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Abstract

Superlattices (SLs) with spatially modulated elastic properties-particularly those based on III-V
semiconductors-have emerged as key platforms for reaching the ultrahigh-frequency
(GHz-THz) regime in nanoacoustic devices. The exploration of alternative materials with
multifunctional properties remains a rich and promising area of research. In this work, we
investigate the structural, magnetic, and acoustic properties of nanometric Co/Pt SLs. X-ray
reflectometry reveals a well-defined periodicity, while scanning transmission electron
microscopy combined with local compositional analysis shows that the SLs exhibit a
compositional modulation rather than sharp interfaces. The polycrystalline nature of the
structures is confirmed by both x-ray diffraction and transmission electron microscopy.
Magnetization measurements indicate the presence of perpendicular magnetic anisotropy at
higher Co concentrations. Picosecond acoustic experiments demonstrate that the SLs support
short-lived acoustic modes up to 900 GHz, along with up to seven acoustic echoes with
frequencies ranging from 40 to 250 GHz. These findings open a path toward investigating
phonon-driven magnetization dynamics in such structures, establishing a foundational step
toward the development of magnetoacoustic devices operating at ultrahigh frequencies.
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1. Introduction

Ferromagnetic materials, such as Fe, Ni, Co, and their alloys,
have long been foundational to data storage and processing
technologies [1]. Magnetism in these materials is typically
controlled by external magnetic fields, voltages, electric fields,
or light [2-6]. Recently, acoustic phonons-the quanta of lattice
vibrations-have gained attention as effective means for manip-
ulating magnetism and spin dynamics through phonon—spin
and phonon-magnon coupling. In the nanoacoustic regime,
acoustic phonons with wavelengths on the nanoscale (ranging
from 1 nm to 1 pm) correspond to frequencies in the GHz—
THz range, where spin dynamics typically occur. Modifying
their dispersion relation and density of states enhances their
interactions with other excitations, presenting opportunities
for compact, ultrafast devices, as well as applications in
nanoscale material characterization, thermal transport, and
quantum technologies [7-16].

Nanometer-scale superlattices (SLs) offer a versatile plat-
form for tailoring the acoustic phonon dispersion. The addi-
tional periodicity introduced by the SLs reduces the Brillouin
zone, folding the acoustic branches and creating acoustic
minigaps at the zone edges and center [17-20]. The frequency
and bandwidth of these gaps are governed by factors such as
period thickness, composition, and relative layer thicknesses
[21, 22]. As a result, acoustic SLs can serve as phonon fil-
ters, phonon mirrors in Fabry—Pérot resonators, or as building
blocks for complex heterostructures designed to control both
hypersound and light. For example, they have been used to
emulate solid-state phenomena, including topological states,
Bloch oscillations, and Anderson localization [21, 23-27].

Most phononic SLs reported to date are based on IIl-
V semiconductors, although implementations have also been
realized in oxides [28, 29], polymers [30, 31], and group-IV
semiconductors [32—-34], among others [35, 36]. This ongoing
search for new material systems has driven the development of
nanophononics toward novel functionalities, such as respons-
ive devices with dynamically tunable acoustic responses under
external control [37].

Metallic ferromagnetic multilayers, and particularly
cobalt/platinum (Co/Pt) SLs, represent a promising platform
for these applications. They exhibit perpendicular magnetic
anisotropy (PMA), which can be tuned by adjusting the mul-
tilayer thickness and stacking sequence [38, 39]. This aniso-
tropy is key for stabilizing magnetization perpendicular to the
film plane-a property highly desirable for high-density spin-
tronic applications. Additionally, Co/Pt SLs enable the engin-
eering of acoustic phonon modes through periodic modulation
of the elastic properties [40, 41]. While most previous studies
have focused on confined GHz phonons in single metallic thin
films, the ultrahigh-frequency (THz) acoustic phonon regime
in magnetically ordered SLs remains largely unexplored [42].

In this work, we investigate the structural, magnetic, and
nanoacoustic properties of ferromagnetic Co/Pt SLs. The cent-
ral question we address is whether such systems can simultan-
eously sustain PMA and support ultrahigh-frequency acoustic
modes, thus enabling a platform for ultrafast phonon—magnon
interactions. We show that Co/Pt SLs host acoustic modes
approaching 900 GHz and reveal acoustic echoes of phonons
traversing the entire multilayer stack. These results position
ferromagnetic SLs as a promising approach for dynamic con-
trol of magnetism at the nanoscale.

