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New polarization curves as a function of the scattering angle are studied with PROGRA2 

instruments (Propriétés Optiques des Grains Astronomiques et Atmosphériques) for 4 differ-

ent kinds of soot, levitating in a cloud and deposited on a surface. The smallest agglomerates of 

few μm produce higher polarization values than the full set of agglomerates. The small agglom-

erates and the packed particles on a surface have the higher polarization. These results need 

more studies. These curves will be used for detection of soot in the stratosphere by remote 

sensing measurements. 

INTRODUCTION 

It is now known that soot is present in stratosphere, and it can have a direct effect on the 

atmospheric chemistry and, through radiative transfer, on climate [1]. Reference scattering 

curves for soot are necessary to identify their types from remote sensing measurements in 

particular using balloon-born radiometer MicroRADIBAL [2]. Models using the Mie theory 

failed to give the optical properties of soot because of their fractal irregular shape [3]. An 

experimental database of the optical properties of soot made in a laboratory is then neces-

sary. Preliminary studies on light scattering with some kinds of soot have already been done 

[1]. Here we present new measurements for the polarization produced by four types of soot 

obtained by the PROGRA2 experiment. New cameras used by PROGRA2 are more sensi-

tive, so the optical properties of the smaller particles are easier to detect. 

The studied samples have an unknown imaginary part of the index, complicating the 

explanation of the polarization degrees.  Previous studies on polarization by deposited parti-

cles have been made by Shkuratov et al. 2006 [4], where the imaginary part of index was 

known.   

MEASUREMENT SYSTEM WITH PROGRA2-VIS AND DATA ANALYSIS 

PROGRA2 instruments are imaging polarimeters with two randomly polarized lasers at 

632.8 nm and 543.5 nm. The laser beam carried by optical fibres illuminates the particles. 

Light scattered by samples at a given scattering angles is split between the parallel and per-

pendicular component by a beam splitter cube. The cube is followed by the detectors: two 

CCD cameras providing 25 images per second. PROGRA2-vis observes the levitating parti-
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cles lifted by a small injection of nitrogen in a vial. The incident laser beam and the vial rotate 

and the detection system is fixed. The size of the agglomerates having diameters greater than 

20 µm can be determined by images recorded by the instrument. PROGRA2-surf performed 

measurement for deposited particles on a surface. More details of the PROGRA2 are pre-

sented in Renard et al. [5] and in Hadamcik et al. [6]. 

The degree of linear polarization P of the scattered light can be given 
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where perI
 and parI

 are the scattered intensities polarized perpendicular and parallel to the 

scattering plane, respectively.  

The imaging system allows sorting out the polarization values per different grain size 

classes to estimate the effect of size on the polarization for a given sample. 

SCATTERING CURVES FOR SOOT 

Studied samples 

Two of the studied samples are produced from an incomplete combustion of a liquid sol-

vent: Toluene (C7H8). The two others are produced from a solid polymer; Polymethyl 

Methacrylate or PMMA (C5H8O2). Table 1 shows information about the studied samples. 

The global equivalent ratio is defined as the ratio between the mass ratio of fuel to air during 

the experiment, and the mass ratio of fuel to air at stoichiometry [6]. 

  

Table 1. Detailed info about the four samples. 

 

Levitating and deposited samples 

Figure 1 presents the dependence of linear polarization on the scattering angle at λ =632.8 

nm for levitating agglomerates of soot. The amplitude of positive polarization branches are 

obtained with toluene1, followed by a similar behavior of the polarization produced by tolu-

ene2 and PMMA1. The lowest amplitude of the polarization is obtained with PMMA2. All 

the amplitudes of polarization are obtained for scattering angles between 80° and 90°. 

Name 
Ventilation flow rate 

(m3/h) 

Global equiva-

lence ratio 

Primary particle 

diameter (nm) 

Fractal dimen-

sion 

Soot density 

(g/cm3)  

Toluene1 450 0.01 52 1.86 1.46 

Toluene2 100 0.06 70 1.81 1.46 

PMMA1 450 0.06 42 1.78 1.52 

PMMA2 50 0.49 56 1.74 1.52 
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The angular profile of linear polarization produced by the smallest agglomerates of a few 

µm in diameter can be retrieved by using images recorded after 30 seconds of the nitrogen 

injection. Fig. 2 shows the polarization curves of such particles. An obviously larger differ-

ence is noticed between the polarization amplitude obtained with the smallest agglomerates 

and those obtained with the full set of agglomerates. As we can see in the Fig. 2, the two 

samples issued with low flow ventilation rate PMMA1 and toluene1 produce the highest 

polarization curves and show similar behavior to each other. The two other samples, 

PMMA2 and toluene2, having lower flow ventilation rate than the others, produce lower 

polarization curves for the small agglomerates. When the ventilation flow rate decreases, the 

global equivalent ratio increases, and the fractal dimension decreases [7]. This could be an 

explanation for the impact of the ventilation flow rate on the polarization values. 

It is interesting to check the dependence of polarization on the diameter of the agglom-

erate after averaging the data over size intervals of 50 µm, following a power law fit. The 

imaging system allows identifying polarization produced by particles larger than 20 µm in 

diameter. Fig. 3 shows an example given at 70° scattering angle, obtained with the sample 

Toluene1. The polarization increases with the diameter, and large fluffy absorbing particles 

produce higher polarization [6]. 

 

 
Figure 1. Polarization curves for the agglome-

rates for levitating samples. 

 

 
Figure 2. Polarization curves for the small 

agglomerates for levitating samples. 

 

 
Figure 3. Dependence of polarization on size 

after averaging the data over 50 µm size inter-

vals. 

 
Figure 4. Polarization curves for the 

PMMA1 sample measured in different 

conditions. 

 

Figure 4 shows a comparison of amplitudes of positive polarization branches for the 

same sample, PMMA1, in different conditions. The highest amplitudes of polarization are 
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obtained with the two curves produced by the smallest agglomerates and with the packed 

particles on a surface. The amplitude for both of these curves is about 72 %. A negative po-

larization is noticed for the packed samples on a surface at large scattering angles. Deposited 

particles produce lower polarization curves than the packed ones and greater than the one 

obtained with lifted agglomerates. The lowest polarization amplitude is given by a dense 

cloud of particles; more studies are needed and are in progress to give an explanation for this 

result. 

CONCLUSIONS 

Smallest agglomerates in a range of few µm in diameter present a higher amplitude of polari-

zation than those obtained with the full set of agglomerates. The polarizations produced by 

small agglomerates mainly depend on the flow ventilation factor used during the incomplete 

combustion. Smallest agglomerates and packed particles on a surface give the highest ampli-

tude of polarization. The lowest amplitudes are produced by a dense cloud of levitating ag-

glomerates; further studies are needed to explain this result. 

The new version of PROGRA2 using more sensitive cameras allows to detect agglom-

erates having low brightness. New measurements with other kinds of soot will be studied. 

Finally the data will be added to the PROGRA2 data base (http://www.icare.univ-

lille1.fr/progra2/). In particular, they will be used to identify the type of the grains of soot 

detected in the stratosphere with MicroRADIBAL. 
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