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Introduction

Laboratory measurements of light scattered by a cloud of irregular particles are necessary to interpret the brightness and polarization remote sensing measurements of comets, interplanetary dust cloud, and circumstellar material orbiting stars, e.g., protoplanetary and debris disks. Such comparisons are conducted to retrieve bulk physical properties of particles such as composition, size distribution, albedo, and porosity [START_REF] Hadamcik | Analogues of interplanetary dust particles to interpret the zodiacal light polarization[END_REF][START_REF] Levasseur-Regourd | Linking studies of tiny meteoroids, zodiacal dust, cometary dust and circumstellar disks[END_REF][START_REF] Levasseur-Regourd | Interpretation through experimental simulations of phase functions revealed by Rosetta in 67P dust coma[END_REF][START_REF] Frattin | Experimental phase function and degree of linear polarization of cometary dust analogues[END_REF][START_REF] Muñoz | Experimental Phase Function and Degree of Linear Polarization Curves of Millimeter-sized Cosmic Dust Analogs[END_REF][START_REF] Milli | Optical polarised phase function of the HR 4796A dust ring[END_REF]. The analyses often assume that the observed particles are randomly oriented inside the cloud, as well as during the reference laboratory measurements. On the opposite, the possible orientation of grains, like in a gas flow or in case of strong magnetic field [START_REF] Andersson | Interstellar dust grain alignment[END_REF], can modify the scattering properties of an ensemble of particles. Such changes have been shown by [START_REF] Daugeron | Scattering properties of sands, 1. Comparison between different techniques of measurements[END_REF] during laboratory measurements where the particles were carried and aligned by an airflow, and thus are not considered in this work.

Several databases of laboratory measurements provide optical properties (phase or scattering functions in intensity and in polarization) of levitating particles having the same size and composition, obtained by different techniques at ground or during microgravity conditions [START_REF] Maconi | Non-destructive controlled single-particle light scattering measurement[END_REF][START_REF] Renard | Light scattering by dust particles in microgravity: polarization and brightness imaging with the new version of the PROGRA2 instrument[END_REF][START_REF] Renard | Wavelength dependence of linear polarization in the visible and near infrared domain for large levitating grains (PROGRA2 instruments)[END_REF][START_REF] Hovenier | Laboratory studies of scattering matrices for randomly oriented particles: potentials, problems, and perspectives[END_REF][START_REF] Volten | Scattering matrices of mineral aerosol particles at 441[END_REF][START_REF] Muňoz | The Amsterdam-Granada Light Scattering Database[END_REF]. Such experiments, for particles having small to large size parameters (D/, where D is the diameter and  is the wavelength), assume that indeed they are randomly oriented and that enough particles are considered during the measurements, from tens to hundreds or thousands, to retrieve the mean optical properties. As an example, 54 different orientations of the same millimetre-sized particle have been considered by [START_REF] Muñoz | Experimental Phase Function and Degree of Linear Polarization Curves of Millimeter-sized Cosmic Dust Analogs[END_REF] to retrieve the mean scattering properties. Nevertheless, the authors have not quantified in detail how many particles with different orientations are needed to achieve such conditions. Similarly, aerosol counters used in the atmosphere to count and determine the size distribution of the solid particles empirically consider their effective optical properties [START_REF] Grimm | Aerosol measurement: the use of optical light scattering for the determination of particulate size distribution, and particulate mass, including the semi-volatile fraction[END_REF][START_REF] Gao | A light-weight, high-sensitivity particle spectrometer for PM2.5 aerosol measurements[END_REF][START_REF] Dulac | a light aerosols counter for ground-based and balloon measurements of the size distribution and of the main nature of atmospheric particles, Principle of measurements and instrument evaluation[END_REF]. This approach works well for the submicron particles that are often in large concentrations (more than tens of particles cm -3 ) but some uncertainties in size determination can arise when the concentrations are too low because not enough particles are detected. Finally, experiments and numerical calculations that consider individual irregularly shaped particle need also to know how many different orientations are needed to establish the mean optical properties.

Although theoretical approaches have been proposed [START_REF] Mishchenko | On the concept of random orientation in far-field electromagnetic scattering by non-spherical particles[END_REF], experimental approach can also be conducted to determine how many particles randomly oriented, or how many different orientations of the same particle, are indeed necessary to access the mean scattering properties reliably. This approach is difficult to conduct for particles with a small size parameter typically in the range of 0.5-12, which corresponds to particles between 0.1 to 2.5 µm size in the visible domain. Such particles levitated by an air draught or during microgravity conditions could aggregate, preventing to sustain a cloud of individual particles.