The article is organized as follows: section 2 describes
the experimental methods. Section 3 presents the fab-
rication and structural/chemical characterization of the
samples. Section 4 outlines the magnetic response, section 5
analyzes the coherent acoustic phonon dynamics, and
section 6 discusses the implications and perspectives of our
findings.

2. Methods

Co/Pt SLs were deposited by magnetron sputtering onto (001)
Si substrates with a native oxide layer, under an argon pres-
sure of Pa, = 2.8 mTorr, as described elsewhere [43]. The
[Pt(tp)/Co(tc,)] bilayer was repeated 10 times, with a Pt(¢p;)
capping layer deposited on top. Here, tp; and #¢, represent the
nominal thicknesses of the Pt and Co layers, respectively. The
deposition time for Co (and thus tc,) was varied across the
series of samples, while the deposition time for Pt was kept
constant to achieve fp; = 4.2 nm.

X-ray reflectometry (XRR) measurements were performed
using a PANalytical XPert system equipped with a Cu anode
in a sealed tube, with parallel plate collimators on both the
incident and receiving paths. X-ray diffraction (XRD) meas-
urements were carried out using a Rigaku Smartlab diffracto-
meter, equipped with a rotating Cu anode and a five-circle
goniometer. Non-coplanar grazing incidence x-ray diffraction
(GIXRD) experiments were conducted with both the incid-
ent and collected beams nearly parallel to the sample surface,
which allows for diffraction conditions of crystallographic
planes perpendicular to the surface. This grazing incidence
configuration enhances the diffraction from surface materials
while maintaining a constant analysis direction in reciprocal
space.

Scanning transmission electron microscopy (STEM) cross-
section images were obtained with a FEI/ThermoFisher
Themis Titan operating at 200 keV, equipped with a spherical
aberration corrector for atomic resolution in STEM mode, and
a Bruker Super-X detector for energy dispersive x-ray spec-
troscopy (EDS). The cross-section lamella was fabricated by
focused ion beam (FIB) using a FEI/ThermoFisher dual-beam
system.
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Figure 1. Schematics of the pump-probe experimental setup. BS,
beam splitter; PBS, polarizing beam splitter; Pol, polarizer; A\/2,
half-wave plate; \/4, quarter-wave plate; PD, photodiode.

Magnetization loops were measured at room temperature
using a custom-built magneto-optic Kerr effect (MOKE) mag-
netometer in the polar configuration, with the magnetic field
applied normal to the sample plane. A red laser (A =632 nm,
5 mW) was incident on the sample surface, and the reflected
beam passed through a nearly crossed polarizer, enabling sens-
itive detection of the Kerr rotation associated with the out-of-
plane magnetization. The saturation magnetization was quan-
tified using a Cryogenic S700X SQUID Magnetometer.

A pump-probe setup (see figure 1) was used to experiment-
ally study the coherent acoustic phonon dynamics at room
temperature [44, 45]. A Ti:sapphire laser generates ~ 150 fs
pulses at a repetition rate of 80 MHz and a wavelength of
850 nm. A polarization beam splitter (PBS) divides the beam
into two orthogonally polarized components: the pump and
the probe, which follow different optical paths. Both beams
are focused onto the sample using a 20X objective, resulting
in a spot size of approximately 5 pym in diameter in a nor-
mal incidence configuration. The pump pulse first impinges
on the sample, where it is absorbed, causing a rapid increase
in electronic temperature that is subsequently transferred to
the lattice, leading to thermalization. This ultrafast heating
induces expansion, generating a strain pulse that propagates
within the structure and produces folded acoustic phonons
at the Brillouin zone center. The presence of these modes
alters the complex refractive index in the multilayer, result-
ing in a variation of reflectivity (AR) detected by the probe
pulse, which arrives at the sample with a time delay. To
enhance the signal-to-noise ratio, the pump beam is modulated
at 800 kHz using an acousto-optical modulator, synchron-
ized with a lock-in amplifier for synchronous detection. In the
collection path, the pump beam is filtered out using a com-
bination of half-wave and quarter-wave plates, along with a
polarizer [46].

