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Coherent acoustic phonon generation and detection assisted by optical resonances are at the core of
efficient optophononic transduction processes. However, when one is dealing with a single optical reso-
nance, the optimum generation and detection conditions occur at different laser wavelengths, i.e., different
detunings from the cavity mode. In this work, we theoretically propose and experimentally demonstrate
the use of elliptical micropillars to reach these conditions simultaneously at a single wavelength. Elliptical
micropillar optophononic resonators present two optical modes with orthogonal polarizations at differ-
ent wavelengths. By using a cross-polarization-scheme pump-probe experiment, we exploit the mode
splitting and couple the pump beam to one mode while the probe is detuned from the other mode. In
this way, at a particular micropillar ellipticity, the phonon-generation and phonon-detection processes
are both enhanced. We report an enhancement of the coherent-phonon-generation-detection process by a
factor of approximately 3.1 when comparing the highest achievable signals from elliptical and circular
micropillars. Our findings constitute a step forward in tailoring light-matter interaction for more-efficient
ultrahigh-frequency optophononic devices.

DOI: 10.1103/PhysRevApplied.22.014069

I. INTRODUCTION

The efficient manipulation of gigahertz acoustic
phonons at the nanoscale is crucial for transforming vari-
ous technological applications, from quantum information
to data processing [1–3]. For instance, the long phonon
lifetimes and short wavelengths make them good candi-
dates for information carriers and quantum memories. The
coupling of gigahertz acoustic phonons with superconduct-
ing qubits [4–6] or cavity exciton-polaritons [7,8], with use
of gigahertz bulk-acoustic-wave resonators, exemplifies
the potential of the field. Optophononic resonators based
on GaAs/AlAs semiconductor microcavities, on the other
hand, offer versatile platforms reaching frequencies up to
a few terahertz [9–11]. The resonant frequency of acoustic
phonons in the vertical direction depends on layer thick-
nesses, controlled through advanced techniques such as
molecular-beam epitaxy [12]. Tailoring the optophononic
properties of these resonators by defining 3D structures,
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such as micropillars, enhances light-matter interactions
due to the lateral confinement that localizes the optical
and acoustic fields [13–15]. Additionally, these systems
allow the integration of acoustic resonators with other
solid-state platforms, such as exciton-polaritons or single-
photon sources, when one is defining quantum wells or
quantum dots at the cavity spacer [16–18]. However, effi-
cient transduction for optimum phonon generation and
detection at the nanoscale remains a major challenge. This
issue has been explored in acoustoplasmonics [19–24], and
recently the use of circularly polarized light with plas-
monic structures having chiral geometry to selectively
enhance phonon generation and detection was proposed
[25]. In this work, we present an alternative strategy based
on semiconductor micropillars that simultaneously confine
near-infrared light and acoustic phonons.

Manipulation of ultrahigh-frequency acoustic phonons
usually requires all-optical experiments, such as time-
domain Brillouin scattering [26–28]. In microcavity
optophononic resonators, the roadblock arises from the
fact that the phonon-generation process is most efficient
when the excitation laser matches the optical mode res-
onance, while phonon detection, linked to optical reflec-
tivity changes due to changes in the refractive index, is
most sensitive at the slope of the optical mode [29–31].
This limitation can be overcome by the use of two
lasers slightly detuned so as to reach the optimum
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condition [22,32]. While an effective and straightfor-
ward strategy, this solution requires two laser oscillators.
Another approach is to change the angle of incidence of the
excitation laser so that the in-plane component of the opti-
cal dispersion relation leads to a different resonant mode
[29]. Although successful in planar microcavities based
on distributed Bragg reflectors (DBRs), this technique is
not feasible with micropillars due to lateral confinement
constraints. To date, in the case of micropillars, no phonon-
enhancement strategies have been proposed, except the
integration of pillar microcavities with single-mode fibers,
enabling long-term stabilization and reproducible plug-
and-play experiments [33].

