]J. Turner
Molecular Gas and Star Formation in Starbursts: A Closer Look

Molecular clouds are the fuel for starbursts. What conditions cause molecular
clouds to create starbursts? Are high gas surface densities sufficient? What effects
do starbursts have on surrounding molecular gas? The current state of our
knowledge of star formation and gas links will be reviewed, and extrapolated to
what upcoming observations in the far-IR and millimeter/submillimeter may
reveal about the causes and effects of starbursts.
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the next decade will reveal the
molecular side of galaxies

the submillimeter window =» dust & gas

Herschel, ALMA




important observations for starbursts

CO emission
dust emission from z=0 2 ?

free-free emission (3, 1mm = “sweet spot”)




H, warm, radiatively excited

first excited level E/k ~500K — excited via shocks or
fluorescence

pure rotational lines from Spitzer

in starbursts: warm gas is 10%* of total in SB, 35%*
in Seyferts




CO cool gas tracer

tracer of all cool molecular gas, abundance 104 H2
first excited level E/k = 5.5K

low dipole moment =» collisionally excited, thermal




HCN/HNC dense cool clouds

tracer of dense, cool gas
first excited state E/k ~ 5K

high dipole moment: n_., ~105cm3

high density tracer, should be well-correlated with




radiative feedback

Photo
Dissociation
Regions

PDRs

Tielens &
Hollenbach 1985
Wolfire et al. 1995

Tielens 2006 book



radiative feedback

Photo
Dissociation
Regions

PDRs

Tielens &
Hollenbach 1985
Wolfire et al. 1995

Tielens 2006 book

90% of CO emission is from PDRs



chemical feedback: 30K cloud
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“XDR” X-ray dominated
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molecular gas is star-forming gas




CO disks = star-forming parts of
spirals
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CO disks = star-forming parts of
spirals

M83 i

GALEX UV Gil de Paz et al. 2006 astroph



GALEX finds star formation in HI?




CO and CII detected in z=6.42
galaxy

SDSS J114816.64+525150.3  highest redshift QSO 870 Myr universe

two peaks, separation 1.7 kpc; 2.5 kpc total extent




star formation law for local spirals

THE SF LAW IN NEARBY GALAXIES ON SUB-KPC SCALES

bigiel et
al. 2008

caveat:
local
galaxies







galactic SFE ~1% on GMC scales



N
+ Resolved Clouds

from Table 3
® Red Clusters from
~ Zhang et al. 2001
QJ
NGC 4039
-18'5320 L |
12 01 56

a(J2000)

CO image from OVRO Wilson+03
MH2 =1.5x10*°M_,, Gao+o1

the Antennae
n ~1%, Gao+o1



star formation in molecular
clouds is regulated by turbulence

at any given time, 1% of the “cores” (0.2 pc)in a
30-50 pc GMC are collapsing




challenge to theorists: how to form a
SSC: what’s within 1 pc of an O star?

LBV
CO outflow G192.16 105M o Jyr
-~ 2,00 km/s
@ age: ~1 Myr
Sheperd & Kurtz Morse et al. 1996
age ~ 0.5 Myr 103 Mg/yr

WR Ring SNR
lebvla I8 10,000 km/s
1075 Mg /yr (B
100 km/s [

age:

2-3 Myr age:

Hughes et al. 1999
3-10 Myr




two local starbursts, 10° L_,,

NGC 5236 (M83)
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star formation has not always
been inefficient...

bound clusters require n = 5o%




SFE: r] - Mstar\s/(Mstar‘S-l_ Mgas)
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the Antennae are not ngc 5253 might
forming globular clusters n ~75%
n ~1%



star formation (in)efficiency

star formation is inefficient, n~ 1%-10% in local
galaxies

~50% efficiency needed for bound clusters: 10 Gyr
globular clusters =» efficiencies were higher in







X ! the good...

co

X, =l /Ny, =2x1202°cm2 /[ (Jy/km/s) in Galaxy

empirical relation, good to factor ~2  (Y-rays)
strong et al. 1988
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X, arises 1in virialized, turbulent

1. size-linewidth relation
Larson 1981

2. optically thick line
profiles are Gaussian
evans & zuckerman 1974




X ! the good...

co

X, =1./Ny, =2x102°cm=/(Jy/km/s) in Galaxy

empirical relation, good to factor ~2 (Y-rays)
strong et al. 1988




Xco! ...the bad and the
ugly

X, 1s 3-4 times LOWER (overestimates H, mass) in Arp 220 &

ULIRGS (“starburst conversion factor”)
downs &
solomon 1993

X . 15 3-4 times LOWER (overestimates H, mass) in centers




...the bad and the

CO is a dynamical tracer of mass

when the dynamics of the gas do not
reflect virial cloud dynamics, the mass
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chemical feedback: imaging chemistry
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chemical feedback: imaging chemistry
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chemical diagnostics

shocks: SiO, HNCO

PDRs & high radiation fields: HCN, C2H, HNC
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alma design goals !

1. detect COinanL* galaxy at z=3.
* detect molecularlines in a protoplanetary disk




alma
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AGN feedback on molecular gas

massive CO outflow observed in Mrk 231:
~600-2000 M, fyr, 1500 km/s FWZ|

Fischer et al. 2010
Feruglio et al. 2010
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molecules 1n galaxies: summary

CO will still dominate: detectable to high z, good for
kinematics, but X__ needs work

HCN more useful than CO as a star formation tracer?

star formation efficiencies & modes of star formation?
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a possible globular cluster in the making...

NGC 5253

Alonso-Herrero et al. 2004
NICMOS
Turner et al. 2003 Keck

L=109Lg

dusty Hll region (Av ~16)
diameter 1-2 pc (0.1")
2.5 Myr cluster

cluster first becomes visible
at J

1 at K, dust from the nebula
takes over




extremely small: super star cluster
nebulae in ngc5253




accretion trigger

Turner & Beck 2004

near IR (red, blue), 7mm HIll region
from Hll region (green) . .
'y velocity gradient
HST optical, CO contours ' in same direction
: as infalling
streamer
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BRRO 618 610 T Ascension a0 O : Rodriguez-Rico et al. 2007

CO: Meier et al. 2002



gas and extreme star formation

TIDAL INTERACTIONS IN M81 GROUP
Stellar Light Distribution 21 cm HI Distribution

VLA 212 cm Yun, Ho, Lo 1994
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