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6. Suprathermal Ion Detector Experiment
(Lunar Ionosphere Detector)

1. W. Freeman, Jr., at H. Balsiger, a and H. K. Hills a

The suprathermal ion detector experiment
(SIDE), a part of the Apollo lunar surface ex-
periments package (ALSEP), is designed to
achieve the following experimental objectives:

(1) Provide information on the energy and
mass spectra of the positive ions close to the
lunar surface that result from solar-ultraviolet

or solar-wind ionization of gases from any of
the following sources: residual primordial atmos-
phere of heavy gases, sporadic outgassing such
as volcanic activity, evaporation of solar-wind
gases aeereted on the lunar surface, and exhaust
gases from the lunar module descent and ascent

motors and the astronauts" portable life-support
equipment

(2) Measure the flux and energy spectrum of
positive ions in the Earth's magnetotail and mag-
netosheath during those periods when the Moon
passes through the magnetic taft of the Earth

(3) Provide data on the plasma interaction
between the solar wind and the Moon

(4) Determine a preliminary value for the
electric potential of the lunar surface

The Instrument

The suprathermal ion detector experiment con-
sists of two positive ion detectors. The first
of these, the mass analyzer, is provided with a
crossed electric- and magnetic-field (or Wien)
velocity filter and a curved-plate electrostatic
energy-per-unit-charge filter in tandem in the
ion flightpath. The requirement that the detected
ion must pass through both filters allows a de-
termination of its mass per unit charge. The ion
sensor itself is a channel electron multiplier
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operated as an ion counter that yields saturated
pulses for each input ion. The second detector,
the total ion detector, employs only a curved-
plate electrostatic energy-per-unit-charge filter.
Again, the ion sensor itseff is a channel electron
multiplier operated as an ion counter. Both
channel electron multipliers are biased with their
input ends at -3.5 kV, thereby providing a post-
analysis acceleration to boost the positive ion
energies in order to yield high detection eft]-
ciencies. Figure 6--1 illustrates the general detec-
tor concept, and figure 6-2 is a cutaway drawing
of the suprathermal ion detector experiment
which illustrates the location of the filter elements

and the channel electron multipliers.
A primary objective of the experiment is to

provide a measurement of the approximate
mass-per-unit-charge spectrum of the positive
ions near the lunar surface as a hm.ction of
energy for ions from approximately 50 eV down
to near-thermal energies. Therefore, the mass
analyzer measures mass spectra at six energy
levels: 48.6, 16.2, 5.4, 1.8, 0.6, and 0.2 eV. How-
ever, for the Apollo 12 instrument, dependable
laboratory calibrations were achieved only at
the two highest energy levels. The total ion
detector measures the differential positive ion
energy spectrum from 3500 eV down to 10 eV
in 20 energy steps. For the Apollo 12 mass ana-
lyzer, the range of the mass spectrum covered is
approximately 10 to 1000 atomic mass units
(amu). Twenty mass channels span this range.
The relative width for each mass channel AM/M

is approximately 0.2 near the lower masses. In
principle, the flux of ions with masses less than

10 ainu per unit charge can be obtained by sub-
traeting the integrated mass spectrum flux
obtained with the mass analyzer from the total
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FICtrl_ 6-1. -- A schematic diagram of the suprathermal ion detector experiment.

ion flux, at the same energy, obtained with the
total ion detector.

To compensate for a possibly large (tens of

volts) lunar surface electric potential, a wire

screen is deployed on the lunar surface beneath

the suprathermal ion detector. This screen is

connected to one side of a stepped voltage

supply, the other side of which is connected to

the internal ground of the detector and to a

grounded grid mounted immediately above the

instrument and in front of the ion entrance

apertures (fig. 6-1). The stepped voltage is

advanced only after a complete energy and mass

scan of the mass analyzer (i.e., every 2.58 min).

