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With 10 years of ‘fun papers’ we have practiced to defend Earth 
from challenging asteroids using small spacecraft, nanolanders, 
and membranes thinner that a human hair sailing on nothing 

but sunshine. Now we tackle that, too! Keep ‘em coming!

We welcome 2023 PDC !
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 Neither dust nor fuel nor heat nor gloom of night stays these sail(or)s from the swift completion of their appointed orbits.

„Come comets or climate change,…“

Co-Orbital Convergence – Rallying Solar Sails,

Small Solar-Electric Spacecraft and Nanolanders to 

Help Save Us from a Nasty Neighbour Soon
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for questions at the PDC 2023 contact on-site coauthor Fabienne Seibert or corresponding author Thimo Grundmann during hybrid sessions

We should have seen it coming much earlier – ASTEROIDFINDER/SSB – PDC’09
Space observatories to spot asteroids at low elongations were studied many times but none were completed

globally devastating, globally lethal

≈1.5 km impactor, ≈24 km crater, 14.8 Ma ago Steinheim Basin, ≈150 m impactor, ≈3.8 km crater, ≈14.8 Ma ago, 42 km WSW of Nördlinger Ries 

beyond
any historic scale
surprise phenomena
fragmentation spread
complex & ripple effects

within scale of historic events 
many surprise phenomena
modern instrumentation
globally detectable
new insights

locally devastating, globally interesting

Hunga eruption, Jan. 15th, 2022 – ≥61 MtTNT

experience of natural disasters   
geophysical data & research
historic observation record

global preparedness
knowledge

point of departure:
• 13¾ years to impact
• co-orbital swan dive
• coming out of the Sun

We should be practicing our aim more often – ASTEROIDSQUADS/iSSB – PDC’11
Regular practice missions for responsive implementation and precision ops – congratulations DEEP IMPACT & DART! 

Send shoeboxes to explore asteroids and keep them simple – MASCOT – PDC’13
Well, that one really happened and it worked! – Thank you, HAYABUSA2 & keep on going #sharp & strong! ☺

Sail to Soil! – GOSSAMER-3 and the MASCOT Flight Spare – PDC’15
Well, that one really happened and it worked! – Thank you, HAYABUSA2 & keep on going #sharp & strong! ☺

paleontology
impact geology

disaster management
infrastructure topography

prehistoric relation of events

Tambora 1815

destination for arrival:
• agile and responsive
• break away from disaster
• all powered by the Sun

Krakatoa 1883

Mt St Helens 1980

2021 PDC

Know your PHO – Multiple NEA Rendezvous with Sail to Soil & back again – PDC’17
“Now-term” solar sail technology enables rendezvous with 5 in-flight selected NEAs within 10 years with sample return  
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MASCOT’s race to Ryugu and the No-Limits of near-term solar sails & solar-electric missions with “now-term” technology – PDC’19
Scouting de-risks not just exploration missions and asteroid sample pick-up, it can also prove concepts and focus responsive and agile development of new technologies while doing science in space.

…meanwhile, on a dark rock some 2 AU from Earth …

Winning in a race without a chance – 6 months to impact – PDC’21
Preparing for impact while taking all the chances you get – sounds familiar…?

…well, some here do…
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 to scale →

from local resources
made in space 
made for Earth
ready by 2050
it can be done
if we see it 
coming 

now

GOSSAMER Roadmap study 2009

australiasnorthwest.comDetlev van Ravenswaay/Science SourceStocktrek Images via space.com via archaeology.wiki/blog/2014/03/17EOS, NASA H. Raab via de.wikipedis

H. Bundesamt für Naturschutz / using: Open Street Map & ASTER Digital Elevation Model L1B data

Lithograph: Parker & Coward, via de.wikipediaWilliam Turner, 1838, via de.wikipedia National Geographic, Jan.1981

Tonga Meteorlogical Service / EPA

via facebook.com/WeatherMatrix

NOAA NDGC

Wright et a., 2022, Nature, OA


