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Presenter
Presentation Notes
I show this LROC image of the LADEE spacecraft here.  While I focus on the LAMP results today for our joint LADEE-LRO-ARTEMIS coordinated measurements this image is a nice example of the close coordination that all three of our mission teams were able to achieve.  Kudos to all 3 operations teams.
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Presenter
Presentation Notes
Recall that there are also episodic sources such as comets, LCROSS impact, Apollo astronaut waste dumps, and lander missions, etc.  
Space Weathering and erosion processes alter surface chemically too (lower right).  So when we talk about several different species in the exosphere keep in mind that each of them has their own mix of sources with relative importance, which we try to sift out.
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AMP Helium Detection

ote detections, first since the Apollo LACE
of helium; Stern et al.,

Confirmation Observation: DOY 340: December 06, 2011
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These 


mUJR Lunar Helium
Variations Detected

helium are observed with LAMP and show strong
2 solar wind, confirming long-standing theory.

ed during passages into the Earth’'s magnetotail; Feldman
ows Stern et al. 2012 detection of helium.

h thermal release from the dayside surface (red points);

ce density (x10*cm™)

Retherford
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Presentation Notes
More helium investigations to come. Yesterday we saw that LADEE measures these dips as well for both He and Na. Many additional dips during magnetotail crossings will be useful for model comparisons. 


Episodic Helium Variations

Cook & Stern, /carus, 2014

LACE detected maximum He
density between local
midnight and 3 am.
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Maximum density with LAMP
found to be —2 hours after
local midnight

Similar LADEE-NMS results

Naye — 2X lower than LACE

Sporadic ‘flares’ by >30

Differences due to solar wind?
Internal sources of Helium?
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Presentation Notes
We’d love to coordinate our measurements with seismically driven releases from the interior, and hope we’re still operating when the next seismometer experiment lands.
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Presenter
Presentation Notes
As we’ve seen this week, the LADEE mission results suggest that meteorite bombardment sources could be more important that had been considered previously, at least sporadically.  Essentially the lunar exosphere is in this case a big series of overlapping impact plumes like we see here.


LCROSS and GRAIL Mission
Impacts

LAMP observed both LCROSS and GRAIL impacts.
LADEE impact observation was planned but time guessed wrong
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Presentation Notes
We’ve learned that water is just one of many interesting volatile species collecting in the PSRs  and high latitudes - H2 is surprisingly abundant.  We confirmed early on that the LAMP instrument was capable of excellent measurements of tenuous gases in the lunar environment, including H2.


LAMP Detects Molecular
ydrogen Atmosphere

LRO/LAMP detection of atmospheric H,

N(H) = 12002400 cm™

1000 1100 1200 1300 1400

wovelength (A

Stern et al., Icarus, 2013
Average “Twilight” Observation Residual: , Fluorescence model:


Presenter
Presentation Notes
We fit our LCROSS data with a similar H2 fluorescence model like that shown in blue here.



LAMP Detects Molecular
ydrogen Atmosphere

H2

N(Hg) =|1200£400 e ?
T=120kK

1000 1100 1200 1300 1400

wovelength (A

Stern et al., Icarus, 2013
Average “Twilight” Observation Residual: , Fluorescence model:

Density 1200 cm2 consistent w/ Apollo 17 UVS upper limit: <9000 cm-3
H, solar wind sputtering source predicted 2100 cm= (Wurz et aI 2012)
Similar solar wind sources forming H, may form H,O <
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Presentation Notes
We’re pushing the frontier of UV spectroscopy with these data.  Tens of microrayleighs, compared with tens of megarayleighs for Jupiter’s aurora.


LAMP Atmosphere Upper Limits:
Qrders of Magnitude Improved

Cook et al
The measured upper limits for 27 species. O O e a .

Species Wavelength (A) g-Factor (s 1) LAMP upper limits Previous upper limits Ratio (previous/current) Icarus
Brightness (pRayleighs) Surface density (cm—3) Surface density (cm™>) I

—6
1025.7 43 x 10 460 24 LADEE <172 0.71 2 O 1 3
1825.7 1.0 x 10* .46 — None known 0o
1656.9 22 %105 ) <200° 125
1335.7 44 x10°° 1 None known 0
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<14 % 10% 2 & UVS
Stay tuned for neutral atomic oxygen update in LRO ESM2

New energetic neutral atom imaging results for sputtered O show
11-14 cm2 (Vorburger et al., JGR, 2014), within just x2 of LAMP

LADEE-UVS detection of O as well (=260 cm-3)
Sifting out far-UV Earthshine signals to improve SNR
Another important water/OH product to understand

10



LAMP Argon Search

lysis approach, sifting through many

has passed through beta~90 ten times since launch

ctrum will be time averaged, —1 hr before sunrise
fter sunset

LACE, we expect ~800 cm3 pre-dawn and ~9000 cm-3 post-dusk

0es one look on the Moon?
LACE was at latitude 20°N
LADEE equatorial orbit at ~50 km altitude

Grava et al., submitted to Icarus, (2014) predicts greatest numbers near
equator at post-dusk

Retherford
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Searching for Ar

Coadd all nadir pointed data from within 30° of
the equator at post-dusk and pre-dawn.

