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Spitzer and the Dust!

* Spitzer 1941

* Two dust particles absorb
radiation.

* Decrease in Energy density

e Radiation Pressure causes
attraction between particles
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- M51 (Kennicutt et al. 07) — Apertures

® M51 (Schuster et al. 07), NGC4736 & NGC5055 (Wong & Blitz 02)"'
NGCE946 (Crosthwaite & Turner 07) — Radial Profiles A

’ * Non—starburst Spirals (Kennicutt 98) — Global L
’ A Starburst Galaxies (Kennicutt 98) — Global
¢ LSB galaxies (Wyder et al., in prep.) — Global
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Scales

* 100s pc
* Arms
* 40pc
* GMCs

N

Pety et al. (2013) & PAWS
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Local SF low, log n = 1, 3, 5 [em™]

Daddi starbursis (top), disks (bottom)
Heiderman fo =1 (top), fueme = E°* (bottom)
MW clouds

z = 0 disks

z = 0 starbursts
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High z starbursts

A |ocal GMCs

Log (SFR Surface Density [M,, erI pc“z]}
1 T TTTT II|
| L1 111 II|

_[1 | IIIIIl

A 1 ||||)¢r "l | ||||||| | | ||||||| | | ||||||| 1 | ||||||| 1 L 1111l
10° 10’ 107 10° 10* 10°
2 [Mg pc” Log (Mass Surface Density [M., pc])

—




NGC205
> NGC2976

- < NGC3077
*  NGC4214
% NGG4449
A NGC4605
v IC10
& NGC1569
B SMC - o
e LMC ] -

M33

M31

Milky Way

a
o
>
<
k.
k-4
FiN
v
¢
u
L ]
+

Cr 8RO DS R ATS

NGC185
NGC205
NGC2976
NGC3077
NGC4214
NGC4449
NGC4605
IC10
NGC1569
SMC
LMC

M33

M31

Milky Way

NGC205
NGC2976
NGC3077
NGC4214
NGC4449
NGC4605
IC10
NGC1569
SMC
LMC

M33

M31

Milky Way

Radius (pc)




Number of YSOs / Mass

MYSC)Mass

Molecular Clouds

* Clouds are complex structures
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Clowd Mass ( solar masses)

Cloud Mass
Lada et al. (2010)
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* Down to <1pc scales

HERSCHEL Composite

Arzoumanian et al. (2011)
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compact configuration
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® KINGFISH regions
GOALS starbursts:

¢ I'FIH

— (m,N,0)=1.13,-1.22,0.21
— = «(m,N,5)=1.00,—1.34,0.21

40 41 42
log 10 Z[G“] [erg 7] kpc‘z]
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Diffuse Molecular Clouds
[ClI] Sources with no CO
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H(CO-dark H2)

Dense Molecular Clouds
[CI1] Sources with “CO & no ¢'"0
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Transition Molecular Clouds
[CIN] Sources with "“CO, but no “CO
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Scales and Tracers

e Using Dense Gas tracers instead
of CO improving SFR relations
across different scales

* Tightest Relationship is between
dense gas and SFR

* IRAM & ALMA Revolutionizing
dense molecular gas studies

log,e IR Luminosity [Lg] = Star Formation

(8) o o
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| Literature Compilation: ' '
Gao and Solomon (2004)
Garcia—Burillo et al. (2012)
® Wu et al. (2010)

Brouillet et al. (2005)
® Rosolowksy et al. (2011)
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New Intermediate Scale Data: ||
Usero et al. (2015) — disk pointings

...........................

i I i Kepley et al. (2014) — resolved M82 |7
2 Bigiel et al. (2015) — Antennae multi—-scale -
i This paper — resolved M51 (S/N > 2) ||
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log,, HCN Luminosity [K km s™' pc?] « Dense Gas

Bigiel et al. (2016)
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Environmental Effects : Low Metallicity

 WLM: 13% solar Z (metallicity) « ALMA CO
) :  Smaller Molecular Clouds

* Normal Densities
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Field 3
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Stability of Disks?

e Stability of galaxy disks against gravitational collapse
 Toomre (1964), Goldreich & Lynden-Bell (1965), EImegreen (1979)...

* Toomre parameter:
Pressure, Shear

UK
T 1GX VS

O

Toomre (1964)
Gravity



Stability of Disks?

Pressure, Shear
* Infinitesimally thin gas-only disk

* 5: velocity dispersion _ 0K

: ; ¢ = Gy VS
* K: epicyclic frequency o4
° > density Toomre (1964)

Gravity
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Dispersions

e Gas dispersions decline with

radius

e CO dispersions lower than Hl
but difference is not as large

as expected.

e Stacking experiments (Pety
et al. 2013, Caldu Primo et

al. 2013) show CO

dispersions larger than
expected with low intensity

broad component.
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STELLAR Phase

GASEQUS Phase

Stars + HI
Stars + H2




... driven by Stars

... driven by Atomic Gas

... driven by Molecular Gas




Stability using observed Dispersions

* When stars, HI and molecular
gas are treated as individual
components of the disks:

* |nstabilities are primarily driven by
stars

* Molecular gas drives instabilities
at short radii

e Small scale instabilities are driven
by the gas (molecular)

e Q™ 2.2 i.e. stable against axi-
symmetric instabilities

10

| driven by Atomic Gas

driven by Molecular Gas

71

n Instability

Romeo & Mogotsi (2017)
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‘Molecular Universe... o
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Baryonic Cycle

* Wind
e Feed

s, Outflows
nack

e Stabi

ity, kinematics and

lifecycles of GMCs

Dec.

J2000 Offset (71)
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ALMA + HST, Bolatto et al. 2013
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