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1. Asteroid thermal modelling
Asteroid observations in the thermal infrared have
been been carried out since the ’70s mainly to mea-
sure their sizes [1]. Essentially, these observations are
obtained from space. Space surveyors such as IRAS
[2], MSX [3], AKARI [4], Spitzer [5], and WISE [6]
(see also [7]) have provided more than 150,000 aster-
oid sizes and albedos.

Moreover, thermal infrared observations allow the
determination of geo-physical properties of bodies’
surfaces. For instance, it is well known that rocks cool
off at night more slowly than fine materials (e.g. sand)
of the same compositions. This has been used to deter-
mine the rock abundance on our Moon [8] and on Mars
[9] from night-time thermal infrared measurements.

A physical property that is often derived from in-
frared measurements is the thermal inertia of the sur-
face [10]. This quantity measures the resistance of a
body to temperature changes.. Thermal inertia can be
used to estimate to estimate the grain size of the re-
golith [11, 12, 13], which is crucial information for
sampling site selection (e.g. in the case of OSIRS-
REx).

In the case of asteroids, thermal inertia controls the
strength of the Yarkosvky effect, which is a secular
non-gravitational perturbation on the orbit, due to the
momentum imparted to the asteroid by the emission
of thermal photons [14]. If the variation of the orbital
semimajor axis due to the Yarkosvky effect is mea-
sured, e.g. by radar or utra-precise optical astrometry,
and the body’s size and thermal inertia are available,
it is then possible to solve for the bulk density of the
asteroid [15], which is one of the most interesting, yet
unknown, properties to be determined for asteroids.

The value of the thermal inertia, together with the
rotation period controls the amplitude of the day-night

temperature excursions, which can reach several tens
to hundred degrees on airless bodies such as asteroids
[16, 10]. These temperature variations can trigger ther-
mal fatigue [17, 18] of the surface materials leading to
their failure and the production of fresh regolith.

The arrival of JAXA’s Hayabusa2 at the near-Earth
asteroid (162173) Ryugu and of NASA’s OSIRIS-REx
at (101955) Bennu this year will offer the opportuni-
ties to perform the aforementioned studies in great de-
tails on their target asteroids.

2. OSIRIS-REx & Hayabusa2
NASA’s OSIRIS-REx is a sample return mission that
will perform detailed infrared observations of the as-
teroid Bennu using OTES. This is a thermal emis-
sion Fourier-transorm spectrometer, built by P. Chris-
tiansen and collaborators at the ASU, USA, that col-
lects hyperspectral thermal infrared data over the spec-
tral range from 5.7 to 100 microns. OTES will be
used to derive the composition and the thermophysi-
cal properties of the surface of Bennu. The main top-
ics that OTES aims at addressing are: (1) to docu-
ment the sample site spectral and compositional prop-
erties; (2) to globally map the composition of Bennu;
(3) to determine regolith physical properties, such as
grain size, stratification, and (4) to measure asymmet-
ric thermal emission around the asteroid that produces
the Yarkovsky effect

On the other hand, JAXA’s Hayabusa2 is equipped
with a thermal infrared imager (TIR) [19] based on a
microbolometer array 320 x 248 pixels that will take
images of Ryugu. The pass band of the detector is 8–
12 microns and there are no filters. Radiance measure-
ments are converted into temperatures via pre-flight
calibration. The goal of TIR is to measure surface tem-
perature, determine thermal inertia [20], and regolith
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nature. It will also be used for selection of sampling
sites and for the location of MASCOT lander touch-
down. The latter is also equipped with MicrOmega
and MARA. The former will analyse the surface com-
position at micron -scale resolution; the latter is a ra-
diometer that will measure the surface temperature at
the landing site. MARA measurements are planned to
be carried out along at least one day/night cycle.

OSIRS-REx and Hayabusa2 also differ in the ob-
servations modes: while the former will use differ-
ent "stations" around Bennu (at 03:20 AM, 06:00 AM,
10:00 AM, 12:30 PM, 03:00 PM, 06:00 PM, 20:40 PM
of local time), the latter will mostly observe the sub-
solar point at nadir, i.e. from zero degree of phase
angle.

OSIRIS-REx and Hayabusa2 will provide high
quality data to be analysed by means of sophisticated
thermal models. In some of these models, team mem-
bers of these missions are implementing heat transfer
taking into account the granular nature of the soil, in
order to study the regolith grain size, rock abundance
and stratifications.

Acknowledgements
The participation of M. Delbo to the OSIRS-REx and
Hayabusa2 missions is supported by the CNES.

References
[1] David A Allen. Infrared Diameter of Vesta. Nature, 227(5):158–159,

July 1970.
[2] Edward F Tedesco, Paul V Noah, Meg Noah, and Stephan D Price. The

Supplemental IRAS Minor Planet Survey. The Astronomical Journal,
123(2):1056–1085, February 2002.

[3] Erin Lee Ryan and Charles E Woodward. Rectified Asteroid Albedos
and Diameters from IRAS and MSX Photometry Catalogs. The Astro-
nomical Journal, 140(4):933–943, October 2010.

[4] Fumihiko Usui, Daisuke Kuroda, Thomas G Müller, Sunao Hasegawa,
Masateru Ishiguro, Takafumi Ootsubo, Daisuke Ishihara, Hirokazu
Kataza, Satoshi Takita, Shinki Oyabu, Munetaka Ueno, Hideo
Matsuhara, and Takashi Onaka. Asteroid Catalog Using Akari:
AKARI/IRC Mid-Infrared Asteroid Survey. Publications of the Astro-
nomical Society of Japan, 63(5):1117–1138, October 2011.