3. Structural characterization

XRR measurements were performed on all samples, reveal-
ing clear SL peaks along with the total thickness fringes (see
figure 2(a)). For each set of peaks, the angular positions 6 were

Table 1. This table lists the nominal Co layer thickness #co,
estimated from the deposition rate, and the total thickness and
period obtained from XRR for each sample. The numbers in
parentheses represent the error in the last digit. Saturation
magnetization My, obtained by SQUID magnetometry at room
temperature, is also presented.

Total
thickness
Sample ¢, (nm) (nm) Period (nm) Mg (emu cm_3)
SL18 0.18 48.94(9) 4.45(5) 82
SL45 0.45 50.59(7) 4.64(2) 815
SL54 0.54 52.88(8) 4.81(4) 905
SL72 0.72 54.07(7) 4.88(3) 1003

indexed with integer numbers m. We then plotted sin’6,, vs.
m? and performed a linear fit. The modified Bragg law [47,
48], sin?6,, = 26 +m?(\/2d)?, was used to obtain the inter-
layer distances d from the slope of the linear fits, with A being
the wavelength of Cu Ka radiation. The SL period was extrac-
ted from the higher intensity peaks, while the total thickness
of the sample was obtained from the smaller fringes. These
parameters are listed in table 1 for all the samples. To estimate
the individual Pt and Co layer thicknesses, which cannot be
directly obtained from this analysis, we proceeded as follows.
We plotted the XRR-derived thicknesses as a function of Co
deposition time and performed a linear fit. This provided the Pt
thickness as the ordinate (i.e. the thickness extrapolated to a Co
deposition time of zero) and the Co deposition rate as the slope.
For the period, a single layer of each material was considered,
while the total thickness corresponds to 10 Co layers and 11
Pt layers. Both data sets yielded consistent values. Assuming
pure Pt and Co layers, we obtained the average Pt thickness
tpp = (4.2+0.1) nm, and a Co deposition rate of (1.8 £0.6)
nm min~!, resulting in Co thicknesses ¢, ranging from 0.18 to
0.72 nm across the series of SLs. The samples studied in
this work are listed in table 1: SL18 (fc, = 0.18 nm), SL45
(tco = 0.45 nm), SL54 (tco =0.54 nm), and SL72 (tco =
0.72 nm).

Complementary XRD and transmission electron micro-
scopy (TEM) with EDS were performed on the sample with
the largest total thickness, SL72.

XRD patterns obtained in the conventional high-angle
Bragg—Brentano configuration did not exhibit any clear peaks
corresponding to the SL, with only intense peaks from the Si
substrate observed. Non-coplanar GIXRD experiments were
performed on sample SL.72 to improve the observation of sur-
face material. As described in section 2, the employed con-
figuration allows diffraction from families of planes perpen-
dicular to the surface. The sample was first aligned using the
(220) and (440) substrate peaks (black curve in figure 2(b)).
Due to the weak intensity of the collected signal, the mono-
chromator was not used in this configuration, resulting in mul-
tiple wavelengths in the incident radiation (Cu Ko and Kf3,
W La). These wavelengths give rise to the diffraction peaks
for silicon identified with asterisks in the figure. The remain-
ing peaks, which have lower intensity and broader widths, are
associated with the SL. To confirm this, the experiment was
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Figure 2. (a) XRR of the SLs [Pt(tp;)/Co(tco)]10/Pt(tp) studied in
this work, measured with Cu K« radiation. The highest intensity
peaks are associated with the SL period, while the lower intensity
peaks with smaller separation are linked to the total thickness of the
sample. (b) Non-coplanar GIXRD patterns. The black curve was
obtained with the substrate in the Bragg condition, with the Si
diffraction peaks (220) and (440) indicated (*). The multiplicity of
those peaks is due to the presence of multiple wavelengths in the
experiment, as discussed in the text. The green curve was obtained
with the substrate out of the Bragg condition, confirming that the
remaining peaks are associated with the SL. These peaks are labeled
with the Miller indices of the conventional cubic unit cell for Pt.

