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Introduction: ENABLE is an effort to develop a 

prototype lunar quadrupole mass spectrometer (QMS) 
from a successful commercial off-the-shelf (COTS) 
instrument able to span the fifteen (15) order-of-
magnitude difference between the atmospheric pressure 
in the lab and that found at night at the lunar surface. 

The fifteen order-of-magnitude difference between 
surface pressure at the lunar equator at local Midnight 
and that of terrestrial sea level is roughly the same as 
the difference between the length of four (4) school 
buses parked outside a high school (40 m) and the dis-
tance to Alpha Centauri (4x1016 m) 

  
Figure 1. Fifteen orders of magnitude separate the equatori-
al lunar surface pressure from that measured at terrestrial 
sea level – approximately the difference between the length 
of four school buses and the distance to Alpha Centauri. 
 

While terrestrial atmospheric pressures would nev-
er appear under normal circumstances on the Moon, 
wide departures from extreme high vacuum (XHV) at 
the lunar surface can certainly occur during impact 
events or landed spacecraft missions. Furthermore, gas-
phase chemical diagnostics during in situ resource uti-
lization (ISRU) efforts excavating and processing lunar 
volatiles can only complicate the monitoring of both 
the local environment and the native lunar exosphere. 

Some Lunar Mission Context: After the Apollo 
program ended, the burden of gas contributed by each 
Apollo mission to the lunar exosphere was estimated to 
have been equal to the mass of that exosphere[1]. 

Four decades later, the Neutral Mass Spectrometer 
(NMS) aboard NASA’s Lunar Atmosphere and Dust 
Environment Explorer (LADEE) reported no detection 
of the landing of the Chinese Chang’e-3 spacecraft 
orbit insertion and landing. 

These two boundary conditions on spacecraft inter-
actions with the lunar exosphere – one theoretical and 
one empirical – are important to future in situ studies 
of the density and composition of the lunar exosphere, 
both from lunar orbit and from the lunar surface. 

Some Laboratory Lunar Environment Simula-
tion: Experiments previously conducted on gas interac-
tions with lunar simulant JSC-1A[2] and lunar sample 

10084[3] suggested some temporary trapping can oc-
cur at the lunar surface with CO2 and other molecular 
gases (e.g., CO, O2) at room temperature (RT), but not 
for others (e.g., N2, ). Despite the magnitude of such 
trapping at the lunar surface, there must be density 
conditions produced by spacecraft engine plumes that 
would overwhelm such gas-trapping mechanisms in the 
regolith. These would result in mass signatures detect-
able to pressure gauges and mass spectrometers at the 
lunar surface and in lunar orbit, and we maintain the 
ENABLE prototype is an ideal instrument for obtaining 
such measurements. 

Results from Apollos 11 to 17 (A11-A17) not only 
suggest every mission produced pressure events rele-
vant to studies of the lunar exosphere, but also provid-
ed insights for future missions that will conduct in situ 
measurements of exospheric particle density, composi-
tion, and residence time. 

The first in situ pressure measurements at the lunar 
surface were obtained by the Cold Cathode Gauge Ex-
periment (CCGE) deployed during A12[4], and also 
deployed during A14[5] and A15[6]. Composition 
measurements of that surface-bounded exosphere 
(SBE)[7] were made in situ by three mass spectrome-
ters – two from lunar orbit (A15, A16) – the Lunar 
Orbital Mass Spectrometer Experiment (LOMSE) de-
ployed from the Apollo Command Service Module 
(CSM)[8,9] and one – the Lunar Atmospheric Compoi-
tion Experiment (LACE) – carefully placed at the lunar 
surface during A17[10]. 

Some Sources of Gas Signatures: Contamination: 
Some Apollo samples were taken from near the Lunar 
Module (LM) during extravehicular activity (EVA), 
while others were taken up to several km away. The 
potential for sample contamination at each Apollo 
landing site during the missions was significant, and 
potential sources included engine exhaust products, 
outgassing spacecraft components & surfaces, de-
ployed instrumentation, multiple cabin atmosphere 
depressurizations, and water “coma” from astronaut 
backpacks[11]. 

