Charged Dust Measurements by the Lunar Dust Experiment

M. Horanyi, U. of Colorado, Boulder

1) Lunar Atmosphere and Dust Environment Mission
2) LDEX instrument
3) Science results
a) average ejecta cloud
b) response to meteoroid showers
c) lofted horizon glow particles
d) charge detection on single grains
4) Summary




LADEE SCIENCE OBJECTIVES
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» Determine composition of the lunar
atmosphere, investigate processes
controlling distribution and variability -
sources, sinks, and surface interactions.

» Characterize lunar exospheric dust
environment, measure spatial and temporal

variability, and influence on the lunar e

atmosphere. B
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Meteoroid Sources
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Meteor Showers

Sporadic Meteoroids
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LADEE’s Science Orbit

 Maneuvers have been very accurate — no corrections needed
* Result: Good delta-V margins!

LADEE’s apoapsis LADEE'’s periapsis
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Impact Rate
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Northern Taurids (NTa); Geminids (Gem); Quadrantids (Qua); Omicron Centaurids (oCe)
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Slope of Impact Charge Distribution vs. Time & Altitude
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DENSITY

Krivov et al., 2003
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Parameter

Definition

Value

mass distribution

NT(>m)oxm™®

o =0.91 =0.003

smallest mass™

Mmin

3-10716 kg

largest mass™*

mmam

107 kg

speed distribution

fu(u) oc u™"

1n=3440.1

minimum speed

Ugp

130 m/s

maximum speed

Umax = 2 Vescape

4.8 km/s

impactor speed

Uimp

20 km/s

ratio of ejecta/impactor kinetic energy

K./K;

20%

1000

ratio of ejecta/impactor mass Y

initial velocity maximum cone angle (5! 30°

*radius amin = 0.3 pm; **amae, = 100 pm




INITIAL SPEED
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Density (a > 0.3 pym)
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Mass Flux
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Mass Production
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M+ = 30Fimpm0-2y25

(Koschny & Grun, 2001)
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Impact Rate

1.00

.1]

Daily Av. Imp. Rate [min
o
o

0.01 PR TLAN T TN TR TN TN (N TR SN TN Y TN TN WA TN N SN TN SN SN TN NN WY U N TN NN VAN TN NN TN NN NN NN NN SN SN NNE UNE N U NN N
Nov Dec Jan Feb Mar Apr
2013 2013 2014 2014 2014 2014




Lunar Angular Response

M™ (7, F.,v,p) x cos® ¢

Meteoroid Stream




Geminids Mass Production
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Geminids Trajectory Overlay
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Searching for small lofted dust

Current Definitions

Current Definition

JIn Nominal current, taken 9 of every 10 seconds
Js Switched current, taken 1 of every 10 seconds
Jp Dust current, desired science quantity

J, Photoelectron current

Juy High energy ion current

Jr Low energy ion current

J Residual, low energy current

Iy =Jp+ J, +Jg + Jr

Js=J,+Ju
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Source ng 20 h J(3 km)
m=3]  [km] [km] [e7s7}]
McCoy [1976) 6x10* 928 0 6 x 107
Glenar et al. [2011] 1 x 10" 850 10 3 x 107
Glenar et al. [2014] 9 12.00 0 9 x 103 . . .
Terminator Crossing (-2.5 to +2.5 min)
Feldman et al. [2014] 5 9.00 0 5 x 103 - . ; . '
LADEE/LDEX 1 x 10° I ( A /o N
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Much smaller than expected density ....
independent of altitude!
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Amplitude [DN]
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Charge on a single dust grain
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Charging currents in the solar wind at 1 AU
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SUMMARY

1) There is a permanently present asymmetric dust ejecta cloud engulfing
the Moon.

2) The dust density increases during meteoroid showers.
3) There is no evidence of lofted small particles over the terminators.
4) LDEX detected unexpectedly large charges on grains at low altitudes.

5) Similar dust clouds are expected above all airless bodies, including
Mercury, asteroids, the moons of Mars: Phobos and Deimos.

6) The Colorado dust accelerator is available to the community.
( impact.colorado.edu)




