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ABSTRACT 

 

Through this paper, we describe the method leading to the estimation of the uncertainty. We aims to give an 

estimation of the uncertainty on the frequency peak by Brillouin Scattering Stimulation. It corresponds to the 

speed of phonons inside a material excited by a 532 nm wavelength laser. The guideline follows the Guide to 

the Expression of Uncertainty in Measurement and its estimation is of 0.26% on the Brillouin frequency peak 

at 15.70 GHz for polymethyl methacrylate (PMMA). 

 

 

KEYWORDS 

 

Brillouin Scattering Stimulation, Brillouin spectroscopy, uncertainty, uncertainty analysis, tandem Fabry–

Pérot interferometer, uncertainty analysis 

 

 

1. INTRODUCTION 

 

Brillouin light scattering (BLS) is gradually gaining popularity in various industrial applications and in 

laboratories. This work is about BLS and focus on the discussion about the associated uncertainty. BLS is the 

inelastic scattering of light through sound waves. BLS is then a good way to study the elastic properties of 

materials. It is a non-contact, non-destructive method, and relatively easy to implement with appropriate means. 

We propose here to come back to the main steps, which allow having specific instrumentation in order to 

estimate the speed of propagation of phononic waves in materials. Of course, we realize that there are necessary 

aspects of theoretical knowledge. It is not a question here of going back to all the theories in order to understand 

the matter. This would require going too deeply in a systematical description. To better frame the subject that 

we are discussing here, we remind about the main contributions to detect sound waves, by brothers Curie [1], 

and inelastic light scattering in materials thanks to their excitation by sound waves with Brillouin [2]. The 

whole instrumental aspect has importance as modern benches for Brillouin diffusion need the appropriate 

technology. Among other necessities, there are interferometry technologies. In addition, such a Brillouin 

scattering bench needs conventional optical components, and primarily a sufficiently powerful laser. 

Stimulated Brillouin scattering is a nonlinear process. 
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It can also occur in optical fibers. It manifests itself concretely through the creation of a backward propagating 

Stokes wave, which carries most of the input power, once the one reaches Brillouin threshold [3]. The magnetic 

properties of materials are via their magnetic excitations - magnons, thanks to Brillouin scattering. As with 

phonons, magnons concern surface and bulk excitations [4]. Indeed, Brillouin inelastic light scattering 

spectroscopy is widely used for the study of phonons but also magnons in materials. This technique has become 

an essential tool [5, 6]. It is of course complementary to inelastic light scattering Raman spectroscopy [7]. 

Kojima shows that those techniques have become essential for studying materials science [8]. Grimsditch and 

Ramdas have made precise measurements with Brillouin scattering in the early seventies on Diamond [9]. It 

is also useful to recall the differences between Brillouin scattering and another well-known technique, Raman 

spectroscopy. The latter type of spectroscopy is used to determine the chemical composition and molecular 

structure of the transmission medium, while Brillouin scattering can be used to measure the elastic behavior 

of a material. A more systematic method was implemented based on a tandem Fabry–Perot interferometer by 

Sandercock [10] in 1970 and then by Lindsay, Anderson and Sandercock [11], and Dil et al [12]. Hillebrands 

[13] and Scarponi et al [14] improved corresponding instrumentation techniques. Our objective is to assess 

with a consistent metrological approach the uncertainties of BLS. This paper provides an experimental part 

and the determination of the uncertainties associated with the determination of peaks corresponding to the shift 

between the frequency of the signal refracted by a material and to the laser serving as an interrogation signal. 

The knowledge of this value, as well as the parameters of the studied materials, can also provide the value of 

the speed of the corresponding phononic waves, when intrinsic characteristic data of the evaluated materials 

are known. To lead the discussion on the uncertainty associated with the BLS, we rely on the standards of 

metrology. 

 

2. WHAT WE EXPECT TO PERFORM? 

 
The analysis mainly consists in a method of detection of the refracted light emitted by a material under test, 

i. e. the Device under Test (DUT). This material can be isotropic or anisotropic. One of the key of the measure 
is the Tandem Fabry-Perot double interferometer. Detected peaks are shifted from the wavelength of the laser. 
Those offset frequencies depend on the properties of the material of the DUT. This paper aims to lead an 
estimation of the uncertainty obtained on the frequency shift that can lead later to parameters of the material 
like phase velocity of transverse and longitudinal waves, deduced from BLS. Estimating the uncertainty 
requires knowing the contribution of the different fixed parameters like the optical index, the wavelength, the 
diffusion angle, the density of the material, and the longitudinal and shear modulus, but especially fluctuation 
of the source, mechanical stability of the setup, and environmental parameters in the room. For this uncertainty 
estimation, we use a similar method like in optics and microwaves based on the requirement delivered by the 
Bureau International des Poids et Mesures (BIPM) in the guide "Evaluation of measurement data – Guide to 
the expression of uncertainty in measurement (GUM)" [15]. We will focus in this part on the principle of 
Brillouin light scattering. BLS using a 532 nm powerful Class 4 laser up to 600 mW is efficient to reveal spin 
wave or acoustic signals, at frequencies from few Giga Hertz to more than a hundred of Giga Hertz. 
Fluctuations of refractive index in a medium enables the detection and analysis of laser light scattered, thanks 
to BLS setup [11, 12]. The general principle is to send the signal generated by the laser focusing it on the part 
of the sample that we want to characterize. The photons arrive in the material or in the thin layer and interact 
with the lattice or more generally with the material. 
  



