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ΣH2 = αCO ICO

note: αCO defined here for 
unresolved clouds, includes He

αCO = 4.35 M⊙ pc-2 (K km s-1)-1 

XCO = 2×1020 cm-2 (K km s-1)-1

To measure αCO:

1. observe CO
2. use another tracer to get 

total amount of molecular gas
 3. compare with observed CO

Other ways to trace the total amount of molecular gas:

Dynamics
(i.e. virial masses)

γ-rays DustModeling Line 
Emission

Measuring the CO-to-H2 Conversion Factor.



Other ways to trace the total amount of molecular gas:

Dynamics
(i.e. virial masses)

γ-rays DustModeling Line 
Emission

Necessary assumptions: 
molecular cloud is virialized, 

no CO-free layer of H2

Need to resolve GMCs. 
Hard to do outside the Local Group.

Previous results find little 
variation away from

 MW αCO~4.35
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GMCs in center of NGC 6946 
have αCO ~ αCO,MW/2
(Donovan Meyer et al. 2012)

Milky Way



Other ways to trace the total amount of molecular gas:

Dynamics
(i.e. virial masses)

γ-rays DustModeling Line 
Emission

Necessary assumptions: 
distribution of cosmic rays

Need to observe γ-rays. 
Hard to do outside the Local Group.

Measure MW disk αCO~4.35,
MW center αCO 5× lower.

L48 A. W. Strong et al.: Distribution of cosmic ray sources in the Galaxy

Fig. 1. CR source density as function of Galactocentric radius R.
Dotted: as used in Strong et al. (2000), solid line: based on pulsars
(Lorimer 2004) as used in this work, vertical bars: SNR data points
from Case & Bhattacharya (1998). Distributions are normalized at
R = 8.5 kpc.

values for the scaling factor1 XCO = N(H2)/WCO; with only the
assumption that cosmic rays penetrate molecular clouds freely,
the γ-ray values are free of the uncertainties of other methods
(e.g. those based on the assumption of molecular cloud viri-
alization). However previous analyses, e.g. Strong & Mattox
(1996), Hunter et al. (1997), Strong et al. (2000), have usu-
ally assumed that XCO is independent of Galactocentric ra-
dius R, since otherwise the model has too many free parame-
ters. But there is now good reason to believe that XCO increases
with R, both from COBE/DIRBE studies (Sodroski et al. 1995,
1997) and from the measurement of a Galactic metallicity gra-
dient combined with the strong inverse dependence of XCO on
metallicity in external galaxies (Israel 1997, 2000). A rather
rapid radial variation of XCO is expected, based on a gradient
in [O/H] of 0.04–0.07 dex/kpc (Hou et al. 2000; Deharveng
et al. 2000; Rolleston et al. 2000; Smartt 2001; Andrievsky
et al. 2002) and the dependence of XCO on metallicity in exter-
nal galaxies: log XCO ∝ −2.5 [O/H] (Israel 1997, 2000), giving
XCO ∝ 10(−0.14±0.04)R, amounting to a factor 1.3–1.5 per kpc, or
an order of magnitude between the inner and outer Galaxy2.
A less rapid dependence, log XCO ∝ −1.0 [O/H], was found
by Boselli et al. (2002), which however still implies a sig-
nificant XCO(R) variation. Boissier et al. (2003) also combine
the metallicity gradient with XCO(Z) within individual galax-
ies, to obtain radial profiles of H2, and give arguments for
the validity of this procedure. Digel et al. (1990) found that
molecular clouds in the outer Galaxy (R ∼ 12 kpc) are un-
derluminous in CO, with XCO a factor 4 ± 2 times the in-
ner Galaxy value. Sodroski et al. (1995, 1997) derived a sim-
ilar variation (log XCO/1020 = 0.12R−0.34) when modelling
dust emission for COBE data. Pak et al. (1998) predicted the

1 Units: molecules cm−2/ (K km s−1).
2 The values given by Israel (1997, 2000) include the effects of the

radiation field, implicitly containing the radiation field/metallicity cor-
relation of his galaxy sample. XCO is positively and almost linearly
correlated with radiation field, so the dependence of XCO for con-
stant radiation field is even larger: log XCO ∝ −4 [O/H] (Israel 2000).
By adopting the coefficient –2.5 we implicitly assume the same ra-
diation/metallicity correlation within the Galaxy as over his galaxy
sample.

