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Introduction:  Small dust grains are ubiquitous 

throughout the solar system, originating from both as-

teroids and comets. These dust grains impact both the 

Earth and Moon, generating short-lived flashes of light 

from the ionization and recombination of atoms from 

both the impacting grain and its target. While much of 

the visible emission comes from numerous transitions 

of ionized iron atoms, the ultraviolet emission lines 

arise from SiO, Si, Zn, Cr, Al, Co, Fe, Ni, Cr, Mg, Ca 

and C, as well as minor contributions from H, N and O. 

More importantly, the intensity of these lines varies 

with the velocity of the dust grain as it enters the 

Earth’s atmosphere and (to first order) with the energy 

of the impact into the lunar regolith.  

Quantitative analysis of meteor spectra throughout 

the visible is nearly impossible due to the predomi-

nance of iron lines that overwhelm most other emis-

sions. However, Fe emission lines are much less abun-

dant in the ultraviolet and therefore analyses of meteor 

spectra in the ultraviolet are possible. Ground-based 

studies of meteors entering the terrestrial atmosphere 

have been carried out (1) to measure the frequency and 

velocity of both random meteors and meteor streams, 

but compositional data from these studies is quite lim-

ited. Similarly, ground-based observations of impacts 

into the lunar regolith are routinely carried out (2), but 

these observations are limited to the visible region of 

the spectrum due to atmospheric absorption of UV 

photons. Analysis of UV meteor spectra is only possi-

ble from a platform high above the Earth’s surface.  

Scientific Rationale: We have entered an age of 

sample return from a variety of small bodies in the so-

lar system, but we will never visit or return samples 

from even a tiny fraction of these targets. Meteorites 

provide a biased sample of the small body population 

that can both survive atmospheric entry and be recog-

nized as an extraterrestrial sample. Small, fragile grains 

are destroyed in the atmosphere, while organic- and 

volatile-rich samples such as the Tagish Lake meteorite 

are very difficult to identify on the ground except under 

special circumstances (such as landing on an ice-

covered lake). Analysis of ultraviolet meteor spectra 

over the whole Earth would provide an unbiased sur-

vey of incoming meteors, including meteor streams that 

can be traced directly back to their source asteroids and 

comets (3) and thus could provide basic chemical data 

for a much larger sample of the small body population.   

 

Importance to Manned Exploration: Micromete-

orite impacts can erode equipment in earth orbit, on the 

lunar surface and anywhere in between. We have mod-

els of the flux and energy distribution of micrometeor-

ites throughout the solar system that are used to estab-

lish safety margins for both science spacecraft as well 

as for manned missions (4). However, these models are 

relatively simple compared to models that could be 

derived from near-continuous observations of the ul-

traviolet emission spectrum of meteors entering the 

terrestrial atmosphere or impacting the Moon. Detailed 

predictions of the flux, velocity distribution and com-

position of the incoming particles as a function of time 

would provide a much more sophisticated understand-

ing of the relative contributions of random meteors (as 

a background source) and the individual contributions 

of meteor streams whose impact velocity can vary from 

~3 km/s to over 70 km/s. More complete models of the 

impacting particle flux on the lunar surface or in cis-

lunar space could provide an enhanced tool for mission 

planning that would increase safety. 

 Observational Requirements: Ground-based ob-

servations of meteors, meteor showers and lunar im-

pacts already provide information on the flux and ve-

locity distributions of impactors (1,4). Ultraviolet ob-

servations of the spectra of these small dust grains be-

tween ~100 – 300nm can provide flux and velocity 

data as well as chemical composition for the large 

numbers of dust grains impacting the Earth and Moon. 

This would allow a more accurate analysis of the con-

tribution of asteroids and comets to the small grain 

background population and would provide a first order 

composition for each of the small bodies that has been 

identified as a source for a specific meteor shower (3).   

Meteors entering the terrestrial atmosphere are in-

tense streaks of light and do not require a “slit” in order 

to disperse their spectra across a detector (5). This 

makes observation of the entire terrestrial atmosphere 

possible on a continuous basis: a fast UV camera can 

either observe a reflective grating (see, e.g., Figure 1) 

to image the target or could image the target through a 

transparent grating. In either case the spectrum would 

be dispersed by the grating and collected for analysis 

by the camera. Lunar flashes ould be recorded as spec-

trally dispersed point sources by such an instrument.  

The terrestrial atmosphere does not efficiently re-

flect sunlight in the ultraviolet (5) and therefore pro-

vides a steady, dark background for these observations. 

3159.pdfDeep Space Gateway Science Workshop 2018 (LPI Contrib. No. 2063)

mailto:joseph.a.nuth@nasa.gov
mailto:petrus.m.jenniskens@nasa.gov


While the lunar surface does reflect sunlight at the 

wavelengths of interest, this background should be 

minimal and constant across the surface compared to 

the intense flashes expected from most lunar impacts. 

The major concern in analyses of lunar impacts is in 

separation of the chemical contribution of the impactor 

from the target. It might prove impossible to separate 

refractory element contributions from major elements 

such as Fe, Mg and Si. However, volatile elements 

such as C or Zn that should be less abundant on the 

lunar surface compared to the meteor population could 

be studied. 

Science at the Gateway: Several different orbits 

have been proposed for the Gateway ranging from 

those close to the lunar surface, to wide ranging polar 

orbits. For close lunar orbits a simple nadir-pointed 

instrument would be sufficient to observe the spectral 

flashes of dust impacts. Our preference would be for 

the widest possible spatial coverage, though the spec-

tral bandwidth could be tailored to monitor just a few 

specific spectral lines to yield, e.g., C/Fe or Zn/Si rati-

os over the lunar surface. Certain polar orbits could 

also provide such data. The exact specifications for the 

grating, camera sensitivity and optics would be deter-

mined once the orbit of the gateway is specified. For 

these observations it would be desireable to have a 

circular orbit to minimize variations in the flash inten-

sity observed at the Gateway due to variations in the 

diatance to the lunar surface. 

Observations of terrestrial meteor spectra require 

an earth-pointed instrument and a smaller field of view. 

As we expect that communications with earth will de-

mand an earth-pointed, high-gain antenna, one option 

for recording the spectra of terrestrial meteors would 

be to attach the instrument to ride along with the anten-

na and record spectra whenever the antenna is pointed 

towards the Earth. For this option, the instrument 

should have a field of view roughly twice the diameter 

of the Earth in order to be sure to capture spectra over 

the entire disk. For an independently stearable instru-

ment the field of view requirement could be relaxed. 

The relative variation in earth-moon distance should be 

minimal in all of the proposed Gateway orbits making 

the observed intensity variations among meteors more 

easily convertible into velocity distributions. 

Future Studies: Observations of the UV spectra of 

dust impacts are possible in any of the potential orbital 

configurations discussed for the Gateway using either 

the lunar regolith or the terrestrial atmosphere as tar-

gets. The exact requirements for such an instrument 

and the data that can be derived from the observations  

will depend on the orbit of the Gateway and the ability 

to point the instrument at the appropriate target. An 

appropriate trade study should be conducted once more 

details of the Gateway have been solidified. 

 

  
Figure 1. Schematic diagram of the baseline slitless 

ultraviolet meteor spectrometer (SUMS) 
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