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LROC imaged LADEE 
http://www.lroc.asu.edu/news/index.php?
/archives/857-Close-Encounter!.html 

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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 Sources 
 Sputtering 
 Impact Vaporization 
 Photon Stimulated Desorption 
 Diffusion from Sub-surface 
 Chemical reactions 
 Other Assorted:  Comets/impactors, landers, 

astronauts, etc.  
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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.



Dedicated LRO limb-pointings probed 
tangential columns across the poles 
(black) and sky background (red) when 
pointed zenith at equator.  The near-
moon He is their difference (blue). 

Lunar He Signal 

 First remote detections, first since the Apollo LACE 
discovery of helium; Stern et al., GRL, 2012 

Observation 
Date 

Net He 58.4nm 
Brightness 

29 Nov 2011 2.5±1.1 R 

06 Dec 2011 3.4±1.2 R 
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Presenter
Presentation Notes
These 



Monte Carlo model by 
Dana Hurley assumes a 
constant solar wind alpha 
flux of 1.2 x 107 cm−2 s−1  

 Variations in lunar helium are observed with LAMP and show strong 
correlations with the solar wind, confirming long-standing theory.  
 A clear decrease is observed during passages into the Earth’s magnetotail; Feldman 

et al., Icarus, 2012. Follows Stern et al. 2012 detection of helium.  
 Models show correlations with thermal release from the dayside surface (red points);  
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Presenter
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. 



 Cook & Stern, Icarus, 2014 

 LACE detected maximum He 
density between local 
midnight and 3 am. 

 Maximum density with LAMP 
found to be ~2 hours after 
local midnight 
 Similar LADEE-NMS results 

 NAve ~ 2x lower than LACE 

 Sporadic ‘flares’ by >3σ  

 Differences due to solar wind? 
Internal sources of Helium? 

He Number Density vs. Local Time 
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Daily He 
Number 
Density 
vs. Time 
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Presenter
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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• LAMP’s LCROSS & GRAIL light curves are a rich data set 
for constraining detailed plume models 

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.



 LAMP observed both LCROSS and GRAIL impacts. 
 LADEE impact observation was planned but time guessed wrong 

LCROSS Lightcurves 

Hg, Mg, & Ca 
180-190 nm 

H2 & CO 
130-170 nm 

Hg 
185 nm 

H 
122 nm 

GRAIL A+B 
Lightcurves 
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Presenter
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.
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 Stern et al., Icarus, 2013 
 Average “Twilight” Observation Residual: red, Fluorescence model: blue 

 

Presenter
Presentation Notes
We fit our LCROSS data with a similar H2 fluorescence model like that shown in blue here.
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 Stern et al., Icarus, 2013 
 Average “Twilight” Observation Residual: red, Fluorescence model: blue 
 Density 1200 cm-3 consistent w/ Apollo 17 UVS upper limit: <9000 cm-3 

 H2 solar wind sputtering source predicted 2100 cm-3 (Wurz et al. 2012) 
 Similar solar wind sources forming H2 may form H2O 

H2 

Presenter
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.
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• Stay tuned for neutral atomic oxygen update in LRO ESM2 
– New energetic neutral atom imaging results for sputtered O show 

11-14 cm-3 (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 

 Cook et al. 
Icarus, 
2013 

 Important 
constraints 
for exosphere 
models 

 We’re 
comparing 
notes with 
LADEE NMS 
& UVS 

261 

2.5 

<50 

<37 

*NMS 

*NMS 

LADEE 



 A difficult data analysis approach, sifting through many 
systematic effects 

 We’ve backed away from the analysis shown at LPSC 2014 by 
Cook et al. with a tentative argon detection 

 Best time to detect high levels of Ar is at dawn and dusk 
 LRO has passed through beta~90 ten times since launch 

 Our spectrum will be time averaged, ~1 hr before sunrise 
and after sunset 
 From LACE, we expect ~800 cm-3 pre-dawn and ~9000 cm-3 post-dusk 

 Where does one look on the Moon? 
 LACE was at latitude 20oN 
 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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 Coadd all nadir pointed data from within 30o of 
the equator at post-dusk and pre-dawn. 

