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Motivation
(Schruba et al. 2011)

molecular (H2) gas surface density

stars form from H2 with 
~constant depletion time
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➡ many talks on Thursday
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What is the impact of spiral arms?

Annie Hughes, MPIA ● GESF, Paralia Katerini’s ● May 2014

HST picture with gas and SF (see 
ATNF colloquium)



What is the impact of spiral arms?
Observations:  

• small clouds cluster/coalesce while crossing spiral arm 

• cloud properties change across the spiral arm

Theory: 

• host cloud-cloud collisions needed for MYSCs 

• more high mass clouds in arms, but cloud properties similar 

• spiral arms bring clouds together but SF unaffected

Annie Hughes, MPIA ● GESF, Marseille ● September 2014

Koda et al. (2009), Egusa et al. (2010)

Hirota et al. (2011)

Fukui (2014)

Fujimoto et al (2014)

Dobbs et al. (2011), Elmegreen & Elmegreen (1986)
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Schinnerer                                                                                                                   SF_Regulation

Molecular gas disk in inner M51

PAWS

Pety et al. (2013), Schinnerer et al. (2013)
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CO velocity field in inner M51

PAWS

Colombo et al. (2014a)



Outline
1. Molecular gas distribution and kinematics 

2. Environmental variations in molecular gas properties 

3. A dynamical estimate for GMC lifetimes 

4. Conversion of GMCs to stars is complex

Annie Hughes, MPIA ● GESF, Marseille ● September 2014



molecular gas more clumpy than atomic gas Leroy et al (2013)

Cool gas in a spiral potential

PAWS: molecular and atomic gas kinematics not the same

➡ atomic and molecular gas phases respond differently 
to spiral/bar perturbations

Annie Hughes, MPIA ● GESF, Marseille ● September 2014

molecular gas 
(PAWS)

atomic gas 
(THINGS) pixel-by-pixel

Colombo et al (2014a)



Half the CO emission is in GMCs

Colombo et al (2014b)



Half the CO emission is in GMCs

GMC statistics
1,507 GMCs identified 
~55% of total CO flux 

number distribution:
center 22% 
inter-arm 34% 
spiral arms 44% 

fraction of total flux:
center 57% 
inter-arm 45% 
spiral arms 57%Colombo et al (2014b)
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global CO spectrum at 6”

             extended       combined

Where is the rest of the CO?

PdBI+30m: all spatial scales 
PdBI-only: small scales only 
Extended: large scales only

extended component is 
structured on >1kpc scales  

 

a dynamically hot, thick 
molecular gas disk?

Pety et al (2013)



Extraplanar molecular gas

• similar CO(2-1) and HI linewidths in 12 nearby galaxies 
• relationship to extraplanar extinction/PAH emission? 
• dense gas expelled from disk by SF feedback?

NGC891 (Howk et al. 1997)

Caldu-Primu et al (2013)

Rand et al. (2011)

Dobbs et al (2011)



Outline
1. Molecular gas distribution and kinematics 

2. Environmental variations in molecular gas properties 

3. A dynamical estimate for GMC lifetimes 

4. Conversion of GMCs to stars is complex

Annie Hughes, MPIA ● GESF, Marseille ● September 2014



Extragalactic GMCs obey Larson-type scaling relations
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e.g. Bolatto et al 2008, Donovan-Meyer et al 2013

Do GMCs have universal properties?
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spiral arm

central region

inter-arm

Dynamical environments within PAWS field

Colombo et al (2014b)
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GMC Properties: Nearby Galaxies
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➡ if Pint~Pext, environment more likely to influence cloud stability, 
dense gas mass function, star formation activity, GMC evolution...
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GMC Mass Functions
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➡ spiral arms play key role in assembling high mass GMCs 
➡ small clouds dominate total H2 budget in diffuse environments 

Colombo et al (2013a), Hughes et al (in prep.) ➡  talk by Braine



What Determines the GMC MF?

 ambient ISM: CO

PAWS FoV

centre

interarm

spiral arms

M51 Key:

 ambient ISM: HI

Rgal > 1.6kpc
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Hughes et al (in prep.)



