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We present observations of the lunar sodium atmosphere during
four lunar eclipses between 1993 and 1997. With the Moon inside
the magnetosphere, and therefore shielded from solar wind impact,
we find its Na atmosphere to be comparable in abundance to cases
near first and third quarter, implying that solar wind ion sputter-
ing is not a significant source of the atmosphere. The atmosphere
is azimuthally symmetric, and it extends beyond the field of view
of our observations (~12 Lunar radii). The average sodium atmo-
spheric profile is best characterized by an r ~14 radial power law,
close to that for an entirely escaping atmosphere. The average ex-
trapolated near-surface brightness of 1145 rayleighs is in agreement
with the near-surface polar brightness seen at quarter Moon. This
corresponds to a line-of-sight neutral column content of 1.4 x 10°
Na atoms cm~2 above the limb and a density of ~3 atoms cm—3
above the surface, decreasing as r ~24. We suggest that a blend of
sources (15% micrometeor impact uniform over the surface and
85% photon-induced desorption dependent on solar-zenith angle
over the sunlit hemisphere) could account for the observed extended
sodium atmospheres.  © 1999 Academic Press
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I. INTRODUCTION

so easily detected, surely varies at each site where they have be
found. Yet the mechanisms of ejection from a regolith involve
the same physical processes acting throughout the solar syste
This duality of roles continues to dominate and to confuse th
study of the lunar atmosphere: we study itas an important case
its own right and for its role as a conveniently nearby laboratory
in-space for detailed investigation of more remote SBEs in thi
solar system.

To date, no long-term monitoring effort for the Moon’s atmo-
sphere has been attempted, and thus the basis for progress
been a series of irregularly spaced observations. Given the rel
tively low number of published lunar atmosphere data sets, a re
markably high science yield has been achieved. Yet, for progre:
to continue, a new era of lunar observations, one that emphasiz
temporal continuity and higher resolution, is required. For ex:
ample, daily observations of the Moon’s Na and K emissions fo
a full month, any month, would certainly be capable of address
ing critically unanswered questions on variability of sources
For a single instrument to conduct such observations, a spac
based platform is clearly required. Groundbased observation
certainly less costly but also dependent on local weather cond
tions, cannot realistically provide such a data base. What can |
done, however, is more frequent observing campaigns aimed
a specific issue so that a particular mechanism can be addres:

The discovery of sodium and potassium gases above therepeatedly in order to assess both its importance and its vau

nar surface (Potter and Morgan 1988a, 1988b; Tefed. 1988) ability. In this paper we report on such a highly focused study
initiated a now decade-long series of observations and motte impact of solar wind plasma as a sputtering source for th
studies of how the Moon'’s transient atmosphere is created dadar atmosphere. Any sodium ions carried from the sun to th
lost. Stern (1998) has provided an excellent summary of theoon by the solar wind are considered completely negligible a
current status of lunar atmospheric science and of how comsource of neutral sodium in comparison to the sodium liberate
parisons with Mercury, comets, asteroids, and the moons of fhem the surface of the moon itself.

giant planets can lead to a better understanding of so-called “sur-
face boundary exospheres” (SBES) in the solar system. While
similarities certainly exist among these bodies, it may well be
the differences in their atmospheres that ultimately lead to com-Sodium atoms can be emitted from the Moon'’s regolith by
prehensive answers about their sources and sinks. For examldch set of surface processes (e.g., Morgan and Shemans
in each atmosphere in the solar system where Na and K ha@91, Spraguet al.1992, Smyth and Marconi 1995). Processes
been detected, their ratio of abundance is unique to that bddil into four categoriesthermal desorptionin which heating
(Hunten and Sprague 1997). Similarly, the degree to which séthe surface evaporates atoms and molecules off of the surfac
and K serve as tracers of more abundant elements, but onesphatton-stimulated desorptiprwhich involves an electronic

I1. OBSERVATIONAL TESTS FOR MECHANISMS

13

0019-1035/99 $30.00
Copyright© 1999 by Academic Press
All rights of reproduction in any form reserved.



