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Introduction
• RV Tauri stars, Population II Cepheids with spectral types F—K 
• Semi-regular, bimodal variability with 30 - 150 day pulsations 
• Two photometric classes 

• a:  Constant mean magnitude 
• b:  Varying mean magnitude (600 - 1500 days) 

• Three spectroscopic classes 

• A:  Types G—K, strong absorption lines and normal CH and 
CN bands 

• B:  Type F, weaker lines and enhanced CH and CN bands  
• C:  Type F, weak lines and normal CH and CN bands (Pop II) 

• Atmospheres show ‘depletion’ phenomenon (i.e. low refractory 
abundances) 

• SRd variables are similar but lack regular pulsations—single star systems RV Tau Light Curve; Credit: AAVSO
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Aims and Methods

• Determine the mineralogy content of a sample of post-
AGB stars believed to be precursors to pre-planetary 
nebulae 

• Estimate the grain size and dust temperature 

• Obtained SOFIA FORCAST grism spectra between 
5-40 µm for 15 RV Tauri and 3 SRd variable stars 

• Achieve this using a Non-negative Least Squares spectral 
decomposition model
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Observations
• Obtained during Cycles 2, 3, and 4; March 2014 - July 2016 

• Faint Object infraRed CAmera for the SOFIA Telescope (FORCAST) 

• First Light Infrared TEst CAMera (FLITCAM) observations of U Mon 
and RV Tau R=860 between 2.779-4.074 µm 

• Grisms: G1 (4.9-8.0 µm); G3 (8.4-13.7 µm);  
             G5 (17.6-27.7 µm); G6 (28.7-37.1 µm)  
              R ~ 200
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Model

c, volume fraction of dust component 

µ (µm-1), absorption coefficient 

aj , scalling factor for jth Planck function 

Bλ (W sr-1 m-3), Planck function at temperature Tj

N, number of wavelength points 

M, number of fit parameters 

Fmodel, model flux at a given wavelength 

Fobs, observed flux at a given wavelength 

σ, absolute error at a given wavelength
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Procedure and  
Monte Carlo

• Fit Planck functions to continuum 

• Find dust volume fractions using a Non-Negative Least 
Squares Fit  

• Estimate errors on the dust volume fractions from 5000 
realizations of a Monte Carlo simulation
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Cosmic Silicates

• Olivine (Mg2(1-x)Fe2xSiO4) and 
Pyroxene (Mg1-xFexSiO3) are the 
most common species 

• O-Si-O bending and Si-O 
stretching produce IR features  

• Amorphous vs. Crystalline 

• Crystalline material is ~10-15%

Credit: Molster, F., & Kemper, C. 2005, SSR, 119, 3
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Absorption Coefficients

Affected by: 

• Grain size 

• Grain shape 

• Mg/Fe content 

• Temperature  

• Laboratory conditions
Credit: Henning, T. 2010, ARAA, 48, 21 

Credit: Dorschner, J., Begemann, B., Henning, T., Jaeger, C., & Mutschke, H. 1995, AAP, 300, 503
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Model
• Absorption coefficients were calculated using a homogeneous 

sphere approximation 

• Two grain sizes of 0.1 µm (small) and 2.0 µm (large) were used 

• Python module ‘pymiecoated’ was used to calculate the mass 
absorption coefficients for the 2.0 µm grains
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Data
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Results
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Model Covariance
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Removing Species:  
High Signal-to-noise
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Adding Species:  
High Signal-to-noise
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Removing Species: 
Low Signal-to-noise
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Adding Species: 
Low Signal-to-noise
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Conclusions
• Most of the continua are well described by two Planck functions; at ~1000 K 

and ~250 K with a majority of the dust (97%) in the cooler form 

• Our models predict both C-rich and O-rich minerals 

• Majority of the dust is in the form of amorphous carbon and graphite (80±1%) 

• FORCAST spectra don’t exhibit strong crystalline features;  
UY CMa, RU Can and AC Her have forsterite volume fractions of 4±0.9%, 
1±0.3% and 1±0.1%, respectively 

• On average, the SRd variables contain 8% more small-carbon dust than the RV 
Tauri stars; the volume fraction of large grains for the SRd variables was 16% 
and 30% for RV Tauri stars 

• Between the featureless IR dust species, amorphous carbon is included in more 
of our models (16 out of 17) than metallic iron (4 out of 17).
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