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Brillouin light backscattering from isotropic platelet samples involves the contribution of two phase-matched
longitudinal acoustic phonons. A primary, stronger, signal is provided by the usual condition of a phonon
wavevector collinear to and twice as large as the incident photon wavevector inside the medium. After
reflection of incident light on the backside of the platelet, another bulk phonon propagating along the platelet
axis contributes a secondary, weaker, signal that is independent of the index of refraction but dependent on
the angle of incidence. Combining contributions from both phonons, the refractive index and the acoustic
phonon velocity can be estimated jointly and precisely in the backscattering geometry from experimental
data. Experiments with Poly(methyl methacrylate) (PMMA), fused silica and soda-lime glass platelets are
used to assess the accuracy of the estimation. It is argued that the secondary Brillouin signal dictates the
estimation of velocity whereas the primary Brillouin signal dictates the estimation of the index of refraction.
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I. INTRODUCTION

Brillouin scattering or inelastic light scattering from
acoustic phonons of thermal origin is widely adopted
for the characterisation of the elastic properties of
materials1–3. The Brillouin frequency shift ω is pro-
portional to the phonon velocity v and to the phonon
wavenumber q, as per the dispersion relation ω = vq.
The phonon wavenumber is imposed by momentum con-
servation in the photon-phonon interaction, or by phase-
matching in a classical wave picture, and thus depends
on the chosen scattering geometry4,5, as Figure 1 depicts.
The backscattering configuration (Fig. 1a) offers a rela-
tively large interaction volume, enabling higher temporal
resolution and faster acquisition of Brillouin spectra com-
pared to other commonly used scattering geometries6. It
also demands easier alignment and provides larger Bril-
louin frequency shifts independent of the angle of inci-
dence for isotropic materials, since

ω1 = q1v = 2knv, (1)

with k = 2π/λ and λ the optical wavelength in a vacuum,
and with n the index of refraction. Using the backscat-
tering geometry enables the precise determination of the
Brillouin frequency and hence of the product nv. Es-
timating velocities is however often the main goal, since
the elastic constants depend directly on them, and the in-
dex of refraction has to be either assumed or determined
independently, e.g. by ellipsometry. When the second
option is not available, the first option can be inconve-
nient since a systematic bias is introduced in the acoustic
velocity estimation if the value selected for the index of
refraction is incorrect or imprecise.
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The 90◦-scattering geometry (Fig. 1b) requires a spe-
cial parallelepipedic sample shape and imposes

ω2 = q2v =
√
2knv. (2)

It was historically used most often before the advent
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FIG. 1. BLS geometries. (a) Backscattering or 180◦-
scattering involving phonon q1 satisfying Eq. (1). (b)
90◦-scattering involving phonon q2 satisfying Eq. (2). (c)
Platelet geometry involving phonon q3 satisfying Eq. (3).
(d) Backscattering-platelet geometry involving both phonons
q1 and q3.
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of high-resolution multipass Fabry-Perot interferometers,
presumably because Rayleigh scattering is minimal for
this scattering angle. In the platelet geometry (Fig. 1c),
the involved phonon propagates in a direction along the
platelet plane and satisfies

ω3 = q3v = 2kv sin θ. (3)

Note the absence of the index of refraction in the last
relation but the dependence with the angle of incidence
θ. Precise alignment and platelet parallelism are hence
required but the velocity is directly estimated7.

As the above relations indicate, the determination of
experimental Brillouin frequencies enables the joint es-
timation of the index of refraction and of the phonon
velocity. It is necessary for this purpose to combine at
least two phase-matching geometries providing comple-
mentary information8,9. Those geometries can be imple-
mented separately in the experiment or encoded using a
specific aperture in an optical microscope10,11. The later
solution is favored for biological samples that have to be
imaged at a microscopic scale12,13.
In addition to the classic scattering geometries de-

scribed above, Krüger et al14 identified a fourth one,
which they termed RIΘA, but which we refer to as the
platelet-backscattering geometry in the following (Fig.
1d). In addition to the usual q1 backscattering phonon,
it includes an internal reflection on the backside of the
platelet and scattering by a phonon propagating in a di-
rection along the platelet plane. The Brillouin shift obeys
the same equation (3) as for the platelet geometry, as in-
deed the same q3 phonon is involved. As a note, the same
relation is also valid for surface Brillouin backscattering,
but v is in the latter case the velocity of a surface phonon
and not a bulk phonon2.

