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TOPIC	
  1:	
  GMC	
  LIFECYCLE?	
  
	
  
	
  GMC	
  LIFETIME?	
  

	
  
	
  ENVIRONMENTAL	
  EFFECTS?	
  



GMC	
  Life4me:	
  Long?	
  or	
  Short?	
  

No	
  GMCs	
  in	
  interarm	
  regions	
  

Cohen	
  et	
  al.	
  1980;	
  Dame	
  et	
  al.	
  2001	
  

UMASS-­‐Stony	
  Brook	
  CO1-­‐0	
  Survey	
  

Sanders,	
  Scoville	
  &	
  Solomon	
  1985;	
  Solomon	
  &	
  Rivolo	
  1989	
  

Columbia	
  CO1-­‐0	
  Survey	
  

GMCs	
  exist	
  in	
  interarm	
  regions	
  
GMC	
  lifeBme	
  
	
  	
  	
  ~	
  Arm	
  crossing	
  4me	
  
	
  	
  	
  ~20-­‐30Myr?	
  

GMC	
  lifeBme	
  
	
  	
  	
  ~	
  Galac4c	
  rota4on	
  4me	
  
	
  	
  	
  ~200-­‐300Myr?	
  

Galac4c	
  rota4on	
  4mescale	
  ~200-­‐300	
  Myr	
  –	
  very	
  long	
  compared	
  to	
  
4mescales	
  within	
  GMCs	
  (e.g.,	
  star	
  forma4on,	
  turbulence	
  decay)	
  



M51	
  

Engargiola	
  et	
  al.	
  2003	
  

M33	
  -­‐	
  GMC	
  on	
  HI	
  

Koda	
  et	
  al.	
  2006	
  

MW	
  

Koda	
  et	
  al.	
  2009	
  

GMC	
  Distribu4on	
  

Tosaki	
  et	
  al.	
  2011	
  

Center	
  more	
  like	
  
M51	
  &	
  MW.	
  

CO	
  on	
  HI	
  

Molecule-­‐rich	
  

Atom-­‐rich	
  



Environmental	
  
Dependences?	
  

LMC	
  

M33	
  

M51	
  

MW	
  

Almost	
  any	
  parameter	
  
e.g.,	
  gas	
  phase	
  &	
  density,	
  metallicity,	
  stellar	
  component,	
  radia4on	
  field	
  …	
  	
  

Atom-­‐rich	
  

Molecule-­‐rich	
  Comparison	
  in	
  size	
  

What’s	
  most	
  important?	
  



extragalactic clouds in our sample are remarkably compatible
with equation (4). The fit to the entire extragalactic sample yields

Mvir ! 7:6þ3:9
#2:6L

1:00$0:04
CO M%; ð12Þ

while the fit to the dwarf galaxies only has a coefficient of 10:3þ5:8
#3:7

and an exponent 1:00 $ 0:05. Thus, the extragalactic andGalactic
mass-luminosity relations are in excellent agreement for GMCs in
the mass range 103–105 M%. This suggests that, by comparison
with equation (6),XCO is on average a factor of 1.7–2.3 larger than
our adopted Galactic value of 2 ; 1020 cm#2 (K km s#1)#1 (al-
though with large error bars). We discuss the consequences for
XCO and the presence of any metallicity trends in the CO-to-H2

conversion factor in x 5.2.

4.4. Comparison with Complete Samples

We outlined in x 1.1 some of the conclusions of the recent
study of the Local Group by Blitz et al. (2007). We employed
here the same data sets for M31 and M33, analyzing them with a
later version of the same CPROPS algorithm. While Blitz et al.
(2007) emphasized completion to study the cloud statistics, the
present analysis made use of the available data with the best pos-
sible combination of sensitivity and resolution, thus employing
different data sets for the Magellanic Clouds and IC 10. Fur-
thermore, this study incorporates a large number of galaxies in
and beyond the Local Group that were not analyzed in Blitz et al.
(2007). Many of the results, however, are reassuringly similar:
extragalactic GMCs broadly share the same properties observed
inMilkyWay GMCs, although the clouds in some galaxies (not-

ably the SMC) appear to be somewhat different from the re-
mainder of the sample.We argue later (x 5.4) that this is probably
caused by the low metallicity of the parent galaxy.

