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Interstellar Dust



 

Dust Observations

Extinction.

Absorption.

Scattering.
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Dust Observations

Extinction.

Absorption +

Scattering. 

Measure B and V.
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 –

             (B – V)
I

E(B – V) > 0
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Dust Observations

Extinction.

Pair method

compare stars of 
similar spectral 
types.

use models instead 
of comparison 
stars.



 

Dust Observations

Extinction.

Three populations:

Linear.

2175 Å bump.

FUV rise.



 

Dust Observations

Extinction.

Define 
          R

V
 ≡ A

V
/(A

B
 – A

V
)

where A
V
 is the 

extinction at V.

E(B – V) = A
B
 - A

V



 

Dust Observations

Extinction.

Milky Way: R = 3.1

Dense regions have 
larger R



 

Dust Observations

Extinction.

Parameterization of 
extinction curves

Fitzgerald and Massa

7 parameter fit:

3 bump

3 UV extinction

1 for long 
wavelength law.



 

Dust Observations

Extinction.

Parameterization of 
extinction curves

CCM:



 

Dust Observations

Extinction.

Long wavelength cutoff 
at 1 μm

implies largest 
grains ~ 1 μm in 
size.

2175 Å due to 
graphitic particles.

FUV rise due to 
population of 
small particles.



 

Dust Observations

Extinction.

Dust and gas well 
mixed.

Bohlin, Savage, Drake

N(H) = 5.8e21E(B-V)



 

Dust Observations

Extinction.

Polarization

Dust grains aligned with 
magnetic field.



 

Dust Observations

Extinction.

Polarization

Serkowski Law:

p(λ) = 
p

max 
exp(-Kln2(λ/λ

max
)

λ
max

 = 5500 Å

K = 1.15

0 < p
max

 < 0.03 A
V



 

Dust Observations

Extinction.

Polarization

Due to grains with 
shortest axes partially 
aligned with magnetic 
field.

Largest values where 
magnetic field 
perpendicular with line 
of sight.



 

Dust Observations

Extinction.

Polarization

Decreases to UV 
suggesting that particle 
sizes approach 
geometrical optics limit.



 

Dust Observations

Extinction.

Polarization

Dust scattering.

Reflection nebulae.

Diffuse background 
light.



 

Dust Observations

Extinction.

Polarization

Dust scattering.

Reflection 
nebulae.

Diffuse 
background light.

Measure a and g = 
<cosθ>



 

Dust Observations

Extinction.

Polarization

Dust scattering.

Reflection 
nebulae.

Diffuse 
background light.

Measure a and g = 
<cosθ>



 

Dust Observations

Extinction.

Polarization

Dust scattering.

Thermal emission.

Zodiacal light.

Galactic light.



 

Dust Observations

Extinction.

Polarization

Dust scattering.

Thermal emission.

Blackbody at long 
wavelengths.

Stochastic at short 
wavelengths.

Line emission.



 

Dust Observations

Extinction.

Polarization

Dust scattering.

Thermal emission.

ERE.

Small angle X-ray 
scattering.

Microwave emission 
from spinning ultra-
small grains.



 

Dust Composition

From Kramers-Kronig 
relation and extinction 
curve:

M
dust

/M
H
 > 0.0083

Implies that dust must 
be comprised of C, O, 
Mg, Si, S, Fe.
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Dust Composition

28% of dust mass in C.

72% in other 
compounds.

silicates.

Oxygen problem.

Missing in some 
sightlines.

Too much in other 
sightlines.



 

Dust Composition

Meteoritic composition.

Presolar grains.

Selection effects in 
identification of grains 
and their survival.



 

Dust Composition

Silicates

pyroxene

olivine

Oxides

Silicon

Iron

Mg



 

Dust Composition

Solid carbon

Graphite.

Diamond.

Amorphous.

Nanoparticles.

Hydrocarbons

PAHs

HACs

Fe.

Silicon carbide.



 

2175 Å Feature

Strong feature described 
by Drude profile.

Central λ constant.

Width changes.

Possibly inter-band 
transitions in carbon 
sheets.



 

PAH Bands

IR emission at 3.3, 62, 
7.7, 8.6, 11.3, 12.7 μm 
from PAHs.



 

PAH Bands

IR emission at 3.3, 62, 
7.7, 8.6, 11.3, 12.7 μm 
from PAHs.

Lines are from C-H 
bending and stretching 
modes.

15% of carbon in PAHs

Thermal IR emission 
from stochastic heating 
of grains.



 

Silicates

Absorption at 9.7 and 18 
μm.

Silicate (SI-O) 
features.

Profile is broad and 
smooth => amorphous.



 

Diffuse Interstellar Bands

We don't talk about 
them.



 

Summary of Dust Composition

Refractory elements are 
depleted onto dust.

Oxygen uncertain

Carbon in the form of

 graphite

diamond

PAHs

HACs.

SiC

Fullerenes

Silicates.

Ices in dark clouds.

Not in diffuse 
ISM.

Thermal emission in IR.



 

Interstellar Dust Models

MRN dust model

dn/da ~ a-3.5

Draine & Lee (1984)

Amorphous silicates.

Carbonaceous grains.

PAH-like for small 
grains.

Graphite-like for 
large grains.



 

Size Distribution



 

Extinction Models



 

Dust Formation and Evolution

Formed in outer atmospheres of post main sequence 
stars.

Shell from T ~ 1000 K out to end of stellar 
atmosphere.

Refractive elements condense onto grains.

Olivine, silicates.

Much of C, N, O locked up in the gas phase.



 

Dust Formation and Evolution

Increase by coagulation.

Gas molecules sticking to the surface.

Grain growth encouraged in dense regions.

Icy mantles.

Surface organics.

Evaporation in high radiation environments.

Shock destruction of grains.



 

Temperatures

Absorption or emission 
of photons.

Inelastic collisions with 
grains/atoms/molecules.

Large grains will absorb 
radiation and reradiate 
as heat.

Classical (large) grains.

responsible for 
optical extintion.

Small grains/large 
molecules.

FUV extinction.



 

Absorption by Dust

Rate of heating:

number density x energy x cross-
section



 

Absorption by Dust

Rate of heating:

number density x energy x cross-
section

Spectrum averaged cross-
section.

Use MMP ISRF.

dE/dt = <Q
abs

>πa2uc



 

Collisional Heating

Rate of heating:

assuming Maxwellian 
velocities

Mean speed:

α: degree of inelasticity

Collisional heating 
unimportant except in 
dark clouds.



 

Radiative Cooling

Thermal emission in IR

Q correction factor for 
non-BB emission.

In steady state:



 

Radiative Cooling

Thermal emission in IR

Q correction factor for 
non-BB emission.

In steady state:



 

Radiative Cooling

Thermal emission in IR

Q correction factor for 
non-BB emission.

In steady state:

Stochastic heating from 
small grains.



 

Thermal Emission from Grains

30% of starlight reradiated in IR.



 

Grain Charging

Grains may be charged.

More collisions 
with electrons so 
negatively 
charged.

Photoionization 
drives grains to 
positive potentials.
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