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A B S T R A C T   

The light-driven control over the properties of optical nanostructured materials has been shown to be a promising 
route to achieve various functionalities, possibly on sub-picosecond time scales when ultrashort pulses are 
employed. Here, we discuss how to induce and reveal an ultrafast dichroism in a set of plasmonic metasurfaces 
with increasing symmetry by using femtosecond pump-probe spectroscopy. We show that such effect is general, 
promoted by the photogeneration of out-of-equilibrium electrons, and it can be induced in any sufficiently large 
nanoresonator, provided that plasmonic modes with well-defined symmetry are excited. The intensity of the 
photoinduced ultrafast dichroisms depends on the geometry of the nanoresonator, and scales up when the 
excitation symmetry of the plasmonic mode decreases. Our comparative analysis demonstrates the possibility to 
exploit light-matter interaction as an effective tool to manipulate transient optical symmetry of metasurfaces.   

1. Introduction 

Recent technological advancements in the design of optical nano-
structured materials [1,2], especially in two-dimensional configuration, 
namely as metasurfaces [3,4], have boosted intensive research aiming at 
regulating their properties [5,6] to achieve diverse functionalities [7–9]. 
The light-driven control of an optical metasurface has been even ob-
tained on a sub-picosecond time scale by employing ultrashort pulse 
illumination [10,11], opening the way to the sparkling research field of 
ultrafast nanophotonics [12]. This is especially true for metasurfaces 
based on plasmonic materials [13,14], by virtue of the very efficient 
nonlinear processes promoting the generation of energetic (hot) elec-
trons [15–17]. Among different kinds of all-optical manipulation tech-
niques, ultrafast polarization switching has attracted a huge interest for 
advanced applications in photonics and beyond, based on a variety of 
materials, from metals and semiconductors to 2D materials [18–23]. 

In this framework, experimental approaches based on a polarization- 
resolved pump-probe spectroscopy scheme exploiting nonlinear light- 
matter interaction have been lately employed to reveal and control a 
photoinduced anisotropy signal in an otherwise isotropic plasmonic 
metasurface, thus promoting pump-induced dichroism [24,25]. It has 
been shown [24] that the intense ultrashort light pulse induces 

spatio-temporal transients which can break the symmetry of the gold 
nanostructure composed of high symmetric meta-atoms in the shape of 
nanocrosses (NCs). The generated dichroic modulation is broadband and 
returns to the isotropic state within a few hundreds of fs, i.e. well before 
the complete relaxation of the nanostructure (which rather requires tens 
of ps [26–28]). Thus, the main contribution to this phenomenon arises 
from non-thermal carriers, while thermalized carriers, which undergo a 
diffusion process at the nanoscale, contribute less [21,29]. 

This remarkable result raises questions on the general validity of 
such an effect, considering the given symmetry of the NC metasurface 
studied. Here we address such question by employing numerical 
modelling to design a set of periodically arranged metal nanoresonators 
with increasing symmetry, calculate their ultrafast photoinduced 
dichroic response and compare them with the transient anisotropic 
pump-probe signal measured on the NC metasurface. Interestingly, we 
found that such behavior is universal, since it is promoted by the pho-
togeneration of out-of-equilibrium electrons of the meta-atoms, a gen-
eral property of metallic nanostructures (governed by their third-order 
thermo-modulational nonlinearities [30,31]), and could even be 
extended to other systems with strong nonlinearities such as semi-
conductors or graphene. Indeed, we predict a dichroic response can be 
induced in any nanoresonator, provided that plasmonic modes with 
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well-defined symmetry and featuring significant spatial in-
homogeneities across the single meta-atom are resonantly excited. This 
condition is more efficiently fulfilled in sufficiently large structures, 
with size comparable to the wavelength of the electromagnetic field. The 
calculated transient dichroism scales with the degree of symmetry of the 
structure geometry chosen: it is weaker in a metasurface made of gold 
nanodisks (NDs) and stronger if gold nanoplates (NPs) are considered. 
Furthermore, NPs and NCs metasurfaces share the same geometrical 
symmetry, however the calculated transient dichroism (close to the 
signal peak, across the spectral range of interest) in the NCs is ~2.5 
times larger than the one found in the NPs nanostructure. We rationalize 
this effect by observing that for a given polarization state of the exciting 
light, plasmonic modes in NPs and NCs exhibit substantially different 
spatial confinement across the meta-atom. This produces a stronger 
(weaker) dichroism for the more (less) spatially-confined mode, in NCs 
(NPs) meta-atoms. 