Fig. 2. XCO as function of R. Dotted horizontal line, black: as used in
Strong & Mattox (1996); Strong et al. (2000); solid line, black: as used
for γ-rays in this work; dashed, dark blue: from Sodroski et al. (1995);
dash-dot, red: using metallicity gradient as described in the text, XCO ∝
Z−2.5 (Israel 2000), two lines for [O/H] = 0.04 and 0.07 dex/kpc; dash-
dot-dot,light blue: using XCO ∝ Z−1.0 (Boselli et al. 2002) and [O/H] =
0.07 dex/kpc. The values using metallicity are normalized approxi-
mately to those from the γ-ray analysis.

physical origin for a variation of XCO with Z. Papadopoulos
et al. (2002) and Papadopoulos (2004) discuss the physical
state of this metal-poor gas phase in the outer parts of spiral
galaxies (relatively warm and diffuse). Observations of H2 line
emission from NGC 891 with ISO (Valentijn & van der Werf
1999) indicate a massive cool molecular component in the
outer regions of this galaxy, supporting the trend found in our
Galaxy.

Figure 2 illustrates some of the possible XCO variations im-
plied by these studies. For the cases where metallicity is used
to estimate XCO, the values are normalized approximately to
the values used in the present γ-ray analysis, since we are only
interested in comparing the variations of XCO. From the view-
point of γ-rays, the effect of a steeper CR source distribution
is compensated by the increase of XCO. Thus we might ex-
pect to resolve the apparent discrepancy in the source distri-
bution, and improve our understanding of the Galactic γ-ray
emission. In this paper we investigate quantitatively this pos-
sibility. Note that the γ-rays include major contributions from
interactions with atomic hydrogen and from inverse Compton
scattering, both of which are independent of XCO; this means
that the XCO variation has to be quite large to have a significant
effect.

2. Data

The EGRET and COMPTEL data are the same as described in
Strong et al. (2000, 2004a). The EGRET data consist of the
standard product counts and exposure for 30 MeV–10 GeV,
augmented with data for 10–120 GeV. The γ-ray point sources
in the 3EG catalogue have been removed as described in
Strong et al. (2000). The HI and CO data are as described in
Moskalenko et al. (2002) and Strong et al. (2004a); they con-
sist of combined surveys divided into 8 Galactocentric rings on
the basis of kinematic information. Full details of the proce-
dures for comparing models with data are given in Strong et al.
(2004a) to which the reader is referred.
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Other ways to trace the total amount of molecular gas:

Dynamics
(i.e. virial masses)

γ-rays DustModeling Line 
Emission

Necessary assumptions: 
number of different gas 

components, velocity/density 
structure of cloud, etc.

Need to observe multiple 
molecular gas lines. 

Measure galaxy center 
αCO 5-10× lower than MW.

(e.g. Israel 2009a,b)



Other ways to trace the total amount of molecular gas:

Dynamics
(i.e. virial masses)

γ-rays DustModeling Line 
Emission

Necessary assumptions: 
dust & gas are well mixed, 

DGR & emissivity don’t change 
with atomic/molecular phase

Need to observe dust mass 
tracer (typically far-IR + SED 

modeling). 

Widely applied with various 
techniques...

The Astrophysical Journal, 737:12 (13pp), 2011 August 10 Leroy et al.

Figure 6. Left: αCO as a function of metallicity. The gray region shows the range of commonly used αCO for the Milky Way and the dashed line indicates the value
argued for by Draine et al. (2007) studying integrated photometry of SINGS galaxies. Right: the gas-to-dust ratio δGDR as a function of the same metallicities. The
dashed line indicates a linear scaling.

with this broad agreement, recent work on diffuse lines of sight
in the Milky Way (Liszt et al. 2010) suggests that the ratio of
CO brightness to H2 column density is not a strong function of
column density.

