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Some Things We Know About HI

* The HI distribution is generally more
extended than the stars. Sometimes
much more.

* There are galaxies with HI, but no star
formation.

* Unlike the stars, the HI often has a flat
or nearly flat surface density
distribution. (Why?)

* The velocity dispersion of the Hli
remains ~constant in the outer parts of
alaxies and from galaxy to galaxy.
? Why?)
* The outer reaches of HI in disk galaxies
are thin. (Why?)
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Here’s a galaxy with HI and no Young & Lo 1997
Star Formation (and no H,)
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M33 HI and Stellar Surface
Densities




Comparison of
radial CO and
HI profiles in 7
CO-bright
galaxies
confirms the
tendency for
H, to be more

centrally
concentrated
than Hl.

Radial Profiles
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Wong & Blitz 2002




HI Surface Density
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@i NGC 2403 Suprime-Cam (B, R, 1A651)
% § October 13, 2005
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in Two Local Group dlirrs
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The gas in these two galaxies is pressure
rather than rotationally supported.




Hl Velocity Dispersions in Two
Local Group Dwarf Irregulars
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Some things we know about star formation:

We know this observationally: all of the most
recent star formation takes place in molecular
clouds.

We know this from theory: To get a stellar mass
forming from a Jeans instability (A 2> mc?/Gp)

requires densities and temperatures found
only in molecular clouds.




Star Formation Rate as a function of HI and H,
Kennicutt’s Paradox
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Largely from global HI and CO observations; Kennicutt 1998
Assumes a constant value of A, = 1mag



BIMA SONG

Molecular gas (CO; first, third rows)
Optical emission (second, fourth rows)
From 24 of 44 BIMA SONG galaxies

Helfer et al. 2003



Radial Surface Density

Profiles
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Star Formation Rate as a function of HI and H,
Kennicutt’s Paradox
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From BIMA SONG

Atomic, molecular gas and star formation in M94
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Molecular Gas Depletion Time
molecule - rich
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Molecular Gas Depletion Time
molecule - rich

NGC 4501 g NGC 4414
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Implications

* Since molecular gas depletion times
are generally less than a Hubble time,
suggests that H, must form from HI.



Implications

* Since molecular gas depletion times
are generally less than a Hubble time,
suggests that H, must form from HI

(but cannot true for GMCs everywhere
In galaxies).



BIMA SONG central H, surface
densities within central 6” ~ 350
pC

Most galaxies
have central H,

surface densities
one or more
orders of
magnitude higher
than the mean for
Galactic GMCs

In these inner regions of galaxies, the
H,cannot form from the HI; there

simply isn’t enough of it.




Implications

* Since molecular gas depletion times are
generally less than a Hubble time, suggests
that H, must form from HI (but this cannot

true for GMCs everywhere in galaxies).

* |f so, then there must be mechanisms to get
HI from outer reaches of a galaxy to the
central regions (and observational evidence
for it).

* But total gas depletion times are also often
less than a Hubble time. This suggests, not
as strongly, that galaxies are still accreting
matter.



CO on Hl in M33 | Let's see how
| Hl and H, are

distributed In
detalil In
galaxies.




CO on Hl in M33
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CO on HIl in the SMC







Hl Filaments in Nearby Galaxies

* The filaments seem to have gotten
there first.
— Molecular cloud formation seems to

require first the formation of cloudy
filaments.

— Filaments sometimes formed by
gravity, sometimes by explosions.

— Then the filament (cloud) has to
decide what fraction becomes
molecular (and thus star forming.

— Pressure, then, determines what the
molecular abundance is in a filament.
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The Role of Pressure in GMC

Formation
Let's assume that
2(H,)/Z(HI) = f (P_,) only

but, almost everywhere, p.>> p,

Pexr = 0.84(GZ.)05%, v, h, 05
but, v,and h, are constant in disk galaxies




S(Hy)/Z(HI) = f[Pp(Z.3,)]

Now, consider when 2(H,)/Z(HI) = 1. By assumption, this
occurs for fixed P, for all galaxies if there are no other
parameters.

But, since %, is ~ 1 x 102! cm-3, then Z(H,)/Z(HI) =1
occurs at fixed Z, for all spiral galaxies, i.e. for
2ons = 2 X 102t cms3.

Prediction: The location where 5(H,)/=(HI) =1 occurs

is at the same value of 2« in all disk galaxies.




28 Galaxies from the BIMA SONG
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2 8 Galaxies from the BIMA SONG Survey
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Pressure vs. H,/HI
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Pressure vs. H,/HI
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>(H,)/=(HI) = (P, /P,)022
P, =4.4x10*cm3K

P, is the pressure at the location where 3(H,)/Z(HI) =1

Occurs at the same value of 2« in all disk galaxies.




Star Formation Prescription

Using the relation of Gao &
Solomon with FIR as a SF tracer:

Pext 0.92
ESFR = 0.1 629 ( PO ) ]\/[® pc_2 GYI'_l LQW
Pressure
1.44 =
M, = (0.77 + 0.07) (10]9%]{\24 > Mg yr. High
’ Pressur

Kennicutt relation: e

Sern = 0.16 5 14



High Pressure
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Low Pressure Comparison
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Radial instability of the gas

layer
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Why is Q, (i.e. 2/, ;) near unity?

Ve=2nmG2, R

! For a Mestel disk with a
ztot:QVC () flat rotation curve
211G
ZcritZ\/EQCQ For flat rotation curve
nG
_Zcrit_Z\/ng For _ 2gas
HQg= Yot Vg . 2 tot
Qg:2-8c§] C, ~ 7 km s%; V. ~ 200 km s;
IJVC - Ol > Qg -~ 1

Based on Wong & Blitz 2002



Summary & Conclusions

1. The question “Do molecular clouds
form from HI or H,?” is ill posed.

2. GMCs form on filaments of pre-existing
HI in galaxy disks.
3. The local H, fraction and the star

formation rate in galaxies depends on
the ambient pressure (only).

4. Pressure regulated star formation
produces good fits to SF even where
HI dominates.

5. There should be better evidence for
infall and inflow in galaxies.