In this scenario, elliptical micropillars emerge as
promising options for increasing device efficiency. Their
elliptical shape induces birefringence, causing the con-
fined optical mode to split into two nondegenerate polar-
ized modes aligned with the micropillar axes [34–36].
The size and ellipticity of the micropillars determine the
mode splitting. Elliptical micropillars have been used to
improve the emission of single-photon sources based on
quantum dots embedded in a microcavity spacer [37–40].

Elliptical micropillars have recently been used to manipu-
late the polarization selection rules of spontaneous (inco-
herent) Brillouin scattering [41]. A polarization-based
spectral filtering of the laser was achieved by use of the
wavelength-dependent rotation of polarization induced by
the elliptical micropillars. In this article, we theoretically
propose and experimentally demonstrate how to simul-
taneously enhance the coherent phonon generation and
detection. In contrast to previous reports [41], we enhance
the coherent phonon signals, and no rotation of polariza-
tion is involved. Through experimentation with micropil-
lars of different ellipticities, we establish that an optimum
ellipticity significantly enhances the phonon-generation-
detection process.

II. METHODS

A. Experimental details

The structures studied are based on an optophononic
microcavity grown on a (001)-oriented GaAs substrate
by molecular-beam epitaxy. It consists of two DBRs
enclosing a λ/2 GaAs spacer [Fig. 1(a)] [16,41]. The
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FIG. 1. (a) Vertical structure of the micropillars. Dark (light) blue corresponds to GaAs (AlAs). (b) Scanning-electron-microscope
image of an elliptical micropillar. The red (blue) arrow indicates the major (a) axis [minor (b)] axis of the cross section, associated with
the vertical (V) [horizontal (H)] polarization. (c) Pump-probe experimental setup. (d) Optical reflectivity of a 4-µm-diameter circular
micropillar. (e) Optical reflectivities of an elliptical micropillar with major (red) and minor (blue) axes of 4 and 2 µm, respectively.
(f) Optical mode splitting of five micropillars with a minor axis of 4, 2.8, 2.6, 2.4, and 2 µm, while the length of the major axis is 4 µm.
(g) Differential reflectivity in the time domain. The inset shows an enlargement of the reflectivity time trace, showing low-amplitude
oscillations due to coherent acoustic phonons. (h) Fast Fourier transform of the time trace shown in (g). AOM, acousto-optic modulator;
BS, beam splitter; HWP, half-wave plate; PBS, polarizing beam splitter; PD, photodiode; Pol, polarizer; QWP, quarter-wave plate.
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top (bottom) DBR is formed by 25 (29) periods of
Ga0.9Al0.1As/Ga0.05Al0.95As (λ/4, λ/4). This design con-
stitutes an optophononic resonator confining near-infrared
photons at around λ = 900 nm and acoustic phonons
at approximately 18 GHz [13,15,42], with an optical Q
factor of approximately 11 000. See Appendix A for fur-
ther details. Elliptical micropillars are processed from the
planar cavity by electron-beam lithography and inductively-
coupled-plasma etching. Figure 1(b) shows a scanning-
electron-microscope image of a micropillar with an ellipti-
cal cross section. Here, we define the major axis as a and
the minor axis as b.

The schematics of the pump-probe time-domain
Brillouin-scattering technique [26,27], used to study
coherent phonon generation and detection, is displayed
in Fig. 1(c). Picosecond pulses from a Ti:sapphire laser
are split into two linearly polarized beams with orthogo-
nal polarizations (pump and probe) by a polarizing beam
splitter. The pump generates phonons via the deformation-
potential mechanism. The presence of coherent acoustic
phonons in the structure modulates the material’s refrac-
tive index. The probe beam then detects transient reflec-
tivity changes. By scanning the time delay between the
pump and probe beams with a mechanical delay line, we
can reconstruct the reflectivity time trace of the structure.
Both beams merge at the beam splitter and are coupled to a
single-mode fiber. They are focused on the sample to a spot
with a diameter of approximately 2.2 µm with an objec-
tive lens with a numerical aperture of 0.7. The reflected
light is coupled to a different fiber and sent to a fast pho-
todetector. A combination of quarter-wave and half-wave
plates is used to manipulate the polarization of the two
beams. For the collection, the pump is filtered out by a
cross-polarization filtering scheme with a second set of
quarter-wave and half-wave plates and a polarizer before
the photodetector. The signal is then analyzed by a lock-in
amplifier. To observe the optical modes of the elliptical pil-
lars, reflectivity measurements can be performed with the
same setup [41]. Broadband light is adapted to the incident
path, and the reflected light is sent to a double spectrome-
ter and detected by a charge-coupled device. A removable
polarizer is placed in the collection path, before the fiber,
to select the polarization of interest. All measurements are
performed at room temperature.

