
HAL Id: insu-01589663
https://insu.hal.science/insu-01589663

Submitted on 18 Sep 2017

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Radiative-transfer modeling for measured scattering
properties of a planetary-regolith analog sample

T. Väisänen, J. Markkanen, Edith Hadamcik, Anny Chantal
Levasseur-Regourd, Jérémie Lasue, Jacques Blum, A. Penttilä, K. Muinonen

To cite this version:
T. Väisänen, J. Markkanen, Edith Hadamcik, Anny Chantal Levasseur-Regourd, Jérémie Lasue, et al..
Radiative-transfer modeling for measured scattering properties of a planetary-regolith analog sample.
European Planetary Science Congress 2017, Sep 2017, Riga, Latvia. pp.PSC2017-605. �insu-01589663�

https://insu.hal.science/insu-01589663
https://hal.archives-ouvertes.fr


Radiative-transfer modeling for measured scattering
properties of a planetary-regolith analog sample

T. Väisänen (1), J. Markkanen (1), E. Hadamcik (2), A.C. Levasseur-Regourd (3), J. Lasue (4), J. Blum (5), A. Penttilä (1)
and K. Muinonen (1,6);
(1) Department of Physics, Univ. of Helsinki, Finland, (2) LATMOS/CNRS, Pierre and Marie Curie Univ., France, (3)
LATMOS/CNRS, UPMC (Sorbonne Univ.), France, (4) IRAP-CNRS, Univ. of Toulouse, France, (5) IGEP, Brunswick Univ.
of Technology, Germany, (6) Finnish Geospatial Research Institute, FGI, Finland, (timo.h.vaisanen@helsinki.fi)

Abstract

Multiple scattering by a planetary-regolith analog sur-
face consisting of closely equisized silica spheres was
studied with recently developed Radiative Transfer
with Reciprocal Transactions (R2T2) and Radiative
Transfer Coherent Backscattering with Incoherent in-
teractions (RT-CB-ic). The computed results match
the experimental results relatively well, considering
that the computer modeling is in early stages.

1 Introduction

In order to do reliable inversion of the properties
of the asteroid surface from spectral and polarimet-
ric data, physics-based electromagnetic scattering pro-
grams, which work for large and dense media, are
needed. The exact methods exist but these methods
fail when the media is huge and thus approximate
methods need to be developed. For this purpose we
have been developing the radiative transfer codes R2T2

and RT-CB-ic [1]. To show the current progress of
our work, we have modeled a planetary-regolith ana-
log sample using them.

The analog sample is a low-density agglomerate
produced by random ballistic deposition (RBP) of al-
most equisized SiO2 spheres (refractive index n=1.5
and diameter 1.45±0.06 µm with Gaussian size distri-
bution). The volume fraction of the sample was 0.15
±0.03 and the size of the diameter of the cake was
about 20 mm and depth 5 mm. The experimental setup
and more about the sample can be found in [2] and [3].

The light-scattering properties of the sample were
studied using the PROGRA2-surf experiment which
has been developed to provide polarization phase
curves which can be compared to remote sensing ob-
servations [4].
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Figure 1: Intensity. Normalized to unity at 40 ◦
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Figure 2: Degree of linear polarization

2 Computational Methods

The computational modeling was done by using radia-
tive transfer codes the RT-CB-ic and the R2T2, which
use the so the so-called incoherent fields [5], and in-
clude the coherent backscattering effect. We have
shown that the incoherent field treatment can make the
radiative transfer applicable to dense media [1]. The
RT-CB-ic is not compute intensive and thus can be run
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on a personal computer whereas the R2T2 can require
a supercomputer if the studied medium and scatterers
are large. These methods are work in progress so im-
provements in the near future are expected.

3 Results
We have computed scattering from a macroscopic
spherical medium (volume fraction 0.15) with RT-CB-
ic [see Figs. 1 and 2] using single particle size (diam-
eter 1.45 µm, red curve) and Gaussian distribution for
the size (mean 1.45 µm with σ=0.02 µm, blue curve),
with the refractive index (n = 1.48+0.0001i) which is
due to remarks made in [3].

4. Summary and Conclusions
The RT-CB-ic produces relatively well the measure-
ment results although the system is modeled using
simple assumptions. The results can get better by
tweaking the size distribution of the scatterers and
modeling the shape of the media better. Large sphere
as a shape of the media was assumed in the computa-
tions. The low polarization peak near 15◦ is a chal-
lenge for our methods. The reason for this can be the
clustering of the spheres in the sample which is not
present in current computational models.
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