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Fig. 9.— Map of the total (left), dense (middle, detected in 12CO and 13CO), and diffuse (right, detected in 12CO, undetected in 13CO)
average Galactic surface density of molecular gas in the Milky Way. The coverage of the two surveys is indicated by the grey/white contrast.

TABLE 4
Total luminosity and molecular mass in the Milky
Way in the diffuse and dense components traced by

12CO.

Inner Outer Total

L(12CO)

Diffuse 2.1×101 4.9 2.6×101

Dense 1.1×102 10 1.2×102

Very dense 4.8 — 4.8
Total 1.3×102 1.5×101 1.4×102

M(H2)

Diffuse 8.5×107 6.2×107 1.5×108

Dense 4.5×108 1.1×108 5.5×108

Very dense 2.8×107 — 2.8×107

Total 5.3×108 1.7×108 7.0×108

Note. — Luminosities are given in units of K km s−1 kpc2.
Masses are given in M". Statistical errors on integrated lumi-
nosities and masses are ∼1%. Systematic uncertainties are ∼30%
due to uncertainties on abundances (13CO/12CO and 12CO/H2)
and the possibly non-applicable assumption of LTE in the dif-
fuse regime, which systematically underestimates masses at low
column densities.

other words, with average Galactic surface density of
CO-bright molecular gas, indicating that either the
fraction of dense gas decreases with decreasing surface
density and/or the abundance of 13CO decreases with
decreasing surface density. Milam et al. (2005) found
a gradient in the 12CO/13CO abundance, which varies
between 50 at Rgal = 5 kpc and 100 at Rgal = 15
kpc, which could be consistent with the variations
in luminosity ratio. Other possible effects that could
explain the variations in the 12CO/13CO integrated
intensity or luminosity ratio include more sub-thermally
excited 13CO in the Outer Galaxy.

4.4. Radial distribution of the diffuse, dense, and very
dense CO components

Similarly, we derive the average Galactic H2 surface
density Σgal(H2)(Rgal) in the diffuse extended, dense,
and very dense components, by summing the masses of
all voxels in each CO-component in Galactocentric ra-
dius bins of width 0.1 kpc, and dividing by the surface

area of each survey projected on the Galactic Plane. The
resulting radial distributions of the three CO gas com-
ponents are shown in linear space separately for the In-
ner and Outer Galaxy in Figure 12 and in logarithmic
space plotted together in Figure 13. As for the 12CO
and 13CO average Galactic integrated intensity compu-
tation, all relevant sources of errors are included in the
final error budget.
In the Inner Galaxy, the dense component dominates

in mass. The mass fraction of dense gas decreases from
90% at Rgal = 4 kpc to 50% in the solar neighborhood.
In the Outer Galaxy, the mass fraction of dense gas varies
between 50% and 80%, and is anti-correlated with sur-
face density.
Assuming that the Galaxy is roughly axisymmetric and

that the radial trends observed in our surveys are repre-
sentative of the Galaxy as a whole, the total masses of
the diffuse and dense CO components integrated between
3 kpc and 15 kpc are 1.5 × 108 M" and 5.5 × 108 M"

respectively, or 21% and 79% of the total H2 mass traced
by 12CO (7.0×108 M") respectively. Statistical errors on
integrated masses are ∼1%. Systematic uncertainties are
∼30% due to uncertainties on abundances (13CO/12CO
and 12CO/H2) and the possibly non-applicable assump-
tion of LTE at low column densities, which systemati-
cally underestimates masses in the diffuse regime. The
total mass of H2 derived here is compatible within errors
to the number quoted in the review by Heyer & Dame
(2015) or 9×108 M".
In the Inner Galaxy, where CS observations are avail-

able at ! = 45◦, the very dense CO component (also
bright in CS) is very sparse. In the Galactocentric ra-
dius range probed by the observations (Rgal = 6—8.5
kpc), the fraction of the very dense component in the to-
tal surface density varies between zero and 50% locally in
presumably massive star formation regions. Locally, the
very dense component can thus comprise a significant
fraction of the gas. Globally, however, the very dense
component traced by CS represents only 4% of the total
molecular gas mass traced by 12CO emission, due to its
low filling factor.
As a comparison, Battisti & Heyer (2014) found that

the very dense component of molecular clouds, as traced

total gas dense clouds diffuse gas

INNER GALAXY:  
Galactic Ring Survey (GRS)

OUTER GALAXY:  
EXEF survey

Exeter-Five College Radio Astronomy Observatory (EXFC) 

Galactic Ring Survey (GRS)

diffuse vs. dense gas
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(inMe pc−3) as a function of z and Rgal for the overall CO gas,
as well as the diffuse, dense, and very dense CO gas
components. In the inner Galaxy, the vertical profile of the
molecular gas density was derived for each Monte Carlo
realization and then averaged over all realizations. The
resulting vertical profiles are shown in Figure 15. The profiles
are fitted with Gaussians, and the resulting centroid and
FWHM values are plotted as a function of Galactocentric
radius in Figure 16.