Instead of using real particles, an alternative consists in using the microwave analogy [START_REF] Zerull | Scattering by aggregates with and without an absorbing mantle: microwave analog experiments[END_REF][START_REF] Gustafson | A systematic study of light scattering by aggregate particles using the microwave analog technique: Angular and wavelength dependence of intensity and polarization[END_REF][START_REF] Sabouroux | Amplitude and phase of light scattered by micro-scale aggregates of dielectric spheres: Comparison between theory and microwave analogy experiments[END_REF][START_REF] Merchiers | Microwave analog to light scattering measurements on a fully characterized complex aggregate[END_REF][START_REF] Merchiers | Microwave measurements of the full amplitude scattering matrix of a complex aggregate: a database for the assessment of light scattering codes[END_REF][START_REF] Vaillon | Recent advances in microwave analog to light scattering experiments[END_REF] and individual particles that can be easily manipulated to control their shape and orientations. The aim will be to measure the properties of a single particle at numerous orientations to figure out its mean properties to mimic an ensemble of specific particles that would be randomly oriented. With that concept, particles of the order of 1 µm in the visible domain are of several cm when studied at a frequency of several GHz, although the size parameter is conserved. Many electromagnetic scattering measurements can be conducted with a single particle by changing only its orientation with respect to the incident radiation beam. Such particles can be built in various materials using a 3-D printer. The permittivity of a given material, or its (complex) refractive index, which is the square root of the (complex) permittivity, can be chosen to reproduce the optical properties of real particles that can be found in space and in Earth's atmosphere.

Conditions of microwave analogy measurements

The measurements are conducted in the anechoic chamber at the "Centre Commun de Ressources en Microondes" (CCRM, Institut Fresnel, Marseille, France). Features and performances are given in [START_REF] Vaillon | A new implementation of a microwave analog to light scattering measurement device[END_REF]. Briefly, the device operates for this study at 16 frequencies from 3 to 18 GHz. The use of 16 frequencies from 3 to 18 GHz allows us to explore a range of size parameters that vary by a factor of six for the same particle, with a refractive index that can be considered almost constant for the chosen materials. The angle between the emitter and receiver antennas is changed from one measurement to another, by steps of 2°, to obtain the scattering function in scattering angles from -130° to 130°. The sample, mounted at the centre of the device, can be rotated after one session of measurements, to start a new session with another orientation. For the present study, measurements with 36 different orientations uniformly distributed from -180° to +170° were conducted by a rotation along the vertical axis in steps of 10°. The particles are placed on a polystyrene mast; then the rotation axis is vertical, i.e. parallel to the mast. The particles are placed first according to their greatest length (horizontally), then to their smallest length (vertically), and at about 45° (slanted) when more measurements are necessary (named inclinations in the following).

The device records the amplitude and the phase of the perpendicular and parallel scattered electric fields. The polarized scattering intensity Iperp and Ipar with respect to the scattering plane (also so-called S and P), are the square of the amplitudes, and are used to retrieve the scattering (or phase) function for the intensity I and for the polarisation P (formulas 1 and 2).

I = Iperp + Ipar (1) 
P (%) = 100 x (Iperp -Ipar) / (Iperp + Ipar) (2) 
Twelve different samples having a large variety of size, shapes, porosities and fractal dimensions have been studied, which can be representative of the main particle families that can be found in space and Earth's atmosphere. Since particles with different sizes are considered, the present study covers a size parameter range of 0.5 -12. Figure 1 presents the shape of the particles for which some physical parameters are given in table 1. The definition of the diameter is not easy in case of fluffy particles and particles with low fractal dimension, thus we provide both the gyration diameter and the equivalent diameter calculated from mean projected surface area. The size parameter is calculated from the gyration diameter for the fractal particles (AgC series except AgC181, and SootAcry) and from the equivalent diameter for the compact particles (AgC181, gravels and rough spheres).

