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Introduction: In 2020 we reported observations of
the Moon in the 5 to 8 um spectral range using the
Stratospheric Observatory For Infrared Astronomy
(SOFTA) [1]. These observations revealed a 6 um
spectral feature attributed to molecular water at high
southern lunar latitudes. At the time there were few
observations of the Moon from 5 to 8 um [2]. Since
2018 we have conducted 16 additional flights with
SOFIA observing the Moon with the goals of charac-
terizing the behavior of molecular water and searching
for mineralogical signatures.

While the observations with SOFIA are unique,
this spectral range is new to lunar science and the data
present some challenges. Therefore, independent ob-
servations of the Moon from 5 to 8 um are important
for validating SOFIA lunar observations.

Fortunately, integrated hemispheric observations of
the Moon from the Earth orbiting Cross-track Infrared
Sounder (CrIS) on the Suomi National Polar-orbiting
Partnership Satellite are newly available that can be
used to validate SOFIA lunar observations. In this ab-
stract we compare lunar spectral shapes observed by
SOFIA and CrIS from 5 to 8 um.

Observations: The CrIS lunar observations pre-
sented here were acquired on January 27%, 2018 at
21:55 UT. The lunar phase angle of the observations
were 49.9° and the subsolar longitude and latitude was
46.6°E and 0.2°N, respectively. The CrIS measure-
ments are disk integrated and therefore includes all
lunar temperatures but is dominated by the warmest
temperatures [3].

SOFTA observations, on the other hand, are spatial-
ly resolved at the 2 to 4 km scale. To compare CrlIS
and SOFIA observations we selected a SOFIA obser-
vation from May 12%, 2022 flight FO868 near the sub-
solar point within Mare Fecunditatis with nearly the
same subsolar longitude and latitude as when the CrIS
data were acquired (45.2°E and 0.07°S).

We typically use Mare Fecunditatis as a reference
to remove an artifact in SOFTA FORCAST data [1];
for this comparison we instead use an observation of
mare near Copernicus crater as the reference.

SOFIA vs. CrIS: Figure 1 shows the spectral
shapes of SOFIA in black and blue and CrIS in green.
The black SOFIA spectrum is before the reference is
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Figure 1: Spectral shape comparison of SOFIA in
black before the reference is removed, SOFIA in blue
after the reference is removed, and CrlS in green.

removed while the blue spectrum is with the reference
removed. Comparison of the spectral shapes is most
easily seen in Figure 1 between the blue spectrum of
SOFIA and the green spectrum of CrlIS. The shape of
the spectra are similar and for the first time we have
independent confirmation of the basic spectral charac-
ter of the SOFIA observations. The shapes are not
identical though, with slight deviations near the ends of
the spectra that may be due to the fact that each spec-
trum contains very different distributions of surface
temperatures.

Figure 2 shows the spectra from Figure 1 normal-
ized to a continuum, revealing spectral features. For
the continuum, we used a 2" order polynomial fit be-
low 5.9 pm and from 6.5 to 7.5 um, avoiding the 6 um
region so that any water feature does not influence the
fit and avoiding the residual atmospheric methane band
beyond 7 pm in SOFIA measurements.

When looking at the spectral shapes in Figure 2 we
see that the 6 um region in CrIS has a broad spectral
hump whereas SOFIA does not. In the SOFIA meas-
urements before the reference in black we see an ap-
parent band near 6 um that is caused by imperfect at-
mospheric correction and instrumental artifacts. In the
SOFIA observations with the lunar reference removed
these artifacts are removed. In both cases, we do not
see a broad hump like in CrIS. We do not believe this
broad feature is the 6 pm water feature due to its
breadth and is instead part of the continuum of the
Moon due to as yet unidentified processes.
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Figure 2: Spectral comparison of continuum removed
SOFIA flux before reference in black, after reference
in blue and CrIS in green offset form unity. A 2" order
polynimial is used to define the continuum. This view
of the spectra reveal potential water or minerological
spectral features. The vertical black lines show the
wavelengths selected for CrIS to predict the CF peak
and the red line is the predicted peak at 7.88 um.

6 um water feature: The recent report of a 6 um
band on the lunar surface by SOFIA [1,4] showed that
this spectral range contains information on the pres-
ence of water. In Figure 2, the SOFIA spectrum in
black contains a an apparent 6 um band as explained
previously while the reference removed SOFIA spec-
trum in blue does not show a 6 um water feature. This
is due to both Mare Fecunditatis and the reference near
Copernicus having the same amount of water so when
we ratio the two to remove the artifact any 6 pm fea-
ture is also removed.

In the CrIS measurements there is also no clear ev-
idence of a 6 pm water feature. This is likely due to the
disk integrated observation.

Christiansen Feature (CF).: A Christiansen Feature
has been detected and characterized by the Diviner
Radiometer Experiment (Diviner) on the Lunar Re-
connaissance Orbiter (LRO) using 3 narrow band
channels with wavelength ranges of 7.55-8.05, 8.1-8.4,
and 8.38-8.68 um [5]. The CF contains information on
the average silicate mineralogy of lunar regions. CrIS
data provides high resolution spectra measurements of
the lunar CF across the nearside of the Moon, weighted
by the surface temperature.

The CrIS data show a clear CF at ~7.9 pum, indicat-
ing a felspathic mineralogy by direct comparison with
laboratory data. Most of the signal at the time of ob-
servation came from within 30 degrees of latitude and
longitude of the subsolar point where majority of the
signal originated from mare surfaces. We predict the
CF peak should be at 8.2 um by projecting Diviner CF
measurements to the CrIS subsolar longitude and lati-
tude, and weighting the data by 8 um spectral radiance
[5]. We also tested the parabolic approach used for
Diviner [5] to predict the CF peak position on 3 wave-
lengths in the CrIS measurements (7.55, 7.98, 8.27

pum; Figure 2 vertical lines). The predicted band is 7.88
pm and indicates the mis-match between CrIS and
Diviner is not due to errors in the 3-wavelength para-
bolic estimate of CF wavelengths.

SOFIA observations do not show a clear CF due to
contamination by an atmospheric methane band that
we have not yet been able to correct in our atmospheric
calibrations in the data before the reference is removed
(black). Furthermore, based on CrIS results, the
SOFIA data only capture the short wavelength portion
of the band, so a maximum may not be captured.

Discussion: Results from LRO Diviner and CrIS
are somewhat inconsistent with respect to the Christi-
ansen Feature. Diviner data generally indicate a peak
position somewhat past 8 um in highland terrains, and
significantly longer in mare terrains. In CrIS data, the
hemispheric peak, weighted somewhat toward mare
terrains owing to the solar longitude are clearly
shortward of 8 um. However, we note that the position
of the peak could also be affected by the observing
conditions as the Moon only fills part of the field of
view of CrIS.

BepiColombo performed two fly-bys of the Moon
observing the Moon with the MErcury Radiometer and
Thermal Infrared Spectrometer (MERTIS) instrument
from 7-14 um [6-8]. MERTIS observations revealed
instead a minimum around 8 pm and no strong CF [6-
8]. The observing conditions for MERTIS provided
500 km/px lunar coverage of mostly the nearside. The
discrepancy between the CrIS, MERTIS, and Diviner
observations will need to be investigated further.

Conclusions: The observations from CrlIS have
provided an independent measurement of lunar spec-
tral shapes from 5 to 8 um that are consistent with
SOFIA measurements. There are some differences in
the spectral shapes, mainly the wide hump around 6
pm that remain unexplained.

The disagreement in the presence of a CF in CrIS,
MERTIS, and Diviner observations will need further
investigation and more independent measurements.
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