Brightness temperature modelling of icy and dusty materials applied to comet
ub 67P/Churyumov-Gerasimenko.
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Comets, mainly composed of organic compounds, silicate minerals and water ice [1l], enclose clues about
processes and chemical and physical conditions of the early phases of the Solar System. The European Space
Agency's Rosetta spacecraft was in orbit around comet 67P/Churyumov-Gerasimenko (hereafter 67P) from
August 2014 to November 2016. From June 2014, the Microwave Instrument on the Rosetta Orbiter (MIRO)
acquired maps of the subsurface brightness temperatures (hereafter BT) of comet 67P, at 1.6 mm and 0.5
mm wavelengths [2][3]. These data can provide clues about the heat transport and ice sublimation processes
experienced by the comet 67P. The dusty nature of the nucleus has been inferred by different instruments with a lower
limit of the dust-to-ice mass ratio possibly greater than 4 [4][5]. In order to interpret the BT measured by the MIRO
radiometer, we are currently developing a general model composed of a 1D thermal model, taking into account the 3D
shape model of the nucleus, associated with a radiative transfer model. This work is developed in the context of the f
Multi-instrumental Analysis of Rosetta Data (MIARD) project funded by the European Union’s Horizon 2020  [@glelis3gvigeJolIgRY eI =RaYe[=lglo % V(@
research and innovation programme.
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* Incidence angle of solar radiance is computed for every
facet of the selected shape model (here 124938 facets)
of the comet for a given date + 359° of rotation (/1°)

* Shadowing is taken into account

* A homogeneous layer of material is considered for each
facet (depth expressed in thermal skin depth)

* A 1D thermal conduction model is applied for each
facet, taking into account the diurnal variations of the
Ilumination

* A steady state temperature profile at a given rotation
step Is reached for each facet after 6-7 rotations of the
comet.
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e Powdered olivine basalt, Campbell and Ulrichs (1969)
o Volcanic ashes, Adams et al. (1996)

< Powdered basalt, Heggy et al. (2001)

¢ JSC-1A Lunar simulant, Calla and Rathore (2012)

> Volcanic ashes, Mattei et al. (2014)
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Semi-empirical formula derived from the measurements:
&'(Fp,®,T) = (5.65 X F2 — 0.23 X Fp + 3.22)179 +\(T — 243) X 10‘}3
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— BT as a function of the emission angle for facet #1

Simulated brightness temperatures 0°

Emission angle = 0°
Wavelength = 1.6 mm

Physical and thermal constraints of
the material layer:

*Thermal inertia = 80 MKS

*Bulk density = 470 kg.m™3
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*Porosity = 80%
*Dust-mass fraction = 0.9
*Mean temperature = 125 K

g'=1.37 | Electrical skin depth
£'= 0.005 i 6 cm
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