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We propose an approach to separate the contributions of transient solid-state processes to the ultrafast
optical response of multiresonant metasurfaces. The resonant modes of a hybrid metal-dielectric
metasurface based on gold nanospheres embedded in a layer of bismuth-substituted yttrium—-iron garnet
exhibit complex relaxation dynamics involving bulk gold, garnet, and their interface processes. Analysis
of the evolution of these resonant modes makes it possible to separate the contributions of bulk and
interface processes, thereby revealing the otherwise elusive plasmon-induced hot-electron transfer across

the Au-Bi:YIG interface.

Introduction

Optical metasurfaces [1], which provide subwavelength engi-
neering of the electromagnetic wave phase profile, have found
wide-ranging applications in biomedicine [2], sensing [3], inte-
grated [4] and topological [5] photonics, photovoltaics [6] and
photocatalysis [7], neuromorphic [8] and analog [9] comput-
ing, nonlinear optics [10], and light control [11]. By carefully
engineering the resonant modes of the metasurfaces, one can
enhance and prolong light-matter interaction and achieve pre-
cise control over light scattering and absorption [12]. If there
are several resonances of different types in a system, additional
flexibility is available to control light in ways that extend beyond
traditional photonics [13,14]. This can be realized in a multi-
resonant metasurface combining plasmonic and dielectric
materials [15-17]. A magnetic dielectric-based metasurfaces
can link photonics and spintronics within the framework of
opto-spintronics [18]. In this context, bismuth-substituted
yttrium iron garnet (Bi:YIG) is a particularly suitable platform
for hybrid magnetophotonic metasurfaces [19], as it combines
low magnetic damping with a strong magneto-optical response
[20-22]. The enhanced spin-orbit coupling and tunable mag-
netic anisotropy in Bi:YIG enable efficient optical excitation
and readout of spin dynamics, while the low magnetic damping
and the possibility of growing ultrathin films make this material
suitable for integration into chip-scale magnonic and spintronic
circuits [22,23].

One of the key strengths of metasurfaces is the ability to
change their properties on-the-fly under the influence of elec-
tric and magnetic fields or heating [24,25]. Ultrashort laser
pulses make it possible to realize the light control on the sub-
picosecond timescale by means of different solid-state processes
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[26,27]. The pulses induce nonequilibrium dynamics in metals,
where the heating of the electron subsystem, interactions between
electrons and phonons, heat diffusion, and acoustic waves
occur on femtosecond to nanosecond timescales [28-32]. In
metallic nanostructures, the increase of electron and phonon
temperatures leads to a modification of amplitudes and central
wavelengths of plasmon resonances [33,34].
Nanostructuring itself yields additional transient effects
related to quantum-size [35] and electron spill-out [36] effects,
symmetry-breaking electron diffusion [37], heat-induced exci-
tation of vibrational resonances in nanoparticles [38,39], and
others. In hybrid metal-semiconductor nanostructures, the
excitation of a plasmon resonance by a pump pulse induces the
generation of hot electrons that can possess sufficient energy
to overcome the Schottky barrier and be injected into the con-
duction band of the adjacent semiconductor [7,40-46]. In fer-
romagnetic metal/noble metal multilayer structures, ultrafast
optical excitation generates hot electrons whose subsequent
ballistic transport across the interface can produce spin-polarized
currents, since the interfacial transmission and reflection prob-
abilities differ for the two spin channels [47-49]. These tran-
sient processes occur simultaneously in the solid matter, can
compete with each other, and exhibit different spatial localiza-
tion and temporal scales. The ultrafast optical response repre-
sents a spatially averaged combination of all pump-induced
perturbations to the effective dielectric permittivity, resulting
in an entangled superposition of different physical mechanisms
within the overall signal. One of the most common techniques
for disentangling distinct ultrafast processes is broadband
pump-probe spectroscopy, in which a supercontinuum probe
pulse enables separate access to different processes based on
their distinct spectral sensitivity [41,50,51]. However, in case
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of plasmonic systems, more complex approaches may be
required [33]. Hot electron and phonon nonlinearities fur-
ther complicate the interpretation of the ultrafast optical
response [52,53].

