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Lunar Exosphere Production and Loss Mechanisms
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The Lunar Dust EXperiment (LDEX)

Designed to measure the
micron and sub-micron sized
dust environment surrounding

the Moon:

 Large (> 0.7 ym) grains
via direct impact
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LDEX current measurements also respond to low-energy
(< 200 eV) ions from the ambient plasma environment




Heavy Lunar lons: A Possible Current
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Pick-up ions from photo-ionized neutrals above the lunar dayside are
accelerated by the convection electric field and, if the geometry
allows, can be detected by LDEX




Heavy Lunar lons: A Possible Current

Goal:
Use LDEX data to determine how lunar pick-up ions respond
to changes in exospheric inputs, specifically, solar wind
sputtering and micrometeoroid bombardment

Method:
1. Build a model of predicted pick-up ion current to LDEX
with static exosphere (i.e., no time variation in inputs)

2. ldentify and aggregate LDEX periods of pick-up ion
measurement and subtract any background signals

3. Compare LDEX current to model-predicted current as a
function of solar wind sputtering and MM flux




Model Exosphere

Based off of Sarantos et al., 2012 with nominal additions of various
volatile species (CH,, CO, CO,) and noble gases (He, Ne, Ar)
« Spatial variation in neutral density as warranted by source
process (thermal, SW sputtering, micrometeoroid, etc.)
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Sarantos et al., 2012




ARTEMIS monitors the plasma environment

Electric Field
[mV/m]
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ARTEMIS P1
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The solar wind magnetic and electric
fields control the trajectories of pick-up
ions — feed ARTEMIS measurements
Into our model




Step 3a: Calculate sputtering fluxes and
micrometeoroid bombardment rate

Proton sputtering
Alpha sputtering
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ARTEMIS provides SW input — convert to sputtered flux
LDEX hourly hit rate used as *rough* proxy for MM influx




LDEX/Model Comparison: Individual Orbit

Orbit #603

I

: factor = 0.12 LDEX Current e
PUI Model (all species) e
PUI Model (just Ar) e

\b" ]
33 .

41.5 42.0 42.5 43.0
Hours since 2013-12-03/00:00

ARTEMIS provides SW input — convert to sputtered flux
LDEX hourly hit rate used as *rough* proxy for MM influx




LDEX Pick-up lon Current vs. SW Sputtering
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LDEX sees a linear trend in pick-up ion current as function of the
solar wind sputtered flux




Conclusions and Future Work

The LDEX instrument measures ions generated
from the lunar exosphere through its “current”

channel

 These ions respond to interplanetary electric and
magnetic fields (measured by ARTEMIS)

High degree of correlation between pick-up ion
current and solar wind sputtering of the lunar

surface
 More sputtering -> more neutrals -> more pick-up
lons




Backup Slides




Current

LADEE,
—

Background [10°¢°s"] (0

Orbit 0594
04-Dec-2013 00:04 to 04-Dec-2013 01:56

Current

LADEE
L
Background [10°e's"] 4

Orbit 0600
04-Dec-2013 11:32 to 04-Dec-2013 12:48

Current

LADEE

Background [10° e s™

75 -
1.0

18140

Orbit 0604
04-Dec-2013 19:16 to 04-Dec-2013 20:26

in the Life of LDEX Current

g
o
S

R P
o o
Current [10° e s™]

o
@
S

o
>
S

o
o
<)

- -
o @
o o

o
®
o
Current [10° e 5]

o
o
S

N @
o o
Current [10%e"s™]

o
@
o

o
»
o

o
o
S

Current

LADEE.

Background [10° &' s™']

—
08:13
75 —

— == 280 km

Orbit 0598
04-Dec-2013 07:48 to 04-Dec-2013 08:59

Current

LADEE.
Background [10°¢'s™]
75 .
1.0

13:56

Orbit 0601
04-Dec-2013 13:32 to 04-Dec-2013 15:18

Current

LADEE

L
Background [10° €], o

—e—e == 280 km

Orbit 0605
04-Dec-2013 21:10 to 04-Dec-2013 22:21

- -
n D
o o

Current [10° e s™]

o
>
S

o
o
S

[N @
<] o

o
@
S

Current[10° e s™]

n
o
<]

@
o

o
o

Current [10° e s™]

o
@
o

Current

LADEE
Background [10°e's"]

10:07

S\ Zp - 280km
N,

Orbit 0599
04-Dec-2013 09:43 to 04-Dec-2013 11:31

Current

LADEE

e o
Ba;:ground 10°es e

N2 280 km
N

Orbit 0603
04-Dec-2013 17:20 to 04-Dec-2013 18:32

Current

LADEE
Background [10°0"8"] 0 0

S 280Kkm
N

Orbit 0606
04-Dec-2013 23:04 to 05-Dec-2013 00:16

o
o

[N
o

o
®
o
Current [10% e s™]

o
o

o
o

o
®
o
Current [10° e s™]

N
n
o

o
o
o

N
o
)

-
@
o

[N
o

o

®

o
Current[10° e s




Model Output for Example Day
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Pick-up lon Current vs. SW Sputtering
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Linear increase in pick-up ion current as a function of solar wind
sputtering is seen clearly in the raw data




Pick-up lon Current vs. MM Bombardment
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No obvious trends seen in LDEX current as a function of
micrometeoroid bombardment