Outline
1. Molecular gas distribution and kinematics 

2. Environmental variations in molecular gas properties 

3. A dynamical estimate for GMC lifetimes 

4. Conversion of GMCs to stars is complex

Annie Hughes, MPIA ● GESF, Marseille ● September 2014



Estimating GMC lifetimes

physical 
state?

atomic gas

molecular 
gas

stars

tim
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IMF: how 
many GMCs? 
what mass?

LMC: Kawamura et al (2009),  
M33: Miura et al (2012), Gratier et al. (2012)
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GMC lifetimes in interarm

ttravel  ~ torb/2

in disk galaxies, galactic orbital period provides fiducial clock

Annie Hughes, MPIA ● GESF, Marseille ● September 2014

cloud

arm SF
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Koda et al (2009)

Meidt et al. (submitted)



GMC lifetimes in interarm

ttravel  ~ torb/2

decrease in cloud numbers yields characteristic lifetime

Annie Hughes, MPIA ● GESF, Marseille ● September 2014

τGMC

cloud
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Meidt et al. (submitted)



GMC lifetimes in M51

Annie Hughes, MPIA ● GESF, Marseille ● September 2014

➡ typical lifetime of M51 interarm GMC is 20~30 Myr 

➡ predict that GMC lifetimes should vary with shear strength 
and Hubble type

ttravel 

τshear  
(Oort A)-1 

shear dominated shear & 
feedback

Meidt et al. (submitted)

➡ talk by 

Kruijssen



Outline
1. Molecular gas distribution and kinematics 

2. Environmental variations in molecular gas properties 

3. A dynamical estimate for GMC lifetimes 

4. Conversion of GMCs to stars is complex
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Some young cluster (YC) and GMC properties track each other: 

GMCs and Young Clusters in M51

Number Density
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Hughes et al (2013a)



slopeGMC=slopeYC+0.3dex

slopeGMC=slopeYC

interarm
centre

spiral arm

GMCs and YC Mass Functions

Slope (GMC Mass Function)
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no universal relation 
between MFs of 
GMCs and YCs 

➡ diverse set of 
formation & disruption 
mechanisms that 
depend on galactic 
environment

➡ talk by Fouesneau 

Hughes et al (2013a)



Relationship between CO and SF tracers in M51 is complex

CO(1-0)



Relationship between CO and SF tracers in M51 is complex



coincident  
star formation

Relationship between CO and SF tracers in M51 is complex



offset  
star formation

Relationship between CO and SF tracers in M51 is complex



NO  
star formation

Relationship between CO and SF tracers in M51 is complex



PAWS 12CO

MIPS 24 μm  H2 surface density is not a 
direct predictor of SFR 

surface density



radial streaming motions
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• disk structures drive gas flows 
• gas flows increase cloud stability

Gas motions introduces scatter in gas-SFR relation

`

Annie Hughes, MPIA ● GESF, Marseille ● September 2014

Meidt et al (2013)



Gas motions introduces scatter in gas-SFR relation

`

• reduced pressure 
• increase stable cloud mass 
• reduced % of unstable clouds 
• lower star formation rate 
• increase in depletion time
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Meidt et al (2013)



gas motions increase gas depletion time
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Gas motions introduces scatter in gas-SFR relation
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Meidt et al (2013)

➡ talk by Leroy



ALMA can test this picture in other dynamical contexts:  
other disk galaxies, barred galaxies, interacting systems etc.

Gas motions introduces scatter in gas-SFR relation

log (molecular (H2) gas surface density)
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COLD GASS 
Saintonge et al (2012)
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Meidt et al (2013)



Summary

Annie Hughes, MPIA ● GESF, Marseille ● September 2014

➡ galactic structure has a significant impact on both 
molecular gas properties and star formation activity 

... ALMA will open up this research field 

1. Molecular gas distribution and kinematics 

2. Environmental variations in molecular gas properties 

3. A dynamical estimate for GMC lifetimes 

4. Conversion of GMCs to stars is complex