For the AgC232, AgC233, AgC185, AgC186 and AgC187, the diameter of the monomer is 5.5 mm. The "SootAcryl" sample is based on a numerically generated analogue of a soot aggregate mimicking necking and overlapping phenomenon [START_REF] Yon | On the radiative properties of soot aggregates part 1: Necking and overlapping[END_REF]. The rough spheres are derived from a perfect sphere meshed with triangles, and then perturbed modifying the distance d(OVi), with a random perturbation:

d(OVi) = R+ a*rand(i) (3) 
where d(OVi) is the distance from the center of the sphere O to the vertex Vi of the triangles, rand is a random number between -1 and 1, and R is the radius of the original sphere (16.25 mm). For the "Rough Sphere 233" a= 3.75 mm, and for the "Rough Sphere 228" a = 0.75 mm.

The roughness of the sphere and the deviation from sphericity can be estimated by the ratio Di/Dv, where Dv corresponds to the diameter of the smaller compact sphere containing the same amount of material as the particle and Di corresponds of the diameter of the sphere containing the particle.

All the particles are made by additive manufacturing using an acrylate-based resin, except the two gravels that are made of Plexiglas and marble (having similar shapes). The mean refractive index of the particles made of acrylate was measured to be 1.7 + 0.03i (which can be representative of some carbonaceous particles [START_REF] Bond | Light absorption by carbonaceous particles: and investigative review[END_REF] but also of astrosilicate particles [START_REF] Draine | Optical properties of interstellar graphite and silicate grains[END_REF]), the refractive index of the Plexiglas is of 1.6 + 0.01 i, and the refractive index of the marble is assumed to be of 2.9 + 0.2i for all the frequencies (which is representative of strongly optically absorbent particles). 

Method of measurement analysis

Individual measurements of the scattering function (intensity and polarization) can exhibit strong oscillations; these oscillations are stronger as the particles are highly irregular. To determine how many measurements are necessary to retrieve a mean scattering function for intensity and polarization with a given accuracy, tens of individual measurements with different orientations must be considered. The procedure is different for intensity and polarization because intensity is directly retrieved from the sum of polarized measurements while polarization is a relative parameter always retrieved from the ratio between the difference and the sum of polarized intensity measurements and is given in a range from -100% to 100%.

For the intensity, we calculated the mean scattering functions using a given number of measurements with different orientations. At each scattering angle 𝜃 we calculate the difference 𝐷𝑏(𝑁, 𝜃) between the mean value of the intensity obtained for N measurements and the mean value obtained for N-1 measurements, divided by the mean value of the intensity for N measurements; this division act as a normalization to be able to consider simultaneously the results coming for all scattering angles. Then for each value of N, we calculate the standard deviation (hereafter called SDB(N)) of the normalized intensity differences obtained for all scattering angles. This standard deviation, which can represent the 1- uncertainty of the resulting mean intensity values, must decrease while the number of measurements increases. This procedure can be expressed as follows:

Db(N, θ) = ( ∑ B(θ) N 1 -∑ B(θ) N-1 1 ) / ∑ B(θ) N 1 (4) SDB(N) = (Db(N, θ)) (5) 
with N the number of measurements, B the intensity and θ the scattering angle.

To ensure a random distribution of the orientation when calculating the 𝐷𝑏(𝑁, 𝜃)

parameter, the calculation is conducted for different combinations on the angular orientation and the inclination of the sample; then the results for SDB(N) are averaged. The choice of the first orientation and the selection of the following orientations (randomly distributed or considering increasing angles) do not statistically change the results for the number of necessary measurements that remains within a ±15% uncertainty.

As a first step to visualise the sensitivity to the number of measurements, Figure 4 presents the evolution of the standard deviation with the number of measurements (the plot is based on the rotation of the particles around different axes). The frequencies here considered are above the Rayleigh scattering regime (size parameter greater than about 2.5 [START_REF] Van De Hulst | Light scattering by small particles[END_REF]) and different combinations of orientations and inclinations of the AgC185 sample. In loglog scale, the trend is almost linear, indicating that it could be fitted by a power law that will depend on the studied sample (exponent typically in the -0.8-1.1 range).

Three different domains can be defined; firstly, the standard deviation decreases strongly to reach an accuracy of 0.05 (i.e. 5%) for about 15 different orientations, secondly the standard deviation slowly decreases for a number of measurements up to about 70 producing a mean intensity uncertainty of about 0.01 (i.e. 1%), and thirdly the standard deviation slightly decreases producing a mean intensity uncertainty below 0.01 (i.e. 1%). Increasing the number of measurements will reduce again the uncertainties, but such approach does not seem necessary since we can admit that a 1- accuracy of the order of 1% is sufficient for the interpretation of the intensity measurements. 