Our study highlights the role of design of single nanostructures, here 
focussed to explore symmetry as a degree of freedom, in controlling both 
the optical response of metasurfaces and the modulation of their prop-
erties upon ultrashort laser pulse illumination. 

2. Methods 

2.1. Ultrafast pump probe spectroscopy 

The pump–probe set-up employed for the ultrafast experiments is 
briefly described here. An amplified Ti:sapphire laser produces 100-fs 
pulses, centered at 800 nm, operating at 2-kHz repetition rate, which 
are used to pump two non-collinear optical parametric amplifiers to 
generate the pump and probe pulses, respectively. The pump pulses 
cover the 850–950-nm bandwidth and were compressed by a fused-silica 
prism pair to sub-30-fs duration, while the probe pulses cover the 
565–735-nm bandwidth and were compressed by chirped mirrors to 
sub-10-fs duration. Further details on the experimental apparatus can be 
found elsewhere [32]. 

The pump and probe were focused by a spherical mirror to a diam-
eter of 50 μm, smaller than the sample area patterned with NCs. The 
pump fluence was kept at 400 μJ/cm2. The NCs metasurface was aligned 
perpendicular to the probe beam. The transmitted probe was dispersed 
in a spectrometer and detected with a custom-made charge-coupled 
device operating at the full laser repetition rate. To perform 
polarization-resolved pump probe experiments, we kept the pump po-
larization parallel to one of the arms of the crosses, while the probe 
polarization was fixed at an angle of 45◦ with respect to the pump, and 
then we performed polarization filtering of the parallel and perpendic-
ular components of the transmitted probe pulse right before the detec-
tion. The pump pulse was modulated at 1 kHz by a mechanical chopper 
and the relative differential transmittance signal in parallel (ΔT/T‖) and 
perpendicular (ΔT/T⊥) configuration was measured as a function of 
probe wavelength λ and pump–probe delay τ. 

2.2. Numerical modelling 

To predict the ultrafast optical response of plasmonic nanostructures 
upon laser pulse illumination and reproduce pump-probe measure-
ments, we employed a numerical semi-classical approach, describing the 
sub-ps energy relaxation processes at the nanoscale following photo-
absorption [33,34]. The model, reported in Ref. [24] and referred to as 
the Inhomogeneous Three-Temperature Model (I3TM), is based on the 
well-established 3TM [35,36]. In particular, it extends the latter most 
common formulation by accounting for a space dependence of the in-
ternal degrees of freedom detailing hot carrier dynamics in photoexcited 
metallic nanosystems [37–39]. These are the excess energy density 
stored in a non-thermal portion of the electronic population, N, a tem-
perature associated to thermalized electrons, ΘE, and the Au phonon 
temperature ΘL, interlinked by a set of partial differential rate equations, 

reading: 

∂N
∂t

= − aN − bN + Pabs(r, t) (1)  

CE
∂ΘE

∂t
= − ∇(− κE∇ΘE) − G(ΘE − ΘL) + aN (2)  

CL
∂ΘL

∂t
= κL∇

2ΘL +G(ΘE − ΘL) + bN (3) 