The voltage supply is programed to step

through the following voltages: 0, 0.6, 1.2, 1.8,

2.4, 3.6, 5.4, 7.8, 10.2, 16.2, 19.8, 27.6, 0, -0.6,

- 1.2, - 1.8, -2.4, -3.6, -5.4, -7.8, - 10.2, - 16.2,

-19.8, and -27.6. This stepped supply and its

ground screen may function in either of two
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FIGURE 6-2. - A cutaway drawing showing the interior of 
the suprathermal ion detector experiment. 

ways. If the lunar surface potential is large and 
positive, the stepped supply, when on the appro- 
priate step, may counteract the effect of the 
lunar surface potential and, thereby, allow the 
low-energy ions to reach the instrument with 
their intrinsic energies. However, if the lunar 
surface potential is near zero, then on those 
voltage steps that match or nearly match the 
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energy levels of the mass analyzer or the total 
ion detector (1.2, 5.4, etc.), thermal ions may be 
accelerated into the suprathermal ion detector 
at energies optimum for detection. The success 
of this method depends on the Debye length 
and on the extent to which the ground-screen 
potential approximates that of the lunar surface. 
It is not yet possible to assess either of these 
two factors. 

Figure 6-3 shows the SIDE deployed on the 
lunar surface. The experiment is deployed ap- 
proximately 50 ft from the ALSEP central sta- 
tion in a southwesterly direction. The top surface 
stands 20 in. above the lunar surface. The sensor 
look directions include the ecliptic plane, and 
the look axes are canted 15' from the local 
vertical and to the west. Figure 6-4 shows the 
look directions in an Earth-Sun coordinate sys- 
tem at various points along the lunar orbit. The 
field of view of each sensor is roughly a square 
solid angle, 6 O  on a side. The sensitivities of the 
total ion detector and mass analyzer are approxi- 
mately 5 X 1017 and 1017 counts/sec/A of enter- 
ing ion flux, respectively. 

In addition to detecting ions directly, the 
suprathermal ion detector is also sensitive to the 
ambient neutral gas pressure through the back- 
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FIGURE 6-3. - The suprathermal ion detector experiment as deployed on the Moon. 
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high temperatures at lunar noon has caused the
channel-electron-multiplier high voltage to be
commanded off for several days on either side of
lunar noon. The situation at the second lunar

noon showed an improved situation over that
experienced on the first lunar noon, and it is
expected that 100-percent duty-cycle operation
will be possible within the next 3 lunar days.
Second, on a few occasions, a calibration signal
for the total ion detector has been intermittent
for a short time. The calibration signal is used as
a diagnostic check on the digital logic and is not
essential to the operation of the instrument as
long as the digital logic functions properly.

noon

FIctrru_ 0-4. - The look directions of the suprathermal ion
detector at various points along the lunar orbit• The
diameter of the Earth is not drawn to scale•

ground counting rate of the channel electron
multipliers. The background counting rate is de-
fined as those counts present when the energy
and velocity filter voltages are turned off, direct
entrance of charged particles being, therefore,
impossible. This property can provide a rough
measure of the instrument outgassing.

Most of the data used for the preliminary
analysis presented in this report consist of
quick-look analog strip-chart recordings for
which only counts of more than four per frame
are detectable. This limitation prohibits the ob-
servation of low-intensity events in the quick-
look data. Furthermore, no long-time averaging
has yet been attempted. For these reasons, only
the readily discernible features of the data will
be discussed.

Performance of the Suprathermal Ion Detector

At the time of preparation of this report,
45 days after deployment, the operation of the
suprathermal ion detector continues to be excel-
lent. All temperatures and voltages }lave been
nominal. Only two operational anomalies have
been noted. First, outgassing associated with the

General Results

Low-Energy Events

Shortly after turn-on of the SIDE, several low-
energy events were detected in the total ion de-
tector. These ions appear to come in clouds that
remain for approximately 10 min. Several clouds
were accompanied at the outset by higher energy
ions (500 to 750 eV). One arrival of such a cloud
was coincident with a magnetometer variation
that indicated the passage of a current sheet
nearby•