In the following, we argue that when the sample as-
sumes the shape of a transparent platelet, the secondary
Brillouin signal provided by the platelet-backscattering
phonon q3 can be used in conjunction with the pri-
mary Brillouin signal provided by the usual backscatter-
ing phonon q1 to estimate both optical index and phonon
velocity, even in the absence of a backside reflection coat-
ing and hence without the need to alter the sample sur-
face. Even though the secondary signal is much weaker
than the primary signal, the Brillouin shift is indepen-
dent of the index of refraction and its dependence with
the angle of incidence provides enough diversity for im-
proving the overall fit process. Furthermore, no special
alignment procedure is required if the platelet has paral-
lel facets.

II. MEASUREMENTS

Measurements were conducted in a backscattering con-
figuration utilizing a single longitudinal mode laser oper-
ating at a wavelength of 532 nm and an incident power
of 50 mW. To achieve precise detection of bulk acous-
tic phonons, a six-pass Tandem Fabry-Perot interferom-
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FIG. 2. Anti-Stokes part of the Brillouin spectrum for a
PMMA platelet for various angles of incidence θ. (a) Pri-
mary (backscattering) and (b) Secondary (RIΘA) Brillouin
peaks.

eter (JRS Instruments, model TFP2-HC) was employed,
with a finesse of about 100. The interferometer mirror
spacing was set to d = 6 mm for PMMA (polymethyl
methacrylate) and d = 3 mm for fused silica and soda-
lime glass. Other experimental details are as used for
crystal samples3. In particular, the numerical aperture
of the collecting lens is 0.1. Instrumental broadening is
taken into account in the software used to fit Brillouin
peaks. In all experiments, the scanning amplitude was
maintained to 450 nm. The measured thickness of the
PMMA platelet is 3.5 mm, and 0.7 mm for the fused
silica and soda-lime glass platelets.

Measurements as a function of the angle of incidence
are collected in Fig. 2 for the PMMA platelet. Though
the secondary and the primary peaks are shown sepa-
rately, because their maximum intensities are quite dif-
ferent, they were both acquired at the same time for
each angle of incidence. Both peaks are fitted simultane-
ously against the sum of two damped harmonic oscillator
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TABLE I. Center frequency and FWHM for both primary (f1
and Γ1) and secondary (f2 and Γ2) Brillouin peaks, for the
PMMA platelet.

θ (◦) f1 (GHz) Γ1 (GHz) f2 (GHz) Γ2 (GHz)

30 15.8374 0.42 5.2216 1.66
35 15.8434 0.42 5.8681 1.68
40 15.8447 0.41 6.5862 1.41
45 15.8465 0.41 7.3541 1.25
50 15.8508 0.41 7.8968 1.27
55 15.8543 0.41 8.5326 1.18
60 15.8549 0.41 8.9516 1.46
65 15.8581 0.41 9.4835 1.08
70 15.8592 0.41 9.8625 1.34
75 15.8602 0.41 10.1425 0.79
80 15.8591 0.41 10.3975 0.68

(DHO) functions and an exponentially decreasing back-
ground accounting for elastic Rayleigh scattering. The
center frequencies fi and the full-widths at half maximum
(FWHM) Γi are listed in Table I for both peaks. They
are next used to estimate the index of refraction and the
phonon velocity. It is noted that f1 and Γ1 are almost
independent of θ, in contrast to f2 and Γ2. The peak
width Γ2 actually decreases with increasing θ, suggest-
ing an improvement in the phonon wavenumber selection
inside the platelet and hence an increasing confidence in
the quality of the measurement.

III. RESULTS AND DISCUSSION

The usual approach in the backscattering geometry is
to fit only the primary contribution to the Brillouin spec-
trum (fit type A in Table II). Indeed, it can be observed
in Fig. 2 that the primary peak is much stronger than
the secondary peak (by a factor 50, approximately) and
the DHO function is sharper (Γ1/f1 < Γ2/f2). As a tech-
nical note, we use the inverse of the FWHM as a weight-
ing function in the least-squares objective function for
the Levenberg-Marquardt fit procedure, to account for
individual peak quality. As a result, the fit of the cen-
tral frequency is quite accurate (0.015% for the PMMA
platelet in Table II). Assuming the index of refraction is
known, this precision translates directly to the longitudi-
nal phonon velocity v. This confidence arising from the
quality of the measurement, however, does not exclude
the possibility of a bias caused by the assumed value for
n.
An alternative approach we follow here is to fit both

