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- What asteroids have to do with i1t?
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Rosetta's ROSINA instrument finds
Comet 67P/Churyumov-Gerasimenko's
water vapour to have a significantly
different composition to Earth's oceans.
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The ratio of deuterium to hydrogen in water is a key D/H ratio for different Solar System objects, grouped by colour as planets and moons (blue), chrondritic meteorites from the Asteroid
diagnostic to determining where in the Solar System Belt (grey), comets originating from the Oort cloud (purple) and Jupiter family comets (pink). Comet 67P/C-G, a Jupiter family comet,
an object originated and in what proportion asteroids is highlighted in yellow. 4 = data obtained in situ @®= data obtained by astronomical methods
and comets may have contributed to Earth's oceans
Hydrogen atom Deuterium atom

www.esa.int Spacecraft: ESA/ATG medialab; Comet: ESA/Rosetta/NAVCAM; Data: Altwegg et al. 2014 and references therein. European Space Agency
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Boring slide

* 752,000+ known asteroids + constantly increasing
* 508,000+ numbered asteroids + constantly increasing

~+ 138,000+ with known size and albedo + 350,000 by Gaia
4,000 with known spectral type + 100,000s by Gaia and Euclid
» 12 studied by space missions
» +10 more with launched and developed missions -
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i Near Shoemaker
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- Asteroid touring concepts

N CASTAway to visit 10—20 asteroids
(University of Oxford, Open University)

MANTIS to visit ~10 asteroids
(Johns Hopkins University Applied Physics Laboratory)



Distributed Earth monitoring systems

Planet Labs provide global imagery once a day with - Spire provides global sensing for maritime, weather
200+ CubeSats and aviation once a day with 50+ CubeSats



Bipropellant rocket engine
Example: Cassini (NASA). |
~3100 kg of propellant out of 5712 kg launch mass

Av =2 km/s

Ion engine
Example: Dawn (NASA)
425 kg of xenon out of 1200 kg launch mass

s Av =10 km/s
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M—ARGO (ESA)

© 2008 Antigravite / Szames

Photonic sail and ion engine
(power) thrust decays as 1/r2

Electric solar wind
.sail thrust decays
as 1/17/6 = 1/r



Multi-asteroid touring

» Tens of nanospacecraft
e Hundreds of targets

 More than ten times increase in the number of visited asteroids
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8.3—year asteroid tour, ac0=
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- Technological Challenges

* Propulsion
« Communications
 Navigation and autonomy

» Interplanetary nanospacecraft platform and instrumentation
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