The total vertical profile of molecular gas in the inner Galaxy
is well described by a Gaussian function with a FWHM of

∼110 pc. As seen in the radial distribution of diffuse and dense
CO gas, the dense CO component dominates the inner Galaxy
in mass. The profile of the diffuse component in the
inner Galaxy is also Gaussian, but with a larger FWHM of
130–200 pc. In contrast, the very dense component is
concentrated in the Galactic plane, with a non-Gaussian,
double-peaked profile of FWHM ∼ 50 pc.
In the outer Galaxy, the molecular disk is more warped, with

a centroid increasing from a few parsecs at the solar circle, up
to 150 pc at Rgal = 14 kpc. The molecular disk is wider than in
the inner Galaxy, with FWHM varying between 110 and 300
pc. The vertical profiles have multiple peaks and are thus not
well fit by a Gaussian. The FWHM shown in Figure 16 thus
represents a gross approximation of the profile width. In the
outer Galaxy, the diffuse CO component has a similar mass as
the dense CO gas, but their vertical profiles differ significantly.
The vertical profile of the diffuse CO gas appears smoother and
wider than the profile of the dense CO gas.
In both the inner and outer Galaxy, these results are

consistent with previous estimates of the thickness and mid-
plane displacement summarized by Heyer & Dame (2015). The
larger vertical extent of the diffuse CO component suggests that
it originates from a thick disk, which has already been
suggested in the Milky Way by Dame & Thaddeus (1994), and
in M51 by Pety et al. (2013).

5. DISCUSSION, LIMITATIONS, AND IMPLICATIONS

5.1. Comparison to the Radial and Vertical Distribution
of Molecular Gas Identified as Part of GMCs

Studies of the properties and distribution of molecular gas in
galaxies commonly resort to a cloud identification algorithm,
such as CLUMPFIND (Williams et al. 1994) or dendrogram
(Rosolowsky et al. 2008) algorithms. These procedures allow

Figure 13. Average Galactic H2 surface densities of the diffuse (red, detected in 12CO, undetected in 13CO) and dense (green, detected in 12CO and 13CO) components
as a function of Galactocentric radius (in bins of width 0.1 kpc), in logarithmic scale, combining all data sets. In the inner Galaxy, the pink line indicates the surface
density of H2 in molecular clouds identified in Roman-Duval et al. (2010).

Table 5
Total Luminosity and Molecular Mass in the Milky Way in the

Diffuse and Dense Components Traced by 12CO

Inner Outer Total

L(12CO)

Diffuse 2.0 101q 4.0 2.4 101q
Dense 1.1 102q 3.8 1.1 102q

Very dense 4.8 K 4.8
Total 1.3 102q 7.7 1.4 102q

M(H2)

Diffuse 9.3 107q 6.0 107q 1.5 108q
Dense 4.6 108q 3.9 107q 4.9 108q

Very dense 2.9 107q K 2.9 107q
Total 5.5 108q 9.9 107q 6.5 108q

Note. Luminosities are given in units of K km s−1 kpc2. Masses are given in
Me. Statistical errors on integrated luminosities and masses are ∼1%.
Systematic uncertainties are ∼30% due to uncertainties on abundances
(13CO/12CO and 12CO/H2) and the possibly non-applicable assumption of
LTE in the diffuse regime, which systematically underestimates masses at low
column densities.

15

The Astrophysical Journal, 818:144 (19pp), 2016 February 20 Roman-Duval et al.

dense gas in 
CS-traced clouds

- inner Galaxy:
  GRS/UMSB
- outer Galaxy:
  EXFC



dense gas fraction as function of radius

Roman-Duval et al. (2016, ApJ, 818, 144)

(inMe pc−3) as a function of z and Rgal for the overall CO gas,
as well as the diffuse, dense, and very dense CO gas
components. In the inner Galaxy, the vertical profile of the
molecular gas density was derived for each Monte Carlo
realization and then averaged over all realizations. The
resulting vertical profiles are shown in Figure 15. The profiles
are fitted with Gaussians, and the resulting centroid and
FWHM values are plotted as a function of Galactocentric
radius in Figure 16.