5. DISCUSSION

5.1. Implications for Photoionization-regulated Star Formation

McKee (1989) discusses a self-regulated theory of star for-
mation, where photoionization caused by the interstellar radia-
tion field (ISRF) controls the rate at which clouds contract and
form new stars. In this theory clouds undergo contraction un-
til the energy input by the newly formed stars balances the
gravitational collapse. Support against contraction at the level
of individual clumps is provided by their magnetic field. This
contraction happens at the ambipolar diffusion rate, as the neu-
trals diffuse through the ions that are anchored by the magnetic
field. The rate of diffusion is determined by the ionization frac-
tion of the cloud, which in its outer regions (which comprise
most of its mass) is set by the ultraviolet ISRF and in its inner
regions is due to cosmic-ray ionization. The total rate of star
formation of a cloud thus depends critically on its extinction and
radiation environment. Clumps immersed in weaker ISRFs re-
quire less extinction to collapse, and vice versa.
These ideas have considerable implications for the structure of

GMCs as a function of environment, and it is of great interest to
test their predictions. In the theory outlined by McKee (1989)
extinction is the key parameter that regulates the equilibrium of
clouds, not total column density. Accordingly, McKee proposed
as one of the key tests of the theory that clouds in galaxies with

Fig. 4.—Relationship between CO luminosity, LCO, and virial mass,Mvir, for Galactic and extragalactic GMCs. As in previous figures, white and black symbols indicate
measurements based on CO(1–0) and CO(2–1), respectively. The dots correspond to the sample of Milky Way GMCs by Solomon et al. (1987). The black dashed line
illustrates eq. (4), with the gray region corresponding to the Galactic 1 ! dispersion around the line (!50%). The blue dashed and dot-dashed lines illustrate the fits for all
extragalactic GMCs and for the dwarf galaxy sample alone, respectively.
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  al.	
  (2013)	
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  GMC	
  Proper4es	
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  ~	
  GMC	
  size.	
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  in	
  very	
  different	
  environments	
  –	
  how	
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  be?	
  
Difference	
  between	
  arm	
  and	
  interarm	
  GMCs	
  in	
  M51?	
  



Supersonic	
  Turbulence	
  

Mac	
  Low	
  &	
  Klessen	
  2004	
  

Rapid	
  decay	
  within	
  crossing	
  4me	
  (~2-­‐3Myr)	
  

Supersonic	
  turbulence	
  drive/regulate	
  SF	
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  to	
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TOPIC	
  2:	
  GMC	
  PARADIGM?	
  
	
  
	
  GMC	
  PARADIGM?	
  

	
  
	
  DIFFUSE	
  CO	
  EMISSION?	
  

	
  



Paradigm	
  of	
  GMC?	
  
•  13CO	
  GMC	
  Examples	
  

–  Emission	
  peak	
  down	
  to	
  closed	
  surface	
  above	
  Tmb=2K	
  

Koda	
  et	
  al.	
  2006	
  

BU-­‐FCRAO	
  13CO	
  Galac4c	
  Ring	
  Survey	
  



Paradigm	
  of	
  GMC?	
  

Sawada	
  et	
  al.	
  2012	
  

Interarm	
   Interarm	
  Spiral	
  arm	
  

Nobeyama	
  45m	
  CO(1-­‐0)	
  Channel	
  maps	
  of	
  MW	
  (l~38	
  deg)	
  
50	
  arcmin	
  x	
  50	
  arcmin,	
  15”	
  resolu4on	
  (<0.7pc)	
  

40pc	
  or	
  130pc	
   90pc	
  
Clumpy	
  in	
  spiral	
  arms	
  



Structural	
  Evolu4on	
  Across	
  Spiral	
  Arms	
  
Brightness	
  Distribu4on	
  Index	
  
~	
  bright/	
  faint	
  13CO	
  emission	
  

BU-­‐FCRAO	
  13CO	
  Galac4c	
  Ring	
  Survey	
  
Sawada,	
  Hasegawa	
  &	
  Koda	
  2012	
  



Diffuse	
  CO?	
  –	
  Outside	
  GMCs?	
  