[5] D E Trilling, M Mueller, J L Hora, A W Harris, B Bhattacharya, W F
Bottke, S Chesley, M Delbo, J P Emery, G Fazio, A Mainzer, B Pen-
prase, H A Smith, T B Spahr, J A Stansberry, and C A Thomas. Ex-
ploreNEOs. I. Description and First Results from the Warm Spitzer
Near-Earth Object Survey. The Astronomical Journal, 140(3):770–784,
September 2010.

[6] Joseph R Masiero, A K Mainzer, T Grav, J M Bauer, R M Cutri,
J Dailey, P R M Eisenhardt, R S McMillan, T B Spahr, M F Skrut-
skie, D Tholen, R G Walker, E L Wright, E DeBaun, D Elsbury,
T IV Gautier, S Gomillion, and A Wilkins. Main Belt Asteroids with
WISE/NEOWISE. I. Preliminary Albedos and Diameters. The Astro-
physical Journal, 741(2):68, November 2011.

[7] A Mainzer, F Usui, and D E Trilling. Space-Based Thermal Infrared
Studies of Asteroids. in Asteroids IV (P. Michel, et al. eds.) University
of Arizona Press, Tucson., pages 89–106, 2015.

[8] Joshua L Bandfield, Rebecca R Ghent, Ashwin R Vasavada, David A
Paige, Samuel J Lawrence, and Mark S Robinson. Lunar surface rock

abundance and regolith fines temperatures derived from LRO Diviner
Radiometer data. Journal of Geophysical Research, 116, December
2011.

[9] S A Nowicki and P R Christensen. Rock abundance on Mars from
the Thermal Emission Spectrometer. Journal of Geophysical Research,
112(E):E05007, May 2007.

[10] M Delbo, M Mueller, J P Emery, B Rozitis, and M T Capria. Aster-
oid Thermophysical Modeling. in Asteroids IV (P. Michel, et al. eds.)
University of Arizona Press, Tucson., pages 107–128, 2015.

[11] Michael T Mellon, Bruce M Jakosky, Hugh H Kieffer, and Philip R
Christensen. High-Resolution Thermal Inertia Mapping from the Mars
Global Surveyor Thermal Emission Spectrometer. Icarus, 148(2):437–
455, December 2000.

[12] Bastian Gundlach and Jürgen Blum. A new method to determine the
grain size of planetary regolith. Icarus, 223(1):479–492, March 2013.

[13] N Sakatani, K Ogawa, Y Iijima, M Arakawa, R Honda, and S Tanaka.
Thermal conductivity model for powdered materials under vacuum
based on experimental studies. AIP Advances, 7(1):015310, January
2017.

[14] D Vokrouhlický, W F Bottke, S R Chesley, D J Scheeres, and T S Statler.
The Yarkovsky and YORP Effects. in Asteroids IV (P. Michel, et al. eds.)
University of Arizona Press, Tucson., pages 509–531, 2015.

[15] Steven R Chesley, Davide Farnocchia, Michael C Nolan, David
Vokrouhlický, Paul W Chodas, Andrea Milani, Federica Spoto, Ben-
jamin Rozitis, Lance A M Benner, William F Bottke, Michael W Busch,
Joshua P Emery, Ellen S Howell, Dante S Lauretta, Jean-Luc Margot,
and Patrick A Taylor. Orbit and bulk density of the OSIRIS-REx target
Asteroid (101955) Bennu. Icarus, 235:5–22, June 2014.

[16] J L Molaro and C P McKay. Processes controlling rapid temperature
variations on rock surfaces. Earth Surface Processes and . . . , 2010.

[17] Marco Delbo, Guy Libourel, Justin Wilkerson, Naomi Murdoch, Patrick
Michel, K T Ramesh, Clément Ganino, Chrystele Verati, and Simone
Marchi. Thermal fatigue as the origin of regolith on small asteroids.
Nature, 508(7):233–236, April 2014.

[18] J L Molaro, S Byrne, and Le J L. Thermally induced stresses in boulders
on airless body surfaces, and implications for rock breakdown. Icarus,
294:247–261, September 2017.

[19] Tatsuaki Okada, Tetsuya Fukuhara, Satoshi Tanaka, Makoto Taguchi,
Takeshi Imamura, Takehiko Arai, Hiroki Senshu, Yoshiko Ogawa, Hi-
rohide Demura, Kohei Kitazato, Ryosuke Nakamura, Toru Kouyama,
Tomohiko Sekiguchi, Sunao Hasegawa, Tsuneo Matsunaga, Takehiko
Wada, Jun Takita, Naoya Sakatani, Yamato Horikawa, Ken Endo, Jörn
Helbert, Thomas G Müller, and Axel Hagermann. Thermal Infrared
Imaging Experiments of C-Type Asteroid 162173 Ryugu on Hayabusa2.
Space Science Reviews, 208(1):255–286, July 2017.

[20] Jun Takita, Hiroki Senshu, and Satoshi Tanaka. Feasibility and Accu-
racy of Thermophysical Estimation of Asteroid 162173 Ryugu (1999
JU3) from the Hayabusa2 Thermal Infrared Imager. Space Science Re-
views, 208(1):287–315, July 2017.


