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The Takeaways are….
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• A survey of hourly maximum 
S/WAVES Time Domain Sampler 
(TDS) amplitude in decibels (dB) is 
used as an indicator/proxy of 
inferred dust impacts on the 
STEREO spacecraft.

• S/WAVES TDS amplitudes reveals 
a unique distribution of dust 
clouds at 1-AU [Kaiser et al., 
2007;St. Cyr et al., 2009].

• A majority of historically known 
spacecraft anomalies or failures 
attributed to micrometeoroid 
impact appear spatially 
associated with S/WAVES dust 
detections.

• Unique distribution naturally leads 
to a question of sources.



The Danger of  Hypervelocity Impact….
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(a) A large front-to-back penetration (clear hole diameter: 1-mm; maximum damage: 6.5-mm) of  
the HST solar array [Moussi et al., 2005; doi: 10.1016/j.asr.2005.03.060]. (b) A non- critical 
impact crater on one of  the windows for Space Shuttle Challenger following a collision with a 
micrometeoroid during STS-7 in 1983 [Credit: NASA].

“The retrieved 
solar array 
wings exhibit 
thousands of 
craters, many 
of which are 
visible to the 
naked eye.” 
[Moussi et al., 
2005] 

Note that through the 
first 60-STS missions 
flown over 14- years, 
the outer windows of  
the Shuttle fleet 
experienced 177 
impact features due 
to on-orbit 
encounters with 
space 
debris/micrometeorit
es (~3 impacts per 
flight). Of  these 
features, 45 impacts 
resulted in damage 
requiring window 
replacement 
[Edelstein, 1995]. 



S/WAVES Dust Detections (~1µm)
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S/WAVES Dust Detections (~10nm)
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Spectrally, virtually identical to the sound of 
rain hitting the ground/your windshield….
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S/WAVES Dust Detections: 1st Orbit
Nano-sized Dust Micron-sized Dust
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Known Anomalies/Failures

• Historical record of  
spacecraft 
anomalies/failures 
attributed to 
micrometeoroid impact. 
[Koons et al., 1999]

• Update with list of  
contemporary  spacecraft 
anomalies.

• 19 total events; 13 high-
altitude.

Ø Does NOT include JWST.
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Dust–Anomaly Spatial Associations

• Spacecraft anomalies 
and/or failures overlaid 
upon S/WAVES distribu-
tion of  detected ~1µm-
sized dust.

• SEDS-2 (March 1994) 
and MMS-4 (June 2016) 
appear to be outliers.



Possible Sources… Interstellar Dust
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• What’s the relationship 
between S/WAVES dust 
distribution and the local 
interstellar cloud flow 
[Frisch, 2000; Collier et 
al., 2004].

“…the Earth passes upstream of  the Sun in 
the main neutral gas flow in early June of  
every year, about June 5 (day 156).”

• Apparently…🤔



Possible Sources… Cometary Debris
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• S/WAVES detections 
compared to meteor 
showers.

• Periods of  possible 
spatial association 
(i.e., Perseids).

• Periods of  clear anti- 
association (i.e., 
Leonids, Geminids, 
h-Aquariids).

• This is ~12% of  966 
IAU Working List of  
Meteor Showers.
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Dust–Anomaly Spatial Associations

Now… the apparent 
association between 
the S/WAVES observed 
distribution of  dust and 
~41-years of  known 
spacecraft anomalies-
failures might lead one 
to conclude that 
there’s some period of  
temporal stability...

🤔
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A Question of  Temporal Stability …
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• Earth-Sun gravitational field.
• Poynting-Robertson b ~ 0.1.
• Weak solar wind interaction.

Is Gravitational-Resonance…
    Playing a Role…??
1994

5:6 resonanceØ Results in a circumsolar, corotating ring distribution.
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The Flight of Virtual STEREOs…

Time-series predictions of  
virtual STEREO-A & -B through 
the simulated, corotating 
distribution of  Dermott et al. 
[1994].

Each S/WAVES experi-
ences a different, 
unique environment… 
orbit-to-orbit.
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The Flight of  Virtual STEREOs…
Virtual 1st Orbit Detections
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The Takeaways are….
• S/WAVES TDS amplitudes 

reveals a unique distribution 
of  dust clouds at 1-AU [Kaiser 
et al., 2007;St. Cyr et al., 
2009].

• A majority of  historically 
known spacecraft anomalies 
or failures attributed to 
micrometeoroid impact 
appear spatially associated 
with S/WAVES dust detections 
(STEREO-A 1st Orbit).

• Evidence of  temporal 
variability??

• Or evidence of  the influence 
of  gravitational resonance 
effects??
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Dust in Our Future….
• Continued analysis of  S/WAVES data for 

successive years.
• Analysis of  MMS accelerometer detections of  

dust impact.
• Analysis of  Wind-WAVES dust catalog prior to 

arrival at L1.
• Explore the impact of  

CME passage on dust 
distribution.

• Development of  fully 
E&M model of  dust 
transport under 
influence of  solar 
dipole and solar wind.

• Develop a dedicated 
mission concept to 
map dust from cis-
Venusian through cis-
Martian space.



Thank You!!
Questions…



Back-Ups



Dust Grain Topology… 
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NOTE: It is highly 
unlikely that dust 
grains are spherical.



An overview of the probable velocity distribution of dust in the heliosphere. (a) The distribution of 
interplanetary particle impact speed as measured by the micrometeoroid detectors on Helios-1.† (b) The 
distribution of geocentric velocities of meteor shower dust particles for 961 of 966 meteor showers 
currently listed by the IAU-MDC. 
† Grün E., N. Pailer, H. Fechtig, and J. Kissel [1980], Orbital and physical characteristics of micrometeoroids in the inner 
solar system as observed by Helios 1, Planet. Space Sci., 28, 333-349, doi: 10.1016/0032-0633(80)90022-7. 

Dust/Meteor Hyper-velocity…
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“Rainfall” model of  “Nano-dust” impact…

In analogy to gaming efforts to 
model the sound of rainfall… I have 
modeled nano-dust impacts as the 
result of a limited distribution of 
impactor sizes — as scaled by 
impact-induced voltage pulse — and 
impact rates.

In essence… I’ve simulated a nano-
dust “hailstorm”….
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“Rainfall” model of “Nano-dust” impact…

Sampling this nano-dust “hailstorm” 
at rates comparable to a standard 
radio receiver operating at rates 
comparable to S/WAVES….

The ensemble distribution of  
“impacts” generates a broadband, 
extremely low-frequency (BB-ELF) 
spectral emission.
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Observation vs. Simulation…

The simulated 
broadband extremely 
low-frequency (BB-
ELF) emission is 
qualitatively similar 
in character to the 
emissions observed  
by S/WAVES.

👍
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Desire to roughly Quantify Nano-dust impact…

Initial efforts to quantify 
nano-dust impact rates 
based  upon impactor 
repetition rates 
employed in the 
simulation are 
astounding…
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S/WAVES Estimated Nano-Dust Flux Range
Comparison to Grün et al. [2004]…

• Estimated nano-dust flux 
levels are ~2-orders of  
magnitude above those 
predicted by Grün et al. 
[2004].

• Again, Grün et al. [2004] 
assumes dust generated 
by/from  a specific family 
of  JFCs.

(T = 2.96; U = 0.2uJovian)
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Curiosity got the best of  me…
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While Tripathi et al. [2023] have “ruled 
out an MMOD impact” as a probable 
cause… that change of  attitude and rate 
are particularly suggestive… given the 
event’s location relative to STEREO dust.
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