Figure 7 compares αCO as a function of metallicity between
this study and the literature. The points in red indicate IR-based
measurements. In detail, our measurements (circles) yield lower
αCO than previous IR-based studies. We suspect that this is
mainly because we solve for αCO without assuming δGDR or
measuring it far away from the region of interest. One likely
sense of systematic variations in δGDR is that δGDR is likely
to be higher in the dense gas close to molecular complexes,
which tend to reside mainly in the stellar disk, than in a diffuse,
extended H i disk (e.g., Stanimirovic et al. 1999; Draine et al.
2007; Muñoz-Mateos et al. 2009). If δGDR is taken to be too high,
Equation (2) yields a corresponding overestimate of αCO. In the
SMC, our attempt to remove a diffuse H i component along the
line of sight also leads to lower αCO (Section 5.1), though it is
less clear that our approach is correct in that case. Regardless
of the cause, by simultaneously solving for αCO and δGDR in
the regions of interest in a uniform way across a heterogeneous
sample we improve on literature studies of individual galaxies.

A long standing discrepancy exists between IR-based results
and high-resolution virial mass measurements based on CO
observations. Using virial masses, Wilson (1995), Rosolowsky
et al. (2003), and Bolatto et al. (2008) all found weak or absent
trends in XCO as a function of metallicity. The blue points in
Figure 7 show virial mass results from CO observations with
resolution better than 30 pc. The two approaches agree up to
about the metallicity of M 33 or the LMC, and then strongly
diverge in the SMC. This divergence is most easily understood
if the additional H2 traced by IR lies in an extended envelope
outside the main CO-emitting region (Bolatto et al. 2008). Such
an envelope can reconcile the virial mass and dust measurements
and naturally explains the scale dependence of αCO observed by
Rubio et al. (1993) in the SMC. These envelopes could perhaps
still have an effect on the velocity dispersion of the material
inside it (and consequently the measured virial mass) via surface
pressure. Structures with virial parameters α ! 1, however,

are often observed inside local molecular clouds, suggesting
that at least in some instances the velocity dispersion does
not appreciably show the impact of the surrounding material.
An alternative view is argued by Bot et al. (2007, 2010),
who observed discrepancies between dust-based masses and
virial masses even at fairly small scales. They suggest that
magnetic support becomes very strong at low metallicities,
perhaps because of higher ionization fractions inside clouds.

7. SUMMARY

We combine CO, H i, and IR measurements to solve for the
CO-to-H2 conversion factor, αCO, in M 33, M 31, NGC 6822,
the LMC, and the SMC. We estimate the dust mass from IR
intensities and then identify the αCO that produces the best linear
relation between total (H i + H2) gas and dust. We accomplish
this finding the αCO and δGDR that minimize the scatter about
Equation (2). We find that αCO is approximately constant (within
a factor of two) in M 31, M 33, and the LMC, with a value
αCO ≈ 6 M" pc−2 (K km s−1)−1. By contrast NGC 6822 and
the SMC, the lowest metallicity galaxies in the sample show a
drastically higher αCO, ∼30 and 70. The resulting gas-to-dust
ratio, δGDR, scales approximately linear with metallicity.

We attribute the behavior of αCO to the transition from the
regime where most H2 is bright in CO to a regime where
CO is mostly photodissociated and the bulk of the molecular
reservoir is CO-dark. In our sample, this transition occurs around
12 + log(O/H) ∼ 8.4–8.2. With only a limited number of
systems, an actual numerical prescription for αCO is beyond
the scope of the paper. These results agree qualitatively with a
large body of existing work using IR-based techniques, though
quantitatively we find lower αCO than previous work (e.g.,
Israel 1997a), probably because we restrict our analysis to CO-
emitting regions.

We thank the anonymous referee for a constructive report and
helpful suggestions. We gratefully acknowledge Elias Brinks,
John Cannon, and Fabian Walter for sharing their data on M 31
and NGC 6822. We also thank Julia Roman-Duval, Michele
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DGR = ΣD/(ΣHI +αCOICO)

Measuring the Conversion Factor with Dust.

observable

• Fix DGR based on some model or expected DGR.

• Fix DGR based on nearby HI-only line-of-sight.

• Solve for both DGR & αCO using spatially resolved 
measurements.

unknown



DGR = ΣD/(ΣHI +αCOICO)

Measuring the Conversion Factor with Dust.

observable

• Fix DGR based on some model or expected DGR.

• Fix DGR based on nearby HI-only line-of-sight.

• Solve for both DGR & αCO using spatially resolved 
measurements.

Assumption: DGR constant on kpc scales.

unknown



Σdust

ICO/ΣHI

ΣHI +αCOICO

DGR = 

assume DGR & Xco 
constant in this region

• both CO and H I are detected

• a range of ICO/ΣHI values are present

• region is small, ok to assume DGR & Xco ~ constant

cartoon of what happens to DGR

when αCO is adjusted 

Need good S/N maps of CO & HI.

