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Introduction:  NASA’s Lunar Trailblazer mission 

[1] will address critical questions surrounding one of the 
most surprising lunar science discoveries of the decade: 
the pervasive presence of water distributed across the 
lunar surface.  Trailblazer will revolutionize our under-
standing of the form and distribution of this water via a 
novel combination of two mapping instruments: the Lu-
nar Thermal Mapper (LTM) [2], a multiband thermal ra-
diometer that can measure surface temperature and min-
eralogical composition; and the High-resolution Vola-
tiles and Minerals Moon Mapper (HVM3), an imaging 
spectrometer spanning the 600-3600 nm range at ap-
proximately 10 nm spectral and 100 m spatial sampling.  
Critically, HVM3 can distinguish varied forms of H2O 
volatiles with mineralogical context for any detections. 

Objectives of the High-resolution Volatiles and 
Minerals Moon Mapper (HVM3): HVM3 is an evolu-
tion of the M3 imaging spectrometer which discovered 
and mapped pervasive water/hydroxyl OH signatures on 
the Moon [3].  This paved the way for confirmatory ob-
servations and reanalyses by other instruments, but M3’s 
limited spectral range, instrument sensitivity, and spa-
tial coverage left several key questions unresolved.  The 
new HVM3 instrument will resolve these issues by: 
      1. Determining whether the observed signature is 
due to adsorbed molecular H2O, H2O in ice form, or hy-
droxyl.  Unlike M3, the HVM3 spectral range extends to 
3600 nm which captures the extended absorption shapes 
of OH, water ice, and molecular H2O.  This will allow 
direct detection and mapping of the different species. 
     2. Determining if and where Permanently Shadowed 
Regions (PSRs) harbor water ice.  Recent work has sug-
gested M3 data may show water ice in PSRs [4].  If this 
is truly the case, it could guide future scientific sampling 
or resource extraction efforts on the lunar surface. 
HVM3 aims to close this issue with unprecedented sen-
sitivity, enabling direct observations within the PSR us-
ing terrain-scattered solar illumination, for which it will 
provide SNR ≥ 50 in discriminative spectral intervals. 
     3. Resolving the contribution of thermal emission ef-
fects to estimates of water abundance.  HVM3’s ex-
tended spectral range will capture the entire absorption 
feature with both ends of the continuum beyond, provid-
ing unprecedented power to fit reliable and accurate 

thermal emissivity curves for unbiased estimation of lu-
nar water deposits. Trailblazer’s LTM instrument pro-
vides simultaneous direct temperature measurements. 
      4. Understanding the distribution and change of vol-
atile abundance over time across the lunar surface.  The 
HVM3 observation plan provides repeat revisits of se-
lected polar and midlatitude locations at many phase an-
gles.  The ability to measure the lunar surface’s volatile 
deposits at multiple times of the solar day will reveal the 
diurnal variability in water availability. 
     Instrument Specifications: HVM3 is an Offner im-
aging spectrometer based on the UCIS design [5].  Fig-
ure 1 below shows the optical layout.  It is made entirely 
of reflective surfaces. It uses a dispersive grating with 
efficiency tuned to improve signal in the low-illumina-
tion longer wavelength regions of the spectrum.  Table 
1 below shows the nominal performance. 
 

 
Figure 1: The HVM3 spectrometer and telescope, an Offner 
design with reflective optical elements and a grating tuned to 
improve signal in long wavelengths. 
 

Parameter Estimated Capability 
Spectral Range 600 to 3600 nm 
Spectral Sampling  10 nm 
Spectral Response 15 nm 
Spectral Calibration  Knowledge within 5% 
Radiometric Calibration Knowledge within 10% 
Signal to Noise Ratio Example in Figure 4 
Cross-Track Uniformity Spectral calibration 10% 
Spectral Uniformity IFOV 10% 

Table 1: Estimated HVM3 performance (provisional) 
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    Achieving Mission Objectives:  HVM3 measures 
absorptions in the lunar spectral surface reflectance 
caused by the presence of OH/H2O compounds. The 
shapes of these perturbations are more stable and dis-
criminative than the broad shape of the reflectance spec-
trum, known as the continuum. We evaluate perfor-
mance based on three stressing cases enveloping the 
most challenging observation scenarios HVM3 is likely 
to encounter.  These cases are: the discrimination of ice 
and molecular H2O in PSRs via scattered light, the most 
challenging and “performance-driving” case; the dis-
crimination of ice and molecular H2O in midlatitude and 
highland areas illuminated at 85 degrees solar zenith; 
and detection of change over time in molecular H2O in 
midlatitude areas illuminated at 85 degrees solar zenith. 
Our PSR illumination estimate assumes a 1W/m2 irradi-
ance, which is consistent with top-down measurements 
by the LROC instrument as well as by bottom-up mod-
eling activities in recent literature [6]. The band depth 
criterion of all features and differential changes is 1%; 
i.e., we aim to discriminate ice and molecular H2O in 
PSRs for a 1% absorption depth, corresponding to 
~100ppm and ~1000ppm for sunlit and shadowed cases, 
respectively.  This captures the most useful level of ice 
abundance that would be useful for resource extraction, 
and based on prior studies, provides a comfortable floor 
for detecting trace water elsewhere. 
     We evaluate the associated SNR needs by simulating 
absorptions (Figure 2) for the PSR case as continuum-
relative ratios. We translate these into radiance observed 
at the sensor. Figure 3 shows this new representation, 
with a red line and a blue line that almost exactly over-
lay.  A black line with an expanded vertical scale shows 
the difference between them. We then calculate the SNR 
using standard instrument modeling and component 
performance assumptions, yielding nominal SNR val-
ues for the PSR and midlatitudes illuminated at zenith 
85 degrees (Figure 4).  The PSR reference case provides 
SNR that achieves discriminability to within p<0.03, for 
~0.25 km2 areas. More typically, with multiple spectra 
over a larger area, the true p-value is orders of magni-
tude better.  We conclude that, in the most challenging 
of the HVM3 observations, estimated instrument perfor-
mance provides considerable margin against the LTB 
science objectives. 
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Figure 2: The most challenging HVM3 performance reference 
case.  The observation tests two hypotheses of the surface, 
portrayed by continuum-removed features of ice and molecu-
lar H2O at 1% band depth. 

 
Figure 3: The two hypotheses expressed in radiance units are 
almost identical, so the red and blue lines above overlay.  The 
black line with an expanded vertical scale shows the differ-
ence in radiance units. 

 
Figure 4: Our instrument model calculates a predicted instru-
ment SNR for the midlatitude and PSR reference cases.  With 
geographic averaging, this is a comfortable margin against 
top-level science goals. 
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