The plasmonic and waveguide modes in a multiresonant
metasurface can respond to ultrafast perturbations in unique
ways due to their distinct characteristics and different electric
field spatial localization [17]. The multimodal behavior leads to
diverse dynamics in the system, where the interaction timescales
vary depending on the resonant modes involved [54]. In a mul-
timodal metasurface with magnetic dielectric such as Bi:YIG,
hot-electron and hot-phonon heating can be used to control
magnetic dynamics on subpicosecond timescales. Ultrafast lat-
tice heating following femtosecond laser excitation has been
shown to trigger high-frequency spin waves via spin-phonon
coupling in magnetic garnet films [55], and photo-induced
ultrafast demagnetization has similarly been demonstrated to
launch spin waves in ferrimagnetic insulators [56]. Optically
guided and localized resonant modes in magnetophotonic
nanostructures enable selective and tunable excitation of stand-
ing spin waves in magnetic dielectric films [57].

In this paper, we demonstrated the separation of laser-pulse-
induced subpicosecond solid-state processes in a metal-dielectric
optical resonant metasurface. The system of periodic gold
nanospheres within Bi:YIG matrix is probed at the frequencies
of plasmon and waveguide modes. We explore how the pertur-
bation of the medium affects the dynamics of these resonant
modes and distinguish processes inside metal nanoparticles
and on the metal-dielectric interface. This strategy enables
us to decompose the overall response into contributions from
electron and phonon heating and from plasmon-induced
hot-electron injection. Disentangling the ultrafast processes
occurring in hybrid Au/Bi:YIG metasurfaces is a necessary
prerequisite for using this platform in future work to study and

control ultrafast magneto-optical phenomena such as spin-
wave excitation.

Materials and Methods

The studied sample (Fig. 1A) was a hybrid metal-dielectric
plasmon metasurface consisting of a two-dimensional periodic
square array of gold nanospheres coated with a layer of poly-
crystalline bismuth-substituted yttrium iron garnet Bi;Y,Fe,O,,
(Bi:YIG). The gold nanospheres had a radius of 55 nm, the
array’s periodicity in both directions was 600 nm, and the
Bi:YIG layer had a thickness of 95 nm. The Bi:YIG layer formed
hemispherical caps over the gold nanospheres with a radius of
80 nm. The sample supported various modes in the visible spec-
tral range, including quasi-waveguide (QWG) modes and
surface lattice resonances (SLRs). These modes differ in their
physical origin and electromagnetic field localization. SLRs
emerge from the coherent coupling of localized plasmons
within the periodic array, confining the electromagnetic field
primarily inside and around the gold nanospheres. Conversely,
QWG modes arise from the waveguide-like propagation of
a specific diffraction order within the Bi:YIG layer, with field
localization predominantly within the dielectric. The transmis-
sion spectrum of the studied sample at an incidence angle of
17° exhibits several resonant features (Fig. 2, black curve): Two
dips at 520 and 550 nm correspond to QWM modes, the dip
at 620 nm and the peak at 670 nm are attributed to quadrupole
SLRs, and the dip at 720 nm arises from the excitation of the
dipole SLR. Detailed description of sample fabrication process,
optical properties, and electromagnetic mode characterization
can be found elsewhere [17,19].

The ultrafast measurements were conducted using a pump-
probe spectroscopy technique. A regeneratively amplified
titanium-sapphire laser served as a source of 70-fs pulses at a
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Fig. 1. (A) Scheme of the sample. (B) Schematic energy diagram of the Au/Bi:YIG interface illustrating a possible plasmon-induced hot-carrier injection process.
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Fig. 2. Black curve: Transmittance spectrum of the Au-Bi:YIG metasurface at
an incidence angle of 17°; heat map: differential transmittance dependence on
wavelength 4 and pump-probe time delay 7, horizontal dashed lines correspond
to spectra in Fig. 3, and vertical dashed lines correspond to temporal dependences
in Fig. 4.