Figures 1(d) and 1(e) display the reflectivity spectra
of micropillars with a circular (a = b = 4 µm) and an
elliptical (a = 4 µm and b = 2 µm) cross section, respec-
tively. The reflectivity of the circular micropillar reveals
a cavity mode centered at 902.27 nm, with a full width
at half maximum of approximately 0.08 nm. Only one
optical mode is present and it has no preferential polar-
ization axis. The eigenfrequency is inversely proportional
to the micropillar radius. In the case of the elliptical
micropillar, the degeneracy of the eigenfrequency is lifted
and we can observe two optical cavity modes in the

reflectivity according to each axis of the elliptical cross
section and they are conventionally associated with the
vertical and horizontal linear polarization for the major
axis (a) and the minor axis (b), respectively. The verti-
cal and horizontal modes are at 900.90 and 900.77 nm,
respectively, exhibiting a splitting �λ of 0.13 nm. In the
case of acoustic phonons in the structures studied, due to
Poisson’s ratio, there are no eigenmodes associated with
pure vertical and horizontal polarizations [14]. The fre-
quency of the confined mode is determined mainly by
the spacer thickness (see Appendix B). The optical-mode-
splitting dependence on the length of the minor axis b
(while the length of the major axis a remains constant at
4 µm) is displayed in Fig. 1(f). The splitting increases with
decreasing b.

A typical pump-probe time-dependent differential
reflectivity is displayed in Fig. 1(g). A rapid change and
an exponential decay within approximately 500 ps are
present. After removing the low-frequency component and
performing a Fourier transform, we observe a peak at
around 18.5 GHz in the spectrum [Fig. 1(h)], correspond-
ing to the fundamental mode of the microcavity.

In the pump-probe experiment, we exploit the cross-
polarization of the beams combined with the mode split-
ting of the elliptical pillars. The polarization of the pump
beam, which is responsible for the coherent phonon gener-
ation, is aligned with the major axis of the micropillar, and
therefore it is coupled to the vertical mode of the elliptical
pillar. Accordingly, the probe beam, which detects tran-
sient reflectivity changes induced by the acoustic phonons,
is automatically parallel to the mode along the minor axis
(horizontal mode).

B. Model implementation

We propose a simplified 1D model to simulate the
pump-probe experiment in elliptical micropillars. We com-
pute the optical reflectivities and the optical and strain
fields using the standard transfer-matrix method for multi-
layered structures, considering the appropriate parameters
for electromagnetic waves—refractive index (n) and speed
of light (c)—and acoustic waves—mass density (ρ) and
speed of sound (v) [9,11,30,43]. To mimic the experi-
mental optical mode splitting of elliptical micropillars, we
assume there are two independent structures (correspond-
ing to each axis) for each ellipticity: first, we calculate the
reflectivity of the vertical mode (associated with the major
axis a = 4 µm) at wavelength λV; and for the horizontal
mode, we tune the overall refractive index of the multilay-
ered structure so that the optical resonance is shifted, and
the wavelength difference between the horizontal and ver-
tical modes match the experimental splitting. The reflectiv-
ity of the mode along the minor axis for four different cases
(4, 2.8, 2.4, and 2 µm) is shown in Fig. 2(a). Note that
the reflectivity spectrum for the case b = a = 4 µm falls
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FIG. 2. Simulation of phonon generation and detection in four
elliptical micropillars with minor axis b = 4 µm (black), 2.8 µm
(red), 2.4 µm (blue), and 2 µm (green), whereas the major axis
a = 4 µm is fixed. (a) Simulated reflectivity of four pillars as a
function of optical mode shifting relative to consistent vertical
mode. (b),(c) Phonon-generation and phonon-detection spectra,
respectively. (d) Product of the generation and detection spectra.

in the circular-micropillar situation, in which the mode is
independent of the axis orientation.