The coefficients in the rate equations above, derived from compari-
son with first principle calculations (see e.g. Refs. [40–44] and refer-
ences therein), either describe the electrons and phonons thermal 
properties (heat capacities CE, CL and thermal conductivities κE, κL) or 
they account for electron-electron and electron-phonon scattering 
events undergone by the photoexcited both nonthermal (coefficients a, 
b) and thermalized (G) portion of the electronic population. The term 
driving the evolution of the three quantities is represented by the 
instantaneous absorbed power density, Pabs(r, t), which, in the I3TM, 
includes the exact spatial pattern of pump pulse absorption across the 
nanostructure (exceeding the limits of the Quasi Static Theory) via 
full-wave electromagnetic simulations. Furthermore, to simulate the 
dynamics of the differential transmittance, a model of Au 
thermo-modulational nonlinearities has been employed to derive the 
space-time evolution of metal permittivity, starting from the one of the 
aforementioned energetic degrees of freedom [30,45]. Further details on 
the approach pursued can be found in Ref. [24]. The semiclassical 
description of hot carrier photogeneration and ultrafast relaxation and 
corresponding Au permittivity modulation is integrated in a Finite 
Element Method-based comprehensive simulation, modelling 
light-matter interaction at the nanoscale. Periodic boundary conditions 
for the electromagnetic field are imposed to model a perfectly periodic 
and infinite array of nanoresonators. 

2.3. Sample fabrication 

The metasurface experimentally investigated consists of a 2D 
squared arrangement of closely packed cross-shaped meta-atoms, 
fabricated by electron beam lithography on a CaF2 substrate. The ob-
tained meta-atoms have thickness 45 nm, width 60 nm and length 165 
nm, with periodicity ~270 nm. Details on the fabrication procedure can 
be found elsewhere [24]. 

3. Results and discussions 

3.1. Ultrafast experiments on gold nanocross metasurface 

The fingerprint of an ultrafast photoinduced anisotropy can be 
revealed by exploiting a polarization-resolved pump-probe experiment. 
For the case of a metasurface made of isotropic gold nanocrosses, a 
broadband transient dichroism vanishing within less than 1 ps, when the 
initial isotropic state is recovered, was observed and discussed in great 
detail in a recent work [24]. Briefly, in such an experiment, the resonant 
excitation by a pump pulse with linear polarization along the direction 
of one of the arms of the nanocross creates an asymmetric absorption 
pattern in each meta-atom, locally affecting the electronic population of 
the metal. This in turn induces a non-uniform out-of-equilibrium hot 
carrier distribution, which anisotropically modifies the metal permit-
tivity in the early times following photoexcitation. Upon resonant pump 
excitation, the plasmonic mode is mostly localized along that direction, 
keeping memory of the longitudinal resonance of the arms. Indeed, the 
cross shape represents a simple choice of a structure with high-symmetry 
geometry as well as strongly confined resonant near fields, offering a 
route to effectively discriminate the orientation of the excited plasmon 
mode. 

The pump-induced transient anisotropy is detected by interrogating 
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the metasurface with probe pulses projected onto two co-orthogonal 
polarization directions defined with respect to the pump polarization 
orientation, leading to a differential transmittance signal in parallel 
(ΔT/T‖) or perpendicular (ΔT/T⊥) configuration. The results of the 
pump-probe experiments are reported in Fig. 1a (for probe polarization 
parallel to the pump one) and 1b (when pump and probe polarization 
are orthogonal). The two ΔT/T signals should be identical in the case of 
structures which are symmetric with respect to the directions analyzed. 
However, by inspecting the measured pump-probe maps over a broad 
range of wavelengths, a difference in the intensity between the two is 
recorded. Both spectral and temporal features differ between ΔT/T‖

(Fig. 1a) and ΔT/T⊥ (Fig. 1b). The latter displays a lower intensity (in 
absolute value) in the broad negative band, from 560 nm to ~720 nm. A 
peak between 640 nm and 680 nm is reached in a few hundreds of fs, 
following the typical dynamics of pump-probe differential transmittance 
traces from plasmonic structures [46–48]. The onset of a further band 
can be observed at higher energies for the ΔT/T⊥ signal (Fig. 1b), with a 
decrease of the signal intensity between 570 nm and 600 nm, both these 
features being less pronounced in the parallel map (Fig. 1a). Differences 
between maps observed during the first hundreds of fs following exci-
tation vanish for pump-probe time delays longer than ~1 ps (corre-
sponding to the recovery of the isotropic case, prior to the return to 
equilibrium which requires tens of ps, out of the experimental temporal 
scale measured). 