central wavelength of 800 nm with a repetition rate of 1 kHz.
The pump pulse, with a fluence of 0.8 mJ/cm?, was directed
normally onto the sample surface, exciting the dipole SLR in
the metasurface. To detect the pump-induced perturbation of
the medium, a TM (transverse-magnetic)-polarized broadband
supercontinuum probe pulse was used with the wavelength
range spanning from 500 to 750 nm incident at an angle of 17°.
Angular widths of both pump and probe beams were ~2°. Pump
and probe beams spot size diameters (full width at half maxi-
mum) were 1,000 and 200 pm, correspondingly. The probe
pulse was spectrally resolved using a spectrometer, and the
temporal traces were recorded at each probe wavelength.
Because the supercontinuum pulse propagates through disper-
sive optical elements, the group velocity dispersion introduces
a wavelength-dependent temporal shift, causing the pump-
probe temporal overlap to shift systematically across the probe
spectral range. This wavelength-dependent shift was experi-
mentally determined and traces were subsequently corrected.

The experimentally measured value was differential trans-
mittance, which was defined by the equation:

Tpump(T: A) = To(A)
To(4)

San= : M)
where T},,,,,,,(7, 4) is the transmittance of the pumped sample
at a given pump-probe time delay 7 and probe wavelength 4,
and Ty(4) is the transmittance of the unpumped sample.

Results

Experimental differential transmittance dependence
Differential transmittance spectra AT / T'(A) were measured at
various time delays = (Fig. 2). The transmittance modulation
is observed ranging from — 1072at 500 nm to 2 X 10~2at 730 nm.
The spectra show several features corresponding to different
resonances (Figs. 2 and 3): the peak at 730 nm is positioned in
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Fig. 3. (A) Experimental differential transmittance spectra AT / T(4)at 3 time delays;
arrows indicate spectral positions of the resonances. Normalized to a maximum
differential transmittance spectra (solid curves) at the vicinities of the QWG modes
(B) and SLR (C) and fit of the spectra (dashed curves) by Egs. (4) (B) and (5) (C).

the vicinity of dipole SLR, the peaks at 620 and 670 nm cor-
respond to quadrupole SLRs, the peaks at 530 and 550 nm are
associated with QWG modes, and the dip at 500 nm is attrib-
uted to the interband transition d — p in gold. During ~ the
first 500 fs, the peaks and the dip in AT / T(4) spectra were
increasing in amplitude and gradually decreasing at the longer
timescale. The QWG-related peaks at A ~ 530 and 550 nm
were shifting monotonically toward the blue region over time
on the picosecond timescale (Fig. 3B), while the SLR-related
peak at 4 ~ 730 nm was red-shifting (Fig. 3C).Thed — pdip at
500 nm and the peaks in the vicinity of the plasmon modes at
A= 620 and 670 nm retained their spectral positions. The
fluence-dependent measurements of differential transmittance
spectra AT/T(]) were performed at fixed time delay = = 3 ps.
The results at 3 wavelengths—center of dipole SLR, 730 nm;
center of the QWG mode 530 nm; blue slope of the QWG
mode, 526 nm—are presented in Section S1.

The pump configuration corresponded to the excitation of
the dipole SLR leading to resonant absorption of light by elec-
tron gas inside gold nanospheres. Excited electrons formed
nonthermal energy distribution with the lifetime 7., (electron
thermalization time) about several hundreds of femtoseconds,
during which electrons thermalized to the high temperature
Fermi distribution. In turn, hot electrons transferred their
energy to phonons in gold on the timescale of several picosec-
onds 7, (electron-phonon relaxation time). These processes
are thoroughly investigated in bulk gold and noble metal
nanoparticles [30,38,58,59]. Nonthermal electron population,
high-temperature Fermi distribution, and heated gold lattice
all contribute to the modification of dielectric permittivity [59]
and alter optical response of the metasurface.

Evolution of differential transmittance typical for bulk gold
was observed at the wavelengths of the interband transition and
in the vicinities of SLRs: after the initial growth, the absolute
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value of AT / T(r) reached its maximum at a time delay of
500 fs, and picosecond relaxation was followed (Fig. 4A, violet
and orange circles). Plasmonic modes andd — ptransition yield
different maximal values of AT / T'(r)and post-relaxation levels,
but qualitative temporal dependences were the same. The red-
shifting of the dipole SLR-related peak at A ~ 730 nm did not
perturb the relaxation curve.