The amplitude of the coherent phonon generation
g(ω, λ) is given by the overlap integral [9,30]:

g(ω, λ) =
∫

p(z)η(ω, z)|E(λ, z)|2dz, (1)

where ω = 2π f , λ, z, p(z), η(ω, z), and E(λ, z) corre-
spond to the acoustic phonon angular frequency, the optical
wavelength, the position along the multilayer stacking
axis, the material-dependent photoelastic constant—which
we assume has a nonzero constant value at the cavity
spacer—the acoustic strain field, and the laser electric
field, respectively, in which the last two are calculated with
the transfer-matrix method. The strain field is calculated
at the acoustic resonant frequency. The phonon-generation
amplitude as a function of the excitation-laser wavelength
at the acoustic resonant frequency f = 18.5 GHz is dis-
played in Fig. 2(b). The peak amplitude centered at λV is
a consequence of the maximum overlap integral between
electric and strain fields.

The detection efficiency, which is independent of the
generation process, can be calculated by one assuming
there is a photoelastic interaction. The acoustic phonons
present in the structure modify the refractive indices,
which leads to a differential modification of the optical
reflectivity. We consider a perturbative term (�n) for the
refractive index proportional to the product of the strain

field at f = 18.5 GHz with the photoelastic constant p(z).
We then calculate the perturbed optical reflectivity R with
the modified strain n′ = n0 + �n. Finally, the variation in
reflectivity is calculated by [30]

�R(λ, ω) = |R0(λ)|2 − |R(λ, ω)|2 , (2)

where R0 is the unperturbed reflectivity. The detection pro-
cess is performed by the probe beam, which is coupled
to the horizontal mode; therefore, these calculations are
repeated for every minor-axis length, as shown in Fig. 2(c).
One can see that the detection efficiency is always zero
at the center of the optical cavity mode, and is maximum
(with opposite signs) at both slopes.

The product of the phonon-generation and phonon-
detection spectra, shown in Fig. 2(d), maps the resulting
wavelength-dependent phonon amplitude for each ellipti-
cal case. However, the pulsed laser used in the experiment
has a spectral Gaussian profile with an associated full
width at half maximum of around twice the optical cav-
ity linewidth. Each wavelength component of the laser is
then susceptible to a different phonon-generation-detection
efficiency. To account for that, we calculate the product
of a Gaussian centered at λV, related to the laser spec-
tral profile, with the function displayed in Fig. 2(d). The
simulated phonon amplitude is then a result of an over-
lap integral between the laser spectrum and the generation
and detection efficiencies. In a circular micropillar, one can
predict that the phonon amplitude will be close to zero due
to the opposite signs of the detection efficiency, which can
be understood as counterphase reflectivity modulation that
cancels the signal. In addition, the case with a minor axis
of 2.8 µm leads to the strongest signal, and finally, the
extreme case of 2 µm leads to a weak phonon signal again,
as the horizontal mode is well detuned from the laser.

III. RESULTS AND DISCUSSION

Figure 3 presents the normalized pump-probe phonon
amplitude as a function of the splitting between the hori-
zontal and vertical optical modes. The case of zero splitting
corresponds to a circular micropillar with a diameter of
4 µm. The error bars are associated with the standard
deviation of the amplitude among five measurements on
each pillar. The experiment is performed with pump and
probe powers of 40 and 100 µW, respectively. The laser
is tuned in resonance with the vertical mode so that the
phonon-generation efficiency is constant.