14 MENDILLO, BAUMGARDNER, AND WILSON

excitation of a target atom or molecufgyutteringoy solar wind storm events of 1998 and 1999 should provide more definitive
ions, which ejects atoms or molecules by either a cascadetedts of this mechanism.
momentum transfer collisions or chemical reactions which re-(c) Solar flare tests: For solar photon desorption, observation
duce the binding energies within the surface material; and nieefore and after a major solar flare formulate an experimen
teoriteimpact vaporizationMore detailed descriptions of sput-that, in practice, is difficult to carry out. Frequent observations
tering and desorption processes are given by Johnson (19@Qixing the upcoming solar cycle maximum years might allow
Potter (1995), and Madest al. (1998). Madeyet al. consider for serendipitous results in this area.
photon-stimulated desorption to be one form of a more generald) Solar wind tests: Witm-situmonitoring of solar wind now
desorption process they call “desorption induced by electromiossible, correlative studies of flow parameters, coronal mas
transitions.” They include in this categogfectron-stimulated ejection events, and lunar Na morphologies would be possibl
desorptiona process which has not been addressed by the luaa more frequent observations from groundbased sites. A tes
atmosphere community. which is more stringent, and observationally less dependent o
The population of thermally desorbed Na atoms cannot haskance occurrence of changes in the solar wind, is to monitor th
more energy than is available from the thermal conditions kfnar Naduring the 3to 4 days each month when the Moon passe
the regolith T < 400°K), resulting in low thermal speed¥ (<  through the tail portion of the Earth’s magnetosphere. This tran
.5 km/s) that do not allow Na to reach trajectory apex heighsgtion from the Moon being totally emersed in solar wind flow to
significantly above the surface, i.ec100 km or 0.06 lunar radii one of total shielding is an ideal “active experiment” in space, as
(Rwm). Observationally, these low altitude atoms were the firedrmulated by Potter and Morgan (1991, 1994). Unfortunately,
ones detected. Later work showed that Na could be detectadnitoring these night-by-night Na brightness patterns require
routinely to distances-4-5 Ry (Mendillo et al. 1991, 1993; about a week of telescope time with clear skies. Potter ant
Flynn and Mendillo 1993), indicating that more energetic praviorgan did the next best thing, a statistical study of many non-
cesses create the extended lunar atmosphere (Ip 1991, Flgansecutive data sets (45) from 1988-1993 that spanned quart:
and Mendillo 1995, Smyth and Marconi 1995). The distin@ibbous, and full moon phases. These observations were ma
tion between cold and hot populations (as discussed by Spragagy close to the limb~{40 km height) and showed a dramatic
et al. 1992 and Stern and Flynn 1995) is a separate issue fréell in brightness at the time of full Moon, i.e., when the Moon
the typesof superthermal sources responsible for the extenders in the center of the geomagnetic tail. The argument offerec
atmosphere itself, the topic of this study. quite reasonably, was that the solar wind impact effect mus
To formulate tests that might differentiate between the highbe a major source of sputtering Na from the regolith for most
energy agents (sunlight, solar wind, micrometeors), there arkthe days of a month. However, as noted above, observatior
obvious geometrical and temporal parameters to consider. Thhage demonstrated that the near-surface brightness in genel
fall into four categories: depends on the local solar zenith angle; thus at the equator tt
dEq%ar—surface brightness depends on viewing geometry (i.e., th

(a) Solar Ze’?'”‘ apgle teSFS: Photons and solar vymd pamc ase of the moon). This can partly explain the results of Potte
strike the regolith with a vertical energy flux that varies with Sa'a'\nd Morgan