The effect observed in pump-probe measurements is theoretically 
explained in terms of the spatio-temporal dynamics of the hot carrier 
population, generated by pump absorption within the single NC. The hot 
carrier population evolution both in time and space governs the aniso-
tropic permittivity modulation across the meta-atom. Calculated pump- 
probe maps of the differential transmittance are shown in Fig. 1c and d, 
based on the numerical model followed in Ref. [24]. 

Simulated signals are in good agreement with the measurements, 
supporting the experimental observation of a transient dichroism. The 
main spectral and dynamical features of the signals are retrieved for the 
two polarizations, by describing transient changes in the optical prop-
erties of the metasurface, accounting for the internal relaxation pro-
cesses of (both non thermal and thermalized) electrons. 

To quantify and visualize the discrepancies between the two 
polarization-selective pump-probe maps, the signal difference ΔT/T⊥ −

ΔT/T‖ is defined. This quantity is broadband, evolves in time and it 
directly correlates with the photoinduced anisotropy across the meta- 
atoms. 

In particular, spectra of the measured ΔT/T⊥ − ΔT/T‖ evaluated at 
different pump-probe delays are reported in Fig. 2a over a broad spectral 
range (data are truncated above 730 nm due to lower signal-to-noise 
ratio limited by higher probe pulse dispersion). A dichroic signal 
reaching some percent at short time delays is observed, which is 
remarkable considering this is the same order of magnitude as the pump- 
probe traces. Simulations (Fig. 2b), except for a slight quantitative 
mismatch in intensity [24], well reproduce the experiments, in the 
spectral feature of the positive band of the dichroism as well as in the 
temporal dynamics of the signal. Both measured and computed di-
chroism significantly decrease from 150 fs (blue traces in Fig. 2) to 850 
fs (light blue), approaching zero for longer pump-probe delays. The time 
evolution of the signal is shown for an exemplary probe wavelength 
selected at ~580 nm, both in the experiment (Fig. 2c) and in the 
simulation (Fig. 2d) displaying the decay of the transient signal and its 
ultrafast recovery within 1 ps. 

3.2. Higher symmetry nanoresonator design 

To demonstrate that the transient photoinduced dichroism observed 
in the NC metasurface is a general phenomenon occurring in plasmonic 
nanostructures, numerical simulations have been performed on metallic 
nanoresonators (in planar periodic arrangement) featuring different 
geometrical symmetries. 

In quasi-2D configuration, the most symmetric structure to analyze is 
a disk-shaped one, having a C∞ symmetry around its axis, in the (zy) 
plane. When illuminated with a plane wave at normal incidence and 
linear polarization (Fig. 3a), its optical response is perfectly isotropic for 
any direction of the incoming electric field. Thus, the corresponding 
metasurface, obtained as the ordered arrangement of identical NDs in a 
square lattice, inherits from its unit cell the same symmetry properties. 
Specifically, to better compare the optical performances among different 

