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• However, a small but non-negligible frac�on (between ~15% [4] and ~40% [5,6]) of the lunar 
helium outgasses from the interior of the Moon, as the radioac�ve daughter of

• Helium interacts weakly with the lunar regolith, therefore its density n is inversely propor�onal 
-5/2

to the surface temperature T: n ~ T  [3], and thus depends on the local �me. 

• Has its main origin in the neutraliza�on, upon impact, of incident solar wind alpha par�cles [2]. 

• Observed for the first �me by the LACE spectrograph deployed on the lunar surface during the 
Apollo 17 mission [1]. 

232 238
   Th and U [7]. 
• Previous LAMP observa�ons detected enhancements in the lunar He density uncorrelated with 

either local �me or solar alpha par�cle flux [8], which seem to be the result of outgassing. 

Introduc�on: Lunar exospheric helium

• What is the accommoda�on coefficient of lunar helium (i.e. how weakly does the solar wind 
interact with the lunar regolith)? 

• Is the lunar helium exosphere approximated by a Chamberlain profile? 

• What is the structure of the lunar helium exosphere (i.e. its dependence on local �me, la�tude, 
longitude, and al�tude)?

• What is the frac�on of helium that comes from the interior of the Moon, compared to the 
main source, the solar wind?

Goals of the LAMP observa�ons

• However, when looking at the lunar night side while the spacecra� (LRO) is illuminated, it can 
detect emission lines from resonant sca�ering of solar photons by exospheric cons�tuents 
[8,5,6,18,19,20,21,22].

• It studies mainly the lunar surface, looking for signatures of vola�les [12,13] and space 
weathering [14,15,16,17].

• Very sensi�ve FUV/EUV spectrograph (57 – 195 nm).
• LAMP [9] onboard LRO [10] is uniquely equipped to study the lunar exosphere.

LAMP: UV spectrograph onboard LRO

- The dependence of the helium density with local �me, and hence on lunar surface 
temperature, yields the degree of accommoda�on (and thus the interac�on) between 
helium and the lunar surface temperature.

• By repea�ng these maneuvers over mul�ple orbits, it is possible to study the dependence of 
lunar helium density on local �me, selenographic longitude, and solar wind condi�ons 
(monitored by the ARTEMIS twin spacecra� [23]). Each of these parameters is informa�ve 
about a specific physical parameter:

- The dependence of the helium density with selenographic longitude yields informa�on on 
the possible loca�ons of helium outgassing. 

• By �l�ng LRO along its direc�on of mo�on (pitch maneuvers, like in the Figure on the le�) and 
sideways (roll maneuvers), it is possible to considerably increase the illuminated LOS 
compared to the nominal, nadir mode, and hence to increase the brightness of the helium 
emission line at 58.4 nm (HeI). 

- The dependence of helium density on the solar wind alpha par�cle flux constrains the 
source rate and the amount of lunar endogenic helium (compared to the popula�on from 
the solar wind).

LRO pitch & roll atmospheric campaigns

fit or not. 

• We use 4 sets of models, each with a combina�on of 2 values of accommoda�on factor

• By comparing the predicted and LAMP-derived illuminated column density, we obtain 

“weigh�ng factors” to scale the model to match LAMP observa�ons.

• Line of sight column densi�es are finally compared with a series of simula�ons of the lunar 

exosphere [6], which predict the density of helium as a func�on of la�tude,  solar �me, and 

al�tude. 
• The models are scaled to the solar wind alpha par�cles flux measured by ARTEMIS to account 

for the variability in the solar wind alpha par�cles flux (and hence of the helium source rate). 

For each point along the LAMP LOS we compute the column density predicted by the models. 

• LAMP count rates are first converted to line-of-sight brightness by applying the instrument 

calibra�on factor obtained by looking at interstellar helium [24].
• Line-of-sight brightness is then converted to column density using daily averages of solar 

irradiance at 58.4 nm measured by the Solar Dynamic Observatory’s Extreme ultraviolet 

Variability Experiment [25]. 

(1.00, or full thermal accommoda�on) and 0.75 [26] and the assump�on of a Chamberlain

Data reduc�on and comparison with models

accommoda�on factor makes the exospheric density double.
Accommoda�on factor affects overall exospheric density: a decrease of 25% in the

Effect of the accommoda�on factor on exospheric density

This sca�er plot shows that observa�ons are consistent with an accommoda�on coefficient of 
1.00, Meaning that helium atoms are fully accommodated to the temperature of the surface 
where they last impacted. A Chamberlain profile well approximates the lunar exospheric helium.

Different observa�onal geometries give different LAMP/model column density ra�o. 

Good overall agreement between model (Chamberlain fit, a = 1.00) and LAMP observa�ons at dawn.

Results: the structure of the lunar helium exosphere

Dusk observa�ons show the greatest discrepancy with the model. Abrupt onset of discrepancy 
at ~50° la�tude (either North or South).

