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Scientific Report Summary.
(plain text, no figures, maximum 250 words, to be included in database and published)

We have measured about 30 reflectance spectra from 0.7 to 4 um of 10 different samples
(at 173K) including pure water ice particles of different size distributions, and their mixtures
with anthracite dust. We have performed a systematic study showing how the particle sizes
(from about 2 to 100 um), the dust concentration (from 1 to 10 wt%), the way the water is
mixed with the dust (intra- or inter- particle mixtures) influence the shape/depth of the
absorption bands, the level of reflectance of the continuum, and the amplitude of the
Fresnel reflection peak. These data provide useful references to test radiative transfer
models and to help the interpretation of observational data of icy/dust objects such as
comets or icy satellites.

Full Scientific Report on the outcome of your TNA visit

The goal of our TNA visit at IPAG was to measure the reflectance spectra from 0.7 to 4 um of




surface samples of water ice and dust particles produced with the SPIPA machines (Setups
for the Preparation of Icy Planetary Analogues) developed at the University of Bern. We
transported the SPIPA machines from Bern to Grenoble in order to prepare well-
characterized samples in reproducible ways.

We have successfully measured about 30 spectra of 10 different samples (at 173K) including
pure water ice particles of different size distributions, and their mixtures with anthracite
dust (Table 1). We prepared water ice/dust mixtures with different dust-to-water mass
ratios (0.01 and 0.1) and using different methods to mix the ice and the dust (intra- and
inter- mixtures).

Size distribution

N® Sample description . . Temperature
water ice anthracite dust
1 Pure water ice particles 4.5+2.5um MN.A. 173K
2 Pure water ice particles 6732 um MN.A. 173K
3 Pure water ice particles 67132 um M.A. 223 K
4 Pure water ice particles 5-100 pm* MN.A. 173 K
5 Pure anthracite MN.A. <25 um 173 K
6 Intra-mixture of water and 1% anthracite 67132 pm <25 pm 173 K
7 Intra-mixture of water and 10% anthracite 67+ 32 pm <25 pm 173K
3 Inter-mixture of water and 1% anthracite 67+ 32 pm <25 pm 173K
9 Inter-mixture of water and 10% anthracite 67+ 32 pm <25 pm 173K
10 Inter-mixture of water and 1% anthracite 4.5+2.5um <25 pum 173 K

Table 1: Samples whose reflectance spectra were measured during this TNA visit

Pure water ice particles of different size distributions

The reflectance spectra of pure water ice particles are shown in Figure 1. These spectra
indicate how different size distributions influence the shape/depth of the water absorption
bands (at 1.05, 1.28, 1.5, 2 um), and the shape of the spectrum between 2.5 to 4 um. In
particular, a Fresnel reflection peak centred at 3.1 um is detected for particles of 67 + 31 um,
but is absent when micrometer-sized particles (4.5 + 2.5 um) are present on the surface.
Alternatively, the bump of reflectance centred at 3.7 um is indicative of the presence of
micrometer-sized particles and is absent for particles of 67 + 31 um.
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Figure 1: Reflectance spectra of surfaces of pure water ice particles with different sizes

Mixture of water ice and anthracite dust
We produced anthracite dust to mix with the water ice because this material has a nearly
featureless spectrum from 0.7 to 4 um, enabling to characterize precisely how the dust




affects the water ice spectral features in the visible and infrared ranges (Figure 2).
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Figure 2: Reflectance spectra of surfaces mixtures of water ice and anthracite particles

An in-depth analysis of the results presented in Figure 2 indicates how the way the water
and the dust are mixed together, how the concentration of dust and how the size of the
water ice particles, affect the reflectance of the water ice (i.e. the shape/depth of the
absorption bands, brightness, amplitude of the Fresnel reflection peak etc.).

This visit resulted in the production of very valuable data for the interpretation of the
observations of past, current and future space missions exploring icy/dust objects such as
Rosetta and JUICE. These data also provide useful references to test radiative transfer
models.

Given the success of this visit and the need of such laboratory reference measurements for
the community, we are already planning to propose a future campaign of measurements on
this facility. This new campaign could (1) enable us to complete the systematic study we
have started (Table 1) and (2) characterize the evolution of these icy-dust samples during
sublimation of the ice, especially with a dust composition closer to a cometary one, in order
to help the interpretation of Rosetta OSIRIS/VIRTIS data.

Please include:
- Publications arising/planned (include conference abstracts

etc)

We plan to submit a first publication based on these results in March 2017, probably to a
high impact peer-reviewed journal such as Icarus or Journal of Geophysical Research.

We will also consider presenting these results to the next conferences, probably first at the
European Planetary Science Congress in 2017.

- Host approval The host is required to approve the report agreeing it is an accurate
account of the research performed.

The two managers of the facility, Bernard Schmitt (CNRS/IPAG, Grenoble), and Pierre Beck
(UJF/IPAG, Grenoble), approve the report and agree that it is an accurate account of the
research performed during the visit of the Cold Surface Spectroscopy facility (DPSF/CSS/TA2-
4)
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