Fig. 1. Transient anisotropy revealed by 
polarization-resolved pump-probe spectroscopy. 
Experimental (a, b) and simulated (c, d) maps of the 
differential transmittance, ΔT/T(λ, τ), recorded in a 
broadband polarization-resolved ultrafast pump- 
probe spectroscopy scheme. The pump pulse is line-
arly polarized along the direction of one of the cross- 
shaped meta-atom arms. Probe pulses, impinging on 
the sample with a time delay τ are linearly polarized 
at 45◦ to the pump polarization. The transient signal 
is then analyzed along two co-orthogonal directions, 
either parallel (ΔT/T‖, panels a, c) or perpendicular 
(ΔT/T⊥, panels b, d) to the pump pulse polarization.   
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structures, the ND metasurface was designed to exhibit a static response 
comparable to the one measured for NCs [24]. Such correspondence is 
achieved by considering the NC array periodicity (285 nm in the sim-
ulations) as the center-to-center distance between neighbouring disk 
meta-atoms with diameter D = 125 nm and height hd = 10 nm, lying on 
the same substrate (CaF2) as the NC sample. The simulated response of 
the periodic structure is shown in Fig. 3b, featuring a clear resonant 
plasmonic behavior, i.e. a well-defined peak in absorption at ~800 nm, 

with spectral width close to the static spectra of NCs. Importantly, owing 
to the relatively large dimensions of the ND, the near fields are char-
acterized by spatially-structured patterns across the particle, especially 
when resonant modes are excited, despite the high symmetry of the 
structure [38]. Thus, by considering an incoming plane wave linearly 
polarized along the z direction at a wavelength of 860 nm, namely on the 
red edge of the plasmon, the computed absorption spatial pattern, 
shown in Fig. 3c, exhibits a non-uniform profile within the single 

Fig. 2. Ultrafast dichroic spectra and dynamics. 
(a–b) Experimental (a) and simulated (b) spectra of 
the broadband dichroism, ΔT/T⊥ − ΔT/T‖, photoin-
duced by pump pulse absorption, shown at some 
exemplary pump-probe time delays of 150 fs (blue), 
300 fs (green), 850 fs (light blue). The difference in 
transient transmittance for the two polarizations 
vanishes on a sub-ps time range, demonstrating that 
the isotropic state of the metasurface is recovered 
within less than 1 ps. (c–d) Experimental (c) and 
simulated (d) time evolution of the transient dichro-
ism evaluated at a probe wavelength of around 580 
nm. (For interpretation of the references to colour in 
this figure legend, the reader is referred to the Web 
version of this article.)   

Fig. 3. Optical symmetry breaking in resonant structures. (a) Sketch of the resonant meta-atom geometry investigated, consisting of a gold nanodisk of diameter 
D = 125 nm, height hd = 10 nm. (b) Optical response of the metasurface in static conditions, displayed in terms of transmission (black) and absorption (red). (c) 2D 
map (cross-sectional cut at x = hd/2) of the normalized electromagnetic absorption across the meta-atom upon illumination at 860 nm. (d–f) Same as (a–c) for a 
squared plate of side L = 95 nm and height hp = 10 nm. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of 
this article.) 
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resonator. For the geometrical parameters set, radiation is mostly 
absorbed in the center of the disk, and to a lesser degree on the edges in 
the z direction. This results in a symmetry breaking, induced by optical 
means, across the meta-atom. Its optical properties undergo a decrease 
in the degree of symmetry as a result of light absorption, which creates 
preferential optical axes in the structure. The ND is thus no longer 
invariant upon rotation by an arbitrary angle, with its perfect isotropy 
being broken. 

NDs represent meta-atoms with the highest symmetry to be consid-
ered for our comparative purposes. As a further example of a symmetric 
nanoresonator, we considered a squared nanoplate (Fig. 3d). With the 
same rationale as for NDs, geometrical parameters of the corresponding 
NP metasurface were set to have static properties similar to NCs. To do 
so, plates with side L = 95 nm and height hp = 10 nm were modelled. 
The unperturbed optical response of the resulting periodic structure is 
reported in Fig. 3e. As for the two structures already introduced, a 
typical plasmonic resonance is obtained, with spectral features close to 
the previous ones. By its C4 symmetry, the NP metamaterial is isotropic 
with respect to excitations. As it will be shown later on in more detail, 
NPs are of particular interest, as their geometrical (and optical, once 
perturbed) symmetry is the same as NCs. Similarly to NDs, the plasmonic 
mode induced across the metallic meta-atom reveals spatial patterns 
with a lower optical symmetry, as shown in Fig. 3f, which reports the 
normalized electromagnetic absorbed power when a linearly polarized 
(aligned to the z-axis) plane wave at 860 nm illuminates the periodic 
structure. Also for NPs, photoabsorption is thus demonstrated to induce 
a symmetry breaking in the properties of the meta-atom inherited by the 
metasurface. 

