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MRD 143- Plume Spectral Characteristics  

Data Product Overview  
 

This data product is a list of minerals detected on any spectrally-measurable plume(s) orbiting 

Bennu. This is a contingency, and spectral analysis will be on a best-efforts basis because 

SAWG is not developing the software tools and reference spectra that would be required to 

properly interpret spectra of dispersed particles.  In other words, spectra of plumes will be 

transmission measurements, which are not equivalent to reflectance or emission data of a solid 

surface; the software tools developed by the SAWG for spectral analysis are only checked for 

applicability to reflectance and emission data, not transmission data. 

 

This data product would consist of "spot" information about the composition of any spectrally 

detectable plume(s). If a sufficiently bright plume is detected, a map may be attempted using the 

limb of the asteroid as a reference point. 

Overview  
 

Pending the development of analytical tools appropriate for analysis of dispersed particles and 

gases, OTES and OVIRS spectra can be processed to characterize the aerosols present in a plume 

of sufficient density and/or brightness. These data could be used to produce a list of candidate 

minerals, chemicals, and gases detected in any observed plume(s).  The contingency plan for 

spectral characterization of any plume(s) has not yet been developed. We assume that the plume 

is detected with MapCam at a minimum signal-to-noise of 11 per pixel in order to yield a 

minimum signal-to-noise of 3 per spectral resolution element in OVIRS and OTES (these values 

are based on the sensitivity for OTES provided by P. Christensen combined with a simple dust 

thermal emission model, and an approximate sensitivity for OVIRS estimated by B. Rizk and H. 

Campins). 

At this time, it is not clear how long it would take to develop the complete plume 

characterization contingency plan. One possibility is that if the position of a plume source is 

identified, the contingency plan could be to implement a site characterization similar to that of 

potential sample sites. 

At this time we are assuming that there will be no maps, just "spot" values. If we decide to map 

any plume bright enough we will use the experience of plume detection maps from 

OCAMS.  Creation of the plume DETECTION maps with OCAMS should require 

approximately 2 days to create the Level-2 images and around 5 days to create the image 

mosaics.  The plume detection maps should be available after another week’s worth of 

processing.  During the period when the plume model was being developed it took 

approximately 2 weeks to reproduce the EPOXI Hartley-2 plume morphologies.  Processing any 

Bennu plumes will be informed by that experience.   



Data Product Structure and Organization  
 

There is no defined data product in the SAWG SIS for this contingency, which requires 

analytical techniques and/or reference spectra that are not part of the Science Team deliverables. 

In the event that plumes are detected, we would desire to create products that include mineral 

abundances and/or parameter strengths on a per-spot basis (see data product descriptions for 

SAWG standard products for examples of the data formats). Although an observing strategy has 

not been developed for this contingency, the expected size and temporal variability of any 

potential plume(s) makes it unlikely that these will be spatially resolved products. 

Data Format Descriptions  
 

SAWG envisions that the data returned to the SPOC database will be in the form of 

a quantitative, floating-point value (e.g., abundance or band depth) with uncertainty, and the 

version of the TBD software used to produce the data; if data are co-added (e.g., to increase 

signal-to-noise), this will need to be documented. The spacecraft clock time will be used to 

associate the values with the predecessor data (e.g, emissivity, phase-corrected reflectance, 

calibrated radiance) and other ancillary information in the database (e.g., geometry). 

 

Data Product Generation 

 

In this contingency, mineral and chemical identifications are likely to be produced by processing 

OTES and OVIRS spectra to produce spot values for the abundance and/or parameter strength of 

each mineral/chemical. 

 

Required inputs are:  

• OTES apparent emissivity data 

o Two-dimensional floating-point array 

• OVIRS spot I/F data (not photometrically corrected) 

o Two-dimensional floating-point array 

• Geometric information, such as: plume position relative to the limb of the asteroid or the 

Sun (distance, longitude and latitude) when data were collected and plume position 

relative to the spacecraft (distance, ecliptic longitude and latitude) when data were 

collected. 

 

Outputs are: 

• Derived abundance and uncertainty of each mineral/chemical from analysis of OTES data 



o Floating-point values 

• Parameter strength values and uncertainties for minerals, chemicals from spectral parameter 
algorithms applied to OVIRS reflectance spectra 

o  
o Floating-point values 

 

Co-Is Campins and Hamilton have been assigned to this product.  

 

Multiple versions of the product may be produced.  New versions would be produced 

if significant changes occurred in: 

1) the OTES or OVIRS calibration or emissivity/reflectance algorithms;  

2) changes in the versions of the linear mixture algorithm or spectral parameter algorithms;  

3) changes in the spacecraft or plume locations as contained in the SPICE kernels. For example 

if a contingency were to require changes to the spacecraft location. 

Data Product Validation  
 

In general, data processing at each step is rapid (a few sec/spectrum), but validation requires 

human examination (e.g., of the models to OTES spectra and cursory assessment of the validity 

of the OVIRS spectral parameter results), which can take several days. 

Data Flow  
 

OTES spot emissivity and OVIRS spot I/F spectra will be retrieved from the SPOC. OTES 

apparent emissivity spectra (which are more likely to be analogous to transmission spectra in this 

case) will be analyzed to derive abundances of minerals and chemicals if software and an 

appropriate (transmission) spectral library are available.  Spectral parameters for minerals and 

chemicals will need to be calculated for OVIRS data using spectral parameters adjusted for 

applicability to transmission data. 

Observation Requirements 
 

The current plan is for the spectrometers to collect data according to the plan laid out for the 

OCAMS observations, unless the team determines that spectral characterization requires an 

OVIRS- and/or OTES-specific observation sequence. 

 

Additional Notes 

 



The spatial scale of the spectral observations will depend on the distance to the plume, which 

will be unknown until detected; however the spatial resolution will likely be similar to that for 

the limb of the asteroid. 

We note that not all plumes detected by OCAMS will necessarily be detectable by the 

spectrometers. A contingency plan should include refined estimates of the minimum detectability 

of dust and gas by the spectrometers as a function of observing conditions. For now we are using 

the sensitivity for OTES provided by P. Christensen (October 2013) combined with a simple dust 

thermal emission model that yields a sensitivity per spectral resolution element at 10 microns of 

approximately 7% that of MapCam.  An approximate sensitivity for OVIRS estimated by B. 

Rizk and H. Campins yields a value per spectral resolution element essentially identical.  

As stated above, our preliminary contingency plan (as of October 2013) will assume the simplest 

and most likely case: a plume that is the same size or smaller than the field of view, variable on 

relatively short timescales (seconds to minutes) and without detectable gaseous species. This 

would require the spectrometers to stare at the plume to characterize their temporal variability 

and not change the observing geometry used by MapCam to detect them. We will also assume 

that the plume is detected with MapCam at a minimum signal-to-noise of 11 per pixel in order to 

yield a minimum signal-to-noise of 3 per spectral resolution element in OVIRS and OTES). 

We anticipate that the best strategy for characterizing faint plumes is to "point and stare" in order 

to maximize the SNR and to characterize any temporal variation in the plumes. If the plumes do 

not fill the field of view of OVIRS and OTES, it may be beneficial to approach the plume until it 

does. We do not anticipate attempting observations at different phase angles because any 

changes in flux would be difficult to disentangle from temporal flux variations, which may be 

short on timescales compared with the time it would take to move the spacecraft into different 

phase angles.  It is not clear if maps will be warranted; if a plume is sufficiently bright to allow 

spatially resolved observations, the mapping pattern would have to use a point on the limb of the 

asteroid as a reference point. 

 


