Dust in the Diffuse Universe

e Obscuring Effects
e Chemical Effects
e Thermal Effects
e Dynamical Effects
e Diagnostic Power
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Evidence for Grains:
Chemical Effects

e Catalyzes molecular hydrogen formation.

e Depletion of elements (gas to solid)

- The relative elemental abundances in
interstellar clouds are quite different from that
measured in the Sun.

- Elements that can form refractory solids are
among those which have high depletion.
e Si and O can form silicates with Mg and Fe

e Fe may form graphite, silicon carbide, or iron oxides

- Suggests that as cooling gas moves away from a
star, some elements condense into solid particles
and are removed from the gas phase
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Gas-phase Abundances Relative to Solar
in a Diffuse Cloud
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Evidence for Grains: Polarization

Starlight is linearly polarized by a few
percent

The amount of polarization observed is
correlated with the amount of extinction in
that direction.

Grains such as graphite are anisotropic.

Polarization requires partial alignment of
elongated grains.

Anisotropic grains will normally be rotating
due to collisions. Magnetic moment tends to
align with the interstellar magnetic field.
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Linear Polarization of Starlight
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Evidence for Grains:
Scattered Light

e Cross section for scattering by grains is
several orders of magnitfude larger than
that for Rayleigh scattering by atoms &
small molecules

e Albedo = scattering cross section /
extinction cross section

® Scattering is about as important as
absorption at optical wavelengths (0.5 um)
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Zodiacal Light
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Reflection Nebulae

© AAO/ROE Photograph by David Mdin |
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Albedo and Scattering Angle
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Obscuring Effect of Grains

e Extinction reduces the observed intensity of
starlight

- Balmer decrement

® Measure brightness of two similar stars,
only one of which is behind a gas cloud
(correcting for distance differences).
— Extinction curve

e Can’'t measure it below the HI Lyman limit.

e Hard to measure at very long wavelengths where it’s
small.

- Ratio of selective to total extinction is sensitive
to grain size.
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Size & Shape of Grains

Wavelength dependence of extinction (A,) in the
optical is roughly A, even at 1000 A.

> Requires very small grains make a substantial contribution
to extinction.

» 2ma <A, soa < 0.015 um.

Starlight is significantly polarized at 5500, so the
grains with a =~ 0.1 um are non-spherical and
substantially aligned with the B field.

The polarization of starlight decreases towards
bluer wavelengths. The grains with a < 0.05 um
which dominate the extinction at A< 0.3 um are
either spherical or minimally aligned.

Most of the mass is in the larger grains.
Most of the surface area is in the samller grains.
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Composition of Grains

e Pronounced peak at 2175 A in Milky Way is
largely absent in Magellanic Clouds,
- Attributed to C sheets

— Drude profile
® 3.4 um feature from C-H stretching

e Silicate features
- 9.7 um Si-0 stretching
— 18 um Si-0O-Si stretching
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Figure 23.2 Infrared extinction curve. The 8 to 13 pm silicate profile is as observed
toward the Galactic Center by Kemper et al. (2004), but with Ay /A7o.7 um = 189,
as appropriate for sightlines through diffuse gas within a few kpc of the Sun (see Table {
1 of Draine 2003a). The 3.4 um C-H stretching feature is indicated. »i:
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Temperature of Grains

e Heated by starlight

® Grain temperture << Stellar
temperature
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Figure 24.4 Equilibrium temperature for astrosilicate and carbonaccous grains heated
by starlight with the spectrum of the local radiation field, and intensity U times the
local intensity. Also shown are the power-laws 7' = 16.4U/® K and T' = 22.3U'/®
for @ = 0.1 pm from Eqgs. (24.19 and 24.20).
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- Observed Emission from Interstellar Dust -
i ' IRTS .
— , IRAS ﬂ #
’,.ll:‘. 10-25 - / i : -
- L h | o
— n -T™ > -1
N S = H
/)]

a}) i COBE DIRBE i
310"25 - ﬁ
o - .

2 )

N -

.SP = SO;ILm 12/.frn
B — S
. 65% | a1 iz “

ﬁ total power/H = 5.0x102* erg s-!/H

10_27 1-'1'1 [ 1 1 | ST T T i 1 IR 1
1000 500 300 200 100 30 20 10 5 3

510
A(pm)

Winter 2014 Diffuse Universe -- C. L. Martin



1]

T

A ll|lll]

1 ll‘lTll

NI,

10...28 1 I 1:11111 1 1 llllll'

1 10 102 09
, A (um)

Figure 24.7 Infrared emission spectrum for model with silicate and graphite/PAH
grains in ISRF intensity scale factor [7 from 0.1 to 10* (U = 1 is the local ISRF).
Spectra are scaled to give power per H nucleon per unit U, calculated using the model
of Draine & Li (2007).
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Radiation Pressure Cross Section per H
(averaged over a Planck Spectrum)
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Photoelectric Heating of Gas
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Figure 25.1 Photoelectric yield Y for uncharged carbonaceous grains for selected radii,
as a function of photon energy. For sufficiently small grains, ¥ can exceed unity
because of secondary electron emission for hv 2 14 eV, and Auger electron emission
for hv > 291eV. From Weingartner et al. (2006), reproduced by permission of the
AAS.
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Diagnostic Power

e Total heating rate often reveals ‘obscured’
star formation.

e Infrared spectroscopy of solids

e Absorption features from particular bonds
in solid particles
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Solid state spectral lines
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Optics of Grains
How do grains of a given size, shape, and
refractive index modify the radiation which
falls on them?

Just apply Maxwell’ s equations with
appropriate boundary conditions on the grain
surface.

Produce extinction curves for solids of
various size, shape, and refractive index.

Juggle these to build the observed extinction
curve. For the optical, need

- Size a=3e-5 cm

B ngrainszle_12 ny

- Refractive index ~ 1.3
Winter 2014 Diffuse Universe -- C. L. Martin



Winter 2014 Diffuse Universe -- C. L. Martin



Winter 2014

102 _astrosilicate
0.01um
10 E_ 0.1um
< B 1.0um
£ 1F ‘
ER: I\ 7
© - i '
\30.1 3 :
G? E 9.’7l m
0.01 ¢
: 0.014(\/100m)-2um-!
10-3 3
10-4
10-3 0.01 0.1 1 10 0.01 0.1 1 10 102

At (um-1t) At (um-t)

Figure 24.1 Absorption efficiency Qabs(A) divided by grain radius @ for spheres of
amorphous silicate (left) and graphite (right). Also shown are power-laws that provide
a reasonable approximation to the opacity for A £ 20 um.
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