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Galactic Star Formation

To understand star formation we need to understand
the formation of molecular clouds in galaxies

Challenges

• we need to connect the scales of galaxies (kpc) to
resolved clouds (10 pc) to star forming cores (0.1 pc)

• we need to accurately capture a range of physical
processes e.g chemistry, feedback, magnetic fields

• we need to understand how our theoretical models are
connected to observations of galaxies.



CO dark molecular gas

As H2 is shielded from the radiation
field at lower column densities than
CO there will be H2 in galaxies that is
not well traced by CO emission.

Wolfire et al. 2010

Planck collaboration 2011

Observational estimates
by tracing “excess
emission”
(e.g. Grenier et al. 2005,
Planck Collaboration 2011,
Paradis et al. 2012, Pineda
et al. 2013)
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Arepo: A moving mesh code

• semi-Lagrangian

• Flexible refinement

• Fluid instabilities and no artificial clumping
(Agertz et al. 2007)

• Sub-sonic turbulence
(Bauer & Springel 2012)

• No preferred geometry

Springel 2010



Galactic Scale Star Formation

- Time dependent chemistry (Glover et al. 2007)

gives heating & cooling in a 2 phase medium

- UV field and cosmic rays

- TreeCol (Clark et al. 2012)

- External spiral potential (Dobbs & Bonnell 2006)

- Refinement in one section

- No gas self-gravity, SN or magnetic fields yet

GMC’s
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HI gas

H2 much more tightly
confined than HI

Look out for comparisons
with the THOR survey



H2 column densities



Gas Chemistry

H2 forms above column densities of 1020 cm-2

CO columns jump after NH2 ~ 1021 cm-2



CO emission



Dark Gas Fraction

46% molecular gas below CO column densities of 1016 cm-2

42% has an integrated CO emission of less than 0.1 K kms-1

fDG = 0.42 Xco=2.2 × 1020 cm-2K-1km-1s

jump due to
shielding



Dark Gas Fraction

fDG = 0.42

Wolfire et al. 2010      fDG ≈ 0.30

Grenier et al. 2005      fDG = 0.33-0.5

Planck collaboration 2011* fDG = 0.54

Paradis et al. 2012*      fDG = 0.62

inner fDG = 0.71, outer fDG = 0.43

Pineda et al. 2013       fD= 0.3

* dust methods have large uncertainties.



Partially Molecular Gas
Low Density High Field Low & WeakA large fraction of the disc mass

is only partially molecular

partially molecular gas:

<n> = 30 cm-3, <T> = 105 K

This is the origin of most of the
dark gas.



Other Simulations

Low Surface Density

High Field

Low & Weak



Dependence on UV

In other galaxies the
dark gas fraction is
likely to be higher.



Morphology



Morphology

Filamentary molecular clouds in inter-arm regions are likely only
the observable parts of much larger structures.



Filamentary IRDCs
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Filamentary IRDCs

20 pc

Now we are
studying the star
formation by re-
zooming the
simulation.

A GMC complex
(~106 Msol)
viewed in the
plane of the disk.



Magnetically confined IRDCs?

see: Contreras et al. 2013, Arzoumaniain 2011, Ostriker 1964,
Inutsuka 1993, Fiege & Pudritz 2000, Hennebelle 2003

Ostriker 1964 found that p=4
was typical for isothermal
quasistatic filaments. Other
authors showed that with
magnetic fields p=2.

Does a shallow profile index
p imply magnetic
confinement?



Magnetically confined IRDCs?
Best fit parameters:
peak=    3200 cm-3

R_flat =  0.94 pc
power =  3.22
Gauss FWHM=  2.77 pc
Mass per pc = 469 Msol

Best fit parameters:
peak =  2986 cm-3

R_flat = 0.76 pc
power = 1.95
Gauss FWHM = 4.20 pc
Mass per pc = 679 Msol

No, non-isothermal gas
+ accretion also give a
shallow profile.

Index p dependent on
background density.
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Conclusions
       Using the Arepo code combined with time-dependent

chemistry we can trace the distribution, morphology and
molecular abundance of the gas in galaxy simulations.

1. Our Milky Way disc simulation has a dark gas fraction of
42%.

2. In galaxies with a lower surface density or higher ambient
radiation field this is likely to be higher.

3. Most of the dark gas is only partially molecular.

4. Dark gas is especially prevalent in extremely long filaments.

5. The observable “CO” bright part of these filaments may
correspond to filamentary molecular clouds such as Nessie.

6. The filamentary clouds have profiles consistent with
observations without requiring magnetic support.



Title



Summary

1. Point 1

2. Point 2

3. Point 3

4. Point 4

5. Point 5

6. Point 5



A molecular cloud factory

A morphological zoo of
initial conditions for star
formation studies.

Extended filamentary
clouds are formed in
spurs.

These filaments are
more exposed to the
external radiation field.



Hot and Cold Phases
Different density pdf in arm and inter-arm regions



Partially Molecular Gas
Low Density High Field Low & Weak

partially molecular gas: <n> = 30 cm-3, <T> = 105 K
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Next section
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