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Ingredients for a successful 
mission 

•  Science goal – must be fundamental 
•  Technically feasible – must be do-able 
•  Budget – must be within set budget 



A proposal for an M-
class mission of the ESA 
Cosmic Vision 
programme 

Named after Caroline 
Herschel (1750 – 1848), 
early astronomer and 
discoverer or co-
discoverer of at least 6 
comets   



Origin of Water on Earth 

•  Earth formed inside the snow line (~2.5AU) and 
so should be dry 

•  Does post-accretion impact by water/ice rich 
objects explain the water on Earth? (Late veneer) 

•  If so what type of bodies? Comets? But not 
enough Oort cloud comets out there, so JFCs? Or 
asteroids....or a few ice rich asteroids (Main Belt 
comets....)  



D/H ratio 
•  Measuring the D/H ratio of each type of 

body and comparing to the Earth and 
models of solar system formation would be 
critical in establishing (1) which route 
delivered water to the Earth and (2) the 
place of origin of Main Belt comets 
(MBCs).  

Don’t forget: No water = no life 



Water is important 

•  No water, no life 
•  So understanding the origin of water on 

Earth is crucial to understanding the origin 
of life on Earth 

•  And, whether other Solar Systems will have 
water-rich terrestrial type bodies 



What is Caroline? 

•  A mission to visit a Main Belt Comet and 
return dust samples from it 

•  Target: 133P/Elst-Pizarro which has been 
observed over 15 years and 3 outburst 
periods 



Main Belt Comets? 

•  The “missing link”? 
•  In 1996 asteroid 7968 Elst-Pizarro was observed to eject 

dust as it approached perihelion – impact by another 
body? (Elst, E. W., et al. 1996, IAU Circ. 6456). It orbits 
between 2.6 and 3.7 AU with eccentricity 0.165 

•  But it did so again next time it approached perihelion, so 
is it a comet? i.e. 133P/Elst-Pizarro (Hseih et al., Astron. 
J. 127, 2997-3017, 2004 and Hseih et al., MNRAS 430, 
363-377, 2010) 

Source_H. Hseih 



Taken 
from Fig 2, 
Hseih et 
al., 
MNRAS 
430, 
363-377, 
2010 



Activity 

•  Modelling of the measured dust cloud 
suggests an encounter at 50 km would 
collect of order 4 × 104 grains around 10 µm 
in size. 

•  But gas production rates are estimated to be 
low (1023 molec s-1) 



Key science goals 
•  Gather data critical for evaluating hypotheses concerning the 

primordial delivery of water and other volatile materials to Earth, 
shedding light on the question of how life itself came to be possible; 

•  Explore a member of a newly discovered class of objects that 
challenges classical definitions of both asteroids and comets;  

•  Bring the first-ever sample of material from the asteroid belt back to 
Earth, enabling: 

•  Detailed laboratory study of some of the most pristine material 
remaining in the modern solar system;  

•  Greatly increase our understanding of the compositional and 
temperature structure of the protosolar disk, in turn providing insights 
into conditions that may give rise to habitable extrasolar planets. 



Method 
•  A 5.4 year mission (launch 

Nov 2021, encounter May 
2025, sample return march 
2027) 

•  Encounter 133P/Elst-
Pizzaro during one of its 
periods of emission at a fly 
by speed of 4.6 km s-1 



How to collect dust? 
•  Aerogel and aluminium foil 
•  Aerogel is a low density medium, proven for use 

in space to capture cosmic dust (see Burchell et al., 
Ann. Rev. 34, 385 – 418, 2006 for a review or 
Brownlee et al., Science 304, 1711-1716, 2006 for 
Stardust)  

Horz et al., Science 
304, 1716 – 1719, 
2006 



Capture (Impact) Processing? 

Impacts on al. foil, 
Burchell & Kearsley, PSS 57, 
1146 – 1161, 2009 

Trigo-Rodriguez et al.,  
MAPS 43, 75 – 86, 2008 



In-situ science 
•  Multi-colour imaging from UV to near IR (shape, 

surface topography, reflectance, active area, filters 
to determine which gas drives ejection, coma-
structures...) – has heritage from previous missions 

•  Mid IR spectrometer (temperature mapping, 
mineralogy....) – has heritage from previous 
missions 

•  Dust counter – has heritage from previous missions 



Summary 
•  The mission addresses an important emergent category 

of minor bodies with great significance for life on Earth 
•  This mission is technologically feasible with proven 

flight technology 
•  The budget is do-able given past heritage 
•  ESA have not selected Caroline for further study 

during the current M3 round of medium-class missions  
•  We expect to submit a similar proposal to the M4 call, 

expected in 2013 