Meanwhile, blue slopes of both QWG modes showed sub-
stantial deviation of optical transmittance evolution (Fig. 4A,
dark purple circles): AT / T(z)reached maximum at longer time
delays, and subsequent relaxation was suppressed. Moreover,
characteristic times and qualitative temporal trends were spec-
trally dependent. Anomalous variation of relaxation traces with
the wavelength was presented earlier [50]. Optical response
evolution in the vicinity of the QWG modes is attributed to
the complex interplay of the pronounced shift of the peaks in
AT / T(A) spectrum and the decrease of their amplitude.

AT / T(r)values at zero time delays at each wavelength were
affected by the coherent four-wave mixing of pump and probe
pulses in the Bi:YIG layer, showing itself as positive and nega-
tive extrema at the intrapulse timescale. This temporal feature
was also observed in the reference flat Bi:YIG 100-nm layer
(Fig. 4A, inset). Reference sample demonstrated no other tem-
poral features indicating the absence of pump-induced solid-
state processes in bulk garnet at the studied timescale.

Numerical analysis

To disentangle the different ultrafast processes in the metasur-
face response, a stepwise analysis is employed based on the
resonant modes observed in AT / T'(4). First, the electron and
lattice temperatures and carrier concentrations in gold under
pump excitation are obtained, using optical calculations of the
energy absorbed by a nanosphere as input. Next, we analyze
and fit the resonant features associated with the plasmonic SLR
and waveguide-like QWG modes. For the quadrupole SLRs,
whose spectral positions remain fixed in time, these calculated
temperatures are directly related to the transient amplitudes
without additional spectral analysis. For the dipole SLR, the
temperature dynamics are combined with a fit of the time-
dependent spectral shape, while for the QWG modes, both the
temperature-driven evolution and pronounced spectral shifts
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Fig. 4. (A) Experimental temporal dependences of normalized differential transmittance
AT /T,m(7) at the 3 wavelengths, corresponding to different resonances: 730 nm
(dipole SLR, violet circles), 620 nm (quadrupole SLR, orange circles), and 527 nm
(QWG mode, dark purple circles); inset depicts differential transmittance dynamics of
the reference flat Bi:YIG layer. (B) Experimental dependence AT / T, () at 620 nm
(circles) and its fit by Eq. (3) (dashed line); inset: calculated temporal dependences
of nonthermalized electron energy density N(z) (red line), temperature of thermalized
electrons 6,(z) (solid black line), and phonon temperature 6,(z) (dashed line).
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of the AT / T'(A) peaks are analyzed, revealing an additional,
slower contribution beyond metal heating.

The electromagnetic energy of the incident pump beam was
initially absorbed by electrons within gold skin layer. During
the first several tens of femtoseconds, these nonthermal elec-
trons ballistically spread deeper inside nanospheres and redis-
tributed absorbed energy. Given that the ballistic mean free
path of electrons in gold exceeds the nanosphere diameter
[60,61], the absorbed energy was assumed to be uniformly dis-
tributed within the nanoparticle volume. To calculate the elec-
tron and phonon kinetics in gold, we employed the extension
of the two-temperature model (eTTM)—the coupled system
of the two-temperature model [28] and the rate equation
[29,33,37]. This model provides the means to compute tem-
poral dependences of the nonequilibrium electron energy
density N(7), electron temperature 8,(z), and the phonon
temperature 0P(r):

N o aN—pN+P(t)
of
2,
yGeE=G<HP—0€>+aN 2)
20,
=~ =G(ee—9p) +pN

where a = 1 /150 fs™' is the average electron—electron scatter-
ing rate, f = 1 /1.4 ps~" is the rate of energy transfer from the
nonthermal electrons to phonons, y8, = 71 Jm—>K~2 §, and
C,=25X 106 Jm~3 K~ !are electron and phonon heat capaci-
ties, G = 2.1 X 10! Wm™3K~! is the electron-phonon cou-
pling constant, and P(¢) is the heat source with a 70-fs temporal
envelope, normalized so that its time and volume integral
equals the energy absorbed from the pump pulse. The used
constants are typical for gold [37,60]. The calculated depen-
dences are depicted in the inset of Fig. 4B. The electron tem-
perature reached 6, ~ 1,100 K, while the phonon subsystem
was heated up to 6, ~ 340 K.

