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ABSTRACT
We detected OH 18 cm main line emission from 5 of 7 positions in the intermediate-velocity
molecular cloud (IVMC) G211+63. These are the first detections of hydroxyl in IVMCs. Our
OH detections at AV levels ranging from 0.24 to 0.27 mag reinforce the notion that these
lines can efficiently trace diffuse, low-extinction molecular gas. N(OH) is derived for a range
of excitation temperatures (5–30 K) and likely falls between 1 and 16 × 1013 cm−2. The
corresponding N(H2) values are consistent both with estimates derived from E(B − V) and CO
data. Estimates of the cloud mass from the OH data range from 26 to 820 M� for distances
from 100 to 400 pc and Tex from 5 to 10 K. These values are 3–20 times less than the virial
mass of the cloud. It is likely IVMCs resemble high-latitude clouds in this respect. If so, they
are transient structures breaking up on time-scales of ∼106 yr.

Key words: ISM: clouds – ISM: molecules.

1 IN T RO D U C T I O N

The high-latitude molecular clouds were identified as a distinct
population by Magnani, Blitz & Mundy (1985). Among the list of
57 objects identified at |b| ≥ 30◦ was the Draco molecular cloud
(see also Mebold et al. 1985), an object that has a Local Stan-
dard of Rest (LSR) velocity ∼ − 25 km s−1, 4σ from the average
velocity of the cloud ensemble (average vLSR ≈ 0 km s−1; disper-
sion ≈ 6 km s−1; Magnani, Hartmann & Speck 1996). The Draco
molecular cloud was the first example of an intermediate-velocity
molecular cloud (IVMC). We stress here that the clouds we are
discussing are not the intermediate-velocity lines of sight detected
in H2 absorption by Richter et al. (2003) and Wakker (2006) us-
ing the Far Ultraviolet Spectroscopic Explorer (FUSE). Those lines
of sight all have N(H2) levels less than 1017 cm−2 and are atomic
intermediate-velocity clouds (IVCs) with molecules detectable only
via absorption lines at relatively low column densities compared to
typical molecular clouds. By IVMCs we mean objects at |b| ≥
30◦ with CO(1–0) emission at 115 GHz that resemble diffuse and
translucent molecular clouds (see van Dishoeck & Black 1988).

In addition to the Draco cloud, only six other IVMCs are known.
Two were found by Heiles, Reach & Koo (1988) and partially
mapped in the CO(1–0) line by Reach, Koo & Heiles (1994). Three
more IVMCs were identified by Magnani & Smith (2010) and are
located in a 12◦ × 4◦ region near a large, atomic IVC dubbed the
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intermediate-velocity spur. This object is believed to extend into
the Galactic halo (Kuntz & Danly 1996) so that the three IVMCs
may be halo or, at least, thick disc objects. None of these three
objects have been mapped in any molecular tracer. The final object,
G211+63, was discovered during the course of a CO(1–0) survey
of high-latitude infrared-excess regions by Désert, Bazell & Blitz
(1990). With an LSR velocity of −39 km s−1 the cloud is clearly
an IVMC. The two molecular detections that were reported in the
discovery paper are in an IVC H I complex that was mapped by
Verschuur (1971) and Meng & Kraus (1970). No additional CO or
other molecular mapping of the cloud exists, but an infrared map
shown by Désert, Bazell & Blitz shows a 100 μm structure about
60 arcmin × 60 arcmin in RA and Dec. extent. In Fig. 1, at the left,
we show a 3◦ × 3◦ E(B − V) map based on the Schlegel, Finkbeiner
& Davis (1998) data that shows the cloud and its environs. In the
E(B − V) map, the cloud appears somewhat smaller than what is
seen in the IRAS 100 μm data.

The high-latitude molecular clouds are primarily a population of
diffuse and translucent molecular clouds. The two most interesting
properties that the clouds share are that they are within a few hundred
parsecs of the Sun and that the majority of the clouds are not
gravitationally bound and are breaking up on the time-scale of
the sound crossing time (∼106 yr). This is very different from the
overwhelming majority of molecular clouds that are gravitationally
bound and are the sites of star formation. It seems likely that the
diffuse and translucent molecular clouds at high Galactic latitude
are part of the cold neutral medium and represent the molecular
portion of that phase of the ISM. In these objects, turbulence rather
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Figure 1. Left: Dust map in E(B − V) from Schlegel et al. (1998) centred
on IVMC G211+63. E(B − V) is depicted in linear scale from 0.014 to
0.102 mag as shown by the bar at the top. Right: Close-up dust map of
the cloud in E(B − V) centered on (�, b) = (210.75◦, 63.25◦) showing the
lines of sight we observed. E(B − V) is depicted in linear scale in the same
manner as the larger region. Detections are depicted by circles with diameter
of 3 arcmin (the approximate beam size of the Arecibo radio telescope at
1667 MHz). Each non-detection is represented by an X (however, see the
text).

than gravity is the main structuring mechanism (see e.g. Shore et al.
2007).

The IVMCs are a subpopulation of the high-latitude molecu-
lar clouds. With the exception of the Draco cloud, which is an
anomalous object both among high-latitude molecular clouds and
IVMCs (i.e. its cometary morphology, its size compared to the
other IVMCs), little is known about these objects. For instance,
their gravitational stability has not yet been determined. If they are
gravitationally bound, they would resemble the molecular clouds,
both large and small, along the Galactic plane. If unbound, then
they would be like nearly all of the diffuse and translucent molecu-
lar clouds.