lar zenith angle as cogj. For a desorption yield that depende
only on energy flux (as opposed, for example, to one with a more 111. ROLE OF LUNAR ECLIPSES
subtle dependence on angle of arrival into a lattice, or one de-
pendent on mare vs highlands target composition), the resultanTo determine the spatial extent of the lunar sodium atmo-
atmosphere would also depend gnFor a spatially uniform sphere at the time of full Moon is a challenging observational
source (as is often suggested for micrometeors), the resultanpabblem. Given the importance of doing so as a test for the mag
mosphere would not have a stropglependence (Ip 1991, Flynnnetospheric shielding issue, we devoted considerable attentic
and Mendillo 1995, Smyth and Marconi 1995). Observations ltg the problem. While our use of coronagraphic type masks tc
several groups using both spectroscopic and two-dimensiohidck the illuminated disk proved to be a successful technique
imaging technigues consistently revea} alependent sodium at quarter Moon phase (Flynn and Mendillo 1993), bright scat-
atmosphere at all altitudes sampled (Spragied. 1992, Flynn tered moonlight at times of gibbous and full Moon resulted in
and Mendillo 1993, Mendilloet al. 1993, Cremonese andunreliable or null results (Mendillet al. 1993). The opportunity
Verani 1997, Mendilleet al. 1997b, Potter and Morgan 1998).to conduct an imaging experiment during th80-min period of
Thus, while ay-dependent morphology can differentiate bea total lunar eclipse occurred on 29 November 1993 with very
tween uniform and solar-dependent sources, the specific rtdeorable observing conditions at the McDonald Observatory.
for eachy -dependent mechanism remains uncertain. The results (Mendillo and Baumgardner 1995) were surprising
(b) Meteor shower tests: Observations during meteor shoin-that the lack of scattered moonlight was so complete thatit wa
ers, whether serendipitous (Huntetnal. 1991, Cremonese andpossible to map lunar sodium at full Moon to distances greate
Verani 1997, Spraguet al. 1998) or deliberate (Verargt al. than ever observed under quarter Moon conditions. Moreovel
1998), bring a form of controlled, laboratory-in-space investigéhe radial decrease of an essentially azimuthally symmetrica
tion to the issue of micrometeor sources. The upcoming Leordidma matched the solar zenith angle patternyfer 90° seen
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above the poles of the Moon at quarter Moon phase. Such asodium coma at full Moon. We now report on the results from
bust atmosphere at the time when the Moon has been shielte@e additional lunar eclipse campaigns, and on the comparist
from solar wind impact for days suggested that solar wind spuif these findings with those obtained on 29 November 1993.
tering could not be a dominant source.

Our single eclipse night image of a prominent extended lu- IV. OBSERVATIONS
nar atmosphere at full Moon was obviously in conflict with the
several spectroscopic measurements used in the statistical studsigure 1 summarizes the four eclipse events used in thi
by Potter and Morgan (1994) to portray a negligible atmosphestidy, and Table | gives all of the observing mode parameter
much closer to the limb. While the dominant concern in anysed during each event. The eclipses of 29 November 1993 al
low-light-levelimaging experiment (i.e., how to handle scattere2l September 1996 were observed using the 0.1-m telesco
light) is not an issue during a lunar eclipse, it was necessaryand bare CCD detector at the Boston University Station at th
confirm independently the size and characteristics of the Mootk Donald Observatory in Fort Davis, Texas. The event of 3—

29 November 1993 3—4 April 1996

penumbra

degrees

27 September 1996 24 March 1997

FIG. 1. The lunar eclipse events used in this study. All dates and times are in Universal Time (UT).
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TABLE | terrestrial sodium brightness at the time the images were takel
Observations In the latest two eclipses the darkest portion of the umbra was 1
to 30 R brighter than the terrestrial sodium measured off-target
so we assume a 20 R difference for the first two eclipses.

UT Date  UT Mid-eclipse Site Detector Altitude)( Earth Na (R)

20/11/93 6:26 M b 80 60 (u) A special aspect of lunar eclipse image processing is the
3-4/04/96 0:10 L [ 55 200 (u) difficult (and sometimes controversial) method of determining
27/09/96 2:54 M b 27 110(0)  brightness levels within the region spanned by the penumbre
24/03/97 4:39 M [ 43 110 (o)