The total vertical profile of molecular gas in the inner Galaxy
is well described by a Gaussian function with a FWHM of

∼110 pc. As seen in the radial distribution of diffuse and dense
CO gas, the dense CO component dominates the inner Galaxy
in mass. The profile of the diffuse component in the
inner Galaxy is also Gaussian, but with a larger FWHM of
130–200 pc. In contrast, the very dense component is
concentrated in the Galactic plane, with a non-Gaussian,
double-peaked profile of FWHM ∼ 50 pc.
In the outer Galaxy, the molecular disk is more warped, with

a centroid increasing from a few parsecs at the solar circle, up
to 150 pc at Rgal = 14 kpc. The molecular disk is wider than in
the inner Galaxy, with FWHM varying between 110 and 300
pc. The vertical profiles have multiple peaks and are thus not
well fit by a Gaussian. The FWHM shown in Figure 16 thus
represents a gross approximation of the profile width. In the
outer Galaxy, the diffuse CO component has a similar mass as
the dense CO gas, but their vertical profiles differ significantly.
The vertical profile of the diffuse CO gas appears smoother and
wider than the profile of the dense CO gas.
In both the inner and outer Galaxy, these results are

consistent with previous estimates of the thickness and mid-
plane displacement summarized by Heyer & Dame (2015). The
larger vertical extent of the diffuse CO component suggests that
it originates from a thick disk, which has already been
suggested in the Milky Way by Dame & Thaddeus (1994), and
in M51 by Pety et al. (2013).

5. DISCUSSION, LIMITATIONS, AND IMPLICATIONS

5.1. Comparison to the Radial and Vertical Distribution
of Molecular Gas Identified as Part of GMCs

Studies of the properties and distribution of molecular gas in
galaxies commonly resort to a cloud identification algorithm,
such as CLUMPFIND (Williams et al. 1994) or dendrogram
(Rosolowsky et al. 2008) algorithms. These procedures allow

Figure 13. Average Galactic H2 surface densities of the diffuse (red, detected in 12CO, undetected in 13CO) and dense (green, detected in 12CO and 13CO) components
as a function of Galactocentric radius (in bins of width 0.1 kpc), in logarithmic scale, combining all data sets. In the inner Galaxy, the pink line indicates the surface
density of H2 in molecular clouds identified in Roman-Duval et al. (2010).

Table 5
Total Luminosity and Molecular Mass in the Milky Way in the

Diffuse and Dense Components Traced by 12CO

Inner Outer Total

L(12CO)

Diffuse 2.0 101q 4.0 2.4 101q
Dense 1.1 102q 3.8 1.1 102q

Very dense 4.8 K 4.8
Total 1.3 102q 7.7 1.4 102q

M(H2)

Diffuse 9.3 107q 6.0 107q 1.5 108q
Dense 4.6 108q 3.9 107q 4.9 108q

Very dense 2.9 107q K 2.9 107q
Total 5.5 108q 9.9 107q 6.5 108q

Note. Luminosities are given in units of K km s−1 kpc2. Masses are given in
Me. Statistical errors on integrated luminosities and masses are ∼1%.
Systematic uncertainties are ∼30% due to uncertainties on abundances
(13CO/12CO and 12CO/H2) and the possibly non-applicable assumption of
LTE in the diffuse regime, which systematically underestimates masses at low
column densities.
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(inMe pc−3) as a function of z and Rgal for the overall CO gas,
as well as the diffuse, dense, and very dense CO gas
components. In the inner Galaxy, the vertical profile of the
molecular gas density was derived for each Monte Carlo
realization and then averaged over all realizations. The
resulting vertical profiles are shown in Figure 15. The profiles
are fitted with Gaussians, and the resulting centroid and
FWHM values are plotted as a function of Galactocentric
radius in Figure 16.