Dp(N, θ) = P(N, θ) -P(N -1, θ)

SDP(N) = (Dp(N, θ)) (7) 
Similar trends as those for the intensity are obtained for the polarization measurements, as shown in Figure 5 for the AgC185 sample. A 5% uncertainty is obtained for about 10 orientations, while about 50 different orientations are necessary to achieve an uncertainty of about 0.5% (1-); such last value is of the order of the error bars obtained for some laboratory measurements with real particles [1,13] For a perfect sphere, the scattering properties can be easily retrieved using Mie scattering calculations and there is no need for several different orientations of the particle When the roughness and/or the deviation from sphericity of the particle increases, increasing the number of measurements with different orientations of the particle is needed to retrieve the mean properties.

Previous results were calculated for all frequencies above the Rayleigh regime. It is of interest to conduct the studies at each frequency to retrieve the evolution of the standard deviation with the particles' size parameter. For each sample and for all frequencies, the number of necessary measurements where the standard deviation of the intensity drops below 5%, 3%, 2% 1.5% and 1% is searched for. Similarly, the number of necessary measurements where the standard deviation of the polarization drops below 5%, 3%, 2%, 1% and 0.5% is searched for. The lower values of 1% for intensity and 0.5 % for polarization are arbitrarily chosen but they can correspond to the typical accuracies often achieved when performing laboratory measurements with levitating particles in the visible spectral domain.

All the results for the number of necessary measurements obtained for the different sample inclinations (horizontally, vertically, slated) remains in the ±15% range for all the standard deviation thresholds presented above. indicate that the number of necessary measurements to retrieve the mean optical properties (hereafter called necessary measurements) is higher in the case of a non-compact particle compared to a compact one. The evolution of the number of necessary measurements with size parameter for all the samples is presented in Figure 8 for the intensity and in Figure 9 for the polarization, considering the different levels of expected accuracy. Obviously, the number of necessary measurements is lower when the uncertainties is higher, and less than 20 orientations are necessary to retrieve the mean intensity and polarization phase curve with an accuracy of 5%.

It also decreases with decreasing size parameter; the decrease is steeper for a size parameter below 3, corresponding to size particles below the wavelength, and is almost stable for a size parameter greater than 5. The number converges towards only one necessary measurement when the measurements are performed in the Rayleigh scattering domain. The evolution of the necessary number of measurements to reach a given accuracy strongly depends on the nature of the particles. As expected, the lower numbers (around 20 for intensity measurements) are obtained for the near-perfect compact sphere rough sphere 228, having rugosity in the [/6, /33] range. Then, the value increases as the surface of the particles become more irregular (rough sphere 223, GravelLike and AgC187) and the shape departs from a sphere. The rough sphere 223 has a particular behaviour, starting from values close to those of the rough sphere 228 for the smallest size parameters and reaching values of more irregular particles for the largest size parameters. This can be understood when considering that roughness depends on the frequencies in the [, /7] range. The other compact particles (Gravel, GravelPlexi, AgC181) and fractal particles (AgC186, SootAcryl, Agc185, Agc232, AgC233) exhibits similar behaviour with the number of necessary measurements in the 40-60 range (mean of 50) for intensity measurements. This categorization for the particles is less obvious when considering the polarization, where only the rough sphere 228 presents a behaviour that stands out from the other sample.

For non-compact particles composed of aggregated monomers, regarding the mean scattering function convergence and the dispersion of the individual scattering function, no direct dependency of the number of necessary measurements with the fractal dimension is detected. Also, the results for the compact Gravel and the GravelPlexi particles are similar, which indicates that for our cases the refractive index has no effect on the number of necessary measurements when the imaginary part of the index indicates significant absorbing properties. For compact particles, the departure from the sphericity reduces the amplitude of Mie oscillations but has little effect on the number of necessary measurements. It seems that the surface roughness, or the size of the irregularities with respect to the wavelength, is the main parameter that drives the necessary number of measurements to retrieve the mean scattering properties. When the surface irregularities or the size of the monomers is below a critical value, probably smaller than about /5 of the wavelength, they have no effect on the number of necessary measurements that have already reached a constant upper limit. The number of measurements evolves also with the deviation from the sphericity (Di/Dv parameter). When considering particles with size parameter greater than 2.5, to be above the transition from the Rayleigh scattering regime, the number of measurements reaches its maximum value for Di/DV > 2 for intensity (accuracy at 1.5%) and Di/DV > 1.5 for polarization (accuracy at 0.5%), as shown in Figure 10.