Figure 2 shows processed images of the lunar atmosphere f

Note.M: McDonald Observatory; L: Las Palma; b: bare CCD; I: intensifiec}wo_ ofthe ec_llpses, withthe Iocatlon_s Of_the umbrz_i and pe”?‘mb“
CCD; u: from measurements in umbra; o: off-target measurements. indicated. Since the penumbrql region is the portion Of.the Imag
closest to the Moon, where brightness patterns can yield crucic

April 1996 was observed from the site of Italy’s new Nationarladial bghavior, parti.cular care is_given to the proper methoq 0
Telescope Galileo (TNG) in La Palma (Canary Islands) ugortraying these regions via a suitably chosen ‘_‘penumbral ligh
ing a portable telescope system and an image intensified C&(Srtecctjlon. Tgeﬂ?oi/ll IS to cafhtutre _thhet t:ﬁets_od_m;rr: cork;tent tha
(Mendilloetal.1997). The 24 March 1997 eclipse was recorde isted around the vioon on that ight, that 1S, in the absence ¢
using the McDonald telescope with an image intensified CC e eclipse affecting the resonantly scattered sunlight that pel

In each case, the 0.1 m refractor was equipped with an OCCirlﬂl_ts the detection of sodium. Figure 3 shows the four penumbra

ing mask to ensure that even a faint glow from the eclips ght correction curves used in the analyses. The curves are ca

lunar disk would not enter the detector system. Baumgardﬁ: ated numerical_ly by measuring_the total brightness_ of the
etal.(1993) give a full description of these imaging and detecté)’lm_)bs'trUCted portion of the solar disk as seen from various lo
systems. cations around th.e Moon. Each was calc_ulated separatgly fc
The image processing method used for eclipse data has b Earth—Moon dlstapce and Egrth—Sun @stance at the time ¢
described in Mendillo and Baumgardner (1995), and we igoservation. A solar limb-darkening function
clude a brief discussion here. To insure uniformity of results,
the November 1993 case was reanalyzed with the three new
events. Off-band images at a wavelength of 685&7 A) are ) _
taken in conjunction with the on-band (58336 A) images to 1S assumed_, where is (° at the center of the sun’s disk and
measure scattered light from the Earth’s atmosphere and frgfh at the limb, andu=0.88 andv =0.23 at 6000A (Allen
the telescope optics. Both on-band and off-band images are bis2?6)- The images are divided by the penumbral function only
subtracted, dark-subtracted, and normalized to a flat field. THWn to the 50% illumination level in order to limit corrections
instrumental sensitivity to the solar spectrum reflected off tf@ the observed brightness to factors<d. For the April 1996
Moon is measured by imaging the Moon through a translucedfid March 1997 eclipses, several images from each night ar
white glass with each filter. We then subtract from the on-bafiaen coadded. In this way, the motion of the Moon through the
images the corresponding off-band images weighted by the rafs@fth’s shadow allows a greater portion of the atmosphere t
of the on-band to off-band instrumental sensitivities. This effef® Sampled under more ideal illumination levels. The resulting
tively leaves only light from sodium atoms in the 5888nages. 'Mmages have an oval-shaped region around the Moon with n
The transmission of the Na D D,) lines through the sodium data; this region received less than 50% |IIum|n_at|on th_roughou
filter is measured by imaging light from a sodium vapor IamH‘e obse_rvatlons. The fully proces_sed_ and calibrated images ¢
through the filter and through an open filter position, and takirf:ch eclipse event are presented in Fig. 4.
the ratio of the two images. This transmission factor is divided
out of the 5893 images. We calibrate the images in brightness V. RESULTS
units of rayleighs (R) by imaging a standard source through
the sodium filter. The source is a disk coated with a phosphorThis unique set of images portrays a remarkable degree ¢
containing carbon-14. The;gdecays and causes the phosphamonsistency in the extended lunar atmosphere at the time c
to glow; independent calibrations of the standard source yieldl Moon. The coma appears symmetrical, and it extends a
814+ 10% RA at 5893A. least to the edge of the field of view. Due to the differences
Some of the sodium emission in the data comes from thetween the four eclipse geometries, the sizes of the occull
Earth’s atmosphere, and this must be subtracted from the iimmg masks used, and the use of single bare CCD long expc
ages. During the September 1996 and March 1997 eclipses,suee times versus multiple, coadded image-intensified shor
imaged the terrestrial sodium at large angular separations frortegrations, there is a nonuniformity in coverage of the re-
the Moon. We subtract these brightness values from the lumgons close to the Moon. Figure 5 shows the radial profiles
atmosphere images. For the November 1993 and April 1966the images sampled in azimuth at’3flock angles. These
eclipses, we use the dimmest region of emission within the dfiustrate a rather low degree of spatial variation in the radial
parent location of the Earth’s umbra to estimate the averagatterns.