Similarly to the NC metasurface experimentally interrogated, light- 
driven anisotropy is promoted by out-of-equilibrium electrons, photo-
generated in the metal with an inhomogeneous pattern governed by 
instantaneous absorption of radiation, i.e. the one in Fig. 3c for NDs, 
Fig. 3f for NPs. This is crucial for the intensity of the transient dichroic 
signal, which has been shown to be dominated by spatio-temporal non- 
thermal effects [24]. Once generated by the pump pulse, hot electrons 
undergo ultrafast relaxation and diffusion processes across the 
meta-atom. While relaxation rates are independent of the specific 
structure, diffusion is directly influenced by the spatial distribution of 
hot electrons. In these terms, the intensity of the transient dichroism is 
intimately related to the magnitude of the optical symmetry-breaking in 
the single nanoresonator. 

By thus performing nonlinear dynamical simulations (see Methods 
Section), a transient dichroism is indeed predicted in the two structures. 
Fig. 4 shows the broadband dichroic signal, as previously defined for the 
NCs. Fig. 4a refers to the ND metasurface, while in Fig. 4b the same 
quantity is shown for NP meta-atoms. The transient dichroism, featuring 
a positive band between 500 nm and 720 nm and a negative one at 
longer wavelengths for the two metasurfaces, is weaker in the disk 
metasurface (Fig. 4a), as a consequence of the higher symmetry of the 
single meta-atom. Indeed, a more inhomogeneous distribution of 
photoexcited hot carriers promotes more intense permittivity modula-
tion in the metal, thus introducing a larger difference in the optical 
properties probed by co-orthogonal polarizations (Fig. 4b). 

3.3. Comparative analysis of the nanoresonators 

The ultrafast dichroism obtained for the set of plasmonic meta-
surfaces with increasing symmetry can be directly compared to assess 
the impact of (geometrical, optical and modal) symmetry on the in-
tensity of the transient anisotropic signal. Fig. 5 illustrates such com-
parison by displaying spectra of the transient dichroism for the three 
structures, starting from the one with highest symmetry (NDs, Fig. 5a) 
and decreasing, to NPs (Fig. 5b) and NCs (Fig. 5c and d) respectively. 
Broadband spectra are here reported for a pump-probe time delay of 200 
fs, close to the dichroic signal peak, when the hot carrier distribution is 
still inhomogeneous across the meta-atom. The fact that the three 

structures exhibit a sizeable non-zero ultrafast dichroic signal confirms 
the general nature of the effect of light-induced anisotropy, driven by 
hot carriers and supported by plasmon excitation. 

Results also show that the intensity of dichroism scales with the 
degree of symmetry of the meta-atom. In the case of NDs, featuring the 
highest geometry, the pump-induced signal is the weakest. Then, by 
decreasing the degree of symmetry, the dichroism intensity is enhanced, 
moving to NPs and NCs. The signal is maximum for the latter and 
confirmed by experimental measurements (except for a ~2 factor in 
amplitude [24]). To quantitatively compare the structure performances, 
the simulated signal averaged over the spectral range analyzed for the 
fixed 200-fs delay is computed. In these terms, transient dichroism in 
NCs is proven to be ~2.5 times larger than in NPs, and ~13 times with 
respect to NDs, namely to scale with the degree of symmetry of the 
structure. To rationalize the observed difference in intensity, symmetry 
arguments can be invoked. In particular, the higher dichroism in NPs 
and NCs if compared to NDs could be explained by considering the 
higher geometrical symmetry of disk-shaped resonators (C∞), which 
keep an overall more uniform pattern of absorption, correlating to the 
anisotropic permittivity modulation. However, a comparison between 
NPs and NCs suggests that geometrical symmetry should not suffice to 
explain the difference in signal intensity, since the two meta-atoms share 
the same C4 symmetry. Moreover, for the pump polarization considered, 
the degree of symmetry of the light absorption pattern, which correlates 
with the hot carrier distribution, is also the same (as discussed in 
Ref. [24]). However, the plasmonic mode excited in NCs is much more 
spatially confined within the particle if compared to NPs (Fig. 3f and 
ref. 24). Its structure in space, reminiscent of the longitudinal plasmonic 
resonance of the single arm of the cross, entails a hot-carrier-driven 
dynamical modulation of permittivity which is much more inhomoge-
neous [24]. Modal confinement, more significant for NCs owing to its 
shape, is therefore expected to be the key aspect to interpret the weaker 
dichroism achieved in NP metasurface. 