Twilight| Spectra, LJO/LAMP
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Retherford
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dentative Ar Upper Limits

Retherford
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Exospheric Dust Upper Limits from LAMP
Disk=occulting Measurements
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Presentation Notes
Dave Glenar, Tim Stubbs, and I have shown our LAMP dust upper limit results at the last few NLSI meetings and we submitted the manuscript last Oct. to help inform the variety of LADEE dust measurements with LDEX, UVS, and the Star-Tracker instruments.
The LADEE team highlighted their dust measurement operations and pointed UVS along similar lines of sight during our few days of LRO rolls to search for horizon glow.


Retherford

_AMP=LADE

ervations to increase exosphere signal
3 during the LRO solar f~90°

Ca

E Atmospheric

Grava et al., submitted, 2014
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Presenter
Presentation Notes
We can focus our correlative He studies with ARTEMIS and LADEE NMS He+/He variations at these times.


—

L AMP Exosphere Results Summary

senses the global helium exosphere and its variability, including
ares’ from either solar wind or internal outgasing

exosphere, advancing “lunar hydrology” studies

to numerous expected exosphere constituents,
letections and possible detections

continues its search for Argon, an important tracer of internal
enic decay — LAMP should be sensitive to LACE and LADEE measured Ar
despite instrument artifacts and relatively less sensitivity at 104.8 nm

yrizon glow” observations constrain lunar exospheric dust abundance by
5 of magnitude, which informed LADEE LDEX, UVS, and S-T analyses

ected LCROSS impact light curves from H, and CO molecular
‘ fluorescence and resonantly scattered Hg, Mg, and Ca neutral atom emissions

LAMP detected the GRAIL A&B impact gas plumes constituents H and Hg and
constrain their bulk expansion rates

LAMP continues to study how water and other volatiles are formed, transported
through the lunar atmosphere, and deposited on surfaces

Retherford
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Presentation Notes
The total package for volatile science if you will.
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man-a maps show
, consistent

iIsons of star-illuminated surfaces
/avelengths with a diagnostic
ctral signature (shortward and
d of 160 nm) indicate that PSRs
aworth crater (inset) are best
py 1-2% abundances of water

~ frost right at the surface.

LAMP provides the first indications of
surface water frost in permanently
shadowed polar craters

_F O/LEMP Evidence of Surface Water
rost in Lunar Polar Craters

Surface Water Frost
Short

Haworth Crater:
Brighter Longer FUV =>
~1% Water Abundance

Shoemaker Crater:
No Water Frost [



o
ENEES

L egend

Water Frost %_
al 0.320-56755

B 0.6750 - 0.9000

[ 0.9000 - 1.2500

] 1.2500 - 2.0000
WAC_GLOBAL_P900S0000_100M
Il 0.0175633

[ 10.266069




GRATLE lm' Mercury and Hydrogen Time
- Evolution

Expected
: Time Delay

Time (sec)





JSS _‘RA I Dlume
1d thermal response

helium & H2 exosphere
> cosmic ray interactions

ail crossings
Crustal field interactions

LADEE
Gas, lons, & Dust

Issance Orbiter
e, & PSR water

xosphere and Volatiles

for lunar exosphere and surface volatile studies!

M3, EPOXI, Cassini dayside
hydration data

Richness of International
Mission Collaborations

Ground-based observing

Earth-based observing — IBEX
& Kaguya energetic neutral
atoms, ROSAT X-ray

Laboratory studies
SSERVI focused research

Comparative Planetology —
Mercury, Outer Planet
Satellites, Small bodies, etc.
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Presenter
Presentation Notes
Our LRO/LAMP experiment touches on both exosphere and surface volatile topics, and I’ll mostly focus on our LAMP results as a way to illustrate the connections.
Volatiles sessions 1&2 on H2O/OH tomorrow afternoon and Thursday morning, which I co-chair.


Outline

ntroduction

- LADEE ampaign planning & first-looks
~Volatile Transport “hydrological cycle” & Future work
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