Results: the structure of the lunar helium exosphere

• No clear dependence on longitude (outgassing) so far.

• Observations taken at same local time but different longitudes are sensitive to 
variations of helium density with longitude (which is not included in the model).

Pitch 31°

References

[7] Hodges R. R. (1977), LPSC VIII, 537-549. 

[2] Hodges R. R. and Hoffman J. H. (1974) GRL, 1(2), 69-71.

[14] Byron B. D. et al. (2019) JGR, doi: 10.1029/2018JE005908

[3] Hodges R. R. and Johnson F. S. (1968) JGR, 73(23), 7307-7317. 
[4] Benna M. et al. (2015) GRL, 42, 10, 3723 - 3729; 

[11] Davis M. K. et al. (2015) SPIE, 9601, 96010P

[16] Hendrix A. R. et al. (2016) Icarus, 273, 68-74

[5] Grava et al. (2016) Icarus, 273, 36-44. 

[1] Hoffman J. H. et al. (1973) LPSC IV, 2865. 

[15] Cahill J. et al. (2018) JGR, 124, doi: 10.1029/2018JE005754

[6] Hurley D. M. et al. (2016) Icarus, 273, 45-52.

[12] Hendrix A. R. et al. (2012) JGR, 117, E12001

[9] Gladstone G. R. et al. (2010) Sp. Sci. Rev., 150(1-4), 161-181. 

[13] Hendrix A. R. et al. (2019) GRL, doi: 10.1029/2018GL081821

[10] Chin G. et al. (2007) Sp. Sci Rev., 129(4), 391-419. 

[8] Cook J. C. & Stern S. A. (2014) Icarus, 236, 48-55. 

[26] Leblanc F. & Chaufray J.-Y. (2011), Icarus, 216(2), 551-559
[25] Woods T. N. et al. (2012), Sol. Phys., 275, 1-2, 115-143
[24] Grava C. et al. (2018), A&A, 616, A159
[23] Angelopoulos V. (2011) Sp. Sci. Rev., 165, 3–25

[21] Cook J.C. et al. (2013) Icarus, 225, 681-687
[20] Stern S. A. et al. (2013) Icarus, 226, 1210-1213

[22] Hurley D. M. et al. (2017) Icarus, 283, 21-37

[19] Feldman P. D. et al. (2012) Icarus, 221, 854-858

[17] Gladstone, G. R. et al. (2012) JGR, 117, E00H04
[18] Stern S. A. et al. (2012) GRL, 39(12)

Results: thermal accommoda�on 

Po1047-Grava

250

200

150

100

50

0

Latitude 65 N or S, subpolar point= 150 deg

A
lti

tu
d
e
 (

km
)

0 42 x 10 44 x 10 46 x 10 48 x 10
-3Density (cm )

model grid, 1.00 accom. coeff.
Chamberlain fit, 1.00 accom. coeff

model grid, 0.75 accom. coeff.
Chamberlain fit, 0.75 accom. coeff

model grid, 0.75 accom. div. 2
Chamberlain fit, 0.75 accom. div. 2

1.00

0.80

0.60

0.40

0.20

0.00
L
A

M
P

/m
o
d
e
l r

a
tio

115.0 x 10 121.0 x 10 121.5 x 10 122.0 x 10
-2Model Column Density (cm )

115.0 x 10

121.0 x 10

121.5 x 10

122.0 x 10

-2
L
a
m

p
 C

o
lu

m
n
 D

e
n
si

ty
 (

cm
)

model grid, a= 0.75

Chamberlain fit, a= 1.00

Chamberlain fit, a= 0.75
model grid, a= 1.00

1:1 Relationship

3.0

2.5

2.0

1.5

1.0

0.5

0.0
-50 0 50
Latitude of the shadow point (deg)

hemodelmaps_160826.sav

L
A

M
P

/m
o
d
e
l c

o
l. 

d
e
n
s.

 r
a
tio

42.2 x 10

-50 0 50
Latitude (deg)

-3
D

e
n
si

ty
 (

cm
)

42.0 x 10

4
1.8 x 10

41.6 x 10

41.4 x 10

41.2 x 10

4
1.0 x 10

Average over +2 hours from dawn; altitude= 0-10 km

Average over +2 hours from dusk; altitude= 0-10 km

-50 0 50

42.2 x 10

-3
D

e
n
si

ty
 (

cm
)

42.0 x 10

4
1.8 x 10

41.6 x 10

4
1.4 x 10

41.2 x 10

4
1.0 x 10

1: Southwest Research Ins�tute, San Antonio, TX, USA,  2: Johns Hopkins University Applied Physics Laboratory, Laurel, MD, USA (*cgrava@swri.edu )

Latitude (deg)

DDL Detector Grating

Aperture Door
Lunar Terminator Sensor

OAP Mirror

Slit

image from [11]


	Page 1

