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Ancient Mars was warm and wet; 
modern Mars is cold and dry 

Ancient wet Mars Modern dry Mars 
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The martian “magnetosphere” 
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Magnetosheath

Magnetotail
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Terrestrial vs. Martian 
Magnetospheres 
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Did the solar wind erode away the 
martian atmosphere? 

1.  Liquid metallic core 
produces planetary 
magnetosphere 

2.  Core solidifies and 
magnetosphere lost 

3.  With no planetary 
magnetosphere, the 
solar wind gradually 
erodes the  martian 
atmosphere 
–  Generally very mild 

effect but it has had 3.5 
billion years to work 
(plus solar storms). 
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MAVEN science measurements 
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MAVEN Orbit and Primary Mission 

•   Elliptical orbit to provide coverage of all altitudes 
•   The orbit precesses in both latitude and local 
solar time 
•   One-Earth-year mission allows thorough 
coverage of near-Mars space 
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MAVEN’s Timing in the Solar Cycle 
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Space weather and MAVEN 

•  Operational responses? 
–  Very limited (e.g. Comet Siding Spring) 

•  Science opportunities 
–  Space weather drives atmospheric 

escape: main MAVEN goal 

•  Collaborative opportunities 
–  Comparisons with heliospheric 

simulations (e.g. ICME, SEP arrival 
times) 

–  Upstream/downstream monitoring (e.g. 
ACE, STEREO, DSCVR, Mars 
Express, Rosetta) 



10  

MAVEN contacts 

•  Bruce Jakosky, PI, U-Colorado 
•  Janet Luhmann, Deputy PI, UC-Berkley 
•  Joe Grebowsky, Project Scientist, GSFC 695 
•  Phil Chamberlin, EUV team, GSFC 670 
•  Jared Espley, MAG team, GSFC 695 
•  Jacob Gruesbeck, MAG team, GSFC 695 

Jared.Espley@nasa.gov 
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Extras 
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Hypothesis: Mars lost its magnetosphere so the 
solar wind eroded its atmosphere  

Liquid metallic core 
produces planetary 

dynamo and 
magnetosphere 

Core solidifies and 
dynamo ceases 

Solar wind interacts 
directly with the 
ionosphere and 
gradually erodes the 
atmosphere over 
billions of years 
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Parameters driving escape 

•  Extreme UV (EUV) flux 
•  Solar wind pressure 
•  Solar Energetic Particle (SEP) flux 
•  Interplanetary Magnetic Field (IMF) direction 
•  Subsolar longitude (i.e. crustal field location) 
•  Season (i.e. convolution of heliocentric distance and 

subsolar latitude). 

6-D parameterization of total escape rate: 
Escape Rate (EUV, IMF, SEP, PSW, Ls, φsubsolar)  
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Elliptical Orbit Allows Measurement of All 
Relevant Regions of Upper Atmosphere 

•  Nominal periapsis near 150 km. 
•  Five “deep-dip” campaigns with periapsis near 

125 km. 
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Mars has no planetary magnetic 
field 

•  Portions of the 
Martian crust 
are highly 
magnetized 

•  Definitely not 
global – very 
localized 
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Crustal fields indicate Mars used to 
have planetary field 

•  Ancient terrain have fossil fields (frozen locally into rocks) 
•  Newer terrain is completely unmagnetized 
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How to test this hypothesis? 

The MAVEN mission 
(Mars Atmosphere and 

Volatile EvolutioN) 

Three main science goals: 
•  Determine the structure and composition of the 

Martian upper atmosphere today 
•  Determine rates of loss of gas to space today 
•  Measure properties and processes that will allow us to 

determine the integrated loss to space through time 
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The MAVEN Science Instruments 
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Measurements to Escape Rates 
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Charts by R. Lillis 
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Escape Rates to Integrated Loss 
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Challenge is to go from present day to extreme conditions 

‘present+extreme’ 
parameterization of 
global escape rate 

‘past’ Mars 
atmosphere 

model(s) 
Isotope 
ratios 

Iteratively ‘add 
atmosphere’ back 

in time? 

Charts by R. Lillis 


