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Science/technical case
• Return of a sample of unaltered material from primitive 

asteroid. 

• Several process alter material on asteroids: space 
weathering, gardening... 

• What about heating (from the Sun) ? 

• Sample temperature < 40C (313K) - 80C (353 K) 
(Koschny - yellow book)

• Macromolecules found in meteorites are thought not 
to be stable at temperature > ~373 - 423 K 



Temperatures vs heliocentric distance
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Introduction

A goal of the Marco Polo (MP) mission is to collect and 
return to Earth a sample of primitive organic material of our 
solar system. It is thought that such sample can be found on 
C-type near Earth objects (NEOs). Organics are very volatile 
and can be altered if exposed at temperature >~100C ! 

373K. Here we study whether the surface and subsurface of 
MP targets are or have been heated >100C from the Sun.

We analyze temperatures on current 
orbits and the likely amount of heat that 
each target received during its past 
orbital evolution.

Method

To calculate temperatures, a 
thermophysical model (TPM) 
that takes into  account the heat 
diffusion (Sun illumination) 
into the subsurface is used. 
Phys ica l parameter s are : 
b o lo m e t r i c Bo n d a lb ed o 
(A)=0.03, thermal inertia 

(!)=700 (SI unitis), spherical shape. 

Maximum temperatures are reached at perihelion. A 
dynamical model was therefore also used to calculate what is 
the probability that an NEO had a perihelion distance (q) < 
than a certain threshold (qs). Our model also compute the total 
time spent with (q<qs).

contact: delbo@oca.eu
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Max, average and minimum 
temperature on the surface of Marco 
Polo’s targets on their current orbits. 

Current temperatures

(162173) 1999 JU3 Pole: "=0 deg, #=90deg

(162173) 1999 JU3 Pole: "=331 deg, #=20deg

Temperature above which a 50% fraction of  the surface (& 
subsurface) area of  an NEO is heated to, as function of  q

Past thermal history

Probability that each of  target had q<qs

Total time for which q<qs for each target.

Conclusions

It is required that the asteroid never had q<0.6 to ensure 
that 50% of the subsurface area at 3 or 5 cm depth was 
never exposed to temperature >100C. This constraint 
becomes q<0.9 if we require to find the thermally 
unaltered sample on the surface. However, the probability 
that q<0.6 is ~50-60% (q<0.9 is >80%) for the targets. 
The less heated is 162998. Subsurface sampling is 
required. 
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(65679) 1989 UQ  Pole: "=0 deg, #=90deg
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(162998) 2001 SK162  Pole: "=0 deg, #=90deg
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2001 SG286  Pole: "=0 deg, #=90deg

Temperature above which a 50% fraction of  the surface 
(subsurface) area of  an NEO is heated to.

7h rotation period, 
thermal inertia = 
700 J m-2 s-0.5 K-1

Campins et al., 2009 
submitted

Thermophysical 
model



Temperature of targets today
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Past orbital evolution

• NEOs  evolve   rapidly  in  the  Keplerian   
orbital  elements  space, (a,e,i),  due  to  a  
combinations  of  close  encounters  with  the 
terrestrial planets and resonances with the 
giant planets. 

• The probability that each NEO reached q<qs 
(with qs = a given threshold)  

• The total time spent at q<qs



Probability of q<qs
1999 JU3
2001 SG286
2001 SK162
1989 UQ
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Time spent with q<qs
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Probability that targets were heated above 
a certain temperature (SURFACE)
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Probability that targets were heated above a 
certain temperature (SUB-SURFACE 3cm)

1999 JU3
2001 SG286
2001 SK162
1989 UQ

 0

 0.1

 0.2

 0.3

 0.4

 0.5

 0.6

 0.7

 0.8

 0.9

 1

 200  300  400  500  600  700  800  900  1000P
r
o
b
a
b
i
l
i
t
y
 
t
h
a
t
 
5
0
%
 
S
U
B
s
u
r
f
a
c
e
 
a
r
e
a
 
w
a
s
 
h
e
a
t
e
d
 
a
b
o
v
e
 
T
s

Temperature, Ts, (sub surface 3cm depth) [K]

65679
162173
162998

2001 SG286
1999 RQ36



Probability that targets were heated above a 
certain temperature (SUB-SURFACE 5cm)
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Conclusions

• All target NEOs are likely to have been heated 
above 350 K at the surface.

• Heating at some (3-5cm) depth is less 
important.

• The less heated target is (162998) 2001 SK162.

• Subsurface sampling is required.