primary and secondary contributions to the Brillouin
spectrum, estimating simultaneously n and v (fit type
B in Table II). As a result the confidence in the fit is
equalized over both fitted parameters.
For PMMA, the simultaneous fit leads to corrected val-

ues for both n and v compared to the usual approach. It
appears the assumed value for n was off by about 1.4%,
resulting in a velocity bias of 38 m/s, which is small
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FIG. 3. Comparison of experimental and fitted Brillouin fre-
quencies, for the PMMA platelet. The full-width at half-
maximum is given as an error bar for each measured Brillouin
peak.

but significantly larger than the usual fit confidence (0.4
m/s). The observed deviation from the standard value
may result from the preparation method of PMMA. In-
deed, pure poly(methyl methacrylate) homopolymer is
rarely commercialized, and modified formulations con-
tain varying amounts of other comonomers, additives,
and fillers. Hence our measurement may indicate that
the measured sample was not pure PMMA, but it could
also result from an experimental bias. A first source of
bias could be a deviation from the condition of paral-
lelism of the facets of the platelet, which impacts the
central frequency of the secondary Brillouin peak but has
no influence on the primary peak. A examines the con-
sequence of the existence of a non zero apex angle α.
The fit deviation is linear with this angle in a first ap-
proximation and can be bounded as ∆ω3/ω3 < nα. As
a note, a similar sensitity analysis applies to the usual
platelet scattering geometry. A second source of bias is
the calibration of the incidence angle with respect to the
entrance facet. This operation is performed in practice
by observing the back reflection from the surface of the
platelet and aligning incident and reflected laser beams
thanks to a pinhole. Assuming there remains a bias θ0,
equation (3) changes to

ω3 = q3v = 2kv sin(θ + θ0). (4)

The same back reflection check should reveal the non par-
allelism of the platelet, from the different reflections and
in proportion to the platelet thickness. With our samples
we estimated that the parallelism bias is not significant
and we thus decided to fit both Brillouin peaks at once,
but now estimating simultaneously n, v and θ0 (fit type c
in Table II). The fitted value of the index of refraction of
PMMA in Table II is this time closer to the standard one.
A comparison of experimental data and the two fitting
functions (1) and (3) is shown in Fig. 3.
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TABLE II. Parameter estimation of index of refraction n and longitudinal velocity v using the Levenberg-Marquardt fit
procedure. All the spectra collected for each sample are analyzed simultaneously. For each of the three platelet samples
considered, v is first fitted from the primary Brillouin signal only assuming n is known (fit type A). Then n and v are
simultaneously fitted from both primary and secondary Brillouin signals (fit type B). n, v and θ0 (incidence angle bias) are
further simultaneously fitted from both primary and secondary Brillouin signals (fit type C). Finally, only v and θ0 are fitted
from secondary Brillouin signals (fit type D).

Platelet Fit type n v (m/s) θ0 (◦) rms error (GHz)

PMMA A 1.493415 2823.5± 0.4 (0.015%) 0 0.019
B 1.5139± 0.0030 (0.20%) 2785.3± 5.5 (0.20%) 0 0.053
C 1.499± 0.0030 (0.20%) 2812.5± 5.5 (0.20%) −1.2± 0.2 (16%) 0.031
D − 2812.5± 7.2 (0.26%) −1.2± 0.2 (21%) 0.041

Fused silica A 1.460715 5962.9± 0.5 (0.008%) 0 0.018
B 1.4651± 0.0017 (0.11%) 5944.9± 6.4 (0.11%) 0 0.081
C 1.4626± 0.0028 (0.19%) 5955.0± 11.4 (0.19%) −0.28± 0.25 (92%) 0.081
D − 5955.0± 16.3 (0.27%) −0.28± 0.36 (132%) 0.12

Soda-lime glass A 1.526115 5828.9± 0.4 (0.007%) 0 0.015
B 1.5236± 0.0010 (0.07%) 5838.5± 3.6 (0.06%) 0 0.045
C 1.5192± 0.0012 (0.08%) 5855.5± 4.5 (0.08%) −0.47± 0.10 (21%) 0.031
D − 5855.5± 6.1 (0.10%) −0.47± 0.14 (29%) 0.043

A fundamental question is the correlation among the
fitted parameters n, v, and θ0. Indeed, n solely appears in
Eq. (1) and θ0 only appears in Eq. (4), whereas v appears
in both equations but multiplied by n in Eq. (1). As a
result, it follows that in the joint estimation process the
secondary Brillouin data determine the fitted values of v
and θ0, but the primary Brillouin data have no influence
upon them. This property is numerically demonstrated
as fit type D in Table II. It can consequently be concluded
that in the joint estimation process the primary Brillouin
data determine the fitted value of n.

