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MOTIVATION

Molecular gas (at least in our vicinity) is dense, cold,
and closely related to star formation.

This is unlike atomic gas, which is multiphase (CNM/
WNM) under a wide range of conditions.

Thus non-star-forming HI will tend to be heavily
overrepresented when weighting by area or volume.

Spatially resolved studies critical, but sampling and
detection biases can become quite important.

A star formation “law” can only be formulated once the
dense, cold gas component has been isolated.



STATISTICS OF GAS
CONTENT IN GALAXIES



GLOBAL GAS CONTENT: HI

o Data from GALEX Arecibo SDSS Survey (GASS); red circles and
green triangles are HI detections and non-detections respectively

+ HI mass fraction decreases with stellar mass and surface density
(surface density seems more important—bulge dominated?)
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GLOBAL GAS CONTENT: H,

o H, mass fraction fairly constant once CO is detected.

o However, detection rate of Hbz is a strong function of stellar surface
density.
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CALAXIES ARE HI-DOMINATED...

¢ Based on HI and CO flux 10,5 [T T
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..B\UT EARLY TYPES H, DOMINATED
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H, AND STAR. FORMATION

The tendency for high u~ galaxies to prefer molecular over atomic
gas does not imply that they experience more star formation.

These galaxies are displaced below the usual Kennicutt-Schmidt
relation between H> and star formation.

Bulge stabilization of disk, or Hz in more diffuse phase?
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THE ISM S\URFACE
DENSITY DISTRIBVVTION



RADIAL DISTRIBUTIONS

o Early work in the 1980’s
(typically major axis profiles)
showed that the radial CO
distribution traces the stellar
disk well in the nearest face-on
galaxies.
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RADIAL DISTRIBUTIONS

+ Early work in the 1980’s

(typically major axis profiles) 10—

showed that the radial CO
distribution traces the stellar
disk well in the nearest face-on
galaxies.

o Confirmed by many later
studies, most recently by full-
disk CO(2-1) mapping with the
IRAM 30m HERA receiver
(Leroy+ 2008).
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RADIAL DISTRIBUTIONS

+ Radio interferometric studies
like BIMA SONG have been
key to resolving central CO
concentrations (“bulges”) as
well as depressions (“central

holes”).

1 L L L |

@

3
Q‘i}

X6 CcO

0
o

o

1 kpc ' =
I ¢

- 60

T
o

- —bH0

RA offset (arcsec)

NGC 4736 by Wong & Blitz 2000

&0

T T T l
C —-60
RA offset (arcsec)

20 surface brightness

(_
—

surface brightness

Co

CO surface brightness

~ M
i

CO surface brightness

* éf"set Stars [t
a BIMA+12m
o 12m

LT |
NGC 1068

o12m

n -éfr’set Stars
aBIMA+12m -

1 PE—— PR T 1 - 1 1

I T T T l T T T T ’L ' T T T l T T I T 'J\ T Ll T
A ofsanz + Offset Stars ~ - + Offset Stars
NGC 2903 o BIMA+12m - NGC 3351 o BIMA+12m
o 12m

o12m

—+—————————+

NGC 4258

TR P
+—+ ,l\ —t
* Offse

Offset Stars |
a BIMA+12m
o12m

P -
50 100 150 20(
Rodius (arcseconds)

—t—t—t *'F'i' ¥ WRNEN VORURY NSRS SRS (S TSN SOV YNSK SRS SESUUC HSUS VOSSR S VO TS WU YO YO N, v w e

» Offset Stars
a BIMA4+12m -
o12m

Radius (arcseconds)

+ Offset ¢
a BIMA+12m
o 1 2rYl

:
Stars

- Regan+ 2001



0.4

RADIAL DISTRIBUTIONS

+ Bars appear to concentrate CO towards the centers of galaxies,
leading(?) to formation of low Sersic index “pseudobulges”.
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RADIAL DISTRIBUTIONS

+ Strong correlation of R, =X / Xy with X«
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RADIAL DISTRIBUTIONS

¢ Strong correlation of R
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H1 TO H, TRANSITION

¢ A clue to the origin of the R __, — X« correlation comes from pixel
by pixel comparison of CO, HI, and 3.6 ym maps for 18 galaxies
in the CARMA STING project (R. Xue, PhD thesis).
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H1 TO H, TRANSITION

¢ In the regime where CO is detected, X is confined to a narrow
range of values that is metallicity dependent, as predicted by self-

shielding models (Krumholz+ 2009).
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HI TO H, TRANSITION

¢ Xy, on the other hand correlates strongly with .
o Suggests that H, supply is “regulated” by the stellar disk.
+ Remember that only CO-detected galaxies are considered here.
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WHY STUDY GAS THICKNESS?

+ Possibility that gas volume density is more important than surface
density for star formation
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+ Midplane hydrostatic pressure depends on vertical distributions of
the gas and stars
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EDGE-ONS: CO DATA
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DISK FLARKING

CO disk flaring modest, needs confirmation in most cases

HI disk flaring more prominent (change in CNM/WNM mix?)
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DISK FLARKING
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H./HI AND PRESSURE

+ How do different pressure estimates relate to the atomic-molecular
balance?
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H./HI AND PRESSURE

+ How do different pressure estimates relate to the atomic-molecular
balance?

OML10 Formulation for P
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THINKING ABOVUT STAR
FORNMATION RELATIONS



BEWARE RICHNESS €EFFECTS

o Although normalized by area, L is still essentially a
mass measurement.

o Inner parts of galaxies will have more of everything!
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DON'T INCLUDE THE HI

o+ When Leroy et al. removed the richness effect by
normalizing the SFR by the gas mass, the residual
correlation with gas was virtually non-existent.
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BEWARE NON-DETECTIONS
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large scatter
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SUMMANLRY

o Observationally, H, in CO-bright spirals is strongly
coupled to stellar surtace density, leading to in-plane
CO distributions very distinct from HI.

¢ On the other hand, the H, disk is much thinner than
the stellar disk, suggesting any coupling may be
indirect (e.g. related to disk dynamics).

o Midplane gas pressure is a strong contender for
underlying this coupling, but R, correlates more
poorly with it than with X« alone.
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