repeated with the substrate out of the Bragg condition, yield-
ing diffraction peaks consistent with the SL (green curve in
figure 2(b)), which are labeled with Miller indices correspond-
ing to the fcc structure. The intensity of these peaks is the same
in both diffractograms, indicating the absence of a particular
crystalline texture in the plane. Notably, the (200) orientation
is almost absent, suggesting that this orientation is particu-
larly unfavorable. From these peak positions, using the Cu K«
radiation wavelength, we estimated the interplanar distances,
which are listed in table 2. For comparison, the interplanar dis-
tances for Pt and Co in the fcc structure are also provided [49,
50]. Interestingly, the interplanar distances of the SL deviate
from those of pure Pt by less than 1%, while those for Co are
more than 10% smaller.

Figure 3(a) shows a STEM cross-section image of SL72.
In the high-angle annular dark field (HAADF) mode, contrast
is sensitive to atomic number, with heavier elements appear-
ing brighter. The ten Pt/Co periods and the Pt capping layer
are clearly visible. EDS analysis was used to quantify the
atomic composition across the SL. The layers are continuous
and homogeneous in both thickness and composition. Regions
with higher roughness are observed, likely due to the pres-
ence of crystalline grains. High-resolution TEM images reveal

Table 2. Miller indices for the first Bragg reflections referring to the
fcc structure with a cubic unit cell, and the interplanar distances dsi.
computed for the SL from the angular positions of the diffraction
peaks in figure 2(b) using Cu Ko radiation. The interplanar
distances for Pt and Co, extracted from crystallographic tables for
these materials with cubic structure (Fm3m space group), are also
listed [49, 50].

Bragg reflection ds. (A) dp (A) dco (A)
(111) 2.2618 2.2650 2.0467
(200) — 1.9616 1.7723
(220) 1.3772 1.3873 1.2532
(311) 1.1768 1.1826 1.0688

a polycrystalline structure, with grains that may span multiple
SL periods (see figure 3(b)). Figure 3(c) presents local EDS
analysis performed by sweeping a line profile across the SL.
Both Co and Pt atoms are present throughout the sample, with
a composition modulation that reaches a maximum Pt concen-
tration of 95 at.% in Pt-rich regions, and a minimum of 65 at.%
in the very thin Co-rich layers. These results confirm that the
SLs present a well-defined periodic structure, with interfaces
characterized by a smooth contrast gradient rather than a sharp
transition. It is important to note that the TEM lamella is sev-
eral tens of nm thick, so the apparent gradients at the interface
may arise from interfacial roughness within the depth of the
lamella.

4. Magnetic properties

Figure 4 shows the normalized magnetization loops measured
by MOKE magnetometry in polar configuration at room tem-
perature for those SLs exhibiting a perpendicular magnetic
component. Square-shaped loops were obtained for samples
with ¢, > 0.45 nm, indicating the presence of strong PMA.
The coercive field H¢ is observed to increase with increas-
ing Co thickness, consistent with previous reports on Pt/Co/Pt
stacks [43, 48], and suggesting an enhancement of PMA with
fco. In contrast, the sample with 7c, = 0.18 nm exhibited no
detectable magnetic signal in this experiment, indicating the
absence of a robust ferromagnetic response at this low Co
thickness.

The saturation magnetization Mg was determined from full
magnetization loops obtained by SQUID magnetometry at
room temperature for all samples. These values are listed in
table 1. Mg was calculated as the ratio between the satura-
tion magnetic moment and the nominal volume of Co in each
sample, estimated as the sample area multiplied by the nominal
Co thickness #c,. However, as evidenced by STEM character-
ization, this volume does not correspond to a pure Co phase,
but rather to an intermixed Co—Pt region. Therefore, the meas-
ured values of My should be interpreted as effective saturation
magnetizations of a Co-Pt alloy, whose composition varies
across the series. This intermixing explains the systematically
lower Mg values compared to bulk Co (Mg = 1420 emu cm—3
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Figure 3. (a) Cross-sectional STEM image of SL72 obtained in the
HAADF mode; on the right, the composition map indicates the
presence of Si (substrate), Pt, and Co, detected by EDS analysis. (b)
High-resolution HAADF-STEM image showing crystalline grains
with different orientations. One grain, indicated by the dashed line,
spans several SL periods. The planes perpendicular to the arrow are
consistent with the (111) orientation. (c) Spatial distribution of Pt
and Co atoms across the SL, determined by local EDS analysis
restricted to these two atomic species; the scan-line is shown in the

inset.

for hep Co), while still being consistent with literature val-
ues reported for Co—Pt alloys with Pt atomic concentrations

between 20% and 80% [51].
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Figure 4. Normalized out-of-plane magnetization loops measured
by MOKE magnetometry in polar configuration for SLs with
different Co thicknesses. Square loops are observed in samples with
fco = 0.45 nm at room temperature.