Impacts: Both natural and artificial impactors are a 
source of gas loading to the lunar exosphere. Natural 
impacts include meteoroid impacts and the constant 
background rain of micrometeoroid infall[12]. Artifi-
cial impacts include the Saturn IVB (S-IVB) upper 
stages of A13 through A17. 
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We will summarize these gas sources and what 
their impact may mean for future missions to the lunar 
surface by taking a look back at the Apollo missions: 

Apollo 11: The mission flew no pressure gauge or 
mass spectrometer. However, shortly upon returning to 
Earth, an inexplicable N2 peak at mass 28 in the scan of 
a QMS appeared during temperature programmed de-
sorption (TPD) experiments conducted on A11 sample 
10086 taken from near the spacecraft. The mass 28 
peak began to appear upon heating above room tem-
perature[13], though lunar surface temperature exceeds 
120C during local Noon. N2 was also observed in 
10086 by other investigators seeking to identify organ-
ic compounds in lunar soil using a gas chromatograph 
mass spectrometer (GCMS)[14]. 

Although the mass 28 peak produced during TPD 
was identified as “contamination” and attributed to N2, 
no source was identified, nor was any mechanism sug-
gested for N2 retention within the sample. Furthermore, 
we have found no retention of N2 in JSC-1A lunar soil 
simulant or lunar sample 10084 in multiple laboratory 
experiments[2,3]. 

Obtained from near the LM during the EVA, we 
maintain that this N2 peak is evidence of contamination 
by combustion byproducts from the Descent Module 
(DM) engine exhaust. In more recent investigations 
targeting organic compounds, Apollo spacecraft ex-
haust was described as a likely source of some ob-
served signatures[11]. 

Apollo 12: Crew deployed CCGE during the 1st 
EVA. Though it failed after only 14 hours of operation, 
it detected the depressurization of the LM cabin prior 
to the 2nd EVA, plus vaporized coolant water from a 
backpack life support system[4,15]. 

Also worthy of note, upon heating above RT, re-
turned lunar sample 12023, taken >150m from the LM, 
failed to produce the N2 signature observed in the 
10086 sample from A11[13]. 

Apollo 13: Mission goals were obviously lost as a 
result of the explosion aboard the CSM and resulting 
heroic efforts to safely return the crew to Earth. How-
ever, the lunar impact of the Apollo 13 S-IVB upper 
stage was witnessed by instruments deployed at the 
Apollo 12 landing site – signatures believed to have 
resulted from gases released in the S-IVB impact 
plume[16]. 

Apollo 14: Not only did crew deploy the 2nd CCGE 
at the lunar surface which operated for nearly 2 
years[5], but the overflight of the Ascent Module (AM) 
was detected at a range of 19 km by the SIDE at the 
Apollo 12 landing site[17]. 

Apollo 15: Deployed the 3rd and last pressure 
gauge (CCGE) at the lunar surface[6], and also de-
ployed the 1st LOMSE from the CSM during lunar or-

bit[8]. Examination of these data – recently released to 
NASA’s Planetary Data System (PDS) as pdf image 
files – show mass signatures both proportional and 
inversely proportional to spacecraft altitude. We main-
tain that a signature appearing in the mass 40 channel 
inversely proportional to spacecraft altitude is a detec-
tion of the important radiogenic exospheric gas 40Ar. 

Apollo 16: Crew deployed 2nd LOMSE from the 
CSM during lunar orbit[9]. We have not yet analyzed 
these data, but as each CSM flew virtually overtop of 
the Apollo landing site every orbit, we are particularly 
interested in observing mass signatures in LOMSE data 
inversely proportional to spacecraft altitude that might 
have appeared during such overflights. 

Apollo 17: Crew deployed LACE, the only mass 
spectrometer to have returned exospheric composition 
data from the lunar surface and include measurements 
of 40Ar, as well as monotonic decreases in local atmos-
pheric density ostensibly due to site contamination[10]. 

Where Do We Go from Here? Data suggest that 
contamination: 1) is present at spacecraft landing sites, 
2) is a function of distance from the spacecraft, and 3) 
can remain for an arbitrarily long period of time. 

Could such contamination still be detectable over 
half a century? For instance, could sampling under 
such spacecraft as Surveyor 7 reveal combustion by-
products of its engine plume? 

We will present an overview of the ENABLE pro-
totype, its current status, and how this instrument – 
with integrated Pirani and Bayard-Alpert ionization 
gauges – can span 15 orders of magnitude in pressure. 
ENABLE is a workhorse instrument adaptable to mul-
tiple future mission scenarios for ISRU and science of 
the lunar exosphere. 
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