4. Conclusion 

In this study, we have examined the photoinduced transient di-
chroism generated in a set of plasmonic metasurfaces with various de-
grees of symmetry. A polarization-resolved pump-probe spectroscopy 
scheme was employed to observe an ultrafast broadband anisotropy, 

Fig. 4. Photoinduced dichroism in symmetric plasmonic structures. (a) 
Map of the simulated broadband dichroism, ΔT/T⊥ − ΔT/T‖, photoinduced by 
pump pulse absorption (wavelength λp = 860 nm, fluence Fp = 300 μJ/cm2, 
linear polarization along the z-direction) in a metasurface made of Au disks (top 
panel inset). (b) Same as (a) for nanoplate meta-atoms. 
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which is related to the optical symmetry-breaking following pump ab-
sorption and governed by the spatio-temporal dynamics of photoexcited 
hot carriers. Experimental evidence, supported by a quantitative nu-
merical model, of such an effect was recently reported [24] for a met-
asurface made of gold cross-shaped nanostructures. Since the broadband 
dichroism is driven by ultrafast relaxation and diffusion processes of 
out-of-equilibrium electrons, the return to isotropic optical properties 
occurs within less than 1 ps. However, this phenomenon per se has 
general validity and it does apply to any nanostructure upon suitable 
excitation conditions. To demonstrate it, we designed a set of meta-
surfaces made of plasmonic resonators with increasing symmetry, 
starting from the one with highest symmetry in quasi-2D configuration, 
i.e. a disk, to squared nanoplates. Relatively large structures were 
explored, able to support plasmonic modes with spatially structured 
patterns and well-defined symmetry profiles when excited by ultrashort 
pulses with a given polarization condition. This entails that hot carriers 
are photoexcited with an inhomogeneous distribution, which in turn 
dynamically governs the meta-atom transient anisotropy. The compar-
ison of the computed and measured ultrafast dichroic signals for meta-
surfaces made of plasmonic resonators with increasing symmetry had a 
twofold interest. On the one hand, it numerically proved that the 
photoinduced dichroic response observed for NCs can be induced in 
structures with even higher symmetry, since it relates to the intrinsic 

capability of light excitation to anisotropically modulate the metal 
permittivity. Furthermore, our analysis also demonstrated that 
meta-atom symmetry can be designed to scale the intensity of the optical 
modulation effect. NDs, with the highest geometrical symmetry, are 
indeed shown to exhibit a weaker dichroism when compared to NPs and 
NCs. However, the geometry of the resonator itself is not the only aspect 
to be considered. The modal symmetry of the plasmonic resonance 
excited by the pump also has an impact on the transient dichroic signal, 
here predicted to be weaker in NPs than in NCs, since the latter feature a 
highly confined mode supporting hot carrier generation. Our results 
corroborate the relevance of designing nanoresonators and metasurfaces 
to implement and optimize optical functionalities, such as ultrafast po-
larization control. The exploitation of nanostructure symmetry to scale 
its ultrafast response also points in favour of the interest of engineering 
light-matter interaction for efficient all-optical modulators. 
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