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Physical status of the surface material of airless bodies → evolution, geology, and 
selection of landing/sample site 

Thermal inertia TI = (k ρ c)1/2 controls the maximum daytime temperature, and the 
time at wich the maximum occurs  

Standard thermophysical models assume that the thermal skin depth is greater 
than particle size. But for rubble pile asteroids (es. Bennu and Ryugu) the boulders 
size maybe greater than the thermal skin depth

Bennu shows a low value of thermal inertia, not compatible with boulder size 
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Introduction

Figure 1. Surface of Bennu from Osiris-Rex. Image adapted from DellaGiustina et al. (2019)



We calculate the surface temperature with a thermophysical code 
(Rognini et al. 2019, Capria et al. 2014) that solve the 1D heat equation:

Thermal conductivity k  is calculated for a polydisperse soil by taking an 
effective particle diameter D

32
 given by the volume-to-area ratio (Ryan et 

al. 2020)
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Methods
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Figure 2. Simulation of thermal 
flux applied to a monodisperse 
soil. Image from Ryan et al. 2020
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Results: Ryugu

Figure 3. Thermal image of Ryugu. Image from 
https://data.darts.isas.jaxa.jp/
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Observation and simulation 
date for the asteroid Ryugu: 
2018 August 01, 14:26:08 
(Okada et al., 2020)

Figure 4. Simulated temperature on Ryugu
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Results

Figure 5. Thermal map of Bennu, with 
D

32
 = 5 cm, heliocentric distance = 1 A.U.

Figure 6.  Examples of temperature curves 
calculated with different average particle sizes 
D=D

32
 (meters), for a point located on the 

equator of an asteroid with emissivity 0.9, 
heliocentric distance 1.6 A.U., albedo 0.1,
density 2146 kg/m3, specific heat 600 J/kg K, 
rotation period 11.92 h.



Temperature provided by the thermophysical model can be used as 
input for non-spherical dust dynamics models (Ivanovski et al. 2017) 
for near asteroids environments;

dust distribution constrain;

prevision of dust environment encountered by the ESA mission HERA 
at the encounter with the Didymos binary system.

The code will be available to the interested communities in MATISSE 
(Zinzi et al. 2016), the tool developed at ASI-SSDC and which will be used 
also for LICIACube mission (talk of Elisabetta Dotto).
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Further applications
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