure A2d. In that case, there is anchor point locate close to
the edge of the lobes, resulting then in a bigger frequency.
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3.18 GHz 3.95 GHz

Figure A2. (a) and (b) RMS displacement spatial profile of the two main acoustic modes for the TnP
without torsion. (c) and (d) RMS displacement for the twist-allowed modes for a TnP with « =15
degrees. The displacement is represented by the color scale and the deformation in the has been scaled
for a better view.

References

1. Priya.; Cardozo de Oliveira, E.R.; Lanzillotti-Kimura, N.D. Perspectives on high-frequency nanomechanics,
nanoacoustics, and nanophononics. Applied Physics Letters 2023, 122, 140501.

2. Aspelmeyer, M.; Kippenberg, T.J.; Marquardt, F. Cavity optomechanics. Rev. Mod. Phys. 2014, 86, 1391-1452.

3. Delsing, P.; Cleland, A.N.; Schuetz, M.].A.; Knorzer, J.; Giedke, G.; Cirac, J.I; Srinivasan, K.; Wu, M.; Balram,
K.C.; Bauerle, C.; Meunier, T.; Ford, C.J.B.; Santos, P.V.; Cerda-Méndez, E.; Wang, H.; Krenner, H.].; Nysten,
E.D.S.; Weifs, M.; Nash, G.R.; Thevenard, L.; Gourdon, C.; Rovillain, P.; Marangolo, M.; Duquesne, J.Y,;
Fischerauer, G.; Ruile, W.; Reiner, A.; Paschke, B.; Denysenko, D.; Volkmer, D.; Wixforth, A.; Bruus, H.;
Wiklund, M.; Reboud, J.; Cooper, ] M.; Fu, Y.; Brugger, M.S.; Rehfeldt, F.; Westerhausen, C. The 2019 surface
acoustic waves roadmap. Journal of Physics D: Applied Physics 2019, 52, 353001.

4. Liu, N,; Langguth, L.; Weiss, T.; Késtel, J.; Fleischhauer, M.; Pfau, T.; Giessen, H. Plasmonic analogue of
electromagnetically induced transparency at the Drude damping limit. Nature Materials 2009, 8, 758-762.

5. Lanzillotti-Kimura, N.D.; O’Brien, K.P,; Rho, J.; Suchowski, H.; Yin, X.; Zhang, X. Polarization-controlled
coherent phonon generation in acoustoplasmonic metasurfaces. Phys. Rev. B 2018, 97, 235403.

6. Boggiano, H.D.; Nan, L.; Grinblat, G.; Maier, S.A.; Cortés, E.; Bragas, A.V. Focusing Surface Acoustic Waves
with a Plasmonic Hypersonic Lens. Nano Letters 2024, 24, 6362-6368. PMID: 38752764.

7. Esmann, M.; Lamberti, ER.; Harouri, A.; Lanco, L.; Sagnes, 1.; Favero, I.; Aubin, G.; Gomez-Carbonell, C.;
Lemaitre, A.; Krebs, O.; Senellart, P.; Lanzillotti-Kimura, N.D. Brillouin scattering in hybrid optophononic
Bragg micropillar resonators at 300 GHz. Optica 2019, 6, 854-859.

8. Valentine, J.; Zhang, S.; Zentgraf, T.; Ulin-Avila, E.; Genov, D.A.; Bartal, G.; Zhang, X. Three-dimensional
optical metamaterial with a negative refractive index. Nature 2008, 455, 376-379.


https://doi.org/10.20944/preprints202406.1463.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 21 June 2024 d0i:10.20944/preprints202406.1463.v1

11 of 11

9. Rossino, G.; Robescu, M.; Licastro, E.; Tedesco, C.; Martello, I.; Maffei, L.; Vincenti, G.; Bavaro, T.; Collina, S.
Biocatalysis: A smart and green tool for the preparation of chiral drugs. Chirality 2022, 34.

10. Barron, L.D. Molecular Light Scattering and Optical Activity, 2 ed.; Cambridge University Press, 2004.

11.  Schéferling, M.; Yin, X.; Engheta, N.; Giessen, H. Helical Plasmonic Nanostructures as Prototypical Chiral
Near-Field Sources. ACS Photonics 2012, 1, 530-537.

