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How to model interstellar dust…
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“Direct” Observations of Interstellar Dust
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Observational Constraints on
Dust: Observed Extinction

• 10µm feature: probably
amorphous silicate

• 2200A “bump”: probably
aromatic C
(probably PAHs…)

• 3.4µm feature: C-H stretch.
aromatic/aliphatic ratio ?
~85/15 (Pendleton & Allamandola 02)
<15/85 (Dartois et al. 04)

• λ dependence requires
size distribution from
a<0.01µm to a>0.3µm

Extinction per H nucleon
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Indirect constraints on interstellar dust
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How do we use observations to
figure out what dust is?
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One Tentative Model
(Draine & Li 2007; Draine & Fraisse 2009)
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Size Distributions
(models are not unique…)

Draine & Fraisse 2009
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Modeling IR Emission
• Physical grain model: for each

grain, calculate
    Cabs(ν) , heat capacity

• Stochastic heating:
    Find p(T; comp,size) for each

compo sition, size

• Time-averaged IR emission:

• Sum over compositions, size
distribution

A day in the life…
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Modeling IR Emission
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How well does the dust model do?
Example: photometry of NGC 7331 (SINGS data)
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IR Spectroscopy

red: observations
black: model

model = dust mix
heated by suitable
mix of starlight
intensities
(BTD, R. Reyes, J.D. Smith,
& SINGS team…)

Centers of galaxies:
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Adopted alignment f(a) Resulting polarization cross section

Polarization of Starlight in Milky Way
(Draine & Fraisse 2009)

Different models: different axial ratios for oblate spheroids
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Total Emission % Polarization
(sightline ⊥ B0 )

IR-submm polarization:1. Model-dependent
2. Frequency-dependent
  TEST of models
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Summary of modeling results
• Models require nearly all Mg, Si, Fe in dust to

reproduce extinction (sometimes > 100% -- but
actual abundances remain uncertain)

• Broad size distribution: 0.0004 -- 1µm
   ~50% of dust mass above/below a = 0.1µm
• Models successfully reproduce extinction in MW,

LMC, SMC, and observed IR emission from MW
and other galaxies

• Models succesfully reproduce starlight
polarization

• PLANCK submm polarization will test models
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ISM Mass Budget
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Stellar sources
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Journey through the ISM
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Destructive Processes
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Sputtering in Hot Gas



Copenhagen
2009.06.29

20

Effects of Supernova Explosions
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Grain Survival in ISM



Copenhagen
2009.06.29

22

Stardust Survival in the ISM
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Growth of Grain Material in ISM
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Grain Growth in ISM…
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Grain Growth in ISM
Implications for Dynamics of Multiphase ISM

(Weingartner & Draine 1999)
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Grain Growth in ISM…
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something that worries me…



Copenhagen
2009.06.29

28

Summary



Copenhagen
2009.06.29

29

Starlight Dustglow

THANK YOU


