
Exploring the Use of T-matrix/Radiative Transfer 
Hybrid Models for Fine Planetary Particulates in the 
Mid-Infrared Gen Ito and Timothy D. Glotch

Results Fig. 3. Computational and laboratory emissivity 

spectra of enstatite particulates. Models used in 

computation are Mie and T-matrix methods 

coupled with radiative transfer models of a. Conel

[1969], b. Hapke [1993], and c. Hapke [1996]. For 

T-matrix hybrid models, cluster containing 1,000 

and 10,000 monodispersed spheres were used 

for 32.1 – 93.9 μm and 3.3 μm size fractions, 

respectively. Particle packing density is 

approximately 0.6 for all size fractions. Diffraction 

subtraction [Wald, 1993] is used for both T-matrix-

and Mie- Hapke [1993] hybrid models except the 

3.3 μm size fraction. Major reststrahlen bands are 

observed at ~1100, ~950, ~850, and ~500 cm-1. 

Transparency and Christiansen features are 

observed at ~800 and ~1200 cm-1, respectively.

Methods

1. Experimental
• Measure emissivity of ground pyroxene (enstatite) 

samples using a modified Nicolet 6700 FTIR.
2. Computational
• Generate clusters of closely packed spheres (Fig. 2) 

using a packing code [Donev et al., 2007].
• Assign optical constants of pyroxene to each sphere.
• Run T-matrix code (MSTM) [Mackowski and 

Mishchenko, 2011] on NASA supercomputer Pleiades.
• Run Mie scattering code [Mätzler, 2002].
• Use outputs from MSTM and Mie programs to 

calculate emissivity based on radiative transfer models
of Conel [1969], Hapke [1993], and Hapke [1996].

3. Compare computed emissivity spectra with laboratory 
measurement.

Introduction

• Mid-infrared (~5-50 μm) emissivity spectra can be used to 
infer mineralogy of planetary surfaces (e.g. TES for Mars).

• Non-linear addition of spectra from light scattered by fine 
particles with diameters on the order of wavelength of 
observed radiation (Fig. 1) is an obstacle in accurate 
interpretations of remotely sensed data.

• We search for a model that can capture the non-linear 
behavior using T-matrix/radiative transfer hybrid models
(Fig. 2) and compare their effectiveness to popularly used 
Mie hybrid models.
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Fig. 1. Scattering of light by particulates with diameters on 
the order of observed radiation used in remote sensing.
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Fig. 2. Representation 

of scattering of light 

from a cluster 

composed of smaller 

particles in the  T-
matrix method.
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Conclusions

• T-matrix hybrid models produced more 
consistent emissivity spectra for the 3.3 μm size 
fraction than widely used Mie hybrid models 
(Fig. 3).

• Larger particle size fractions are difficult to 
model (e.g., reststrahlen band depths, Fig. 3).

• The low wavenumber region is difficult to model 
due to diffraction of light caused by the cluster 
as a whole.

• The high wavenumber region is difficult to 
model also because of diffraction of light with 
individual particles.

• Future work will further investigate T-
matrix/radiative transfer hybrid models with 
polydispersed clusters and mixtures of minerals.