12.  Zheng, G.; He, J.; Kumar, V,; Wang, S.; Pastoriza-Santos, L.; Pérez-Juste, J.; Liz-Marzéan, L.M.; Wong, K.Y.
Discrete metal nanoparticles with plasmonic chirality. Chem. Soc. Rev. 2021, 50, 3738-3754.

13. Ni, B.; Mychinko, M.; Gémez-Grana, S.; Morales-Vidal, ].; Obelleiro-Liz, M.; Heyvaert, W.; Vila-Liarte, D.;
Zhuo, X.; Albrecht, W.; Zheng, G.; Gonzalez-Rubio, G.; Taboada, ].M.; Obelleiro, F.; Lépez, N.; Pérez-Juste, J.;
Pastoriza-Santos, 1.; Colfen, H.; Bals, S.; Liz-Marzén, L.M. Chiral Seeded Growth of Gold Nanorods Into
Fourfold Twisted Nanoparticles with Plasmonic Optical Activity. Advanced Materials 2023, 35, 2208299.

14. Ji, C.Y,; Chen, S;; Han, Y.; Liu, X,; Liu, J.; Li, J.; Yao, Y. Artificial Propeller Chirality and Counterintuitive
Reversal of Circular Dichroism in Twisted Meta-molecules. Nano Letters 2021, 21, 6828—6834.

15. Esposito, M.; Tasco, V.; Todisco, F.; Cuscuna, M.; Benedetti, A.; Sanvitto, D.; Passaseo, A. Triple-helical
nanowires by tomographic rotatory growth for chiral photonics. Nature Communications 2015, 6, 6484.

16. Radke, A ; Gissibl, T.; Klotzbticher, T.; Braun, P.V.; Giessen, H. Three-Dimensional Bichiral Plasmonic Crystals
Fabricated by Direct Laser Writing and Electroless Silver Plating. Advanced Materials 2011, 23, 3018-3021.

17. Han, Z.; Wang, E; Sun, ].; Wang, X.; Tang, Z. Recent Advances in Ultrathin Chiral Metasurfaces by Twisted
Stacking. Advanced Materials 2023, 35, 2206141.

18. de Larrinzar, B.C.L.; Xiang, C.; de Oliveira, E.R.C.; Lanzillotti-Kimura, N.D.; Garcia-Martin, A. Towards
chiral acoustoplasmonics. Nanophotonics 2023, 12, 1957-1964.

19. de Larrinzar, B.C.L.; Lanzillotti-Kimura, N.D.; Garcia-Martin, A. Interaction effects in chiral acoustoplas-
monic nanostructures. Nanophotonics X. International Society for Optics and Photonics, SPIE, 2024, Vol.
12991, p. 129910B.

20. Bragas, A.V.; Maier, S.A.; Boggiano, H.D.; Grinblat, G.; Berté, R.; de S. Menezes, L.; Cortés, E. Nanomechanics
with plasmonic nanoantennas: ultrafast and local exchange between electromagnetic and mechanical energy.
J. Opt. Soc. Am. B 2023, 40, 1196-1211.

21. Lanzillotti-Kimura, N.D.; Fainstein, A.; Jusserand, B.; Lemaitre, A. Resonant Raman scattering of nanocavity-
confined acoustic phonons. Phys. Rev. B 2009, 79, 035404.

22.  Lanzillotti-Kimura, N.D.; Fainstein, A.; Perrin, B.; Jusserand, B.; Largeau, L.; Mauguin, O.; Lemaitre, A. Enhanced
optical generation and detection of acoustic nanowaves in microcavities. Phys. Rev. B 2011, 83, 201103.

23. Johnson, P.B.; Christy, R.W. Optical Constants of the Noble Metals. Physical Review B 1972, 6, 4370.

24. Aigouy, L.; Gonzalez, M.U,; Lin, H.].; Schoenauer-Sebag, M.; Billot, L.; Gredin, P.; Mortier, M.; Chen, Z,;
Garcia-Martin, A. Mapping plasmon-enhanced upconversion fluorescence of Er/Yb-doped nanocrystals
near gold nanodisks. Nanoscale 2019, 11, 10365-10371.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those
of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s)
disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or
products referred to in the content.


https://doi.org/10.20944/preprints202406.1463.v1

	Materials and Methods
	Results
	Optical Characteristics
	Acoustic Characteristics

	Discussion and Conclusions
	Length of the Helix
	Displacement Profiles
	References

