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Meteoroid impacts contribute to sustaining the dilute lunar exosphere,  mobilizing 
and transporting volatiles, and limiting their accumulation in permanently shadowed 
polar regions.
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ARTEMIS  Science Definition Report (2020) 

Goal 6k: Study and assess effects on materials of long-duration exposure to the 
lunar environment—Exposure to extreme temperatures, micrometeoroid 
bombardment, and radiation affect the long-term integrity of materials on the 
lunar surface. 

Goal 7m: Monitor real-time environmental variables affecting safe operations, 
which includes monitoring for meteors, micrometeors, and other space 
debris that could potentially impact the lunar surface. 



a) The flux of interplanetary meteoroids at 1 AU as function of their size (mass) with the orange lines identifying that a 
threshold dust radius of 3 μm is expected to generate 20 particle impacts per week/m2 (Grün et al., 1985). 

b) The speed distribution, independent of the size of a meteoroid, scaled with the mass flux at the Moon (black solid line)
 and at Earth (blue solid line) (Pokorny et al., 2019). 







LMM is an impact dust detector that measures the speed and mass of individual 
particles.
It employs two thin, permanently polarized polyvinylidene fluoride (PVDF) plastic sensors 
that generate an electrical signal when dust particles penetrate their surface (Auer 2001 
Tuzzolino et al., 2001).  

Principle of Operation
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Figure 3. The annually averaged lunar dust density distribution, given
in equation (2), for particles with a ≥ 0.3 μm in a reference frame where
the Sun is in the −x direction and the apex motion of the Moon about
the Sun is in the +y direction.

and shown in Figure 4. Using the
turning point approximation to calcu-
late F(!, a) via equation (3) introduces
∼10–20% error compared to using
the true velocity distribution [Horányi
et al., 2015, Methods] for a similar cal-
culation. Integrating equation (3) over
all local times, we derive an average
flux for all sizes (a≥a0),

F = F0
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)−3"

, (4)

where F0 =1.2 ± 0.7 m−2 s−1. The error
is calculated by incorporating a 20%
error from the turning point approx-
imation with the average 35% error
from the fitted and observed values
of n(h).

To determine the impact gardening
rate, the characteristic cross-sectional
area for this flux is calculated by inte-
grating over the distribution function,
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where the approximation has been made for amax ≫ a0. The accumulation timescale, after which the surface
will be entirely covered by a single layer of impact ejecta is
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with a characteristic thickness of d ≈
√
#. Therefore, the depth accumulation rate is
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Figure 4. The total number flux of ejecta particles onto the surface as
a function of local time. The dashed line shows the average value of
1.2 m−2 s−1 and the grey portion indicates the error of 0.7 m−2 s−1.

The size distribution for lunar regolith
has been accurately measured down
to a few microns [Heywood, 1971; Görz
et al., 1971], and recent analysis indi-
cates that the lunar fines are lognor-
mally distributed with a peak at radius
0.1 to 0.3 μm [Park et al., 2008], indi-
cating that a0 is lower than the LDEX
observation threshold ath. However,
determining the size distribution for
grains with a < 1 μm remains chal-
lenging [Liu and Taylor, 2011]. Labora-
tory impact experiments found impact
ejecta fragments down to 50 nm in
radius [Buhl et al., 2014]; therefore, we
investigate the impact gardening rates
for a0 in the range of 0.05 to 0.3 μm.
Table 1 shows & and ' for critical radii
of 0.05, 0.1, and 0.3 μm.
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Figure 2. The velocity distribution function from equation (1) (black)
along with the previously derived distribution (grey) from Horányi
et al. [2015, Methods]. The vertical dashed line indicates the velocity
to reach the highest altitude visited by LDEX of 250 km. For velocities
≳840 m/s, the distribution function derived in this work is an
extrapolation.