Pety	
  et	
  al.	
  2013	
  

•  New	
  PdBI	
  CO(1-­‐0)	
  map	
  of	
  M51	
  
–  Resolu4on	
  ~40pc	
  
–  Sensi4vity	
  ~105	
  Msun	
  

•  Unresolved	
  emission	
  ~50%	
  
–  Dynamically-­‐hot	
  extra-­‐planar	
  gas	
  
–  Diffuse	
  CO	
  emiCng	
  gas?	
  

Molecular)Gas)Disk)of)M51
$

Schinnerer$et$al.$(in$prep.)

mmRinterferometer$(~$40pc)

Tuesday, August 7, 12

Schinnerer	
  et	
  al.	
  2013	
  

Stacked	
  30m	
  spectrum	
  	
  



Basics	
  
•  Survival	
  of	
  CO	
  
– Balance	
  between	
  
•  CO	
  forma4on	
  rate	
  
•  CO	
  destruc4on	
  rate	
  (by	
  UV)	
  

– Self-­‐shielding	
  needs	
  Av~0.5-­‐1.0	
  mag	
  @	
  nH=103cm-­‐3	
  

•  Cri4cal	
  density	
  for	
  collisional	
  excita4on	
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TOPIC	
  3:	
  ALMA	
  PERSPECTIVE	
  
	
  
	
  WHAT	
  CAN	
  WE	
  DO	
  WITH	
  ALMA?	
  

	
  	
  
	
  UV-­‐COVERAGE	
  



σ [km / s]

α

Stable	
  

Unstable	
  

Current	
  Limita4ons	
  
Virial	
  parameter:	
   α ∝Mvir /MGMC ∝Mvir / LCO ∝σ /TR

Velocity	
  
resolu4on	
  limit	
  

Spa4al	
  resolu4on	
  limit	
  



GMC	
  Elonga4ons	
  and	
  Spins	
  in	
  MW	
  
PA	
  of	
  GMC	
  Elonga4ons	
  

BU-­‐FCRAO	
  13CO	
  Galac4c	
  Ring	
  Survey	
  

PA	
  of	
  GMC	
  Spins	
  

Koda	
  et	
  al.	
  2006	
  

Jackson	
  et	
  al.	
  2006	
  

GMCs	
  elongated	
  preferenBally	
  along	
  G.P.	
  
Spin	
  no	
  preferred	
  orientaBon	
  
Prograde	
  and	
  retrograde	
  equally	
  populated	
  



Struggle	
  with	
  Small	
  Number	
  of	
  Antennas	
  
OVRO	
  map	
  (Aalto	
  et	
  al.	
  1999)	
  

	
  6	
  antennas	
  
BIMA	
  map	
  (Helfer	
  et	
  al.	
  2003)	
  

	
  10	
  antennas	
  

3rd	
  spiral	
  arm??	
  



Synthesis	
  Imaging	
  

N=6	
  à	
  15	
  pairs	
  

CARMA	
  

Earth	
  rota4on	
  

Nobeyama,	
  OVRO,	
  	
  PdBI	
  &	
  ATCA	
  

2	
  antennas	
   6	
  antennas	
   15	
  antennas	
  



UV-­‐coverage	
  
#	
  of	
  Antennas	
  (A)	
   #	
  of	
  Baselines	
  (B)	
   Obs	
  Bme	
  (T)	
   Uv-­‐coverage	
  (B*T)	
  

6	
   15	
   ~100h	
   1500	
  

15	
  (CARMA)	
   105	
   ~100h	
   10500	
  

36	
  (ALMA	
  Cycle	
  1)	
   630	
   ~5h	
   3150	
  

50	
  (ALMA	
  full)	
   1225	
   ~5h	
   6125	
  

In	
  addi4on	
  to	
  sensi4vity	
  and	
  resolu4on,	
  
Full	
  synthesis	
  (rise	
  to	
  set)	
  is	
  important!	
  