Light helps to create phonons. These phonons propagate with speeds that may be different depending on 
whether the mode is transverse or longitudinal. It depends on the nature of the material, as it can be isotropic 
or anisotropic. The phonons in turn create light, which are shifted in frequency relatively to the wavelength of 
the laser. The BLS precisely consists in analysis of the refracted light emitted by a material [11, 13]. Tandem 
Fabry–Perot interferometer produces peaks shifted from the frequency of the laser to characteristic frequencies 
depending on the material. Figure 1 gives the typical set-up used for the measurement, showing the typical 
setup (a) and a picture of the system (b). We calibrated the bench with part of the laser signal, used as the bench 
reference. Inside the commercial bench developed by the Swiss company "The time Stable", the light goes 
with six passages through two different interferometers. Each pair of mirrors is very precisely aligned during 
the calibration procedure. 
 

 
 

 

Fig. 1. (a): Typical setup for BLS. JRS TFP2 is a commercial Tandem Fabry-Pérot interferometer. BLS: 

Brillouin Light Scattering. DUT: device under test. M: mirror. FP: Fabry-Pérot. P: prism. PD: photodetector. 

E: electronics. CU: computer unit. (b): The commercial Tandem Fabry-Pérot interferometer is inside the box 

on the right side of this picture. 

 

It is necessary to calibrate accurately the instrument. It is sensitive to mechanical vibrations, temperature and 

hygrometry. Alignment process requires an alignment of the two cavities. Each of the two cavities consists in 

a pair of parallel mirrors. Tandem interferometer produces two series of absorption peaks with respect to a flat 

noisy intensity level. We then obtain a curve providing the number of absorbed photons versus frequency. 
We have measured the νB for PMMA as an example of an isotropic material. The measured Brillouin frequency 
shift is νB = 15.70 GHz (longitudinal acoustic mode), with a Brillouin linewidth of 324 MHz. The measured 
spectrum for PMMA (backward scattering) is given in Figure 3. Based on the measured frequency shift νB, 
the phase velocity of longitudinal waves in the test material can be derived as, 

 
With l=532nm, n=1.4953, c11=9 GPa, r=1.19x103 kg/m3, Q=180°, vL=(c11/r)-1/2=2792.9 m/s, we can check that 
uB=15.70 GHz, the results given by the system is adequate. 
 

  



3. UNCERTAINTY ESTIMATION 

In this section, we aim to lead an estimation of the uncertainty on the frequency shift induced by BLS. Before 

going into more details in how we may estimate the uncertainty, it is useful to think about the approach in its 

determination. In the scientific community, it is important to underline that a debate exists as to whether there 

is a true value. Thomas von Clarmann et al offer the benefit of a critical discussion on the error concept versus 

the uncertainty concept [16]. Jong Wha Lee et al [17] compare the realist view of measurement and uncertainty 

versus the instrumentalist view of measurement when quantities are not natural attributes of the world that 

exist independently of the human perception. They show that a clear understanding of the two views is critical 

for understanding the guide "Evaluation of measurement data – Guide to the expression of uncertainty in 

measurement (GUM)“ [15]. Estimating the uncertainty requires the knowledge of the contribution of the dif-

ferent fixed parameters, such as the optical index, the wavelength, the diffusion angle, the density of the ma-

terial, and the longitudinal and shear modulus, but especially fluctuation of the source, mechanical stability of 

the setup, and environmental parameters in the room. From the equation given in the previous part, we see that 

the phase velocity of the transversal or longitudinal waves linearly depends on νB (the Brillouin frequency), n 

(the optical index), λ (the wavelength), Q (the diffusion angle). The estimation of uncertainty follow the mod-

ern way of performing it [18]. For this uncertainty estimation, we use a similar method like in optics [19 – 21] 

and microwaves [22, 23] based on the requirement delivered by GUM. Frequency references of the 5 MHz or 

10 MHz type possibly ensures the traceability of the BLS method to national standards [24, 25]. One contri-

bution is due to the laser beam and the axis of displacement, which are not exactly parallel [26, 27]. Another 

contribution to this term is called Abbe error [28, 29]. We base all our estimation on results published in 

reference [30], which is more detailed. 

 

4. CONCLUSION 
 
The Brillouin spectroscopy is a non-intrusive measurement method for bulk materials and thin films. A 

scanning 6-pass TFPI has been described for BLS measurement. Following the GUM, and with reference [30], 

we have made detailed analysis and estimation of the uncertainties in the Brillouin frequency shift 

measurement, which is related to the speed of propagation of phononic waves in bulk materials. The expanded 

relative uncertainty in measured Brillouin frequency shift is estimated to be 0.26% (coverage factor k=2), 

which corresponds to an expanded uncertainty of 41 MHz for the measured frequency shift of 15.70 GHz in 

testing PMMA. 
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