
Summary from Previous Lecture 
•  ISM is a multi-phase system: 

–  Gas + solid (dust) 
–  Gas can be molecular (MCs, dense), atomic (HI regions), ionized (HII regions, 

dense) 
–  Reflection and Dark Nebulae are produced by Dust 

•  Where is dust produced ? 
•  Dust forms by nucleation and then grows by accretion 
•  Why is dust important ? 
•  It locks most heavy material: C, Si, Mg 
•  It shapes the emission of galaxies in the IR/mid-IR 
•  It is the source of extinction, re-process UV into the IR 
•  It is a tracer of Star formation 



Interstellar Extinction 

It	
  was	
  recognized	
  that	
  the	
  op2cal	
  depth	
  
depends	
  on	
  the	
  distance	
  from	
  the	
  source	
  
(e.g.	
  total	
  column	
  density)	
  and	
  on	
  a	
  universal	
  
ex2nc2on	
  func2on	
  



Empirical Extinction Curves 

•  Rv depends on the material along the l.o.s 
–  For the diffuse ISM RV~3.1 
–  For dense MC RV~4-6 

•  Bump at 2175 Å is due to particles rich in C, graphite or amorphous carbon grains 
•  The shape of the interstellar extinction curve contains information about the size and chemical 

composition of interstellar dust grains (MW curve best interpreted as mixture of silicates & graphites) 



Optical Property of Dust Grains 

•  Follow notes 

•  Scattering vs Absorption 



E-M scattering by small particles 
•  as 



Note:	
  
1.  The	
  λ-­‐1	
  behavior	
  explains	
  the	
  ex2nc2on	
  curve	
  
2.  The	
  λ-­‐4	
  behavior	
  	
  explains	
  why	
  scaFering	
  is	
  more	
  

effec2ve	
  on	
  blue	
  wavelengths	
  



Schematic plot of extinction 

Remember,	
  grain	
  sizes:	
  5	
  -­‐-­‐3000Å	
  
(e.g.	
  <0.3	
  μm)	
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Fitzpatrick et al 1999 
•  as 



Effect of Extinction 



Extinction 

•  as 



Dust Emission 
•  Herschel result on 1987a 

–  Warm dust is heated up in the ring 
–  Cold dust is in the center (T~20K) 



•  as 



Planck 

•  Average T~19 K  



•  as 



Dust emission from Galaxies 

•  5-20 µm dominated by Polyclic 
Aromatic Hydrocarbons 

•  λ>20 µm dominated  by the 
thermal emission of the main 
grain population 

•  λ>60 µm dominated by the 
emission from large grains 

Rieke	
  et	
  al.	
  2009	
  



asa 
•  as 



Polarization 
•  Polarization was first observed by Hiltner and Hall in 1949 

–  Demonstrates grains are non-spherical and are aligned (presumably) by B fields 

•  Polarization due to `linear dichroism’ 
–  E.g. the cross section is larger in 1 direction than the other one 

Planck	
  Image	
  of	
  Polarized	
  Light	
  



Polarization 
•  Max polarization is @ 5.5µm but ranges between 0.34 and 1.0µm 
•  Polarization rises through UV, peaks in optical, and falls thereafter 

–  Not like the monotonic decrease of extinction from UV to IR 
•  Suggests that grains responsible for UV extinction do not contribute to polarization: e.g. there 

are a mix of grains 

•  Grains are spinning! 
–  Rotation velocity of ~1e5 Hz  



Other Forms of Polarizations  
•  Scattering ! 

–  It introduces, always, polarization 

•  Far-IR polarization: 
–  Large grains heated to equilibrium have temps of 30-50K and radiate at 60-100 

µm 
–  Emission is larger along the long axis (in contrast to transmission) 

•  This gives a net polarization of the thermal radiation with P aligned with the long axis 
•  For the transmission case P is aligned along the short 



Recap on Dust 
•  Dust is responsible for extinction (IR to UV) and shape the SED of 

galaxies 
•  Galaxies are bright at IR due to dust emission 

•  Dust comes in many sizes: power law a-3.5 
–  Interpretation of extinction curve, scattering 

•  Dust is made by a mix of grains: graphites, silicates, ice 
–  PAHs, temperature map of the Galaxy, polarization vs extinction 

•  Dust grains are aligned by the magnetic field: 
–  Polarization 