The same measurements and fit procedures were re-
peated for a fused silica platelet and a soda-lime glass
platelet. The measured primary and secondary Bril-
louin peaks for the fused silica and the soda-lime glass
platelet samples are given in Figs. 4 and 5. The ex-
perimental conditions are exactly the same as for the
PMMA platelet, including laser power and acquisition
time. Compared with the PMMA platelet, the confidence
in the results of fit type A is even stronger, but arises from
the stability of measurements in the usual backscattering
configuration; the possible bias in the index of refraction
does not impact this confidence and cannot be revealed
by primary Brillouin data alone. Considering fit type B,
for the fused silica platelet, the fitted and the assumed
value for n differ by 0.3%, while the velocity differs by 18
m/s; for the soda-lime glass platelet, the fitted and the
assumed value for n differ by 0.16%, while the velocity
differs by 9.6 m/s. Those corrections are indeed small,
but still larger than the fit confidence. For both fit types
B and C, the fitted value for n remains close to the stan-
dard value, and the fit results are similar. It appears the
calibration error of the angle of incidence was smaller
than in the case of the PMMA platelet and impacts less
the fitting process.

In practice, the choice between fit types depends on

the information available on the refractive index of the
platelet. If the value is known accurately (e.g., better
than 0.1% here) and can be trusted, then fit type A is best
to estimate the velocity; if it is unknown or inaccurate,
then fit type C gives a good estimate for both refractive
index and velocity.

Only longitudinal phonons were observed in the ex-
periments with isotropic solids reported herewith, but
it should be noted that shear phonons could in princi-
ple also give another secondary Brillouin signal, as with
the platelet geometry. In the general case of anisotropic
solids, similarly, both primary and secondary shear Bril-
louin peaks could be observable, so that information re-
garding the shear velocities could be gained as well.

IV. CONCLUSION

Summarizing, the Brillouin spectrum for inelastic light
scattering may contain two thermal phonon contributions
in the platelet-backscattering geometry. The primary
peak follows the usual backscattering phase-matching re-
lation for wavevectors, but the secondary peak appearing
at a lower frequency follows the platelet phase-matching
relation. The resulting diversity in the dependence of the
Brillouin frequency enables the precise, simultaneous es-
timation of the refractive index and of the longitudinal
phonon velocity, and the correction of a possible calibra-
tion error of the angle of incidence. This procedure can
be useful for the characterization of transparent materials
whose index of refraction is not precisely known other-
wise. It could also be extended to anisotropic media as
a perspective. In this case the full elastic tensor, giving
the phase velocities of quasi-shear and quasi-longitudinal
phonons, can be estimated by selecting a proper set of
incidence angles3, though the fit procedure used indeed
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FIG. 4. Anti-Stokes part of the Brillouin spectrum for a fused
silica platelet. (a) Primary and (b) Secondary Brillouin peaks.
(c) Comparison of experimental and fitted Brillouin frequen-
cies. The full-width at half-maximum is given as an error bar
for each measured Brillouin peak.
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FIG. 5. Anti-Stokes part of the Brillouin spectrum for a soda-
lime glass platelet. (a) Primary and (b) Secondary Brillouin
peaks. (c) Comparison of experimental and fitted Brillouin
frequencies. The full-width at half-maximum is given as an
error bar for each measured Brillouin peak.
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needs the refractive indices to be known. A set of mea-
surements performed in the platelet-backscattering ge-
ometry, by varying the incidence angle, could help to
refine an initial approximate starting value for the re-
fractive indices while simultaneously estimating the full
elastic tensor.
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Bourgogne-Franche-Comté Region. Support from the
french RENATECH network and its FEMTO-ST tech-
nological facility is also gratefully acknowledged.

