Gas, ISM properties, and Star
Formation in Galaxies: connecting
the Nearby and the Distant Universe

...or, what the heck is that | do?

Prof. Alberto Bolatto



Motivation: understanding structure formation

V. Springel et al.,
Millenium Simulation
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Structure formation in the Universe: Light
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Kennicutt (1989, 1998)

[~ 1 T T T T |
Kennicutt-Schmidt Law
| SFR~S(HI+2H,)™, ]
o Y // il 4
E" “ ® /'/-/
TL‘ 2 L L /,/ 7 -
>~ /A
g //'/
8 5l ]
L ’ T e e = 100% / 10° yr |
Dark matter (gravity) — HI — H, _ g - €= 10% /10" yr |
— stars — observable structure I SO T €= /10y
(astrophysics) 4 ' |

0 1 2
Log Zuwwe (Mo Pc—z)



The evolution of structure in the universe

Stars form in Giant Molecular
Clouds (GMCs)

Molecular transitions are
necessary to radiate the heat _
of contraction

HlI is the dominant gas
reservoir in galaxies, but star
formation occurs only in H,




S3MC+SMC-SAGE
Spitzer 24, 70, 160 pm

imaging
Bolatto et al. (2007), Gordon et al
in prep.

ne CO and Xco using dust as the H, tracer

Leroy, Bolatto, et al. (2007, 2009,2010); Bolatto, Leroy, et al. in prep.
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by “dark” molecular gas
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Relations for H, and total gas

Molecular Gas Atomic+Molecular Gas

SFR
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The SMCis “normal” in H, vs. SFR
The SMC is vastly underperforming in total gas vs. SFR (explains Wolfe & Chen 2006)
KMTO9 models where HI>H,SFR fit the data reasonably well

Krumholz, McKee, & Tumlinson (2009)
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Molecular Gas in the Blue Sequence
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STING  ©tal 2010)




The SLF throughout the blue sequence

« The resolved relation
between SFR and H,
is approximately
linear and
independent of
galaxy mass

« A molecular depletion
time T4e,~2 Gyr is good
for the entire galaxy
mass range surveyed

« Uptick at high M,?

« Note difference with
unresolved
measurements

Rahman et al. (2011)
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Relation between CO and mid-IR, particularly PAHs
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* Failures? PAH charge? Link to dust properties



lonizing Luminosity
McKee & Williams 1997
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Heating efficiencies at low
metallicity
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Resolving GMCs in ULIRGs? ¢

Arp 193: CO 2-1 at 0.15” (Zauderer, Bolatto, et al., in prep.)

23’5 f Vs A YA & ) - « Using atmospheric phase

- N Y SR 5 correction CARMA can reach 0.15”
resolution at 1.3 mm (2km
baselines)

2.0 17 * That is 70 pc at 100 Mpc!!!

21’5

* GMCs are 20-50 pc in size for the
MW. We are not that far from
resolving them.

2170

3205
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*2,,~ 5,000 Mo/pc?

* ALMA will be able to pin down
GMC properties across a range of
galaxy types

* ALMA cycleO time for GMC
properties in NGC253!




NGC 253: optical HSTACS
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Study of the central starburst

in NGC253 T

® GMC properties: are GMCs ol 2 T o propoust
different? - . GMCs

® Origin of the wind
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BOLATTO, WALTER, LEROY, ScoVILLE, OTT, WEISS, ZWAAN, VEILLEUX, OSTRIKER
NGC 253, THE NEAREST CIRCUMNUCLEAR STARBURST

Soft X-ray
CO (1-0)

200 pc




BOLATTO, WALTER, LEROY, ScoVILLE, OTT, WEISS, ZWAAN, VEILLEUX, OSTRIKER
NGC 253, THE NEAREST CIRCUMNUCLEAR STARBURST

NGC 253: optical
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Opportunities for students

® CARMA STING (Nearby Galaxies)
e Star formation law (PI)

e KINGFISH (Nearby Galaxies)

® F|R spectroscopy and imaging
® Submm spectroscopy

e HERITAGE (Magellanic Cloud science)
® FIR spectroscopy for SMC submitted (PI)

® |[RAM LP (z~1-2 Medium Redshift)
e EVLA program (Pl)

* ALMA!
® P|incycle 0/1 project: the center of NGC 253
Be ‘ISM physu:s at z=6.47 Follow up of GRB hosts?
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