5. Ultrahigh-frequency acoustic phonon dynamics

Figure 5(a) shows the transient reflectivity signals measured
for the four SLs. A sharp change in AR at t=0 ps origin-
ates from ultrafast hot-electron dynamics during pump excit-
ation. This is followed by a slower thermal relaxation of the
system back to equilibrium. Superimposed on this relaxation,
two distinct fast dynamics are observed: (1) short-period oscil-
lations that decay within the first 7 ps, attributed to folded
acoustic phonons arising from the SL periodicity, and (2) long-
period oscillations that persist throughout the entire measure-
ment window. The latter are associated with acoustic echoes
of a strain pulse that propagates into the structure, reflects at
the interface with the Si substrate, and returns to the surface,
where it is detected again by the probe pulse. The attenuation
of the acoustic signal is primarily due to phonon absorption in
the materials and phonon scattering at the interfaces. Although
phonon leakage into the substrate is often considered a loss
mechanism, in this case, the large acoustic impedance mis-
match between the metallic SL and the Si substrate signific-
antly suppresses such leakage. To analyze the high- and low-
frequency components of the signal, the raw data are separated
into two time windows: 0-7 ps (figure 5(b)) and 10-200 ps
(figure 5(c)).

In the 10-200 ps range, a polynomial fit is applied to
remove the slow relaxation component, revealing oscilla-
tions with a period of approximately 25 ps and a decay-
ing amplitude. A double-feature structure is also observed
in figure 5(c). This behavior is likely related to phase rela-
tionships among higher-order harmonic contributions; how-
ever, its exact origin remains unclear and may involve multiple
factors. Further investigation is required to clarify its nature.
By performing a fast Fourier transform (FFT), the phononic
spectra shown in figure 5(d) are obtained. A peak at ~40 GHz
is observed, corresponding to the fundamental mode of the
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Figure 5. (a) Raw timetraces of SL18 (black), SL45 (red), SL54
(blue), and SL72 (green). (b) Band-pass filtered signals between 500
and 1500 GHz for the first 7 ps from traces shown in (a). (c)
Polynomial fit applied to the 10-200 ps region. (d) FFT of the traces
in (c). (e) FFT of the traces in (b).

entire multilayer stack, considered as an effective single res-
onator. Additional harmonic peaks up to 250 GHz are also
present.

For the 0-7 ps interval, the short-period oscillations are
isolated by applying a band-pass filter between 500 and
1500 GHz on the raw signal (figure 5(b)). The corresponding
FFT, shown in figure 5(e), reveals a high-frequency compon-
ent at approximately 800 GHz.

The peak positions in the phononic spectra are extracted for
all four samples. As the nominal Co layer thickness increases
from 0.18 to 0.72 nm, the total sample thickness also increases,
resulting in a redshift of the mode at 40 GHz, as shown in
figure 6(a). Similarly, the unit cell thickness increases, pro-
ducing a redshift of the mode at 800 GHz, as displayed in
figure 6(b).

Frequency- and time-domain simulations of the acoustic
properties of SL72 were performed using both the transfer
matrix method, incorporating the photoelastic model, and the
finite element method implemented in COMSOL [52, 53].
Figure 7(a) shows the acoustic dispersion relation for the lon-
gitudinal mode of SL72 within the first Brillouin zone. Two
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Figure 6. Peak positions of the modes at (a) ~40 GHz and (b)
~800 GHz for all superlattices. The dashed gray and dark yellow
lines indicate theoretical frequencies obtained using different
correction factors o; applied to the nominal Pt and Co thicknesses in
the transfer matrix simulations.

stop-band regions are clearly visible: one near ~420 GHz at
the zone edge and another at ~850 GHz at the zone center. The
amplitude and position of these stop-bands depend on mater-
ial properties (sound velocity and mass density) and the SL
period.