DATA AVAILABILITY STATEMENT

Data used in this research are available at https://
doi.org/10.5281/zenodo.15109271

1F. Kargar and A. A. Balandin, “Advances in Brillouin–
Mandelstam light-scattering spectroscopy,” Nature Photonics
15, 720–731 (2021).

2G. Carlotti, “Elastic characterization of transparent and opaque
films, multilayers and acoustic resonators by surface Brillouin
scattering: a review,” Applied Sciences 8, 124 (2018).

3F. Ugarak, J. A. Iglesias Mart́ınez, A. Mosset, and V. Laude,
“Estimation of the elastic and piezoelectric tensors of sapphire
and lithium niobate from Brillouin light backscattering measure-
ments of a single crystal sample,” Journal of Applied Physics
134, 185103 (2023).

4A. Polian, “Brillouin scattering at high pressure: an overview,”
Journal of Raman Spectroscopy 34, 633–637 (2003).

5S. Speziale, H. Marquardt, and T. S. Duffy, “Brillouin scattering
and its application in geosciences,” Reviews in Mineralogy and
Geochemistry 78, 543–603 (2014).

6J. Sandercock, “Trends in Brillouin scattering: studies of opaque
materials, supported films, and central modes,” Light Scattering
in Solids III: Recent Results , 173–206 (2005).

7L.-g. Liu, C.-c. Chen, C.-C. Lin, and Y.-j. Yang, “Elasticity of
single-crystal aragonite by Brillouin spectroscopy,” Physics and
Chemistry of Minerals 32, 97–102 (2005).

8J. Krüger, A. Marx, L. Peetz, R. Roberts, and H. G. Unruh,
“Simultaneous determination of elastic and optical properties of
polymers by high performance Brillouin spectroscopy using dif-
ferent scattering geometries,” Colloid and Polymer Science 264,
403–414 (1986).

9E. Zouboulis and M. Grimsditch, “Refractive index and elastic
properties of single-crystal corundum (α-Al2O3) up to 2100 K,”
Journal of Applied Physics 70, 772–776 (1991).

10A. Fiore, C. Bevilacqua, and G. Scarcelli, “Direct three-
dimensional measurement of refractive index via dual photon-
phonon scattering,” Physical Review Letters 122, 103901 (2019).

11K. Elsayad, “A new angle on mapping the refractive index,”
Physics 12, 27 (2019).

12D. Fioretto, S. Caponi, and F. Palombo, “Brillouin-Raman map-
ping of natural fibers with spectral moment analysis,” Biomedical
Optics Express 10, 1469–1474 (2019).

13F. Palombo and D. Fioretto, “Brillouin light scattering: applica-
tions in biomedical sciences,” Chemical Reviews 119, 7833–7847
(2019).
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Appendix A: Sensitivity to the parallelism condition

A platelet has by definition two parallel flat facets. If
the bottom facet, on which reflection occurs, makes an
angle α with respect to the top facet, then the phonon
wavevector is

q3 = ±2kn sin(θi + α)

(
cosα
sinα

)
(A1)

in the reference frame attached to the platelet (axis
x along the platelet axis, axis y normal to the paral-
lel faces). θi is the internal incidence angle satisfying
n sin θi = sin θ according to the Snell-Descartes law of re-
fraction. Thus an error in the parallelism of the platelet
causes the phase-matching condition for the secondary
peak (3) to become

ω3 = 2knv sin(θi + α)

= 2knv sin

(
sin−1

(
1

n
sin θ

)
+ α

)
(A2)

The error made appears as if the definition of the inci-
dence angle had been shifted by the apex angle α when
measured inside the platelet. For small angle α we have

ω3 ≈ 2kv
(
sin θ + α

√
n2 − sin2 θ

)
(A3)

and the deviation is linear with α. To first order, the
frequency deviation has an upper bound

∆ω3/ω3 < nα. (A4)

Finally, both apex angle and incidence angle errors can
be combined in the same formula

ω3 = 2knv sin

(
sin−1

(
1

n
sin(θ + θ0)

)
+ α

)
. (A5)

Unfortunately both errors affect in a similar way the Bril-
louin frequency and we observed numerically that it is not
significant to fit simultaneously both θ0 and α. Hence,
in fit type C we assumed α = 0. An independent deter-
mination of the apex angle could be used to improve the
fit formula.
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