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Cold Mode

Hot ModeMotivation: Understand the cold gas 
content of massive galaxies

logM  ≥ 10
Probe transition in galaxy 

properties at M* ~ 3x1010 Msun

e.g. Kauffmann et al. (2003)

GALEX: DS, Wyder, Martin et al. (2007) & Salim et al. (2007)

Keres et al. (2009)

Accretion modes

Evolutionary Scenarios

Observations

MW

M31

incl. formation of massive, red galaxies



• HI survey of ~1000 galaxies selected from SDSS main galaxy sample

• Redshift range: 0.025<z<0.05 (110-220 Mpc)

• Footprint: Overlap of ALFALFA HI survey, SDSS (sp), and GALEX

• Depth: HI mass fraction limit —  fgas>0.02 (typ. log MHI>8.5-9)

• Arecibo large program (~1000 hours), initial observations in 2008.   

• Public Release: DR1 w/ 20-25% of survey (Catinella et al. 2010) 

GASS: The cold gas content of massive galaxies
logM  ≥ 10

First statistically significant sample of massive “transitional” galaxies with 
homogeneously measured stellar masses, SFR and gas properties.

• “Sweet spot” in terms of taking full advantage of data from on-going wide 
field surveys (e.g. SDSS, GALEX, WISE)

• Complementary to Arecibo blind, large area surveys (ALFALFA,  AGES); 
useful for planning future deep EVLA and pathfinder HI surveys 
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GASS Current Status
• Goal: ~1000 galaxies, including 20% from ALFALFA, 

existing HI archives.

• Observations on-going (~250 hours/year)

• ~70% complete (75% by mid-September).  

• Final observing season Winter/Spring 2011-2012

• Next data release: 50% of data have been fully reduced.  
DR2 release in coming months (480 galaxies)

• First results in several papers last year: Catinella et al.; 
DS et al.; Moran et al.; Wang et al.; Fabello et al. (2010)

These and new results in this session + Kauffmann after lunch 
Saintonge (Thursday) and Lemonias (poster)



480 galaxies (~50% complete)

Catinella, DS, 
Kauffmann et al 
(2010; paper 1)

GASS is unlike most typical surveys: HI mass fraction limit



GASS is unlike most typical surveys: HI mass fraction limit

Fuel for future
growth?

480 galaxies (~50% complete)

Catinella, DS, 
Kauffmann et al 
(2010; paper 1)



Trace amount of HI 
<2% M*

GASS is unlike most typical surveys: HI mass fraction limit

480 galaxies (~50% complete)

Catinella, DS, 
Kauffmann et al 
(2010; paper 1)



GASS detects HI in most massive galaxies

480 galaxies (~50% complete)

Catinella, DS, 
Kauffmann et al 
(2010; paper 1)



ALFALFA

GASS detects HI in most massive galaxies

480 galaxies (~50% complete)

Catinella, DS, 
Kauffmann et al 
(2010; paper 1)



GASS selection enables measurement of 
HI distribution functions

~40% of HI in 
local universe 

is found in 
GASS galaxies
(log M* >10)

ρHI (logM  > 10) = MHI0

∞

∫1010

∞

∫ φ(MHI ,M  )dMHIdM 

HI Mass density function
for massive galaxies

Cumulative HI Mass 
density function

DR2 DR2

Nearly all 
galaxies with 
(log MHI >10)
are massive
(log M* >10)

... converse 
is not true

Cumulative HI mass density

Detections 
only

w/ upper 
limits

DS, Catinella, 
Kauffmann et al 
(2010; paper 2)

.... and ~50% of 
total SFR density



GASS selection enables measurement of 
HI distribution functions

Bivariate distribution
function

with simple ML fit:
Schechter (M*) 

x lognormal (MHI)

see Lemonias
poster, this meeting

φ(MHI ,M  )



Gas and SFR scaling relations



HI Mass Fraction Specific SFR (SFR/M*) SFR Efficiency (SFR/MHI)

Gas and SFR scaling relations

MW

M31
MW M31

MW
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Mutch et al. (2011)
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Specific SFR

Star Formation 
Efficiency (HI)

GASS (log M* >10)11HUGS/LVL (log M* < 10)

GASS vs. 
11HUGS,

Local Volume Legacy 
Survey; Lee et al (2010)

1010107

1010107

Gas and SFR 
scaling 

relations

What might this be 
telling us about:

 1) how gas accretes 
onto galaxies?

2) how star formation is 
quenched?