As mentioned, we restrict our analysis to
LDEX data taken during January to April
2014. However, during the commissioning
phase of LADEE’s orbit, the spacecraft
reached altitudes up to ∼250 km until late
November 2013. While the LDEX data dur-
ing late 2013 are more variable due to
increased meteoroid stream activity, the
exponential fit derived here is consistent
with the high-altitude data profile observed
by LDEX, reinforcing our methodology.

The differential mass distribution of lunar
ejecta measured by LDEX remained inde-
pendent of the altitude, and had the form
f (m) ∝ m−(1+"), where "=0.9; hence, the
differential size distribution is f (a) ∝ f (m)(

dm
da

)
=Ca−(1+3"), with the normalization

C=3"∕(a−3"
0 −a−3"

max). LDEX measured parti-
cles above a threshold size of ath ≈0.3 μm.
The average lunar dust density profile in
Figure 1 shows the dust density for parti-

cles with radii a ≥ ath. Since the measured dust distribution is a simple power law for a> ath [Horányi et al.,
2015], we assume the power law to remain valid to a critical value a0≤ ath [Kolmogorov, 1941]. The dust density
for particles with radii greater than a is given by n(h, a)=n(h)(a∕ath)−3" where n(h) is fit to the LDEX-derived
densities for a≥ath and is assumed to remain valid for all sizes with a≥a0.

During the months of October 2013 to March 2014, LDEX observed an asymmetric dust cloud, with a peak
density slightly canted toward the Sun [Horányi et al., 2015]. The location of this peak density was found to
vary throughout the LADEE mission, following the Earth-observed variations between the HE and AH sources
[Campbell-Brown and Jones, 2006]. The direction of the cant was predicted to point slightly antisunward during
some of the nonobserved months. During the last month of the LADEE mission, when the HE and AH sources
are observed on Earth to be comparable in magnitude, LDEX did in fact find the peak density to be located at
6 LT [Szalay and Horányi, 2015a]. Therefore, we treat the lunar dust cloud to be symmetric with respect to the
apex direction for the purposes of averaging over timescales much longer than a few months. Following the
analysis in Szalay and Horányi [2015a], we assume that the azimuthal dependence is governed by the sum of
the known sporadic sources in the ecliptic plane. The complete average dust density distribution is
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where s represents each source, # is the angle from apex, Θ is the Heaviside function, #s is the characteristic
angle for each source radiant (65∘, 0∘, −65∘, and 180∘) [Campbell-Brown, 2008], nw = 8.5×10−3 m−3, and ws is
the relative weight (0.24, 0.49, 0.24, and 0.03) for the HE, AP, AH, and AA sources, respectively. The normaliza-
tion nw was determined by setting n0(0∘) = 4.5 × 10−3 m−3, the low-altitude density at 6 LT observed in April
2014 and a representative value for the average cloud. The AA source is included in this analysis to be consis-
tent with the observed nonzero density near the vicinity of 18 LT; however, its contribution is not particularly
significant to our results. The relative ratios of AP to HE/AH sources are derived from LDEX measurements
during the month of April when the dust cloud was approximately symmetric about the apex direction.
Figure 3 shows the derived average lunar dust density distribution from evaluating equation (2).

3. Calculating the Impact Gardening Rate

To determine the flux of all returning grains incident to the surface, we calculate the average ejecta surface
impact velocity, v̄0 = ∫ ve

0 vf (v)dv = 670 m/s. The flux as a function of local time is then given by

F(#, a) = n0(#)v̄0
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LMM is designed with 

a) a deployable structure for the large area detector, while providing a compact 
    configuration for stowing through launch

b) low-power electronics for impact detection and signal processing that enables            
    maintaining continuous operation of LMM throughout the lunar night 

c) a thermal design to enable the continuous operation over a lunar day, where the
    temperature extremes of the surface can vary over a range -170 °C to +120 °C.

LMM is envisioned to be part of the payload for a series of Lunar Environmental Monitoring 
Stations (LEMS) deployed on the lunar surface with an expected lifetime of > 2 years.

SUMMARY 