The total vertical profile of molecular gas in the inner Galaxy
is well described by a Gaussian function with a FWHM of

∼110 pc. As seen in the radial distribution of diffuse and dense
CO gas, the dense CO component dominates the inner Galaxy
in mass. The profile of the diffuse component in the
inner Galaxy is also Gaussian, but with a larger FWHM of
130–200 pc. In contrast, the very dense component is
concentrated in the Galactic plane, with a non-Gaussian,
double-peaked profile of FWHM ∼ 50 pc.
In the outer Galaxy, the molecular disk is more warped, with

a centroid increasing from a few parsecs at the solar circle, up
to 150 pc at Rgal = 14 kpc. The molecular disk is wider than in
the inner Galaxy, with FWHM varying between 110 and 300
pc. The vertical profiles have multiple peaks and are thus not
well fit by a Gaussian. The FWHM shown in Figure 16 thus
represents a gross approximation of the profile width. In the
outer Galaxy, the diffuse CO component has a similar mass as
the dense CO gas, but their vertical profiles differ significantly.
The vertical profile of the diffuse CO gas appears smoother and
wider than the profile of the dense CO gas.
In both the inner and outer Galaxy, these results are

consistent with previous estimates of the thickness and mid-
plane displacement summarized by Heyer & Dame (2015). The
larger vertical extent of the diffuse CO component suggests that
it originates from a thick disk, which has already been
suggested in the Milky Way by Dame & Thaddeus (1994), and
in M51 by Pety et al. (2013).

5. DISCUSSION, LIMITATIONS, AND IMPLICATIONS

5.1. Comparison to the Radial and Vertical Distribution
of Molecular Gas Identified as Part of GMCs

Studies of the properties and distribution of molecular gas in
galaxies commonly resort to a cloud identification algorithm,
such as CLUMPFIND (Williams et al. 1994) or dendrogram
(Rosolowsky et al. 2008) algorithms. These procedures allow

Figure 13. Average Galactic H2 surface densities of the diffuse (red, detected in 12CO, undetected in 13CO) and dense (green, detected in 12CO and 13CO) components
as a function of Galactocentric radius (in bins of width 0.1 kpc), in logarithmic scale, combining all data sets. In the inner Galaxy, the pink line indicates the surface
density of H2 in molecular clouds identified in Roman-Duval et al. (2010).

Table 5
Total Luminosity and Molecular Mass in the Milky Way in the

Diffuse and Dense Components Traced by 12CO

Inner Outer Total

L(12CO)

Diffuse 2.0 101q 4.0 2.4 101q
Dense 1.1 102q 3.8 1.1 102q

Very dense 4.8 K 4.8
Total 1.3 102q 7.7 1.4 102q

M(H2)

Diffuse 9.3 107q 6.0 107q 1.5 108q
Dense 4.6 108q 3.9 107q 4.9 108q

Very dense 2.9 107q K 2.9 107q
Total 5.5 108q 9.9 107q 6.5 108q

Note. Luminosities are given in units of K km s−1 kpc2. Masses are given in
Me. Statistical errors on integrated luminosities and masses are ∼1%.
Systematic uncertainties are ∼30% due to uncertainties on abundances
(13CO/12CO and 12CO/H2) and the possibly non-applicable assumption of
LTE in the diffuse regime, which systematically underestimates masses at low
column densities.
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(inMe pc−3) as a function of z and Rgal for the overall CO gas,
as well as the diffuse, dense, and very dense CO gas
components. In the inner Galaxy, the vertical profile of the
molecular gas density was derived for each Monte Carlo
realization and then averaged over all realizations. The
resulting vertical profiles are shown in Figure 15. The profiles
are fitted with Gaussians, and the resulting centroid and
FWHM values are plotted as a function of Galactocentric
radius in Figure 16.

The total vertical profile of molecular gas in the inner Galaxy
is well described by a Gaussian function with a FWHM of

∼110 pc. As seen in the radial distribution of diffuse and dense
CO gas, the dense CO component dominates the inner Galaxy
in mass. The profile of the diffuse component in the
inner Galaxy is also Gaussian, but with a larger FWHM of
130–200 pc. In contrast, the very dense component is
concentrated in the Galactic plane, with a non-Gaussian,
double-peaked profile of FWHM ∼ 50 pc.
In the outer Galaxy, the molecular disk is more warped, with

a centroid increasing from a few parsecs at the solar circle, up
to 150 pc at Rgal = 14 kpc. The molecular disk is wider than in
the inner Galaxy, with FWHM varying between 110 and 300
pc. The vertical profiles have multiple peaks and are thus not
well fit by a Gaussian. The FWHM shown in Figure 16 thus
represents a gross approximation of the profile width. In the
outer Galaxy, the diffuse CO component has a similar mass as
the dense CO gas, but their vertical profiles differ significantly.
The vertical profile of the diffuse CO gas appears smoother and
wider than the profile of the dense CO gas.
In both the inner and outer Galaxy, these results are

consistent with previous estimates of the thickness and mid-
plane displacement summarized by Heyer & Dame (2015). The
larger vertical extent of the diffuse CO component suggests that
it originates from a thick disk, which has already been
suggested in the Milky Way by Dame & Thaddeus (1994), and
in M51 by Pety et al. (2013).

