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Outline

• Structure in WISE color-color diagrams as  
a consequence of the properties of the 
radiative transfer problem 

And a brief advertisement…

• Association of the structure in WISE color-
color diagrams with dusty shell properties 

• Detailed analysis of  WISE colors of 
Asymptotic Giant Branch (AGB) stars  



Wright et al. (2010) Nikutta et al. (2014) 

Various families of astronomical objects occupy different 
locations in the WISE color space; this is primarily a 
consequence of the scaling properties of the radiative 
transfer equation and varying dust density distributions 
(Ivezić & Elitzur 1997, 2000).



Structure in color-color diagrams is a result of SCALING 

Density profile controls grouping, FAMILIES DIFFER 
BECAUSE OF DUST DISTRIBUTION 

Within family, location is controlled by optical depth & dust 

properties

A lot of #
structure

|b|>10o & W1<11 



Ivezić & Elitzur (2000): strong correlation between IRAS 
colors and Galactic distribution (AGB stars and YSOs) 	



A lot of #
structure



• Structure in IRAS color-color 
diagrams is a consequence of 
the properties of the 
radiative transfer problem 

• The structure in IRAS color-
color diagrams can be 
associated with the 
properties of dusty shells 

• Can we do the same for 
WISE color-color diagrams? 

• Yes, see Nikutta et al. (2014,  
MNRAS 442, 3361–3379) 



  

fν = f*ν exp(-τν) + Fd
ν/F       where bolometric flux: F = ∫ Fν dν 

#

fν depends on:  

 type of dust grains (cross sections) 

 overall optical depth 

 normalized density profile 

fν DOES NOT depend on: 

 dimensions of the system 

 density scale 

 luminosity of central object

The total flux is due to the attenuated (extincted) central  

source and the dusty shell (scattering and emission):  

For detailed discussion, see	


Ivezić & Elitzur (1997, 2000)	


and code DUSTY



Primary Input: 

➢ qλ = κλ/κλo  (chemistry, size) 

➢ η(y) (dynamics!) 

➢ τT( λ0)  (…) 

#

Secondary Input: 
➢ Tsublimation 

➢ r2/r1  (age/size) 
#

#

Qabs (λ) + Qsca (λ)	



for C and Si dust:



Input for Modeling: 
    Star: Tstar  

  Shell: ρ(r), r1, r2 

  Dust:  ρd/ρ, p(a),  

      Qabs (λ), Qsca (λ), Tsub 

Output: 
  SED:   fλ = Fλ/F 

  Surface Brightness (λ)  

Top: uniform dust distribution#
Bottom panel: 1/r2



#

Colors (fν) primarily depend on:  
 type of dust grains (a “track”) 
 overall optical depth 
 normalized density profile  
       (Tdust at the inner boundary) 

SDSS: W1<11 are#
Galactic sources! 

STARS



#

An example: Young Stellar Objects (OR flared disks!)  
 ISM dust grains  
       optical depth, τV < 10  
 uniform dust density profile  
       Tdust ~ 1200 K 
Evidence for at least some PNe (Koenig & Leisawitz 2014) 



#

AGB stars: can separate O-rich from C-rich using 
only WISE colors!  

It is known from earlier work (e.g. Cioni 2009) that AGB 
stars from the LMC are dominated by C-rich population 
(blue points), while O-rich stars (red points) dominate 
Galactic AGB stars.



Used full WISE sample to optimize selection boundaries. 	


WISE-based selection favors dusty AGB stars (samples 
selected using near-IR photometry, e.g. 2MASS and DENIS, 
are strongly biased against dusty AGB stars).	





Tu & Wang (2012, arXiv:1207.0294)	


claim W1-W2~1.5 and W2-W3~0.5	


corresponds to C stars, in conflict with	


our results 

Resolution: need to reject 
saturated sources! 



All-sky map for the C-to-O AGB star count ratio (above) 
reveals differences between the Galactic disc, the Magellanic 
Clouds and the Sgr Dwarf Spheroidal galaxy. 



All-sky map for the C-to-O AGB star count ratio (above) 
reveals differences between the Galactic disc, the Magellanic 
Clouds and the Sgr Dwarf Spheroidal galaxy. 	


#

A radial gradient in the LMC disc is robustly detected: the C:O 
number ratio for dusty AGB stars increases with distance from 
the LMC center about twice as fast as measured for near-IR 
selected samples of early AGB stars.   Interpretation “pending”…



Hunt-Walker et al. (in prep)

Radially exponential 
disk. No sign of cutoff 
claimed for other 
tracers at 15-20 kpc 	



The furthest  detection 
(Z~5 kpc) of the thick 
disk (H~750 pc) away 
from the Galactic plane! 	
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Statistical analysis of massive datasets, e.g. WISE  

• New skills required:  traditional astronomy 
programs (still) do not place (enough) 
emphasis on statistical and computer science 
tools that are mandatory in survey astronomy

• High-D spaces with [m,b]illions of points#

• Characterization of known objects#

• Classification of new populations#

• Discoveries of unusual objects

Data mining and knowledge discovery

Clustering, classification, outliersT. Vestrand



New book 

Željko Ivezić, Andrew Connolly, Jacob 
Vanderplas, Alex Gray 

#
Princeton University Press, 2013

Statistics, Data Mining, and   
   Machine Learning in Astronomy
 

A Practical Python Guide for the Analysis of Survey Data

Željko Ivezic, Andrew J. Connolly, 
Jacob T. VanderPlas & Alexander Gray

´

PRINCETON SERIES IN MODERN OBSERVATIONAL ASTRONOMY



Open source! 
www.astroML.org

Statistics, Data Mining, and   
   Machine Learning in Astronomy
 

A Practical Python Guide for the Analysis of Survey Data

Željko Ivezic, Andrew J. Connolly, 
Jacob T. VanderPlas & Alexander Gray

´

PRINCETON SERIES IN MODERN OBSERVATIONAL ASTRONOMY

http://www.astroML.org




#

Conclusions:  
#
1) various families of astronomical objects occupy different locations in 
WISE color space; this is a consequence of the scaling properties of the radiative 
transfer equation and varying dust density distributions#
#
2) Galactics WISE sources can be reliably separated from extragalactic WISE 
sources using only WISE data #
#
3) asymptotic giant branch (AGB) stars with circumstellar dust shells can be 
selected using only WISE data and separated into O-rich and C-rich classes#
#
4) an all-sky map for the C-to-O AGB star count ratio reveals differences between 
the Galactic disc, the Magellanic Clouds and the Sgr Dwarf Spheroidal galaxy, 
and a radial C-O ratio gradient in the LMC disc is robustly detected 	


#
Big thanks to the WISE team for producing this wonderful dataset! 	


#