For circular micropillars, the phonon amplitude is nearly
zero. In this case, the counterphase reflectivity modula-
tion at both slopes of the cavity is equally sensed by
the probe, which cancels the signal. By our increas-
ing the ellipticity, the detected phonon signal increases
and reaches a maximum amplitude for the pillar with
b = 2.4 µm. At the other extreme, the splitting of the
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FIG. 3. Normalized amplitude of the phonon signal as a func-
tion of the length of the minor axis of the pillars (top axis) and the
mode splitting (bottom axis). The experimental and simulation
results are presented in blue and black, respectively. The error
bars correspond to the standard deviation of five consecutive
experiments.

modes leads to a probe weakly coupled into the horizon-
tal mode, and thus the detected phonon signal decreases.
The linewidths of the laser pulse and the optical cavity
mode are comparable. This leads to a strongly-wavelength-
dependent coherent-phonon-generation-detection process
for the highest-phonon-amplitude case. The combina-
tion of small laser-wavelength fluctuations with slightly
different mode matching in each experiment increases
imprecision. Despite the large error bars, the phonon
amplitude within the experimental error is still higher than
the amplitudes at adjacent ellipticities.

Although the trend is compatible with the predicted
trend, with a maximum phonon amplitude in between the
two extreme cases, there is a clear offset between the exper-
imental results and the simulation curve shown in Fig. 3,
according to the model described in the previous section.
The computed values show a maximum phonon amplitude
for an elliptical micropillar with b = 2.8 µm, with a mode
splitting of approximately 0.038 nm, i.e., approximately
0.032 nm less than the measured one. We associate this
discrepancy with the warming up of the sample due to the
relatively high power of both the pump beam and the probe
beam. The warming-up process consists of a change of the
index of refraction due to the change in temperature of the
sample produced by the absorption of the pump and probe
pulses. This heating induces a redshift of the optical cav-
ity mode, changing the optical coupling condition of the
probe, and thus its sensitivity [44].

We perform pump-probe experiments as a function of
the laser wavelength for four elliptical pillars across the
optical cavity modes in steps of approximately 0.01 nm. To
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FIG. 4. Wavelength-dependent phonon signal on micropillars.
Each column corresponds to one micropillar, as shown at top
of the figure. (a)–(d) Experimental reflectivity. (e)–(h) Laser-
wavelength dependence of the power of the phonon signal. (i)–(l)
Simulated phonon amplitude as a function of laser detuning.
H, horizontal polarization; V, vertical polarization.

minimize warming-up effects, the pump and probe powers
are reduced to 30 and 25 µW, respectively, correspond-
ing to respective reductions of 25% and 75%, compared
with the previous experiment. For reference, the reflectiv-
ity and cross section of the micropillars are shown in Figs.
4(a)–4(d). In Figs. 4(e)–4(h), we present the measured
phonon intensity as a function of the laser wavelength. We
simulate the laser detuning by shifting the center wave-
length of the Gaussian profile that is multiplied by the
phonon-generation-detection function. In Figs. 4(i)–4(l),
the plots display the phonon amplitude, i.e., the integral of
the resulting product, as a function of the laser detuning.