No Argon But nice H2 quality 
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NAr<675 cm-3 

NAr < 57 cm-3 
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 LAMP constrains the exospheric 
dust concentrations of 100-200 nm 
grains to >2 orders of magnitude 
less abundant than estimated by 
Apollo 15 observations 

 Feldman et al., Icarus, 2014 

 Nvertical col < 10 grains cm-2 

 Similar LADEE-coordinated limits 

Å-1 

Å-1 
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Presenter
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.



 Dedicated slewed observations to increase exosphere signal 
quality 2-14 Dec. 2013 during the LRO solar β~90゜ 

 LRO Roll-Slews show excellent helium emission – searches 
for additional argon an other features is ongoing 

60° 
Roll 

15 
 Retherford Grava et al., submitted, 2014 
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 Dedicated “phases” for 
planning in 2-week 
periods over LADEE era 

 Most of the ~14 phases 
involved simple 1-per-
day pitch slews  
 Increase slant path while 

viewing nightside to 
avoiding sky noise 

 Serendipitous color Earth 
views by LROC WAC 

Presenter
Presentation Notes
We can focus our correlative He studies with ARTEMIS and LADEE NMS He+/He variations at these times.



 LAMP remotely senses the global helium exosphere and its variability, including 
a few episodic ‘flares’ from either solar wind or internal outgasing 

 LAMP detected the H2 exosphere, advancing “lunar hydrology” studies 
 LAMP has set upper limits to numerous expected exosphere constituents, 

informing the set of LADEE detections and possible detections 
 LAMP continues its search for Argon, an important tracer of internal 

radiogenic decay – LAMP should be sensitive to LACE and LADEE measured Ar 
densities, despite instrument artifacts and relatively less sensitivity at 104.8 nm 

 LAMP “horizon glow” observations constrain lunar exospheric dust abundance by 
2 orders of magnitude, which informed LADEE LDEX, UVS, and S-T analyses 

 LAMP detected LCROSS impact light curves from H2 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 
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Presenter
Presentation Notes
The total package for volatile science if you will.
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LAMP provides the first indications of 
surface water frost in permanently 
shadowed polar craters 

LAMP’s nightside Lyman-α maps show 
lower albedos (dark blue), consistent 
with higher porosity surfaces.   

Comparisons of star-illuminated surfaces 
at FUV wavelengths with a diagnostic 
water spectral signature (shortward and 
longward of 160 nm) indicate that PSRs 
such as Haworth crater (inset) are best 
explained by 1-2% abundances of water 
frost right at the surface. 
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Visual Summary of 
Gladstone et al., 
JGR, 2012 Results 

A GRD file 
useful for 
overlays will be 
delivered 
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LAMP Mercury Light Curve 

Hydrogen Plumes Mode  

LAMP light curves provide key constraints to models of impact plumes 

LAMP Hydrogen Light Curve 

Mercury Plumes Model 





 Lunar Reconnaissance Orbiter 
 Sub-surface, surface, & PSR water 

signatures 
 LCROSS & GRAIL impact plume 

gas and thermal response 
 Lunar helium & H2 exosphere 
 Galactic cosmic ray interactions 
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Exciting times for lunar exosphere and surface volatile studies! 

 LADEE 
 Gas, Ions, & Dust 

 

 

 ARTEMIS 
 Plasma & Fields 
 Magnetotail crossings 
 Crustal field interactions 

 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. 

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.



 Exosphere Introduction 
 LAMP Inst. Summary 
 Helium Variability 
 LCROSS & GRAIL Impact Plume Gas Results 
 H2 detection and variability 
 Gas species upper limits, and comparison to LADEE 
 Argon Search and Modeling 
 LRO/LAMP Horizon Glow Dust Upper Limits 
 LADEE Campaign planning & first-looks 
 Volatile Transport “hydrological cycle” & Future work 
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