5. DISCUSSION, LIMITATIONS, AND IMPLICATIONS

5.1. Comparison to the Radial and Vertical Distribution
of Molecular Gas Identified as Part of GMCs

Studies of the properties and distribution of molecular gas in
galaxies commonly resort to a cloud identification algorithm,
such as CLUMPFIND (Williams et al. 1994) or dendrogram
(Rosolowsky et al. 2008) algorithms. These procedures allow

Figure 13. Average Galactic H2 surface densities of the diffuse (red, detected in 12CO, undetected in 13CO) and dense (green, detected in 12CO and 13CO) components
as a function of Galactocentric radius (in bins of width 0.1 kpc), in logarithmic scale, combining all data sets. In the inner Galaxy, the pink line indicates the surface
density of H2 in molecular clouds identified in Roman-Duval et al. (2010).

Table 5
Total Luminosity and Molecular Mass in the Milky Way in the

Diffuse and Dense Components Traced by 12CO

Inner Outer Total

L(12CO)

Diffuse 2.0 101q 4.0 2.4 101q
Dense 1.1 102q 3.8 1.1 102q

Very dense 4.8 K 4.8
Total 1.3 102q 7.7 1.4 102q

M(H2)

Diffuse 9.3 107q 6.0 107q 1.5 108q
Dense 4.6 108q 3.9 107q 4.9 108q

Very dense 2.9 107q K 2.9 107q
Total 5.5 108q 9.9 107q 6.5 108q

Note. Luminosities are given in units of K km s−1 kpc2. Masses are given in
Me. Statistical errors on integrated luminosities and masses are ∼1%.
Systematic uncertainties are ∼30% due to uncertainties on abundances
(13CO/12CO and 12CO/H2) and the possibly non-applicable assumption of
LTE in the diffuse regime, which systematically underestimates masses at low
column densities.
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(inMe pc−3) as a function of z and Rgal for the overall CO gas,
as well as the diffuse, dense, and very dense CO gas
components. In the inner Galaxy, the vertical profile of the
molecular gas density was derived for each Monte Carlo
realization and then averaged over all realizations. The
resulting vertical profiles are shown in Figure 15. The profiles
are fitted with Gaussians, and the resulting centroid and
FWHM values are plotted as a function of Galactocentric
radius in Figure 16.

The total vertical profile of molecular gas in the inner Galaxy
is well described by a Gaussian function with a FWHM of

∼110 pc. As seen in the radial distribution of diffuse and dense
CO gas, the dense CO component dominates the inner Galaxy
in mass. The profile of the diffuse component in the
inner Galaxy is also Gaussian, but with a larger FWHM of
130–200 pc. In contrast, the very dense component is
concentrated in the Galactic plane, with a non-Gaussian,
double-peaked profile of FWHM ∼ 50 pc.
In the outer Galaxy, the molecular disk is more warped, with

a centroid increasing from a few parsecs at the solar circle, up
to 150 pc at Rgal = 14 kpc. The molecular disk is wider than in
the inner Galaxy, with FWHM varying between 110 and 300
pc. The vertical profiles have multiple peaks and are thus not
well fit by a Gaussian. The FWHM shown in Figure 16 thus
represents a gross approximation of the profile width. In the
outer Galaxy, the diffuse CO component has a similar mass as
the dense CO gas, but their vertical profiles differ significantly.
The vertical profile of the diffuse CO gas appears smoother and
wider than the profile of the dense CO gas.
In both the inner and outer Galaxy, these results are

consistent with previous estimates of the thickness and mid-
plane displacement summarized by Heyer & Dame (2015). The
larger vertical extent of the diffuse CO component suggests that
it originates from a thick disk, which has already been
suggested in the Milky Way by Dame & Thaddeus (1994), and
in M51 by Pety et al. (2013).