Using the transfer matrix method, we calculate the pump-
probe generation-detection spectrum, shown in figure 7(b).
Details of the simulation procedure are provided in [52],
and the parameters used are listed in table 3. The res-
ulting spectrum exhibits distinct features in two frequency
ranges: between 40 and 300 GHz, and above 700 GHz. The
lower-frequency peaks correspond to acoustic modes gov-
erned by the total thickness of the SL, which behaves as
an acoustic resonator with a fundamental frequency near
40 GHz. Figures 7(c) and (d) show the displacement profiles
of the fundamental mode (39.28 GHz) and its first harmonic
(78.55 GHz), corresponding to the first and second peaks in
figure 7(b). In both cases, the displacement profiles are com-
mensurate with the full thickness of the SL.

In contrast, the higher-frequency peaks are associated with
the lower and upper band-edge SL modes at the Brillouin zone
center. The displacement profiles of these modes are shown
in figures 7(e) and (f), where the periodicity is commensurate
with both the SL period and the overall thickness.

We also simulated the dependence of the fundamental and
SL mode frequencies on the cobalt thickness #¢,. The results,
shown as dashed lines in figures 6(a) and (b), respectively, are
compared to experimental data. To improve the agreement,
a correction factor o, was applied to the nominal Co and Pt
thicknesses. Using nominal values (o, = 1) results in a devi-
ation of ~5.5% from the experimental data. Applying a cor-
rection factor of o, = 0.945 significantly improves the match
across both frequency ranges.

These discrepancies may arise from several sources, includ-
ing deviations in sound velocities for thin films, interdiffusion
of Pt and Co atoms, and interface roughness-all of which are
not included in the simulations but are present in the fabric-
ated structures, as discussed in section 3. Despite these lim-
itations, the strong agreement validates the simulation meth-
odology and confirms its reliability in capturing the essential
acoustic properties of the system.
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Figure 7. (a) Calculated acoustic dispersion relation of SL72. The
stop-bands at ~420 and ~850 GHz are highlighted in gray. (b)
Simulated pump-probe generation-detection spectrum. The
lower-frequency modes correspond to the full stack, while the
higher-frequency modes near 800 GHz correspond to superlattice
modes. The red dashed line is scaled by a factor of 20 for clarity. (c)
and (d) Displacement profiles across the full stack for the
fundamental mode at ~39 GHz and its first harmonic at ~79 GHz,
respectively. (e) and (f) Displacement profiles of superlattice modes
at ~800 GHz, shown over a single period. The black lines in (c)—(f)
outline the different layers in the SL, and the vertical direction of
these figures corresponds to depth of the superlattice.

Table 3. Parameters used in the simulations. n, v, p, and ¢ refer to
refractive index, sound velocity, mass density, and optical
penetration depth, respectively. The longitudinal sound velocities of
Pt and Co were calculated using the Young’s modulus (E), Poisson’s
ratio (v), and mass density (p), based on COMSOL’s materials

. . _ E(1—-v)
database and [54], via the relation v = 4/ PETIIEmE

Material n v(ms™h p(g em™)  § (nm)
Pt 3.01 4+ 5.19i [55,56] 3829.06 21.45 150
Co 2.57 +4.99i [56,57] 5857.55 8.8 150
Si [58] 3.72 8433 2.32 inf

Time-domain simulations were carried out using two com-
plementary approaches. In the first, an initial strain field con-
taining spectral components from the generation spectrum-
calculated over the 0-1000 GHz frequency range-is con-
structed. By applying an inverse Fourier transform, the tem-
poral evolution of the strain field throughout the structure
is obtained. From this, the initial optical reflectivity ry and

=
o
E 0
B
“o 20 20 60 80 100 120 40 160 180 200
Time delay (ps)
() t=0ps ©  t=28ps @ t=127ps © t=255ps
Strain field (arb. un.)
EE T
-200 200

Figure 8. (a) Simulated timetrace using the transfer matrix method.
(b)—(e) Strain field across the structure at (b) =0 ps, (c) t =2.8 ps,
(d) t=12.7 ps, and (e) t =25.5 ps, simulated with COMSOL. The
black lines in (b)—(e) outline the different layers in the SL, and the
vertical direction of these figures corresponds to depth of the
superlattice.