Next, we studied the AT / T(A) peak associated with quadru-
pole SLR at A ~ 620 nm, the spectral position of which remains
unchanged over studied time. Differential transmittance dynam-
ics at the fixed wavelength AT / T(z, 620 nm) was fitted by the
combination of the calculated temporal dependences:

A—TT(T) =aN@) +b0,(0)+cO,(x)+d0,(r), (3)

where a, b, ¢, and d are fitting parameters. The quadratic depen-
dence on 0, is attributed to the dielectric permittivity non-
linearity at high hot-electron temperatures due to smearing
of the Fermi-Dirac distribution [30]. The good agreement
between the fit and the experimental data (Fig. 4B) demon-
strates that the differential transmittance evolution is dictated
by hot-electron dynamics in gold.

This procedure cannot be applied to the peaks associated
with the QWG modes and the dipole SLR, since their spectral
positions shift over time. To deduce integral temporal charac-
teristics of each peak in the AT / T(4) spectrum from diverse
transmittance evolution, the following procedure was used.
Two spectral windows were considered: the vicinity of QWG
modes (520 to 560 nm) and the vicinity of the dipole SLR at
the red edge of the investigated spectrum (720 to 740 nm). To
numerically characterize the shape of the AT / T'(z, A) spectral
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features, we approximated them by the peak functions at each
time delay. The fitting procedure was conducted in the fre-
quency domain. In the case of QWG modes, the best fit was
produced by two Lorentzian functions:

AT| (o AT o)
T e
AQWG, A6 2

Sl ©) +Bg?"(x),

T N )

index “1” corresponds to the bluish QWG mode peak
(A ~ 530 nm) and index “2” corresponds to the reddish (4 ~
550 nm). The peak in the vicinity of SLR was approximated by
Gaussian function:

AT vy (1) ’
=\  (v,r)=ARi(r)exp| - —=—=] [+ B R(1).
T [str, P ATSIRa () 3

(5)

AQWG1 (), AQWG (1), ASIR4(7) are the obtained amplitudes
of the peaks, v?wcl (1), V?WGZ(’L'), vaR”’(r) are their central
frequencies, and AT?WG1(7), ATQWC2(7), ATSER4(7) are peak
widths. BgQWG(f) and BgSLR(T) are constant background
terms that are nonzero only at time delays where the pump
and probe pulses temporally overlap, arising from coherent
four-wave mixing.

In the spectral vicinity of the dipole SLR, the resonance
originates from the coupling between the single-particle plas-
mon and a narrow diffraction anomaly whose central wave-
length is strongly angle-dependent. The measured linewidth is
therefore governed by the angular dispersion of the lattice mode
convolved with the finite angular spread of the probe beam,
which yields an effectively Gaussian envelope. In contrast, the
QWG modes spectral position is set mainly by the Bi:YIG layer
thickness and refractive index, and their spectral profile is well
approximated by the standard Lorentzian response of a reso-
nant lineshape.

The evolution of the peak amplitudes A2WG1(7), ASLRa(7)

and central wavelengths ASWGI (z), ASFRd(7)is presented in Fig.

4 (circles). Temporal dependences of A2WC(z) and A2" %2 (z)
for the reddish QWG mode qualitatively matched the dynamics
of the bluish QWG mode. Dipole SLR peak’s amplitude dynam-
ics ASIRa(7) displays typical exponential relaxation, while
ASIRa (1) dependence shows fast and subsequent slow excitation.

In case of QWG, both AQWG1(z) and ACQWGI (7) demonstrate
retarded relaxation, which clearly indicates the existence of
additional slower processes. The same peak analysis was con-
ducted for fluence-dependent measurements of differential
transmittance spectra; the results can be found in Section S2.
Temporal dependence of peak widths AT?W¢1 and ATSERd are
presented in Section S3.

