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Galaxy centers are a more extreme SF environment:

- short orbital periods - more intense radiation fields
- strong dynamical effects - higher metallicity

- higher stellar density - influence of AGN

- higher ISM pressure - etc!

How is star formation different under these conditions?



Star formation occuring in galaxy centers
can drive secular evolution.

Stellar Bar
Drives gas inflow
Gas concentration builds in center

Star formation & pseudobulge growth




In studying galaxy centers,
the CO-to-H2 conversion factor makes our lives hard.

All of the things that make
centers interesting...
s ””” = ~
- strong dynamical effects Z = QO I
- higher stellar density | H2 CO 1CO
- higher ISM pressure
- more intense radiation fields
- higher metallicity
- inﬂuencte 'of AGN Xco = 2x102° cm2 (K km s1)!
- etc!

aco = 4.35 Mo pc? (K km s1)!

could change aco.

note: aco defined here for unresolved
clouds, includes He




For example... The Galactic Center

Xco [102%cm 2 (Kkms ") ']
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Ackermann et al. 2012

Fermi-LAT y-ray contstraints

aco consistently found to be low

in central ~kpc.
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Dahmen et al. 1998
C!80 observations

MW disk aco overestimates

mol. mass by factor ~10
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Sodroski et al. 1995
Zd_ust + DGR(Z)

MW disk aco overestimates
mol. mass by factor ~3-10
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aco in Nearby Galaxies
using dust as a tracer of total gas mass

[ DGR = 2p/(ZH1 +acolco) ]

unknown observable

Solve for both DGR & oco using spatially resolved measurements.
@ Sandstrom et al. 2013, arXiv 1212.1208

cartoon of what happens to DGR
when O.co is adjusted

DGR =
o %e@
Zdust .-.. . .
ZHI +O(coIco """ ‘ - -6--.- - -.- .....
@ @0 O

assume DGR & Xco
constant in this region



The Observations

DGR = 2p/(Zu1 +acolco)

'
KINGFISH

Key Insights into Nearby Galaxies:
A Far-IR Survey with Herschel

Herschel key program observing 62 nearby galaxies.
Kennicutt et al. (2011)



Kingfish (Key Insights on Nearby Galaxies: NGC 3938 NGCE28 .  NGC7793
a Far-Infrared Survey with Herschel) S

http://www.ast.cam.ac.uk/research/kingfish
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Flux Density

Measuring the CO-to-H> Conversion Factor.

Pixel-by-pixel modeling of the dust SED in the KINGFISH galaxies.
(Aniano et al. 2012)

NGC 0628 Log 2qust
Dust Mass Surface Density (Mo kpc)
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The Observations

DGR = 2p /(211 +acolco)

!

THINGS

The HI Nearby Galaxies Survey

THINGS

HI survey of 34 nearby galaxies with the VLA
Walter et al. (2008)

HI column density determined
directly from 21cm line.



The Observations

DGR = 2p/(Zn1 +acolco)

!

HERACLESSS HERACLES

HERA CO-Line Emission Survey

iram Institut de Radioastronomie Millimétrique

CO J=(2-1) survey of 48 nearby

galaxies with HERA on the IRAM 30m.
Leroy et al. (2009)

note: measured aco for CO J=(2-1), but we
convert to (1-0) units for convenience



NGC 0628 Results
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NGC 6946 Results
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Log(aco)

Log(aco) - Log(<0‘co.gal>)
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What do we know about oco?
...from nearby galaxies

NGC0628
NGC2976
NGC3077
NGC3184
NGC3351
NGC3627

NGC4536

- gr'ay dots = 782 (lc'o solutions
MW oco

NGC6946

O0.co solutions normalized by
galaxy average

() sandstrom et al. 2013, arXiv 1212.1208
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In regions with high
CO surface brightness:

- radial profile ~flat

- average oco = 3.1 Mo
pc? (K km s1)!

- central aco often low
- some galaxies show

central aco, up to 10x
lower than MW



RGB - Spitzer IRAC 8.0, 4.5 and 3.6 um

NGC0628

NGC3184

,f-’i"ﬂ.

£

NGC3351

NGC4254

~

A subset of
low-inclincation,
well measured oco
galaxies.



Log(aco) (Mo pe™ (K km S_l)_I)

NGC 3938
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Log(aco) (Mo pc™® (K km s7™')7")

NGC 4321
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Why do some galaxies have low central oco?

