
JSPS, Kiel, 12.05.2023rfws, ieap/CAU 1

MSL Stacked Spacecraft – Final Rotation
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How does a rocket work?
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How does a rocket work?

… also because it gets lighter!

The rocket accelerates … 
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How does a rocket work?

The rocket equation (Ziolkowsky, 1903)

The rocket accelerates 
because of momentum 
conservation!
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Comparison of solar particle events

GLE 71

nmdb.eu
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Mars

Mars

Mars Erde Erde

Curiosity landed in the remnants of an ancient river bed...
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… and drove on into 
the remnants of an 
ancient lake on Mars!
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(Ming et al., Science, 2013)

Measurements show 
that the drilled 
mudstone contains 
carbon, nitrogen, 
oxygen and sulfur.
Living organisms need 
these elements!
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Radiation breaks molecular bonds

Remnants combine with free 
radicals...

Result: Large organic molecules get smaller and smaller
(if there is no repair mechanism)



JSPS, Kiel, 12.05.2023rfws, ieap/CAU 17

Previous models: 50 – 150 mGy/y  
RAD measurements: 76 mGy/y

999 of 1000 organic molecules at a 
depth of 4-5 cm are destroyed within 
650 million years.

… and after 3.7 billion years …  ?

How long do large organic 
molecules survive?
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Previous models: 50 – 150 mGy/y  
RAD measurements: 76 mGy/y

999 of 1000 organic molecules at a 
depth of 4-5 cm are destroyed within 
650 million years.

… and after 3.7 billion years …  ?

 

How long do large organic 
molecules survive?
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Previous models: 50 – 150 mGy/y  
RAD measurements: 76 mGy/y

999 of 1000 organic molecules at a 
depth of 4-5 cm are destroyed within 
650 million years.

How deep do you need to drill?

How long do large organic 
molecules survive?
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Previous models: 50 – 150 mGy/y  
RAD measurements: 76 mGy/y

999 of 1000 organic molecules at a 
depth of 4-5 cm are destroyed within 
650 million years.

How deep do you need to drill?

Exomars: 2 meters

How long do large organic 
molecules survive?
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999 of 1000 organic molecules at a 
depth of 4-5 cm are destroyed within 
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How deep do you need to drill?

Exomars: 2 meters

MSL/RAD: 4-5 cm!

How long do large organic 
molecules survive?
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Previous models: 50 – 150 mGy/y  
RAD measurements: 76 mGy/y

999 of 1000 organic molecules at a 
depth of 4-5 cm are destroyed within 
650 million years.

How deep do you need to drill?

Exomars: 2 meters

MSL/RAD: 4-5 cm!

==> Half the molecules survive 65 
million years!

How long do large organic 
molecules survive?
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(Farley et al., Science, 2013)

36Ar

21Ne

3He

Determine 
exposure age from 
the abundances of 
cosmogenic 
nuclei.

MSL found 
Cumberland to be 
80 ± 30 Myrs old.
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Erosion by
wind and sand

> 3 m

Future Cumberland drill 
site

covered

First exposition

exposed

> 80 Ma

80 Ma

today

Layer with shortest 
exposition

Yellowknife Bay

Scarp

Average erosion 
rate 1m/Ma

Scarp

Scarp

(Farley et al., 2013)

> 3m
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Exposed 80 (±30) 
millionen years ago

Erosion by 
wind & sand

(Farley et al., Science, 2013)
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Eigenbrode et al. Science 2018;360:1096
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https://mars.nasa.gov/resources/27294/curiositys-360-degree-view-of-marker-band-valley/?site=msl

Curiosity discovers remnants of a lake much later in the history of Mars 
than expected.

https://mars.nasa.gov/resources/27294/curiositys-360-degree-view-of-marker-band-valley/?site=msl
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Summary and thanks

Landing site (Gale crater) is important
Landing was extremely challenging
MSL explores Mars (past habitability)
MSL is a mobile laboratory (versatile payload)
Mars was habitable billions of years ago
Germany part of this exciting mission (RAD)

Thanks to:
Colleagues at IEAP
and
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