At the same time these low-energy events
were seen by the total ion detector, the mass
analyzer detected ions in the 48.6-eV range
(frames 0 to 19). Figure 6-5 shows the total
ion detector counts and the mass analyzer counts
of a typical event. In figure 6-6, an average for
five mass spectra is shown. The only mass spectra
identified in the preliminary analysis originate in
the period shortly after turn-on, and all these
spectra show a shape similar to the one presented
in figure 6-6, that is, with a peak between frames
2 and 6. The number of spectra detected to date
is rather low because within a few hours after

turn-on the background rate had increased with
increasing temperature so that additional similar
events may be hidden• Such low-magnitude
events can be evaluated only after a detailed
backgTound study. Furthermore, the investiga-
tion was restricted to events that are simulta-

neously apparent in both detectors (the total ion
detector and the mass analyzer) at about the
same energy step. When this criterion was used,
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FzctaaE 6-5. -- Samples of the simultaneous total ion detector and mass analyzer data from No-
vember 19, 1969. Each frame is 1.2 sec long, and the counts are accumulated in
that time interval. The total ion detector energy spectrum is repeated every 20
frames, except for a calibration cycle from frames 121 to 0. The mass analyzer
sweeps through a mass spectrum at each energy in 20 frames; therefore, a com-
plete spectrum at all six energies is obtained every 2.58 rain (including the cali-
bration cycle). Note the repeated peaks in the total ion detector data in the 20-
to 100-eV energy range. Note also the peak in frames 2 to 6 in the mass analyzer
data. (a) Total ion detector data. (b) Mass analyzer data.
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gases H, H2, and He cannot be detected by the
mass analyzer. They can be 'detected only by
the total ion detector.

In addition to the previously described events
that were detected in both the total ion detector

and the mass analyzer, low-energy (10 to 250 eV)
ions have often been seen in the total ion

detector only. The total ion detector yields six
complete energy spectra in the time required
for a complete mass-energy spectrum from the
mass analyzer. The probability is high, therefore,

E_-48.6 eV that the mass analyzer will not be at the appro-

3 111 Spectrumobtainedbetween 20:31 priate energy level to simultaneously detect the
[11 and 20:42G.m.t. on ions seen by the total ion detector. These ions
[11 Novemberlg. 1969 are often quite monoenergetic. For example,

11[ (Five-data-pointaverage) several consecutive spectra may occur with high

-_ _IL._.. counts seen in only one energy channel. Figure

_= 6-7 is an example of such a spectrum. In other

events, the peaks are wider, covering two to
three energy channels, or monoenergetic peaks
of different energies are mixed in several con-
secutive spectra.

600 - December 18, 1969

_ Mean_ o_
background _ L_I I,_ c_200-

I I I I
5 10 15 20

Frame number 100

FxctraE 6-6. -- A five-data-point average of the mass ana-
lyzer 48.6-eV range on November 19, 1969.

no events were found in the lower energy steps
of the mass analyzer.

As mentioned previously, the only mass spec-
tra found to date peak in frames 2 to 6, corre-
sponding to a mass-per-unit-charge range of 18
to 50 amu/q. Evaluations of these events are not
complete enough at this time to discuss what
gases these events represent. However, it seems
reasonable that ions would be found in this
medium mass range since possible sources such
as lunar module rocket exhaust products and
thermalized or sputtered solar-wind ions may
exist. It should be kept in mind that the light

0 100 200 300 400 500 600 700 800
Ion energy per unit charge, eV

FxotnaE 6-7.- The energy spectrum for a typical 50-eV
monoenergetic event.

It is interesting to speculate on the possibility
that the energization process for these ions is
the E × B drift acceleration by the solar wind.
The frequent appearance of such suprathermal
ions suggests a general acceleration mechanism.

Higher Energy Phenomena

A variety of interesting higher energy spectra
have been observed with the total ion detector.

The majority of these have not yet been exam-
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inedin detail;however,two categoriesof spec-
tra havebeensingledout for illustration.