B(0)/Bo=1—u—uv+u-cosp)+v-cof@®) (1)
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FIG. 3. The penumbral light correction functions used to convert observed brightness within the penumbral regions of reduced sunlight to effectiv
brightness from those regions in the absence of an eclipse (see text).

Consistent with our past analyses, we characterize each®te number density can then be computed from the observe
mospheric profile with a radial power law of the form column abundance using the integral equation

1(r) = lor @, (2

(d Nis(ro)/dro) dr
wherer is radial distance in units of lunar radiR(;), 1o is the /r§ —r2

extrapolated near-surface brightness, an the power law

index. Ana =1 corresponds to an escaping atmosphere, WifRgple and Hays 1972). Whe(r ) is a power law, this equation
larger values corresponding to a higher degree of it being boupdg 4n analytic solution of the form

The least-squares fitted power laws are shown in Fig. 5. The

power law parameters from fits at different position angles are a+1 a+2

plotted in Fig. 6, and show a high degree of azimuthal symmetry2(r) = 0.282- Nigsoet - r_“_lf‘< > )/F< > ) . (3
The average image for all four eclipses is shown in Fig. 7, and

the average radial profile is plotted in Fig. 8.

We next calculate the profile of number density in the lun
sodium atmosphere. For Na atoms traveling-atkm/s or less
radially relative to the sun, the column abundance of sodi
atoms along the line of sight is given by

“4)

) = (/) [

wherea is the power law index for the observed radial profile.
<';thsn(r) is also a power law, with an index{) =« + 1. The
number density profile of an escaping atmosphere is a power la
With an =2 (meaningy = 1) because the area of an expanding
“shell” of atmosphere is proportional t3.
Nios(r) = 1.2 x 10°- 1 (r) A3 Our results compare favorably with previous work. The pa-
rameters fon(r) for each eclipse are given in Table Il. On aver-
(adapted from Brown and Young 1976), whéris the observed age, the Na population we calculate from our observations has
brightness (in rayleighs) at a distancérom the Moon ¢ =1 near-surface density of 3 Na atomscimear the lower limit of
at the limb). Higher heliocentric radial velocities result in morprevious observations at high latitudes and/or solar zenith angls
emission per sodium atom, so in the absence of direct velocB-14 cnr3, Spragueet al. [1992]; 3.5-9.5 cm?, Cremonese
information, this is an upper limit to the line-of-sight columrand Verani [1997]; and 1.0-6.3 ctf) Spragueet al. [1998]).
abundance. For simplicity, we assume that the atmospherdfe near-surface number density for the April 1996 eclipse
spherically symmetric to obtain approximate number densitig®.cn3) agrees with the measurements taken on the same nig
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FIG. 7. Average pattern of the Moon’s extended sodium atmosphere at the time of full Moon as observed during four eclipses. The irregular shape
area is the sum of the regions close to the Moon not observed during any of the eclipse events shown in Fig. 4. To create an average image, the feur ev
normalized to the average extrapolated near-surface brightness of 1145 R.

by Cremonese and Verani (35 2.1 cnt?) to within uncer- strained calculations of the source rate vary from 0.1xdl8?3
tainties. We expect to derive lower near-surface densities thida atoms s* (Potter and Morgan 1988b, Sprageteal. 1992,
observers looking closer to the lunar limb since we are only sédynn and Mendillo 1995, Smyth and Marconi 1995).
ing the most extended (hottest) component of the Na atmosphere
In ourimages. _ _ _ VI. DISCUSSION AND CONCLUSION