5. DISCUSSION, LIMITATIONS, AND IMPLICATIONS

5.1. Comparison to the Radial and Vertical Distribution
of Molecular Gas Identified as Part of GMCs

Studies of the properties and distribution of molecular gas in
galaxies commonly resort to a cloud identification algorithm,
such as CLUMPFIND (Williams et al. 1994) or dendrogram
(Rosolowsky et al. 2008) algorithms. These procedures allow

Figure 13. Average Galactic H2 surface densities of the diffuse (red, detected in 12CO, undetected in 13CO) and dense (green, detected in 12CO and 13CO) components
as a function of Galactocentric radius (in bins of width 0.1 kpc), in logarithmic scale, combining all data sets. In the inner Galaxy, the pink line indicates the surface
density of H2 in molecular clouds identified in Roman-Duval et al. (2010).

Table 5
Total Luminosity and Molecular Mass in the Milky Way in the

Diffuse and Dense Components Traced by 12CO

Inner Outer Total

L(12CO)

Diffuse 2.0 101q 4.0 2.4 101q
Dense 1.1 102q 3.8 1.1 102q

Very dense 4.8 K 4.8
Total 1.3 102q 7.7 1.4 102q

M(H2)

Diffuse 9.3 107q 6.0 107q 1.5 108q
Dense 4.6 108q 3.9 107q 4.9 108q

Very dense 2.9 107q K 2.9 107q
Total 5.5 108q 9.9 107q 6.5 108q

Note. Luminosities are given in units of K km s−1 kpc2. Masses are given in
Me. Statistical errors on integrated luminosities and masses are ∼1%.
Systematic uncertainties are ∼30% due to uncertainties on abundances
(13CO/12CO and 12CO/H2) and the possibly non-applicable assumption of
LTE in the diffuse regime, which systematically underestimates masses at low
column densities.
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Fig. 15. Ratio of the CNM and H2 column densities in percentage of
the Eastern region (top-panel) and Western region (bottom-panel). The
contours in both panels indicate the integrated 13CO emission at levels
of 5, 10, 20, and 30 K km s�1.

Fig. 16. Surface density of the atomic hydrogen (vlsr = 50 � 60 km s�1)
as a function of the total gas surface density (⌃HI + ⌃H2 ). The solid line
represents a one-to-one relation.

Fig. 17. Ratio of HISA and 13CO linewidths in the eastern region indi-
cated in Fig. 11.

For Galactocentric radius 7 . R . 35 kpc, Kalberla &
Dedes (2008) reported the average mid-plane volume density
distribution of the atomic gas follows n(R) ⇠ n0 e�(R�R�)/Rn with
n0 = 0.9 cm�3, and Rn=3.15 kpc, R� =8.5 kpc (IAU recommen-
dations). Assuming n(R < 7 kpc) = n(7 kpc), we integrate the
density along the line of sight of GMF38a (l = 35.5�, b = 0�)
and obtain the amount of gas in the foreground and background
of GMF38a. Assuming optically thin emission, p is estimated to
be 0.91, which agrees with our adopted value of 0.9.

4.3. Optical depth measurement toward a strong continuum
source

We can use strong continuum sources to estimate the optical
depth of the CNM. The UCH ii region G34.256+0.146 (see
Fig. 1) is an ideal candidate to perform this task as it is very
bright (Tcont(max) ⇠ 1300 K) and slightly extended (d ⇠ 7000).
We use the THOR data to extract the absorption spectrum to-
wards the continuum peak and determine the optical depth and
the lower-limit of the optical depth using Eq. 9. The optical depth
spectrum is shown in Fig. 18. In the velocity range of the HISA
feature, the absorption spectrum saturates and the determined
optical depth ⌧ = 3.5 is a lower limit. Furthermore, since the
UCH ii region is at the same distance as the filament (Ander-
son et al. 2014) and associated with the filament, there could
be CNM that are behind the UCH ii region and are not traced by
the absorption spectrum. Therefore, the determined optical depth
represents a lower limit.

As explained in Sect. 2.2, the general HISA extraction
method measures the optical depth together with the spin tem-
perature and we are not able to disentangle them. However, the
additional information from the absorption spectra towards the
strong continuum source and the corresponding optical depth
measurement allows us to overcome this problem. Figure 4
presents the optical depth as a function of the spin temperature
for di↵erent values of p. The lower limit of the optical depth
measurement is shown at ⌧ = 3.5 using a black horizontal line.
Assuming p = 0.9 reveals a spin temperature of THISA ⇠ 55 K.
This is a bit higher than the assumed spin temperature for the
column density determination presented in Fig.14 (40 K). Since
we measure the spin temperature close to an UCH ii region, we
expect rather high values.
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