The first categoryis characterizedby large
countsneartheupperendof theenergyrange
of thetotal ion detector,that is,betweeni and
3keV.Figure6-8isanexampleofseveralspectra
of thiscategory.Dataof thistypecomepredom-
inantlyfromthat portionof theorbit near,and
up to 4 daysfollowing,sunsetat the ALSEP
site.Theseionsappearsporadically,oftenlast-
ing for tensof minutesand thendisappearing
for hours.Theseions have been tentatively
identifiedas protonsescapingfrom the bow
shockfront of the Earthandmovinggenerally
along the interplanetarymagneticfield lines
at the "gardenhose"angle.Sucheffectshave
beenreportedat themuchcloserEarthorbit of
the Velasatellites(ref.6-1).

Thesecondcategoryof spectrais character-
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Fzcvl_ 6-8.- Typical spectra showing the 1- to 3-keV
ion seen after sunset.

ized by an energy peak near or slightly below
solar-wind energies. The interesting feature of
this type of spectra is that it has also been seen
during the lunar night. Figure 6-9 shows ex-
amples of spectra taken approximately 3 days
before the sunrise terminator crossing. At this
time, the detector look direction is only 25 °
from the antisolar direction, and the ALSEP
is nearly 40 ° from the sunrise terminator. The
maximum flux found to date for these ions is
approximately 10 e ions/cm2-sec-sr. The solar
wind appears to be deflected in some way
around the limb of the Moon for a substantial
distance.
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Fzcvea_ 6-9.--Typical spectra showing the solar-wind
energy ions seen before sunrise.

Special Events
Lunar Module Liftoff

At the time of lfftoff of the lunar module
ascent stage, there was a slight increase in the
counting rates of the total ion detector in lower
energy channels. No significant change was seen
in the mass analyzer data, but the mass analyzer
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was looking at 5.4-eV and lower energy ions at
the time. Four consecutive spectra taken during
this event are shown in figure 6-10. The first
spectrum is typical of several consecutive spectra
prior to it. The next two spectra show the in-
creased counting rates in the channels covering
the broad energy range of 10 to 500 eV. By the
time of the fourth spectrum, the counting rates
had returned to background rate. The instru-
ment was heating up during this period of time,
and the consequent outgassing caused the fairly
high background counting rates observed.

November20, 1969
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Fzcmu_ 6-10.- Four successive total ion detector spectra
before, during, and after lunar module ascent. An eight-
frame calibration cycle occurs between the spectrum
that starts with frame 101 and the speetrum that starts
with frame 1.

lunar Module Impact

At 22:17:17 G.m.t. on November 20, 1969, the
lunar module ascent stage impacted the Moon
74 km east-southeast of the ALSEP. At this time,
the total ion detector had been counting at an
average rate of 142 counts per frame with no
significant variations in any frame. Figure
6-11 (a) is the first spectrum after the impact in
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Fictrm_ 6-11. - Total ion detector spectra following lunar
module impact. (a) First spectrum after ascent stage
impact in which increased counting rate was observed.
(b) Spectrum following instrument calibration frames.

which an increased counting rate was observed.
A significant ion flux was detected in the 500-
and 250-eV channels. These channels were

sampled 52 sec after impact. After this spectrum,
there were eight frames of instrument calibra-
tion followed by the spectrum shown in figure
6-11(b). The peak at 3000 eV is approximately
4_ above the background rate and is, therefore,
certainly real, but the feature of main interest
is the high flux of ions in the 70- to 1000-eV
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channels. However, these high fluxes vanish
within the next 12 sec. The following spectra
show no counting rates that are significantly
greater than the background rate.

On the basis of the foregoing, the inference
exists that the gases liberated on lunar module
impact with the lunar surface may have either
triggered a temporary perturbation to the solar
wind that rendered the solar wind partially
detectable to the suprathermal ion detector or,
more probably, these gases themselves may have
been ionized as the spherical gas shell moved
outward from the impact point. The ionized
impact-generated gases and lunar module con-
sumable gases may have then executed E )< B
drift motion brought on by the solar wind and,
hence, gained access to the suprathermal ion
detector along the general direction of solar-
wind flow. In this connection, it is noted that the
ALSEP was 68 km down solar wind of the

impact point and that the time of arrival of the
first gas burst at the suprathermal ion detector
would correspond to a velocity of approximately
1 km/sec; for thermal expansion of the cloud,
the requisite temperature is several thousand
degrees Kelvin. The efficiency for such a mech-
anism is difficult to estimate because of the

tortuous paths followed by the ions after pickup
by the solar wind and because of the large
gyroradii of the ions. However, a conservative
order-of-magnitude estimate yields a flux con-
sistent with the observed flux of approximately
107 ions/cm Z-sec-sr-keV.