Need many resolution elements.

Must select small chunk of galaxy, so need high resolution.

Our Technique: 
Minimizing Scatter in DGR on kpc scales



Σdust

ICO/ΣHI

ΣHI +αCOICO

DGR = 

assume DGR & Xco 
constant in this region

• both CO and H I are detected

• a range of ICO/ΣHI values are present

• region is small, ok to assume DGR & Xco ~ constant

cartoon of what happens to DGR

when αCO is adjusted 

Need good S/N maps of CO & HI.

Need many resolution elements.

Must select small chunk of galaxy, so need high resolution.

Our Technique: 
Minimizing Scatter in DGR on kpc scales



Σdust

ICO/ΣHI

ΣHI +αCOICO

DGR = 

assume DGR & Xco 
constant in this region

• both CO and H I are detected

• a range of ICO/ΣHI values are present

• region is small, ok to assume DGR & Xco ~ constant

cartoon of what happens to DGR

when αCO is adjusted 

Need good S/N maps of CO & HI.

Need many resolution elements.

Must select small chunk of galaxy, so need high resolution.

Our Technique: 
Minimizing Scatter in DGR on kpc scales



Example of the Technique



Example of the Technique



2. Measure scatter in 
DGR at various αCO.

1. Measure CO, HI & dust 
at each point in region.

3. Find minimum 
in scatter.

4. Minimum scatter 
=

most “uniform” 
DGR in region

=
best-fit αCO & DGR



KINGFISH
Key Insights into Nearby Galaxies: 

A Far-IR Survey with Herschel

70-500 µm imaging & spectroscopy of 62 
nearby galaxies with Herschel

Kennicutt et al. 2011

3.6 - 24 µm from SINGS and LVL.
(Kennicutt et al. 2003, Dale et al. 2009)

DGR = ΣD/(ΣHI +αCOICO)

The Observations

To get ΣD: SED modeling from 3.6 - 350 µm (Aniano+ 2012)
(preserves SPIRE 350 µm’s 25” resolution while 

still covering the peak of the dust SED)



HI survey of 34 nearby galaxies with the VLA
Walter et al. (2008)

The Observations

THINGS
The HI Nearby Galaxies Survey

DGR = ΣD/(ΣHI +αCOICO)

Resolution of ~12”

HI column density determined 
directly from 21cm line.



CO J=(2-1) survey of 48 nearby galaxies with 
HERA on the IRAM 30m.

Leroy et al. (2009)

The Observations

HERACLES
HERA CO-Line Emission Survey

DGR = ΣD/(ΣHI +αCOICO)

Resolution of ~13”

Assume (2-1)/(1-0) = 0.7  average for HERACLES sample 
(Rosolowsky et al., in prep)



NGC0628 Results



NGC0628 Results



NGC0628 Results



NGC3938 Results



NGC3938 Results



NGC3938 Results



NGC6946 Results



NGC6946 Results



NGC6946 Results



• MW αCO, no trend with radius.

• Flat MW αCO profile + central unresolved 
dip.

• Overall gradient in αCO with radius.

• Low αCO everywhere, no clear radial trend.

Variations we see in αCO

illustrated with a few examples of 
~face-on, highly resolved galaxies
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(d)

Figure A1. (Continued)

The right panel shows observed intensities (in MJy sr−1) of
our SFR tracers—Hα, FUV, 24 µm, and 70 µm emission.
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NGC 4254

radial profiles from Schruba+ 2011
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(a)

Figure A1. Atlas of radial profiles, see Figure 4 for details.
(A color version of this figure is available in the online journal.)

Calzetti for helpful comments. We thank the anonymous referee
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radial profiles from Schruba+ 2011

0.2 dex
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(c)

Figure A1. (Continued)

y-axis) and converted to mass surface densities (M! pc−2, right-
hand y-axis) of H2 and H i. The color of the CO points indicates
the significance with which we could determine the integrated
CO intensities: green for high significance measurements, or-
ange for measurements of marginal significance, and red for
3σ upper limits. To have H2 and H i on the same mass surface
density scale, we multiplied the observed 21 cm line intensities
by a factor of 312.5 (the ratio of Equations (1) and (2)). We

also plot the SFR surface density (M! yr−1 kpc−2) determined
from Hα + 24 µm and FUV + 24 µm. Black solid dashed lines
show our exponential fit to the radial CO profile. We fit all high
significance data excluding galaxy centers, defined as the inner
30′′, which often exhibit breaks from the overall profile (Regan
et al. 2001; Helfer et al. 2003). The derived exponential scale
lengths (in units of r25, the radius of the 25th magnitude B-Band
isophote), appear in the lower left corner.
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NGC 3184

radial profiles from Schruba+ 2011

0.2 dex



• MW αCO, no trend with radius.