the perturbed reflectivity #/ are calculated. For simplicity,
reflectivity is computed at a single wavelength, A =850 nm,
corresponding to the central wavelength of the laser used in
both pump and probe beams. The initial reflectivity ry rep-
resents the response of the unperturbed (strain-free) structure.
To compute 7/, the strain field at each time step is used to
modify the refractive index profile of the structure, modeled
as n' = ng+ An, with An o St;% The reflectivity change is
then evaluated as AR = |ry|> — |r’|?. The simulation was per-
formed up to 200 ps, and the result is shown in figure 8(a).
Notably, the simulation captures key features observed in
the experimental time traces (figures 5(a)—(c)), including
the rapid decay of high-frequency oscillations at early
times and the periodic modulations occurring approximately
every 25 ps.

In the second approach, implemented using COMSOL, the
simulation begins with an initial strain field that peaks at the
surface and decays gradually into the structure, emulating the
optical skin depth. This depth is estimated by simulating the
electric field distribution of the laser, based on the complex
refractive indices of Pt and Co listed in table 3. The subsequent
time evolution of the strain field is computed. Figures 8(b)—(e)
show the strain field across the structure at selected time steps:
®)t=0ps, (c) t=2.8ps, (d) t=12.7 ps, and (e) t =25.5 ps.
Panel 8(c) illustrates the propagation of the strain wave
through the SL, revealing signatures of SL acoustic modes.
In panel 8(d), the strain front reaches the bottom of the struc-
ture. Finally, in panel 8(e), the reflected acoustic wave returns
to the surface, where detection efficiency is highest. This
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round-trip propagation gives rise to the periodic modulations
observed in both the experimental and simulated time-domain
signals.

6. Conclusion and perspectives

In summary, we have investigated the structural, magnetic,
and acoustic properties of four Pt/Co-based ferromagnetic SLs
with varying cobalt thicknesses. XRR and STEM imaging
confirmed the formation of sub-5 nm-thick periodic Pt—Co lay-
ers. The SLs exhibit clear out-of-plane magnetization hyster-
esis, with properties strongly dependent on Co content.

We demonstrated the generation and detection of ultrahigh-
frequency acoustic phonons approaching 900 GHz, along with
complex phonon dynamics below 300 GHz. Simulations using
both the transfer matrix method and finite element modeling
were performed to characterize the acoustic modes and their
dynamics, supporting the experimental observations. Despite
the simplified model assuming ideal Pt/Co stacking with sharp
interfaces and nominal layer thicknesses from XRR, the sim-
ulations capture the main features of the measured phononic
response. The dependence of phonon modes on Co thickness
(and thus on SL period) highlights the capability of these sys-
tems for nanoscale phonon engineering, meeting key require-
ments of nanophononic applications.

Acoustic losses in Co/Pt SLs, primarily due to intrinsic
absorption and phonon scattering at interfaces, remain a lim-
itation for extending oscillation lifetimes. However, coher-
ent phonons are still sustained up to ~800 GHz, indicating
that coherence is preserved when phonon wavelengths exceed
the characteristic interface roughness. Improvements in depos-
ition techniques to enhance interface sharpness could further
increase phonon lifetimes. Moreover, exploring laser polariz-
ation as an additional control parameter may offer new possib-
ilities for tailoring phonon generation and propagation in fer-
romagnetic SLs [59]. These nanoacoustic systems also show
potential for integration with optical fiber platforms, providing
improved stability and reproducibility in future experiments
[46]. Given the strong spin—orbit coupling at Co/Pt inter-
faces, future studies should address the role of Dzyaloshinskii—
Moriya interactions, chiral spin textures, and magnon damping
in such systems. These effects, though beyond the scope of the
present work, may significantly influence the magnetoacoustic
coupling and offer additional pathways for phonon—-magnon
control at the nanoscale.

Despite current limitations, our results represent a step for-
ward in the integration of ultrahigh-frequency acoustic phon-
ons and magnons for magnophononic or magnonanomech-
anical applications, and demonstrate the potential of nano-
scale SLs for controlling magnetic properties through acoustic
fields.
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