For the circular micropillar [Fig. 4(e)], when there is
no symmetry breaking in the cross section, the results are
aligned with previously reported results [30,31]. The high-
est amplitude occurs along the slopes of the optical cavity,
indicating that the detection process is directly associated
with the modulation of the refractive index of the structure.
These results are consistent with the simulations depicted
in Fig. 4(i). By our introducing the ellipticity, the shape
of the wavelength-dependent phonon amplitude changes.
Notably, the intensity now reaches the maximum when the
length of the minor axis is 2.8 µm [Fig. 4(f)], as previously
expected, which indicates that warming-up effects are less
pronounced (see Appendix C). Note that for this spe-
cific elliptical cross section, the phonon signal is strongly
dependent on the laser wavelength close to the maximum
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amplitude. A wavelength shift in the response is observed,
which might still be associated with a warming up of the
sample. When comparing the results with the numerical
calculations, displayed in Fig. 4(j), although the position
of the maximum amplitude is comparable, we observe a
dip in the experimental results, which is not present in
the simulations. This dip becomes evident when we sim-
ulate intermediate cases between Fig. 4(i) and Fig. 4(j)
(see Appendix D). Discrepancies might stem from unac-
counted factors such as fabrication imperfections—in the
layers’ thicknesses during the growth and in the elliptical
shape during etching—causing incomplete decoupling of
the horizontally polarized and vertically polarized optical
cavity modes and reduction of the optical Q factor, or laser
instabilities leading to slight detunings between the laser
and the optical resonances. Nevertheless, when comparing
the ratio between the maximum experimental amplitude
from Fig. 4(f) and the maximum experimental amplitude
for the circular micropillar [Fig. 4(e)], in which the lat-
ter corresponds to the standard procedure of tuning the
laser wavelength at the slope of the optical cavity mode,
we observe an increase by a factor of approximately 2.6.
Theoretically, when comparing Figs. 4(i) and 4(j), we find
this factor reaches approximately 3.1. Finally, for the ellip-
tical pillars with b = 2.4 µm [Fig. 4(g)] and b = 2 µm
[Fig. 4(h)], we observe one distinct peak, which matches
well with the simulation [Figs. 4(k) and 4(i)].

These results demonstrate the feasibility of engineering
more-efficient transduction of acoustic phonons by shap-
ing the elliptical cross section of micropillars for practical
applications.

IV. CONCLUSIONS

In this study, we have investigated the unique
properties of optophononic micropillar cavities with ellip-
tical cross sections, focusing on enhancing the coherent-
phonon-generation and coherent-phonon-detection
processes simultaneously. Our findings reveal a signifi-
cant influence of micropillar ellipticity on phonon signals,
demonstrating maximum amplitude at specific major-axis
and minor-axis lengths. When comparing the highest sig-
nals between elliptical and circular micropillars, we report
a theoretical enhancement of a factor of approximately 3.1.
This study marks a significant advancement in the develop-
ment of an efficient ultrahigh-frequency acoustic phonon
platform, which is crucial for practical applications in areas
such as quantum technologies and data processing.
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APPENDIX A: ACOUSTIC AND OPTICAL MODES

The experimental acoustic and optical modes are dis-
played in Figs. 5(a) and 5(b). We observe a peak at around
18.5 GHz in the spectrum [Fig. 5(a)], corresponding to the
fundamental mode of the microcavity. A reflectivity spec-
trum of the micropillar with circular cross section with a
diameter of 4 µm is presented in Fig. 5(b), featuring the
optical cavity at 902.2 nm. The simulated acoustic mode,
calculated with the transfer-matrix method and the photoe-
lastic model, and the optical reflectivity, calculated with
the transfer-matrix method for electromagnetic waves, are
displayed in Figs. 5(c) and 5(d), respectively. The calcu-
lated optical and acoustic features have good agreement
with the experimental results, apart from small wavelength
and frequency shifts due to deviations from the nominal
thickness values. The wider linewidth of the experimen-
tal phononic mode, compared with the simulation, is due
to both the low power used in the experiment, resulting in
a decreased temporal signal-to-noise ratio, and the exper-
imental time window of 12 ns, which does not reflect the
mode lifetime.
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APPENDIX B: DEPENDENCE OF ACOUSTIC
MODES ON MICROPILLAR ELLIPTICITY

We study the dependence of the acoustic modes on
the micropillar ellipticity in the low-frequency and high-
frequency regimes. In the low-frequency regime, the
eigenmodes are determined mainly by the lateral size and
shape of the structure. We perform finite-element-method
simulations with COMSOL MULTIPHYSICS of a simplified
model, composed of a 3D approximately-130-nm-thick
elliptical GaAs microdisk representing the cavity spacer
(Fig. 6). We simulate the eigenfrequencies of the microdisk
with different ellipticities, in which the length of the minor
axis ranges from 0.4 to 4 µm, whereas the length of the
major axis is fixed at 4 µm [Fig. 6(a)]. In the strain pro-
file, for a particular ellipticity of 4 × 2.8 µm2 (major axis
times minor axis), we observe two orthogonal modes at fre-
quencies much lower than the vertically confined acoustic
mode [Figs. 6(b) and 6(c)]. In addition, by our increasing
the length of the minor axis, an expected decrease of its
associated mode frequency is observed, while practically
there is no effect for the lower frequency. This is analogous
to the electromagnetic case.