• Flat MW αCO profile + central unresolved 
dip.

• Overall gradient in αCO with radius.

• Low αCO everywhere, no clear radial trend.

Variations we see in αCO

illustrated with a few examples of 
~face-on, highly resolved galaxies
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(d)

Figure A1. (Continued)

The right panel shows observed intensities (in MJy sr−1) of
our SFR tracers—Hα, FUV, 24 µm, and 70 µm emission.

REFERENCES

Bigiel, F., Leroy, A., Seibert, M., Walter, F., Blitz, L., Thilker, D., & Madore,
B. 2010a, ApJ, 720, L31

Bigiel, F., Leroy, A., Walter, F., Blitz, L., Brinks, E., de Blok, W. J. G., &
Madore, B. 2010b, AJ, 140, 1194

Bigiel, F., Leroy, A., Walter, F., Brinks, E., de Blok, W. J. G., Madore, B., &
Thornley, M. D. 2008, AJ, 136, 2846

Bigiel, F., et al. 2011, ApJ, 730, L13
Blanc, G. A., Heiderman, A., Gebhardt, K., Evans, N. J., & Adams, J. 2009, ApJ,

704, 842
Blitz, L., & Rosolowsky, E. 2004, ApJ, 612, L29
Blitz, L., & Rosolowsky, E. 2006, ApJ, 650, 933
Bolatto, A. D., Jackson, J. M., & Ingalls, J. G. 1999, ApJ, 513, 275
Boulanger, F., Abergel, A., Bernard, J., Burton, W. B., Desert, F., Hartmann, D.,

Lagache, G., & Puget, J. 1996, A&A, 312, 256

22

NGC 4321

radial profiles from Schruba+ 2011

0.2 dex



The Astronomical Journal, 142:37 (25pp), 2011 August Schruba et al.

(d)

Figure A1. (Continued)

The right panel shows observed intensities (in MJy sr−1) of
our SFR tracers—Hα, FUV, 24 µm, and 70 µm emission.
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(c)

Figure A1. (Continued)

y-axis) and converted to mass surface densities (M! pc−2, right-
hand y-axis) of H2 and H i. The color of the CO points indicates
the significance with which we could determine the integrated
CO intensities: green for high significance measurements, or-
ange for measurements of marginal significance, and red for
3σ upper limits. To have H2 and H i on the same mass surface
density scale, we multiplied the observed 21 cm line intensities
by a factor of 312.5 (the ratio of Equations (1) and (2)). We

also plot the SFR surface density (M! yr−1 kpc−2) determined
from Hα + 24 µm and FUV + 24 µm. Black solid dashed lines
show our exponential fit to the radial CO profile. We fit all high
significance data excluding galaxy centers, defined as the inner
30′′, which often exhibit breaks from the overall profile (Regan
et al. 2001; Helfer et al. 2003). The derived exponential scale
lengths (in units of r25, the radius of the 25th magnitude B-Band
isophote), appear in the lower left corner.
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radial profiles from Schruba+ 2011
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(c)

Figure A1. (Continued)

y-axis) and converted to mass surface densities (M! pc−2, right-
hand y-axis) of H2 and H i. The color of the CO points indicates
the significance with which we could determine the integrated
CO intensities: green for high significance measurements, or-
ange for measurements of marginal significance, and red for
3σ upper limits. To have H2 and H i on the same mass surface
density scale, we multiplied the observed 21 cm line intensities
by a factor of 312.5 (the ratio of Equations (1) and (2)). We

also plot the SFR surface density (M! yr−1 kpc−2) determined
from Hα + 24 µm and FUV + 24 µm. Black solid dashed lines
show our exponential fit to the radial CO profile. We fit all high
significance data excluding galaxy centers, defined as the inner
30′′, which often exhibit breaks from the overall profile (Regan
et al. 2001; Helfer et al. 2003). The derived exponential scale
lengths (in units of r25, the radius of the 25th magnitude B-Band
isophote), appear in the lower left corner.

