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Automated Lunar and Meteor Observatory (ALaMO)

• Telescopes
•  Two  14” (0.35m), south dome and tower

MSFC, Huntsville, Alabama 2
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Meteor Showers:
Watching an impact from Earth… May 2, 2006
A piece of debris from Comet Encke struck the plains of Mare Nubium, making a crater about 3 meters wide.

Video-recorded by MSFC engineers Heather McNamara and Danielle Moser 

(Meteoroid Environment Office)

https://www.nasa.gov/visi
on/universe/solarsystem/1
3jun_lunarsporadic.html
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Crater rim-to-rim diameter 18m
Impactor ~16 kg

March 17, 2013 flash

Suggs et al. 2014 The flux of kilogram-sized 
meteoroids from lunar impact monitoring



5https://www.nasa.gov/centers/marshall/news/lunar/lunar_impacts.html 5



Suggs et al. 2014 
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Two meteoroid populations, low and high density
Higher density impactors cause more ejecta and at faster speeds
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Equator at eastern limb Near north pole at far side

Meteoroid flux at lunar surface is dependent on latitude 
and longitude location
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Meteoroid flux at lunar surface is dependent on latitude 
and longitude location

Equator Pole

Low Density 
Population

High Density 
Population
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Meteoroid flux at lunar surface is dependent on latitude 
and longitude location
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Mass Distribution of Near-Earth Objects (NEOs)
used to scale NEO fluxes to different mass ranges

The largest impactor mass 108 g is equivalent to one impact on the Moon with a 1/760 chance in 19 years



Speed Distribution of NEOs based on observations 
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Small particles
            |
            |
Large particles

Sporadic meteoroids dominate over long-term
Meteoroid showers can dominate over short-term
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Theory: Crater Formation and Ejecta Transport
1. Contact & Compression, 2. Excavation, 3. Modification

17Lunar Sourcebook, Heiken et al. 1991



Crater Radius & Bounding Ejecta Speeds
Crater radius 𝑅 depends on impactor mass 𝑚, bulk density 𝛿, & speed 𝑈 + lunar gravity 𝑔 +
regolith bulk density 𝜌, strength 𝑌, & material type (𝐻1, 𝐻2, 𝜇, 𝜈)
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Cratering Efficiency
Ejecta Yield = Ejected Mass / Impactor Mass

19
NEO componentMEM component

Ejecta Yield = 1

Binary surface parameters 
(highlands and mare)



Cratering Efficiency: Total Kinetic Energy of Ejecta
Roughly 91-99.9% of the impactor kinetic energy is lost to inelastic cratering processes

20
Where most of the craters are made
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Red = top hit
Blue = side hit

Moon

Asset

Example Ejecta Trajectories
For each crater distance, only ejecta with certain speeds and 
angles can hit the asset

Crater



~ m-0.85

~ m-1.15

Example for h = 50m tall, 9m diameter asset

• Compare with SP-8013: all 
mass slopes are -1.2

• Carrier 2003 (observations) 
fits to a slope of about -1.18

Results: Mass Distribution
Agrees with observations for larger particles

SP-8013
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How far did the ejecta travel and at which speeds?
Slow < 1.7 km/s: 100 m to 50 km away, Medium 1.7 – 2.4 km/s: > 10 km away,
Fast > 2.4 km/s: 4.5 – 13 km away

h = 50m tall, 9m diameter 
asset, averaged locations over 
pole, 45 deg lat, and equator

2

2
𝑣𝑒𝑠𝑐 = 1683 𝑚/𝑠

𝑣𝑒𝑠𝑐 = 2380 m/s

𝐷 = 1ℎ 𝐷 = 13.2𝑘𝑚

Crater distance at which the top of 
the asset is seen along the horizon

antipode

𝐷 = 1ℎ = 50𝑚 𝐷 = 13.2𝑘𝑚



Elevation vs Speed Distribution, most ejecta flux 
occurs at low horizon angles and slow speeds
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𝑣𝑒𝑠𝑐 = 2380 m/s 𝑣𝑒𝑠𝑐 = 2380 m/s

Mass > 1E-6 g Mass > 3.2E-2 gh = 50m tall, 9m diameter asset

DSNE Ranges



Ejecta Energy compared to Ballistic Limit Equations
The more flux above the BLE curve, the more 
penetrations
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1.05e5 J

2.83e3 J

1.05e2 J

6.70e0 J

h = 50m tall, 9m diameter asset

Iso-energy contours 

(KE = 
1

2
𝑚𝑣2)

Example ballistic limit equation 
(failure is expected above BLE curve)
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