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Introduction: The ejecta cloud produced by the Deep 

Impact experiment appeared to be optically thick. The 

evidence of this was not only that the impact crater 

could not be seen through the cloud, but also that the 

cloud cast a shade on the surface of the nucleus (Fig. 

1a). Photometric analysis of the MRI (Medium Resolu-

tion Instrument) images shows that the shade has a 

complex structure (see Fig. 1b) that reveals a complex 

structure of the cloud itself, specifically, variations of 

its optical thickness.  

   Data processing: We analyzed the series of the MRI 

images that already showed a well developed shadow 

but in which the shadow was still not overlapped by the 

ejecta. These are 44 images taken from 3.24 sec until 

7sec after the impact. We have found that even within 

such a short period the brightness distribution within 

the shadow changes with time. Most likely, this reflects 

density or/and composition variations of the comet 

nucleus. The processed images have a pre-impact im-

age subtracted to separate the cloud attenuation from 

the nucleus albedo variations. 

   

  Figure 1. MRI image, original (a) and processed (b)     

   Numerical modeling: To “retrieve” the particle 

properties of the impact plume or cloud (number densi-

ty, moments of the size distribution, and constraints on 

refractive indices as a proxy for composition), we 

model the scattering of the sunlight by the cloud using 

a modified version of the 3D radiative transfer code 

HYPERION [2]. HYPERION is based upon the Mon-

te-Carlo apoproach and is designed to be as generic as 

possible, allowing radiative transfer to be computed 

through a variety of three-dimensional grids, including 

an Adaptive Mesh Refinement option. The code is par-

allelized, and scales well to hundreds of processes. The 

“modification” referenced above is that we are using 

(and participated in the development of) a version that 

allows for a solid surface, i.e., comet nucleus.  

  As part of our methodology development, we have 

represented the ejecta cloud as an oblique cone, as 

suggested by the model developed by Richardson et al 

[1]. A realization of this geometry for light scattering is 

presented in Fig.2a. The results of of an initial 

HYPERION model for an analogous geometry are 

shown in Fig. 2b. This sample model demonstrates 

both the scattering in the ejecta plume itself as well the 

ability of the plume to cast a “shadow” on the nucleus.. 

Both of these phenomena provide direct constraints on 

the particle properties within the plume. 

    

Figure 2. Geometry (a) and result (b) of the modeling. 

Our general methodology focuses on the use of several 

dust models (i.e., spheres, cylinders, aggregates) to 

retrieve limits on the average particle size (reff) and 

single scattering albedo. A natural consequence of this 

approach is the determination of plume opacity (extinc-

tion per unit length) and its spatial variation. The lim-

ited number of images drives our use of a “chi-by-eye” 

approach with respect to parameter fitting, with the 

precision/limits on the retrieved parameters being de-

termined by a perturbation approach to create a chi-

squared surface.  

   Discussion: During our presentation, we will discuss 

how the modeling (i.e., retrieved particle properties 

and plume opacity) reveals the structure of the cloud 

and its temporal evolution. We will also connect this 

information to efforts to infer the structure of the nu-

cleus layers and the subsequent alteration by the the 

impact event.  
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