Further, we applied the eTTM fitting procedure to the

obtained ASIRa(7) and /lfLRd (r) dependences, analogous to
Eq. (3):
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Fig. 5. The temporal dependences of AT / T(A) peak amplitudes A(z) (A and C) and their
central wavelengths A(z) (B and D); circles represent the data obtained from the peak
analysis of the experimental spectra by Eqs. (4) and (5); dashed lines correspond to the fits
tothese data by eTTM* [Eq. (7) for Aand Band Eq. (6) for C and D]; (A) and (B) correspond
to the analysis of the vicinity the bluish QWG mode, and (C) and (D) correspond to the
dipole SLR. The area of the colored regions corresponds to the impacts of the different
summands in Egs. (6) and (7) to the overall dynamics.

ARy =a N(2)+b 0,(7) +c 6> (1) +d 0,(7),
A2y = Ag+a N(@)+b 0,(r)+¢ 62(r)+d 0,(2),

—~
&)}
=

where a,b, ¢, d, and A are fitting parameters. The sets of fit-
ting parameters were selected independently for each curve.
Functions N(r),0,(r),and 0,(7) corresponded to the same
solution of eTTM [Eq. (2)] as in Eq. (3). Peak amplitude and
central wavelength dynamics were reproduced by electron and
phonon evolution (Fig. 5C and D, dashed lines). The beige area
in Fig. 5 corresponds to the impact of the nonthermal electrons
in the overall dynamics [aN(7) summand], the sandy-colored
area displays the impact of the thermal electrons, and the dark
brown area represents the impact of the phonon temperature.
The slow excitation in Fig. 5D is described by temperature
dynamic in gold and attributed to the substantial impact of the
rising phonon temperature.

However, the same fitting procedure fails to reproduce the
retarded relaxation in the case of QWG modes. To describe

AWGi()and /ISWGI (r)dependences, we modify eTTM by add-
ing an exponentially decaying summand to Eq. (6) (eTTM* fit):

ACi(z)=a N(1)+b 0,(t)+c 02(1)+d 0,(1)+

+ [fexp(— %)H(T)] ®exp<— 212 ),

T pump )
j?wcl ()= AO +a N(r)+b 03(7) +c 0§(T) +d HP(T)+
2
+ [fexp( - g)H(T)] ®6XP< - zT )
T Tpump
5
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where Gaussian function corresponds to the temporal envelope
of the pump pulse, the Heaviside step function H(z) limits the
exponents grow at negative times, and fand 7 are fitting param-
eters, alongside with a, b, ¢, d, and A As previously mentioned,
the sets of fitting parameters were selected independently and
the functions N(z), ,(r), and 0 ,(7) corresponded to the same
solution of the eT'TM [Eq. (2)]. Results of the fit with 7 &~ 7 ps
are shown in Fig. 4A and B (dashed line). The contribution of
the additional term to the overall dynamics (brown area in Fig.
4A and B) considerably exceeds that of the processes occur-
ring inside gold. At the same time, applying the eTTM* fit to

ASIRi(7) and )f:LRd (r) dependences instead of Eq. (6) results
in either the relaxation constant 7 approaching the electron-
phonon relaxation time ~3 ps or the amplitude of the term f
becoming negligibly small depending on initial conditions.

Analyzing the spectral vicinity of the plasmonic resonances
alone does not allow the additional process to be resolved,
because the hot-carrier injection produces only a weak signa-
ture there compared to the dominant dynamics in gold. At the
same time, this plasmonic window provides a way to determine
and fix the parameters of the electron and lattice dynamics in
gold, which are then used in the analysis of the temporal traces
in the spectral vicinity of the QWG mode. In contrast, examin-
ing only the QWG spectral region requires a fitting procedure
with several exponential contributions with close characteristic
times, which does not yield a reliable description of the dynam-
ics. A comprehensive depiction of the solid-state processes in
the hybrid metasurface can therefore be obtained by consider-
ing the plasmon and QWG modes together.