High Background Rates Observed During
the Second Lunar Day

Three hours following the first sunrise, the
mass-analyzer background rate became very high
and erratic. These high counts came in bursts,
slowly at first but with gradually increasing fre-
quency. They continued throughout the lunar
day with slowly decreasing intensity and disap-
peared abruptly within 12 hr after sunset. Figure
6-12 shows the general intervals during which
the counts were seen.

These high counts are clearly not the result
of the low-energy positive ions the instrument
was designed to detect since they are seen dur-
ing background measurement frames and since
neither the velocity-filter nor the energy-filter
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Fxctn_ 6-12. - A chart showing the time intervals during

which the high, erratic background rates were observed

in the mass analyzer data.

voltages appear to have an effect on the count-
ing rates. Possible sources for the phenomena
include a high ambient pressure of neutral gas
or a temperature-sensitive malfunction of the
channel electron multiplier. Channel electron
multipliers are known to often exhibit high back-
ground rates in the event of cracks in the glass
walls. Generally, however, such rates are rela-
tively steady rather than highly erratic, as is the
case observed for the Apollo 12 detector. Also,
such rates have not been known to disappear
once a crack or break has developed, whereas
the background rate observed during the second
lunar night was very low and perfectly normal.

Concerning the likelihood that these counts
represent an enhanced lunar surface pressure,
it is noted that approximately 1200 lb of pro-
pellant remained in the lunar module descent-
stage tanks. These tanks are opened by the
astronauts prior to departure. It is suspected,
however, that the vents for the tanks may freeze
and periodically inhibit the escape of the subli-
mating fuel (Aerozine 50) and oxidizer (N204).
On the Apollo 11 mission, the passive seismic
experiment saw seismic activity attributed to
"venting or circulating gases or liquids or both"
(ref. 6-2). This activity occurred for approxi-
mately 192 hr on the first lunar day after deploy-
ment. It seems possible that the high and
erratic background rates of the mass analyzer
indicate the periodic and impulsive escape of
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thesegases.It is believedthat a detailedcom-
parisonof thedatawith thosefrom theApollo
12passiveseismicexperimentand a studyof
someapparentperiodicitiesanddecayratesof
theburstsmayresolvethisquestion.

thedata.Thesehavenotbeenexaminedin suffi-

cient detail to allow categorization or discussion
at this time. Furthermore, no effort has been
made to search for low-level phenomena that
require averaging of the data.

Summary

The performance of the suprathermal ion de-
tector has been good. The preliminary data
analysis yields the following features:

(1) Mass spectra of 50-eV ions are available
from early in the experiment life. These spectra
show a concentration of ions in the 18- to
50-amu/q mass-per-unit-charge range.

(2) Ions appear frequently in the ten- to sev-
eral-hundred electron-volt range. This is highly
suggestive of solar-wind acceleration of ambient
ions of either natural or lunar-module-associated

origin.
(3) One- to 3-keV ions are present sporadically

early in the lunar night. These ions are thought
to be energetic protons escaping upstream from
the bow shock front of the Earth.

(4) Solar-wind energy ions are present on the
nightside of the Moon approximately 4 days
before lunar sunrise at the ALSEP site.

(5) Energetic ion fluxes are seen in good time
correlation with the impact of the lunar module
ascent stage onto the lunar surface. Again, there
is a strong suggestion that the impact-released
gases have been ionized and accelerated by the
solar wind.

(6) High background count rates seen during
the second lunar day may be indicative of large
quantities of gas escaping impulsively from the
lunar module descent-stage tanks.

Numerous other phenomena are apparent in
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