In the high-frequency regime, when we analyze the con-
fined acoustic cavity mode, its resonance frequency is

(a)

(b) (c)

FIG. 6. (a) Frequency dependence of the elliptical microdisk
eigenmodes on the length of the minor axis. Two lateral modes
are present, associated with each axis. Strain profile of the
microdisk with axis dimensions of 4 × 2.8 µm2 (major axis times
minor axis) for the eigenfrequency at (b) 0.91 GHz (minor axis)
and (c) 0.68 GHz (major axis).

(a) (b)

FIG. 7. Volumetric strain profile of the acoustic mode associ-
ated with (a) a 4.02-µm-diameter circular micropillar and (b) an
elliptical micropillar with major-axis and minor-axis dimensions
of 4.02 and 2.996 µm, respectively. The vertical structure of both
micropillars is composed of a distributed Bragg reflector of five
periods of GaAs/AlAs below and above a GaAs spacer.

determined by the thickness of the spacer. In Fig. 7 we
simulate the eigenstates of two micropillars with different
cross sections but identical vertical profile. Figure 7 dis-
plays the strain profiles of the acoustic mode of micropil-
lars with five DBR periods below and above the spacer for
two different cross sections: circular [Fig. 7(a)] and ellipti-
cal [Fig. 7(b)]. One can clearly see that the strain profile is
almost identical in both cases.

APPENDIX C: INFLUENCE OF WARMING-UP
PROCESSES ON THE

COHERENT-PHONON-DETECTION
SENSITIVITY

The warming-up process consists of a change in the
index of refraction due to the change in the temperature
of the sample produced by the absorption of the pump and
probe pulses. This heating induces a redshift of the opti-
cal cavity mode, changing the optical coupling condition
of the probe, and thus its sensitivity. Since the coupling
condition depends on the absorption of the laser light, it is
important to present the acoustic response at different pow-
ers, showcasing different real-life experimental conditions.
In Fig. 8 we include information similar to the informa-
tion depicted in Fig. 3, comparing measurements at high
power and low power (both normalized by the maximum
amplitude at each power), where the thermal effects are
reduced. For the low-power case, we extracted the ampli-
tude of each measurement displayed in Figs. 4(e)–4(h) at
the wavelength shifted by approximately 0.02 nm from the
center position of the vertical mode (λV). This accounts for
a general minor offset of the result.
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FIG. 8. Normalized amplitude of the phonon signal as a func-
tion of the length of the minor axis of the pillars (top axis) and the
mode splitting (bottom axis), obtained under experimental con-
ditions of high power (green circles, pump power of 40 µW and
probe power of 100 µW) and low power (orange circles, pump
power of 30 µW and probe power of 25 µW). The error bars
correspond to the fluctuation of five consecutive experiments.
The data corresponding to the low power are extracted from
each measurement displayed in Figs. 4(e)–4(h) at the wavelength
shifted by 0.02 nm from the center position of vertical mode (λV).
The black curve corresponds to the simulation results.

APPENDIX D: DEPENDENCE OF
PHONON-GENERATION-DETECTION

AMPLITUDE ON THE MINOR-AXIS LENGTH

Figure 9 displays the simulated phonon amplitude as
a function of the laser-wavelength detuning for micropil-
lars with different ellipticities. This shows a more-detailed
dependence of the result on the ellipticity, evidencing a

FIG. 9. Simulated wavelength-dependent phonon signal on
micropillars with different ellipticities.

remarkable good matching between experiments and sim-
ulations. The simulation results clearly reproduce the main
trends observed experimentally, including the appearance
of a dip in the curve [displayed in Figs. 4(e)– 4(h)].
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