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Photoelectric heating: when energetic photons are absorbed,
the grain may be ionized (photoelectric effect) and part of the
photon energy is carried away by the electron, heating the gas.

Collisional heating / cooling: when gas particles collide with the
grains, they can loose or gain energy, depending on whether
the grains are cooler or hotter than the gas.

Charge exchange: when an ion and a grain collide, the ion may

be neutralized by the grain. In rare cases the electron may also

move in the opposite direction. This process is very important in
fully molecular regions where ions and electrons are rare.



molecule. This is the dominant formation mechanism as gas
phase reactions are very slow. Other reactions can also be sped
up considerably by this mechanism.

 Molecule freeze-out: grains can act as seeds for molecular
freeze-out, thus removing the molecules from the gas phase
and impeding reactions with them. The ice mantles can also
change the optical properties of the grains, thus altering the
radiative transfer in these regions. This only happens in very
cold, fully molecular gas (Tg VA G

« Thermal emission from grains can pump vibrational transitions
iIn molecules. For most molecules this is currently not
implemented in Cloudy.



Galaclic UV Extlinclion Curves
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F1G. 2.—Examples of 80 Galactic UV extinction curves derived from /UE
satellite observations. Analytical fits to the curves are shown, based on the
work of Fitzpatrick & Massa (1990). The curves are taken from the Fitzpatrick
& Massa catalog, with the addition of the lines of sight toward HD 210121
from Welty & Fowler (1992) and HD 62542 from Cardelli & Savage (1988).
This figure demonstrates the enormous range of properties exhibited by UV
extinction in the Milky Way. The dotted line, labeled “¢,” shows the standard
deviation of the sample scaled to the value o(1500 °A) = 0.74, as derived from
ANS satellite data (see § 3 .1).
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Photo-Electric Heating in Ionized Regions
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appropriate for the R, = 5.5 extinction curve (called “orion” in
Cloudy).

Kim, Martin & Hendry (1994) ApJ 422, 164: give size distributions
beth forR F=r3rl and Rii="5"5

Weingartner & Draine (2001) ApJ 548, 296: give a range of size
distributions for R, = 3.1 and R, = 5.5 (with varying PAH content)

as well as the LMC and SMC. Updates in Li & Draine (2001) and
Draine & Li (2007)

Abel et al. (2008) ApJ, 686, 1125: PAH size distribution (called
“ab08” in Cloudy).



neutral PAH, 15 C atoms
temperature distribution

o~
=
=
S
=
-
=11]
<

2
log(T,) (K)




neutral PAH, 15 C atoms
ISM radiation field, extinguished above 1 Ryd
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chemistry sources are known.

In the general ISM you will always find a mix of dust from various
sources, so using both carbon-rich and oxygen-rich dust is
appropriate.

In circumstellar environments the dust can be locally produced. In
that case you need to choose between carbon-rich and oxygen-rich
dust (e.g. AGB stars, planetary nebulae)



oulomb explosions: the grain is charged so hig at no
enough electrons remain to maintain the molecular bonds (only

important for PAHSs).

* Shocks: strong shocks can destroy grains, but non-equilibrium
calculations are needed to get reliable destruction rates.

In general it is true that small grains are more easily destroyed

than larger grains. The most well-known effect of this is that PAHs
cannot survive inside the ionized region. They are abundant in the
PDR region, but what happens deep in the molecular region is not

yet clear.



ready to use in the data directory.

You can also create your own refractive index and size distribution
files. The syntax of the files is described in Appendix A of Hazy 1.

Several abundance commands automatically include grains in the
simulation (e.g. the abundances ISM command). There is a
complex interplay between grains set with the abundances
command and the grains command. See Section 7.8.2 of Hazy 1
for details. Check your output to see if you get all the grains you
expect! (especially if you use abundances planetary)

Use size-resolved opacity files. These give better results. Usually 10
size bins will be a good choice.



prop Just-to-g tion can
occur in the inner reglons use the keywords subhmatlon
function on the grains command.

For PAHs the grain abundance is assumed to vary as a function of
radius. The default law is to scale the abundance as n(H%)/n(H).
Using the set PAH “H,H2” command you can choose a law that
scales as (n(H°)+2n(H2))/n(H). This keeps the PAH abundance

constant deep inside the molecular region.
You can code up your own abundance law in the routine

GrnVryDpth() at the end of grains.cpp. Use the keyword function
on the grains command to enable this routine.



 The optical constants are taken from lab experiments (or atomic

data in the X-ray regime). We do not use beta laws or other
approximations.

 The grain charge distribution is calculated self-consistently from
the PE effect (including Auger cascades) as well as electron
capture and charge exchange with ions in the gas. Grain
charging is done fully self-consistent with the charge state of
the gas. This is an important effect in fully molecular regions
where grains tend to “soak up” the free electrons which can
have a big effect on the chemistry.
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