® Scenario 1: molecular gas in bound clouds

*gas temperature is enhanced

*velocity dispersion enhanced (additional turbulence, external pressure)
® Scenario 2: some molecular gas in a diffuse phase

*chemistry/radiative transfer/excitation can lead to lower aco (e.g. Liszt
& Pety 2010)

*CO still optically thick, but velocity dispersion is enhanced due to
gravitational potential of stars and dynamics of center (e.g. ULIRGS)

® Scenarios 3-N: suggestions?



Log(ago) (Mo Pc_2 (K km s™")7")

Insights from comparing with
virial mass aco measurements

= Donovan Meyer et al. 2013 NGC4736 :
C O d
5 :

NGC4736

-1 E Donovan Meyer et al. 2012
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Clouds don’t have unusually large ov for size, as seen for possibly
pressure bound clouds in GC (e.g. Oka et al. 1998)
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Some evidence for changes
in optical depth...

Radial Profiles
of °CO/13CO from
Paglione et al. 2001

Correspondence between

galaxies with low aco and
12CO/13CO.

Especially clear in NGC
6946, that ratio is a
function of radius.



NGC3627 Watanabe et al. 2011
x Map of 2CO/3CO
for NGC 3627
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Flux (1078 W m2 sr'h)

Flux (1078 W m2 s’

Some evidence for changes
in gas temperature...

Survey of 22 galaxies with
Herschel SPIRE-FTS
(200-600 um spectroscopy)

PI J.D. Smith
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Ratio with J=(4-3)
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Evidence for enhanced CO
excitation in centers with
low aco from BTP.

s, C0/S, CO(1-0)

Many galaxy centers peak at

J~6, similar to M82.
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Why do some galaxies have low central aco?

Evidence for changes in both excitation and optical depth.

Observations of multiple molecular gas lines at high
angular resolution needed to understand cause.




CO surfoce brighiness

CO surfoce brightness

CO surfoce brightness

CO surfoce brightness

Regan et al. 2001

Implications of aco variations for
the radial profile of molecular gas?

Some galaxies have central excesses of
CO emission over the exponential disk.

Often attributed to pile-up of gas

funnelled into the center by a bar.
(e.g. Sakamoto et al. 1999, Regan et al. 2001, Sheth et al. 2005)
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TABLE 4 .
STELLAR AND CO PROFILE PARAMETERS AN
Stellar Scale Length ~ CO Scale Length  Central |
Galaxy (kpc) (kpc) Excess?
NGC 0628... 34 + 001 58 +02 ( No
| One-to-one
NGC 3351... 24+ 0.02 26+03) Yes
- - COI'I'GSpOIldeIlCC
NGC 3627... 3.5+ 0.02 18+ 0.6 Yes
(44 2
NGC 4321.. 56 +0.04 28+03 Yes b etween “excess
NGC 4736... 0.7 + 0.01 1.0+ 0.1 Yes and ].OW G«CO
NGC 5055... 22 + 001 26 +0.1 Yes
NGC 6946... 29 + 0.02 21403 Yes

NS
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Barred galaxies have higher central concentrations of gas.



Log(zgas)
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Comparison to the Milky Way

MW central oco 3-10 times
lower than assumed here...
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In many of our target galaxies,
gas radial profile flattens
interior to the bar radius.

This also happens in the Milky Way,
when proper central aco is used.
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After applying our aco, barred & non-barred galaxies
have similar concentrations.



Implications of aco variations for
the SF relationship?

Leroy+ 2013

0‘3' ----------------------------- ] R BRI BB LI BRI L B
[ All resolution elements [ Inner 1 kpc of :

P
i
ks from HERACLES |  HERACLES galaxies
e : ' |
Q& o2f _
LS . Tdep,mol
2 Gyr
. y
O
o y{
+
O
©
S~
[

7.5 8.0 85 9.0 9.510.010.5 7.5 8.0 85 9.0 9.510.010.5
LoglO(Tdep,mol) LoglO(tdep,mol)

Inner kpc of some nearby galaxies has higher SF
efficiency than the rest of the disk.



Daddi et al. 2010
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When we use the
correct aco, the
centers of some
nearby galaxies

have Ttgep similar to
starbursts.



A slight revision to the secular evolution scenario...

Stellar Bar

Drives gas inflow

Eficient

Basic picture is the same, but instead of gas building up
in the center, have more efficient SF.



Conclusions & Summary

® Low aco in some, but not all, galaxy centers.

® Why? Possibilities include:
— warmer molecular gas

— diffuse molecular gas contribution
— enhanced velocity dispersion in clouds

® Implications for our galaxies: flat Xgas profile interior to
bar, no “excess” of gas in center, higher SFE.

® As for ULIRGsS, low aco and high SFE go hand-in-hand,
need to understand why & how to disentangle them.



