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OutlineOutline

• Overview and status of NGLS
• Star formation efficiency in four Virgo

and three field spiral galaxies
• Gas-to-dust ratio in NGC 2403
• Very low velocity dispersions in

molecular gas
• Global correlation between CO J=3-2

luminosity and star formation rate
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• Relative mass and physical properties of different dust
components (Galliano et al. 2003)

• How reliable are integrated measurements of physical
conditions in galaxies?

• Molecular gas and the gas-to-dust ratio (Neininger et al.
1996)

• Effect of galaxy morphology on the ISM
• Effect of dense cluster environments (Kenney & Young

1989)
• Effect of metallicity on the ISM (Madden et al. 2006)
• The local submillimetre luminosity function (Dunne et al.

2000)



An HI-selected SampleAn HI-selected Sample

• 155 galaxies between 2 and 25 Mpc
• HI flux > 6 Jy km/s
• 47 SINGS galaxies (Kennicutt et al. 2003)
• 18 HI brightest Irr and E galaxies (HI flux > 3

Jy km/s) + 18 randomly selected spirals in
Virgo Cluster

• random selection of 72 field galaxies
– D25 < 4’
– Randomly select 18 galaxies in each of 4

morphology bins (E, early S, late S, Irr)



New JCMT dataNew JCMT data

• CO J=3-2 data cubes
– Area covered is D25/2
– velocity range of 1000 km/s centered on mean

galaxy velocity
– Sensitivity 19 mK at 20 km/s resolution rms
– Equivalent to Av = 1 mag or 2x1021 H/cm2 rms

• Awarded 256 hours for CO; currently 84%
complete; 124 galaxies observed

• HARP science verification May-Oct 2007
• Survey observing Nov 2007-present



I. Star forming molecular gas inI. Star forming molecular gas in  VirgoVirgo
clustercluster  spiralsspirals

NGC 4254
(M99)

NGC 4579
(M58)

NGC 4569
(M90)

NGC 4321
(M100)

Wilson et al.
2009, ApJ



““Star formation ratesStar formation rates”” = 24  = 24 µµm + Hm + Hαα

All images
are on same 
colour scale

SFR recipe 
from Calzetti
et al. 2007



Gas depletion time = 1/SFEGas depletion time = 1/SFE
NGC4254
  0.7 Gyr

NGC4321
  1.1 Gyr

NGC4569

Quite uniform gas 
depletion times when
CO J=3-2 used to trace
mass of molecular gas

1.1 Gyr

tgas= Mmol/SFR



II. Star Formation EfficiencyII. Star Formation Efficiency
versus gas surface densityversus gas surface density

(Warren et al. 2009, submitted)(Warren et al. 2009, submitted)
• Three large field spirals from NGLS
• All with complementary high-resolution

HI data from THINGS (Walter et al.
2009)

• Star formation efficiency, molecular gas
fraction, total gas surface density,
kinematic differences



NGC3521





III. Gas to dust mass ratio inIII. Gas to dust mass ratio in
NGC2403 (NGC2403 (Bendo Bendo et al., in prep.)et al., in prep.)



Radial profiles of gas and dustRadial profiles of gas and dust
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IV. Velocity dispersions in theIV. Velocity dispersions in the
molecular interstellar mediummolecular interstellar medium

(C. Wilson et al., 2009, in prep)(C. Wilson et al., 2009, in prep)
• Gas velocity dispersion is an important

input to the Toomre criterion for disk
stability Q = σgκ / πGΣg

• HI velocity dispersion 10+/-2 km/s at r25
(higher in interior,Tamburro et al. 2009)

• Measurements of σg in molecular
component are rare



 Velocity dispersion in Velocity dispersion in
molecular gas only ~5 molecular gas only ~5 km/skm/s



A linear correlation betweenA linear correlation between  COCO
J=3-2J=3-2  and far-infrared luminosityand far-infrared luminosity

• Slope (0.92+/-0.03) is similar to HCN (Gao & Solomon 2004) and
significantly steeper than CO(1-0) (Yao et al. 2003)

(Iono et al. 2009, ApJ)
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• Analysis of 7 large spirals suggests CO J=3-2
is an excellent tracer of dense molecular gas
directly involved in star formation

• gas-to-dust ratio varies with radius in NGC
2403; perhaps due to the metallicity gradient

• Very low (5 km/s) velocity dispersions in the
dense molecular gas, much smaller than HI

• deep CO J=3-2 images for 124 galaxies so
far; 31 more galaxies and SCUBA-2 850 and
450 micron data still to come!
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