For the intensity, the 1.5% accuracy seems a good compromise between the number of necessary measurements and a desired accuracy in this size parameter range. The number of necessary measurements seems to reach an upper limit at about 60±10. On the other hand, the fractal aggregates composed of small spherules exhibit small remaining Mie oscillations in the scattering curves even if the number of measurements is large. They produce the small undulations of about 1% shown in Figure 7 for more than 70 number of measurements, which are difficult to totally remove (more than a hundred of different orientations could then be necessary). For the polarization, an upper limit of 70±10 necessary measurements is enough to reach an accuracy of 0.5% in absolute value. 

Numerical calculations

Numerical calculations of the scattering properties of the AgC181, AgC185, AgC186, AgC187, AgC232, AgC233 and GravelLike have been conducted using the Finite Element Method presented in [START_REF] Saleh | Microwave analog experiments on optically soft spheroidal scatterers with weak electromagnetic signature[END_REF] and using the same files to describe the geometry of the objects than the one used to print them. The scattering properties are computed considering the similar orientations and inclinations of the sample as during the measurements, by steps of 10°. The same method as the one used for measurements is conducted to determine the number of necessary measurements to retrieve the mean scattering properties.

Figure 11 shows that theoretical calculations and microwave analogy measurements have the same trends and are in correct agreement, considering the uncertainties.

Nevertheless, the model for the intensity often requires a larger number of orientations to reach the same error as for the measurements. It seems that the model is more sensitive to the remaining small Mie scattering oscillations than the measurements. The noise existing naturally in the experiments can potentially help to reach more rapidly the random realization. This effect seems less visible in polarization (Figure 12), confirming that intensity and polarization are not sensitive to the same physical parameters of the particles. These results confirm that such modelling calculations can be a good approach to retrieve the mean scattering properties of fluffy and fractal particles when several tens of orientations are considered. The code uses a parallel direct sparse solver (Pardiso); the computation time and memory requirements are strongly related to the object studied and the size of its circumscribing box. Typically, for a run performed on a 28 cores SMP computer, the used memory varies between 7 GB (AgC187) to 80 GB (AgC232) while the run time varies between 15 min (AgC187) to 11 hours (AgC232) for all frequencies. This calculation time for the particles studied here (fractals with less than 75 monomers) is much lower than the tens of hours necessary to retrieve experimentally the mean scattering properties from tens of different orientations. Thus, this numerical approach can be used in complement with real measurements to study the optical response of aggregates with various fractal dimension, number of monomers, shapes, and refractive indexes. On the other hand, experimental measurements could be the only solution to study particles having complex shapes (for examples with different size of monomers or highly variable surface heterogeneities) and to validate new numerical simulations methods or when the number of monomers or size of the objects is higher.

Conclusions

The microwave analogy has allowed us to estimate how we can define the mean optical scattering properties of irregularly shaped particles observed with different orientations, and how they evolve with the size parameter. For all samples, the number of necessary measurements is between 10 and 20 to reach a mean scattering property with an uncertainty of 5% (1-). Then, to reach a 1.5% error in intensity and 0.5% in polarisation, the number of necessary measurements strongly depends on the shape, the fluffiness, the deviation from a sphere, and the surface irregularities of the sample with respect to the wavelength (but not directly on their fractal dimension). For a slight rough sphere to a stringlike aggregate of small monomers with a fractal dimension of 1.5, the number of necessary measurements increases from about 20±3 to about 70±10. The higher value seems to be an upper limit.

Such results corroborate all the previous laboratory measurements of light scattered by clouds of levitating irregular randomly oriented particles where several tens of particles of the same size and having a size parameter below ~10 are involved. They also show that considering several tens of orientations of the same particle might be sufficient for considering random orientation when performing modelling calculation for an aggregate composed of monomers, thus reducing the calculation time. Finally, new microwave analogy measurements could be conducted to better evaluate the effect of the surface roughness on the mean scattering properties of compact and fluffy particles, in particular for the small size parameters close to the transition to the Rayleigh scattering regime.
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 1 Figure 1: The studied samples (not on the same scale, see table 1 for the size of the samples)
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 2 Figures 2 and 3 show examples of such oscillations for the rough sphere 223 and for the AgC185 at a frequency of 12 GHz, which corresponds to a size parameter of ~4.5. The amplitude of the dispersion for intensity at large scattering angles is of the order of 10 for the rough sphere while the amplitude dispersion can reach a factor of 100 for the AgC185. For the polarization, the dispersion can reach at some angles the minimal and maximal possible values (-100 and 100%).

