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MEME-X
Mechanisms of Energetic 

Mass Ejection
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MEME-X
 

Mechanims of Energetic Mass Ejection

 * NASA SMEX proposal, now in phase A study


 * Exploring atmospheric losses from Earth


 - Focus on exobase transition region
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MEME-X team:
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Air !

Cold pull (vacuum) or a hot push (pressure) ?
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Air !

Cold pull (vacuum) or a hot push (pressure) ?

..space is already a nearly perfect vacuum ...



Waterspout Volcano

pressure drop Geyser

pressure rise

Cold pull or a hot push: atmospheric analogy



EISCAT Radar Discoveries

2. e- precipitation 

1. i+ heating

i+ velocity distributions are WEIRD! Type 1 upfows
hot push 

Type 2 upfows
cold pull

(well, ions anyway)

 _____ Exobase _____Upfow Upfow 
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Exobase ~ 500 – 800 km
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MEME-X science objectives

 * Determine how particle kinetic energy drives 
  mass flux through the exobase transition.





 * Determine how electromagnetic energy 
 drives mass flux through the exobase transition





 * Disentangle the mechanisms driving 
 mass flux across the exobase transition
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MEME-X Observatories (2)
• 161 kg Observatory (MEV) including 30 kg propellant

• Instrument suite consistng of HPA, MFP, CPA, VELPI, 
and RANGE Instruments and central IDPU

• Spacecraf based on Millennium’s ALTAIR Spacecraf

• Spin stabilized attude control; spin axis normal to 
orbit plane

• Body mounted solar panels

• Hydrazine propulsion for orbit inserton/raising, orbit 
maintenance, CCAM, and EOM disposal

Mission Design
• Two Identcal MEME-X Observatories 

• 350 X 1250 km , 83° inclinaton  orbits, elliptcally opposed

• 25-month design life, extended mission opton

• NEN ground statons for S-band science data downlink

• Pegasus XL LV baseline; 

• MOC provided by Millennium

• SOC provided by NASA/GSFC

MEME-X Mission Concept

Svalbard

Fairbanks

Ephemeris & 
Time : GPS



MEME-X “Mirror” Orbits 

• In phase twin 350 x 1200 km 
orbits, one w/ reflected apsides

• Spanning the transition from 
atmosphere to space (exobase)

• Vertical soundings & temporal 
dynamics with ISR support

• Global scale conditions from 
ground based ASI mosaic

• Local time sampling with 
seasonal rotation of Xgsm



MEME-X Spacecraft 
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* 2 nearly idential SC

* 161 kg Observatory (MEV) 
- iniluding 30 kg propellant

* 350 x 1250 km , 83° ini. orbits, 
- elliptially opposed

* 25-month design life, 
- extended mission opton

* Small Explorer Proposal

* ~ 165 M US$



MEME-X Spacecraft 

SC Stack in Pegasus Fairing

Stowed SC – Bottom View

Deployed SC – Top View

Deployed SC – Bottom View

Stowed SC – Top View
Stowed SC – Bottom View

Two identical spacecraft launched on 
Pegasus XL® Launch Vehicle from VAFB



MEME-X Launch: Pegasus XL 

18 m18 m

Pegasus XL :

- 18 x 1.3 m
- 23’000 kg
- max ~460 kg (LEO)
- launch from FL 390



MEME-X Instrumentation



• IDPU merges Survey/Hi-Res.

• 3D B

• 2D E, LPs 

MEMEX Spacecraft & Instruments

• Gas pressure

• Core plasma on axial boomlets

• Hot plasma full pitch angle view

Earth

Vel.



MEME-X confguration, deployed

Lang
muir 

Probe

HPA

Sun Sensor

E-Field Boom

Mag 
Boom

31 in MLB

GPS Antenna

S-band Antenna

RANGE

Thruster

CPAi

CPAe

Garden 
Weasel



RANGE – neutral gas density

Rapid Atmospheric Neutral Gas Experiment



MFP – magnetic felds



CPA – cold ions and electrons



HPA – hot ions and electrons



VELPI – AC/DC electric felds

NB! “Cartwheel” spin → E||



VELPI – Langmuir probe



MEME-X Instrumentation

Lang
muir 

Probe



MEME-X Ground support



MEME-X Ground support

Ne

Te

Ti

V
||

Incoherent Scatter Radar (ISR)

Height profiles of

* plasma density 

* electron temperature

* ion temperature

* upflow velocity

* 1 min time resolution

* up to ca 1000 km
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MEME-X time schedule:

(phase B : April 2019)