Discussion

Comparing the dynamics of ASIRa(z), ﬂfLRd (r)and AQWGi (1),
A?WGI (r) and taking into account the spectral independence
of electron-phonon relaxation time [30,58], the additional
decaying term cannot be attributed to the hot electron dynam-
ics inside gold nanospheres and corresponds to a parallel pro-
cess with characteristic time of ~ 7 ps. Excitation of any
vibrational resonances of gold nanoparticles [38] or acoustic
waves inside the garnet layer [62] should occur on a consider-
ably longer timescale. Pumping the reference Bi:YIG layer dis-
plays only coherent four-wave mixing without any prolonged
perturbation. Since the observed additional process cannot be
referred to the gold nanoparticles and garnet layer separately,
we associate it with the gold-garnet interface.

A possible explanation is the plasmon-induced injection of
hot carriers across the Au/Bi:YIG interface (Fig. 1B). Bi:YIG
exhibits a band gap with an upper estimation of E, $2.6 eV
[20,21,63] (transition at the tetrahedral iron site), which is
responsible for its magneto-optical activity; a typical work
function for transition-metal oxides, a class that includes
Bi:YIG, is ¢piyic ~ 4.9 eV [64]; the work function of gold is
¢4, ~ 4.8¢eV [65]. Therefore, the Schottky-like energy barrier
between the Fermi level of gold and Bi:YIG conduction band
can be estimated as Egi:YIG - E?“ ~ 1.2 eV. In turn, the pump
pulse spectrally corresponds to the excitation of SLR and is
resonantly absorbed by Au spheres. Therefore, at the initial
stage, a part of the electron population coherently oscillates
and has an excess energy of 1.5 eV above the Fermi level. This
energy is high enough to overcome the interfacial barrier, and
some of these hot electrons can be transferred from Au into
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empty states of Bi:YIG conduction band before plasmon oscil-
lation stops. In this process, holes remain in Au, so the interface
temporarily acquires a charge-separated character. In our case,
we consider the effective decay time of the interfacial perturba-
tion to be & 7 ps. Such hot-carrier transfer is known in metal/
semiconductor interfaces and related hybrid systems as an
ultrafast process occurring on femtosecond to picosecond tim-
escales and capable of producing transient changes in optical
properties [7,40-46]. In the Au/Bi:YIG structure, this mecha-
nism can lead to a transient redistribution of charge and occu-
pation of electronic states near the interface, which modifies
the local dielectric response and, consequently, affects the opti-
cal signal measured in the pump-probe experiment. Because
the conduction band of Bi:YIG is intrinsically spin-split by the
exchange interaction, the density of empty states available to
accept an injected hot electron differs between the two spin
channels once the sample carries a net magnetization. This
asymmetry should provide the spin-selective plasmon-induced
hot-electron injection, opening a new route toward all-optical,
pump-induced spin injection into a magnetic oxide.

In conclusion, we suggest a method to distinguish the impacts
of transient solid-state processes on the ultrafast optical response
of multiresonant metasurfaces. By analyzing the evolution of
different resonant modes in a multiresonant metasurface,
the contributions of processes occurring in the bulk and at the
metal-dielectric interface are separated. The dynamics of
the plasmonic modes primarily reflects processes inside gold
nanospheres. Examining the evolution of waveguide mode
reveals the existence of the plasmon-induced hot-carriers injec-
tion across the Au-Bi:YIG interface. This opens up a new regime
of magnetic perturbation on the picosecond timescale, with
potential applications in spintronics and ultrafast magnetism.
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We propose an approach to separate the contributions of transient solid-state processes to the ultrafast optical
response of multiresonant metasurfaces. The resonant modes of a hybrid metal-dielectric metasurface based on gold
nanospheres embedded in a layer of bismuth-substituted yttrium—iron garnet exhibit complex relaxation dynamics
involving bulk gold, garnet, and their interface processes. Analysis of the evolution of these resonant modes makes it
possible to separate the contributions of bulk and interface processes, thereby revealing the otherwise elusive plasmon-
induced hot-electron transfer across the Au-Bi:YIG interface.
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