21

NGC 3351

radial profiles from Schruba+ 2011

0.2 dex



• MW αCO, no trend with radius.

• Flat MW αCO profile + central unresolved 
dip.

• Overall gradient in αCO with radius.

• Low αCO everywhere, no clear radial trend.

Variations we see in αCO

illustrated with a few examples of 
~face-on, highly resolved galaxies
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Figure A1. (Continued)
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• MW αCO, no trend with radius.

• Flat MW αCO profile + central unresolved 
dip.

• Overall gradient in αCO with radius.

• Low αCO everywhere, no clear radial trend.

Variations we see in αCO

illustrated with a few examples of 
~face-on, highly resolved galaxies
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Figure A1. (Continued)

The right panel shows observed intensities (in MJy sr−1) of
our SFR tracers—Hα, FUV, 24 µm, and 70 µm emission.
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NGC 6946

NGC 0628

~ an order-of-magnitude lower than MW disk!

Large metallicity 
gradient.

Small metallicity 
gradient.

What drives variations in αCO?
Metallicity?



αCO & Metallicity

uniform metallicity selection 
from Moustakas et al. 2010

strong-line metallicities with
Pilyugin & Thuan 2005 calibration 

measurements from HII region spectra

General trend for higher 
αCO at low Z.

but...
significant scatter in αCO 

at given Z.

galaxies randomly 
assigned to panels

NGC 6946



Dust-to-Gas Ratio

Linear trend with Z.

Less than a factor 
of 2 scatter.

Constant fraction of 
metals locked up in 

dust.
factor 
of 2



Metallicity isn’t everything...

Is this what we expect?

- dust shielding controls C+/C/CO transition

- in MW only 30-50% of gas H2 not in CO layer 
(Fermi Collab. 2010, Planck Collab. 2011)

HI, C+
H2 CO

decreasing metallicity & DGR

e.g. Maloney & Black 1988, Bolatto et al. 1999, 
Wolfire et al. 2010, Glover & Mac Low 2011

CO-free envelope

Z⊙◉☉⨀



Metallicity isn’t everything...

Is this what we expect?

- dust shielding controls C+/C/CO transition

- in MW only 30-50% of gas H2 not in CO layer 
(Fermi Collab. 2010, Planck Collab. 2011)

HI, C+
H2 CO

decreasing metallicity & DGR

e.g. Maloney & Black 1988, Bolatto et al. 1999, 
Wolfire et al. 2010, Glover & Mac Low 2011

CO-free envelope

Z > Z⊙◉☉⨀

potential 30% 
change in αCO

Z⊙◉☉⨀



What drives variations in αCO?



What drives variations in αCO?

αCO ∝ Σ✳
-0.5



Azimuthal Variations in NGC 6946
Lower αCO along the spiral arms.



Azimuthal Variations in NGC 6946
Lower αCO along the spiral arms.



4 Galaxies with virial 
mass based αCO

Virial masses give ~MW or 
higher αCO in centers of 
2976, 4736 and 6946.

Disagreement with Virial Mass αCO 
Measurements in the centers



4 Galaxies with virial 
mass based αCO

Virial masses give ~MW or 
higher αCO in centers of 
2976, 4736 and 6946.

Several galaxies with 
muti-line modeling αCO

Modeling suggests low αCO in 
some galaxy centers 

NGC 6946 5-10 times lower 
than MW - Israel & Baas 2001, Walsh 

et al. 2002, Meier & Turner 2004

Disagreement with Virial Mass αCO 
Measurements in the centers
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Our conversion factors makes some galaxy centers 
have high star-formation efficiency.

τDEP = 1/SFE = ΣH2/ΣSFR

higher SFE 
compared to 

average

AGN

SF

Leroy et al. 2012b, submitted

Depletion Time:
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Summary

• αCO can vary by factor of 10 in nearby galaxies - 
especially low in their centers.

• Metallicity not a key driver of αCO at Z~Z⊙◉☉⨀ and above.  
Expected if main effect is to change dust shielding and 
alter “CO-dark” gas layer.

• Low measured αCO enhances SFE in some galaxy centers 
over predictions with fixed converison factor.

• Temperature & velocity dispersion of molecular gas are 
probably crucial drivers of αCO.