The average vertical profile of number density obeys a power
law («n = 2.4) close to that for a purely escaping atmosphere. If The four eclipse data sets show that the lunar atmosphe
all of the sodium we observe were in escape, then the global fanains robust near full Moon, and that it is azimuthally sym-
source rate would be approximately’30v atoms s*, where metric. The lunar atmosphere extends to more than 12 lun:
v is the average vertical velocity of sodium atoms in km/sadii from the Moon, and the=14 brightness profile is close to
Some fraction of the observed atmosphere is probably boundiiggt for a purely escaping atmosphere. This is in marked cor
this source rate is an upper limit. Previous observationally coast to the dayside morphology observed at quarter Moon whe

the brightness patten of * describes a bound coma. Modeling

TABLE I results by Ip (1991), Flynn and Mendillo (1995), and Smyth

Number Density Radial Power Law Parameters and Marconi (1995) for quarter Moon conditions have all suc-

ceeded in obtaining this pattern using a variety of supratherm:

Date Nios(limb) (cm™2) no (cm3) an  sources, thatis, with Na distributions having equivalent tempel

atures well above those on the surface. Solar radiation presst

;?21/(1)1336 %X 1 3 26 creates an extended tail in all such models, and so the notic
x 10° 2 2.2 i .

27/09/96 14 % 1¢° 3 -4 Of an escaping component of the observed atmosphere is r

24/03/97 2 x 10° 5 2.5 a surprise, especially in consideration of recent arguments fc

Average 14 x 10° 3 24 an increased lifetime against photoionization of Na at 1 AU

(Huebneetal.1992, Combetal.1997, Cremoneset al.1997).
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FIG. 5. Radial profiles of the lunar atmosphere with least-squares fit of the powelr(tdw= lor =, wherel is the brightness in Rayleighs at distance
(measured in lunar radiRy), o is the extrapolated near-surface brightness, @amslthe power law index. The data points come from images binned<n 30
intervals of position angle and approximately ®} radial intervals.

In the only model of the lunar atmosphere under full Moodependent source. Thel5% spatially independent component
(x =90) conditions, and specifically for the 29 November 1998f |, found by Flynn and Mendillo (1993) may well represent the
eclipse (Mendilloet al. 1997b), the power law representatiorsize needed for future two-component modeling (15% microm-
values werelp = 1.8 kR anda = 2.3 for a co$(x)-dependent eteors and 85% photon-induced desorption). In that context, w
dayside source with a Maxwellian at 1400 These are some- note that all four of our eclipse events occurred during periods
what brighter and represent a more bound atmosphere thandghminimal meteor activity. The eclipse of 24 March 1997 was
composite image in Figs. 7 and 8 whége= 1.1 kR andx = 1.4, the only one during a recognized shower, the Virginids (with a
and they =90 results at quarter Moon df =1 kR ande =2 typical peak rate of 5 visible meteors/h at zenith). This is far
(Flynn and Mendillo 1993). A lunar phase-independent, smallelow more prominent showers, e.g., the Perseie30(h) or
magnitude source of high speed Na, perhaps of micrometeor dhie Geminids £120/h). Yet the results in Fig. 4 and Table II
gin, may well be needed to model these results more accurately.show it to be the brightest of the four events; terrestrial Na
Based on the results of Potter and Morgan (1994), Morgan ands brightest during the April 3—4, 1996 event. We do not con-
Killen (1997) adopted a 60%/40% split in physical (ion) spusider this data set as an adequate one to judge the importance
tering versus impact vaporization sources to model the lunar ateteoritic source effects.

mosphere. Based on the above comparison of our quarter versudur preference for photodesorption as the source of the nor
full Moon results, we suggest a somewhat larger difference tiaermal Na population that varies with solar zenith angle rest:
tween the impact vaporization source and the solar-zenith-anglgon a long series of past studies. Measurements using tt
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FIG. 8. Average radial profile of sodiuni); + D) brightness at full Moon obtained from four independent observations during lunar eclipse.