Figure 2 :Figure 3 :

 23 Figure 2: Individual scattering functions for the rough sphere 223 (left: intensity; right: polarization) for the individual measurements at a given orientation and the mean of all the scattering functions
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 4 Figure 4: Evolution of the standard deviation with the number of measurements for the intensity of the AgC185 sample; the black lines represent the results for the different frequencies and the different combinations of orientations and inclinations; the red line represents the mean value

Figure 5 :

 5 Figure 5: Evolution of the standard deviation for the polarization with the number of measurements of the AgC185 sample; the black lines represent the results for the different frequencies and the different combinations of orientations and inclinations; the red line represents the mean value

Figures 6 and 7

 7 Figures 6 and 7 present examples of the evolution of the standard deviations with number of measurements for the rough sphere 223 and the AgC185, having a size parameter of 4.5. In these examples, the 1% threshold for intensity is reached for about 35±5 and 100±15measurements for the rough sphere 223 and the AgC185, respectively. These values decrease to 30±5 and 70±10 for the 1.5% threshold. The 0.5% threshold for the polarization is reached for 40±5 and 70±10 for the rough sphere 223 and the AgC185, respectively. These first results
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 6 Figure 6: Example of the evolution of the standard deviation for the intensity and polarization with the number of measurements for the rough sphere 223, at a size parameter of 4.5.
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 7 Figure 7: Example of evolution of the standard deviation for the intensity and polarization with the number of measurements for the AgC185, at a size parameter of 4.5.
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 8 Figure 8: Evolution of the number of necessary measurements with size parameters, to retrieve the mean intensity scattering properties, for different thresholds of uncertainties (the error bars of ±15% for the number of necessary measurements are omitted for clarity).
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 9 Figure 9: Evolution of the number of necessary measurements with size parameters, to retrieve the mean polarization scattering properties, for different thresholds of uncertainties (the error bars of ±15% for the number of necessary measurements are omitted for clarity).

Figure 10 :

 10 Figure 10: Evolution of the number of measurements as a function of deviation from sphericity (Di/Dv) for particles with size parameter greater than 2.5, for intensity (accuracy at 1.5%) and for polarization (accuracy at 0.5%)

Figure 11 :

 11 Figure 11: Evolution of the number of necessary measurements with size parameter, to retrieve the intensity mean optical scattering properties, for different thresholds of uncertainties (the error bars of ±15% for the number of necessary measurements are omitted for clarity). Full lines: measurements; dotted lines: modelling calculations.

Figure 12 :

 12 Figure 12: Evolution of the number of necessary measurements with size parameter, to retrieve the polarization mean optical scattering properties, for different thresholds of uncertainties (the error bars of ±15% for the number of necessary measurements are omitted for clarity). Full lines: measurements; dotted lines: modelling calculations.
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	Sample	Box containing	Gyration	Equivalent	Fractal	Dv	Di	Di/Dv
		the particle	diameter	diameter	dimension			
		(mm 3 )	(mm)	(mm)				
	AgC232	76 x 74 x 62	64	39	1.5	23.0	76	3.3
	AgC233	61 x 39 x 67	48	37	1.7	22.9	67	2.9
	AgC185	41 x 43 x 49	34	34	2.0	23.0	49	2.1
	AgC186	34 x 35 x 34	23	31	2.5	23.0	34	1.5
	AgC187	29 x 29 x29	20	27	2.8	23.0	29	1.3
	AgC181	46 x 28 x 50	-	40	-	35.9	50	1.4
	SootAcryl	66 x 48 x 22	41	32	1.8	22.7	68.3	3.0
	GravelPlexi	14 x 20 x 18	-	17	-	14.8	24.6	1.7
	Gravel(marble)	14 x 20 x 18	-	17	-	17.0	25.3	1.5
	GravelLike	32 x34 x 38		32		30.6	38	1.2
	Rough sphere 223 40 x 40 x 40	-	36	-	31.9	40	1.3
	Rough sphere 228 34 x 34 x 34	-	34	-	32.2	34	1.05

table

1

for the size of the samples) Physical parameters of the samples. The gyration diameters and the fractal idimensions are calculated assuming that the spheres are not interpenetrated; the Dv corresponds to diameter of the smaller compact sphere containing the same amount of material as the particle; Di corresponds to the diameter of the sphere containing the particle
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