GASS Corollary Projects
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Table 4. Mean scaling relations including all galaxies

x < x > < logMH2/M! >lim < logMH2/M! >0

logM∗ 10.10 −1.218± 0.040 −1.270 ± 0.007
10.28 −1.414± 0.057 −1.591 ± 0.007
10.48 −1.338± 0.080 −1.391 ± 0.010
10.66 −1.457± 0.071 −1.530 ± 0.007
10.78 −1.338± 0.081 −1.382 ± 0.010
10.95 −1.496± 0.101 −1.592 ± 0.008
11.16 −1.836± 0.060 −2.088 ± 0.003

logµ∗ 8.25 −1.155± 0.036 −1.175 ± 0.007
8.64 −1.212± 0.051 −1.218 ± 0.007
8.80 −1.408± 0.060 −1.570 ± 0.007
8.93 −1.453± 0.074 −1.541 ± 0.008
9.05 −1.540± 0.079 −1.755 ± 0.007
9.16 −1.660± 0.091 −1.977 ± 0.006
9.27 −1.619± 0.105 −1.949 ± 0.008

R90/R50 2.03 −1.189± 0.039 −1.190 ± 0.006
2.39 −1.230± 0.051 −1.234 ± 0.007
2.58 −1.270± 0.061 −1.324 ± 0.009
2.84 −1.418± 0.085 −1.565 ± 0.010
2.98 −1.536± 0.088 −1.672 ± 0.007
3.13 −1.710± 0.045 −2.001 ± 0.003
3.31 −1.649± 0.067 −4.344 ± 0.000

NUV−r 2.53 −1.070± 0.029 −1.070 ± 0.006
3.22 −1.260± 0.053 −1.315 ± 0.008
3.76 −1.317± 0.052 −1.353 ± 0.007
4.35 −1.490± 0.085 −1.589 ± 0.007
5.11 −1.638± 0.060 −1.857 ± 0.004
5.54 −1.724± 0.040 −4.240 ± 0.000
5.93 −1.870± 0.023 0.000± 0.000

function of NUV−r colour for galaxies with detections of
both HI and CO. Catinella et al. (2010) reported a strong
anti-correlation between HI mass fraction and colour. Figure
5d shows that there is also a fairly strong anti-correlation
bewteen fH2 and NUV−r colour. The fact that the anti-
correlation of fHI with NUV−r appears to “win” proba-
bly reflects the fact that HI is dominant in regions such as
outer galaxy disks where dust content is low and most of
the starlight emitted by forming populations is emitted at
UV wavelengths, whereas molecular gas tends to occur in
the inner regions of galaxies where dust content is high and
much of the light from young stars may be emitted in the
infrared. In future work, we plan to look more carefully at
these issues.

7 COMPARISON WITH PREVIOUS WORK

To put the new COLD GASS results in context, we assem-
bled CO data from the literature for 263 nearby galaxies
in the SDSS survey. They are taken from the compilations
of Bettoni et al. (2003), Yao et al. (2003), Casasola et al.
(2004), Albrecht et al. (2007), Komugi et al. (2008) and
Obreschkow & Rawlings (2009). When multiple measure-
ments are found for the same galaxy, the newest is assumed
to supersede previous values. The values of MH2

were then
homogenized to the best of our ability using a common con-
version factor (XCO = 2.3 × 1020 cm−2 [K km s−1]−1) and
cosmology (H0 = 70 km s−1 Mpc−1). In addition, the SDSS
photometry was reprocessed using the same technique used

Figure 8. Comparison between atomic and molecular hydro-
gen gas masses. COLD GASS galaxies with detections of both
the HI and CO lines are plotted as filled and open blue circles,
for secure and tentative CO detections, respectively. The arrows
shows limits in the cases of non-detecion of either or both the
HI and CO lines. The best bisector linear fit to the detections is
show as a solid line, and the ±1.5σ region around this fit marked
with dashed lines. For comparison, we overplot as filled squares
the integrated measurements for the HERACLES galaxies with
M∗ > 1010M!, taken from Leroy et al. (2008).

Figure 10. left: Relation between H2 mass fraction and stellar
mass for a compilation of 263 galaxies with CO measurements
available from the literature (gray filled circles). The values of
MH2

have been homogenized for cosmology and the CO-to-H2

conversion factor, but even with these corrections a scatter of
more than two orders of magnitude is observed. This is in strong
contrast with predictions from the models of Fu et al. (2010) (con-
tours), and smaller but more homogeneous datasets (e.g. Leroy
et al. 2009, shown as red circles). right: In comparison, we show
the same plot for the COLD GASS sample, with our minimum
stellar mass selection (vertical dashed line) and our integration
limit (dotted line) indicated.
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COLDGASS - CO (H2) survey, IRAM 30m
~350 galaxies (Saintonge, Kauffmann et al.)

Long slit spectroscopy (ionized gas. metallicities)
~300 galaxies (Moran, Heckman et al.)

ALFALFA stacking of massive galaxies  
(Fabello et al.)

HST Large Program - Cosmic Origins Spectrograph 
Cycle 19 - 52 galaxies (Heckman et al.)


