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Abstract

Lee et al. (2012) used H i and infrared data to esti-
mate the H2 distribution across the Perseus molec-
ular cloud at sub-pc resolution, finding a saturation
in the H i surface density, ΣH i, of 6–8 M� pc−2.
The observed saturation agrees with the steady-
state model of H2 formation by Krumholz et al.
(2009) which predicts that a saturation of ΣH i is
required to shield H2 against photodissociation. As
Perseus is a relatively low-mass and quiescent cloud
however, we investigate California and Taurus which
differ in both mass and star formation rates by a fac-
tor of 2–4 relative to Perseus (Lada et al., 2010).
Our conclusions:
1 We use Planck AV and GALFA-H i data to
simultaneously estimate the dust-to-gas ratio
(DGR) and the H i velocity width by modeling
diffuse dust (AV < 1 mag). With AV , N (H i)
and the DGR we estimate the H2 surface density,
ΣH2, and select core regions which trace the
steepest AV gradient. This method can be
applied to other GMCs in a systematic way. We
reproduce the results of Lee et al. (2012) with
this method.

2 The model of Krumholz et al. (2009) fits the
molecular fraction (H2 /H i) as a function of the
total gas density of regions in all three GMCs
reasonably well. However, we find variations in
the saturation ΣH i; Taurus shows a lower ΣH i
saturation. Further investigations of the CNM
temperature using H i absorption spectra will
offer insight to the lower ΣH i saturation.

Data

• N (H i ): Galactic Arecibo L-band Feed Array
(GALFA)-H i survey at 3.8′ resolution (Peek et al.,
2011).

• AV : Planck survey color excess with a resolution of
5′ (Planck Collaboration et al., 2011). We assume
RV = 3.1 (Weingartner & Draine, 2001).

• N (H2 ): Assume that the dust column, traced by
AV , scales with the gas column such that N (H2) =
1
2

(
AV

DGR −N (H i)
)
. See Figure 1.

• 12CO: Data from Dame et al. (2001) with a
resolution of 8′.

Figure 1: Plot of likelihood of DGR and H i integration velocity
width for modeling the diffuse dust column, AV < 1 mag, with H i
in California. The 68% and 95% confidence intervals are shown as
contours. The plots above and to the right represent the marginal
probability density functions, where the dotted line is the mean, the
maximum likelihood estimate, and the shaded region is the 68%
confidence interval. We set the H i velocity center at the 12CO
peak.

Figure 2: Left column: AV maps of all three clouds from the Planck survey. The boxes outline the core regions which trace the steepest
AV gradients. Right column:The molecular fraction, RH2 = ΣH2 /ΣHi, and H i surface density, ΣHi, as functions of the total gas surface
density ΣH = ΣH2 + ΣHi for each molecular cloud. The steady-state model fit of Krumholz et al. (2009) is plotted in red. We fit for only
the parameter φCNM holding the metallicity Z = 1Z� and φmol = 10. We used the 2D distribution of likelihood estimates for N (H i) and
the dust-to-gas ratio (see Figure 1 for an example) in a Monte Carlo simulation for error estimates in the Krumholz et al. (2009) model
parameter φCNM.

Conclusion

The steady-state model of Krumholz et al. (2009) rea-
sonably reproduces the observed molecular fraction in
California, Perseus, and Taurus. California and Taurus
have star-formation efficiencies 4× and 2× less than
Perseus respectively, demonstrating the model can pre-
dict the molecular fraction across small variations in en-
vironment. California and Perseus show saturation H i
surface densities of ∼ 6–8 M� pc−2 while Taurus shows
saturations of ∼ 3 M� pc−2. See Figure 2. Lower CNM
temperatures and higher CNM volume densities are re-
quired to explain the molecular fraction in Taurus.
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