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Introduction:  The moon serves as an excellent la-

boratory to study hypervelocity impact phenomena and 

over the years a number of observing campaigns have 

been conducted to study the various effects of meteor-

oid impacts on the lunar surface. In the 1970’s the 

Apollo seismometers left on the surface registered sig-

nals from moonquakes and meteoroid impacts. The 

latter was especially useful in that the energy of the 

impactor may be estimated from the seismic signal, 

especially if the same signal could be correlated be-

tween two or more seismometers. In addition, the first 

confirmed videotapes of the flashes from meteoroid 

impacts in 1999 opened a new arena in the study of 

hypervelocity impacts, which showed that this phe-

nomenon is observable from ground based facilities, 

which has been demonstrated by the NASA-MSFC 

lunar meteor monitoring program from 2005 to present. 

Later this year, a new resource for studying the ef-

fects of meteoroid impacts will be placed in lunar orbit: 

the Lunar Atmosphere and Dust Environment Explorer 

(Figure 1). 

Figure 1. LADEE spacecraft, artist’s rendition 

 

The LADEE Mission: Scheduled for launch in the 

second half of 2013, NASA’s Lunar Atmosphere and 

Dust Environment Explorer (LADEE) is a lunar sci-

ence orbiter mission currently under development to 

study the pristine state of the lunar atmosphere and dust 

environment prior to significant human activities. 

LADEE will determine the composition of the lunar 

atmosphere and investigate the processes that control 

its distribution and variability, including sources, sinks, 

and surface interactions. LADEE will also determine 

whether dust is present in the lunar exosphere, and re-

veal the processes that contribute to its sources and 

variability. These investigations are relevant to our 

understanding of surface boundary exospheres and dust 

processes throughout the solar system, address ques-

tions regarding the origin and evolution of lunar vola-

tiles, and have potential implications for future explo-

ration activities. 

Figure 2. Components and instrumentation of LADEE 

 

LADEE incorporates a number of important firsts; 

it will be the first mission to utilize NASA’s Modular 

Common Bus architecture, will be the first deep space 

mission to launch from NASA’s Wallops Flight Facili-

ty in Virginia, and will be the first payload to fly on the 

new Minotaur V launch vehicle. Following launch, 

LADEE will execute several phasing loops enroute to 

the Moon. After lunar orbit insertion, LADEE will un-

dergo a nominal 30-day checkout and commissioning 

phase in an elliptical orbit of approximately 250x75 

km. LADEE will then descend to its retrograde near-

equatorial science orbit with apoapsis in the range of 

60 to 80 km and periapsis between 20 and 50 km for its 

100-day science mission. LADEE (Figure 2) will con-

duct measurements using a high-heritage science in-

strument payload, a Neutral Mass Spectrometer (NMS) 

from Goddard Space Flight Center, an Ultravio-

let/Visible Spectrometer (UVS) from Ames Research 

Center, and a dust detection experiment (LDEX) from 

the University of Colorado/LASP. In addition to these 

science instruments, LADEE will also carry a laser 

communications system technology demonstration 

(LLCD) built by the MIT Lincoln Labs. The LADEE 

Mission will utilize the Mission Operations Center 

located at NASA Ames Research Center and the Sci-
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ence Operations Center located at Goddard Space 

Flight Center. 

Four Ways the Public can Get Involved:  This 

mission will offer the general public several ways that 

they can get involved in the mission. More detail about 

these projects is provided with [1] but this paper will 

focus primarily on the Meteoroid Impact Observation 

Program. The first project is the Student Spacecraft 

Tracking and Monitoring where students across the 

country and around the world will have the opportunity 

to help track and monitor the spacecraft in flight. The 

second project is the Meteoroid Impact Observation 

Program the focus of this paper, which will be elabo-

rated on momentarily. 

The third project is meteor counting, which in-

volves counting atmospheric meteors and reporting 

their results. This is useful because the number of small 

meteoroids (too small to make a visible impact as seen 

from Earth) at the moon can be inferred from meteor 

counts on Earth. Technology in the form of a smart 

phone app (“Meteor Counter”) is available to improve 

the scientific quality of meteor counts from the general 

public. Finally, the International Observe the Moon 

Night (InOMN) will happen on October 12, 2013 when 

LADEE is expected to begin its scientific operations. 

InOMN will be an excellent vehicle to raise public 

awareness and appreciation about this and other as-

pects of lunar and planetary science. 

Fig. 3. Lunar Meteoroid Patrol Area of Focus (waxing 

phase), from Fig. 5 of [2]. 

 

Meteoroid Impact Observing Program: There 

will be opportunities for an organized ground-based 

program of monitoring the moon for meteoroid impacts 

to provide scientific returns both during the mission 

and afterwards. There are already a number of groups 

and individuals who are monitoring the moon on a reg-

ular basis for impacts. The objective is to involve as 

many observers as possible from all parts of the world 

to monitor the moon continuously during the “half-

months of opportunity” which are parts of the month 

when the moon is favorably placed in its orbit for max-

imum observational effectiveness.  What is meant by 

this is the following: in order to record a substantial 

number of impacts (or at least have a substantial 

chance at recording a handful), it is necessary to focus 

on the unlit part of the moon away from the glare of 

sunlit features, to maximize the contrast between the 

impact flash and the surroundings.  

The observations will take the form of video as-

tronomy using telescopes with apertures of between 20 

cm and 36 cm (and larger) and short focal lengths 

and/or a focal reducer to maximize the field of view. 

The video will be collected to external hard drives or 

the hard drives of laptop computers. The video will 

subsequently be processed with the “LunarScan” im-

pact detection software. Positive results will be cata-

logued and provided to NASA for use with the data 

collected by LADEE. The area to focus on will be sim-

ilar to what is shown in Figure 3, which is Figure 5 

from [2]. This is for waxing phases; the opposite limb 

would be the focus during the waning phases. 

Several key points of contact will coordinate indi-

viduals, astronomy clubs, schools and universities, and 

professional observatories and research entities to mon-

itor as continuously as possible, the dark part of the 

moon each month from around the 3
rd

 or 4
th

 day after 

New through roughly two days after First Quarter, then 

again roughly two days before Last Quarter up to 

around three days before new phase.  

Outcomes and Conclusion: In addition to adding 

to the database of catalogued impact flash events and 

providing more information for impact modelers to 

work with, the results of this observing campaign will 

be of great benefit to the objectives of the LADEE mis-

sion. One of the primary purposes of this campaign will 

be to correlate impact events (or groups of impact 

events) with changes in the concentration of dust in the 

spacecraft’s environment. This will give an indicator, 

along with information about the flash itself (maximum 

brightness, duration, any association with a known 

shower which would give an estimate of impact veloci-

ty), which will be helpful in the study of luminous effi-

ciency of meteoroid impacts on the moon. 
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