Apollo 14 lunar surface package during the total lunar eclipseFor the four periods studied here, solar and geomagnetic ac
of 10 February 1971 showed the dramatic effects sunlight hiasty levels were rather low. As summarized in Table I, the
upon the lunar surface (Reasoner and Burke 1972). Hodgedar radio flux at 10.7 cm (2800 MHz), a parameter long usec
et al.(1974) made the point that Apollo 16 and 17 data could lie solar—terrestrial research as a proxy for solar activity, is close
modeled successfully using sunlight as the source of energytdsolar minimum values (October 1996 being the period of ab-
release argon from the regolith. After the discovery of sodiusolute solar minimum). Th&, parameter is a 3-h index that
and potassium in the lunar atmosphere, Kozloveskil. (1990) characterizes global geomagnetic activity on a log scale fron
and Spraguet al. (1992) suggested the same photodesorptiénto 9; values of 1 to 4 indicate very quiet to moderate activ-
mechanism for providing a nonthermal component of the atmity (the long-term average value f, is 2). Dst is an hourly
sphere. The eclipse results presented here thus offer extraoirddex (in nT) that portrays classic (equatorial) magnetic field
nary documentation of the extent of space affected by this hgerturbations due to magnetospheric ring currents during a gec
component. The temporary cessation of sunlight during the tmagnetic storm. Only the value on 27 September 1996 relates
tality phase is too short to cause a noticeable modification dgeriod of minor activity. Thus, our preliminary judgmentis that
the sodium atoms seen high above the surface, since their flightunusual solar or magnetospheric conditions prevailed durin
times are in hours. these events. Accepting the conclusion of Potter and Morgal
Finally, the existence of an extended lunar atmosphere at f(1894) that magnetospheric sources do not replace solar win
Moon is unquestionably true for the four experiments describsdurces as equivalent sputtering agents, we conclude that the €
here, and yetis enigmatic in the context of the Potter and Morgemded atmospheres portrayed in Fig. 4 are due to neither sol:
(1994) statistical results of low brightness close to the surface
of the full Moon. While the full Moon’s location in the mag-

netosphere is an effective isolation site from solar wind impact, Geom-;gr?eli !Ol\cl:tivity

the magnetosphere itself is an environment rich in plasma pop-

ulations. Potter and Morgan (1994) discussed this issue at somete Fi07 Kp Dst (nT)
length, comparing magnetospheriesitu measurements on the

Moon with populations of solar wind ions. They concluded thap/11/93 93.8 2 -11
itisreasonable to expect a substantial reductionin the productg(%/gglg 5 Z;g'é i :4218
of sodium vapor by sputtering when the solar wind is replacgggcog,97 701 + 2

by average magnetospheric lobe or plasma sheet conditions
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wind nor magnetospheric ion sputtering sources. The full roléadey, T.E., B. V. Yakshinskiy, V. N. Ageev, and R. E. Johnson 1998. Desorptior
of magnetospheric populations impacting the Moon remains tef alkali atoms and ions from oxide surfaces: Relevance to origins of Na an
be examined in detail; it will be addressed in a later study. Simi-Eg'&""t’“oSphereS of Mercury and the Moah.Geophys. Red.03, 5873~
larly uncertain is the influence ehemical sputteringn which '

. . . . Mendillo, M., and J. Baumgardner 1995. Constraints on the origin of the Moon'’:
a chemical reaction occurs between an incident ion (of mag'atmosphere from observations during a lunar eclipsdure377, 404.

netOSphe“C or solar wind or|g|n) and target atoms, resulltlng Ml;ndillo, M., J. Baumgardner, G. Cremonese, and C. Barbieri 1997a. Eclips
products desorbed from the surface. Potter (1995) described thisservations of the lunar atmosphere from the TNG siteThe Three

possibility with application to Mercury’s atmosphere and its po- Galileos: The Man, The Spacecraft, The Telesc@eBarbieri, J. Rahe,

tential relevance to the lunar case. T. Johnson, and A. M. Sohus, Eds.). Kluwer Academic, Dordrecht.
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