A determination of the mass and gravitational state of the IVMCs
is the first step in evaluating their role in the molecular inventory
of the Galaxy. To date, this has only been done for the anoma-
lous Draco cloud complex. In this paper, we report on observa-
tions of the most opaque portion of the infrared object identi-
fied by Désert et al. (1990) in the 18 cm OH main lines at 1665
and 1667 MHz in an effort to estimate the molecular mass of the
cloud and determine whether or not this IVMC is gravitationally
bound.

We discuss the efficacy with which the 1667 MHz OH main
line can be used to trace diffuse molecular gas in Section 2 and
our observations of the OH main lines in G211+63 in Section 3.
We describe our results in Section 4 and determine the mass and
gravitational state of the cloud in Section 5. Finally, we summarize
our results in Section 6.

2 TH E E F F I C AC Y O F T H E O H 1 8 C M L I N E S
FOR TRACI NG DI FFUSE MOLECULAR GAS

Historically, the CO(1–0) transition has been the workhorse tracer
for molecular gas in the Galaxy. However, Grenier, Casandjian &
Terrier (2005) proposed that CO may not reliably trace low-density,
diffuse molecular gas. They used a combination of gamma-ray and
infrared data to determine the amount of H2 present in the Galaxy,
dividing it into CO-detectable and CO-dark portions. Models of
photodissociation regions (e.g. Hollenbach & Tielens 1997; Wolfire,
Hollenbach & McKee 2010) indicate that in the outer regions of
molecular clouds, where the environment is low-density and low-
extinction, OH and C+ should be present in significant quantities.
This is confirmed observationally since the CO-dark gas has been
detected using the [C II] line at 158μm (e.g. Langer et al. 2010,
2014), and the OH main lines at 18 cm (Allen et al. 2012). We
review here the evidence that the 1665 and 1667 MHz OH lines can
be used to trace molecular gas in low-density environments.

More than two decades ago, the case was made by Wannier et al.
(1993) that molecular gas not detectable by conventional CO(1–
0) mapping could be picked up by OH observations at 1665 and
1667 MHz. Later, Barriault et al. (2010a) and Cotten et al. (2012)
came to similar conclusions based on OH observations of high-
latitude molecular clouds. Recent work by Allen et al. (2012) and
Allen, Hogg & Engelke (2015) implies that the OH 18 cm lines
are better tracers than the CO(1–0) transition for diffuse molecular
gas – at least for CO-mapping at typical rms levels [e.g. the various
surveys that comprise the Dame, Hartmann & Thaddeus (2001)
CO(1–0) map of the Galactic plane have rms noise levels ranging
over 0.12–0.43 K]. In these low-density, low-extinction regions, the
best molecular tracers are the CO(1–0) line (but at better sensitivities
and velocity resolutions than for conventional surveys – see Donate
& Magnani 2017), the OH 18 cm main lines, and the CH 9 cm main
line (e.g. Magnani & Onello 1993 and references therein).

Given the above, a survey for molecular gas in the OH 18 cm
main lines at the very least should be as efficient as one in CO(1–0)
for detecting diffuse molecular gas. This characteristic of the OH
main lines is important because a glance at the Schlegel et al. (1998)
dust maps shows that G211+63 has E(B − V) values in the 0.08–
0.10 mag range. Detections of molecular emission lines in the radio
regimes at E(B − V) levels ∼0.1 mag are at the limit of feasibility
with current receiver technology (see discussion in Section 8.4 of
Magnani & Shore 2017).

3 O BSERVATI ONA L SET-UP AND STRAT EG Y

The principal observations were made from 2016 July to Decem-
ber with the 305 m radio telescope at the Arecibo Observatory in
Puerto Rico1 using the L-band wide receiver. The back end was the
wideband Arecibo Pulsar Processor (WAPP) configured to observe
simultaneously the two principal OH lines (1665, 1667 MHz), the
satellite OH lines (1612, 1720 MHz), and the H I 21 cm line that
was in the receiver’s band. Each WAPP board registered both polar-
izations with 1.5625 MHz bandwidth, 9-level sampling, and 2048
channels per spectrum. This provided a resolution of 0.14 km s−1 per
channel over a bandwidth of 281 km s−1 centred at vLSR = 0 km s−1.
At 1667 MHz, the angular resolution of Arecibo with the L-band

1During these observations, the Arecibo Observatory was operated by SRI
International under a cooperative agreement with the National Science Foun-
dation (AST-1100968), and in alliance with Ana G. Méndez-Universidad
Metropolitana, and the Universities Space Research Association.
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wide receiver is 2.6 arcmin × 3.1 arcmin elongated in azimuth.
System temperatures on the sky at 1.6 GHz were typically 25–32 K
and a five minute scan resulted in 1σ rms noise levels per channel
of ∼50 mK. The observations were made using only scans on the
source with a fifth-order baseline removed from each spectrum.

We observed six positions in the central regions of the G211+63
cloud (see Table 1) as determined from the Schlegel et al. (1998)
E(B − V) maps (see Fig. 1, at the right). Each position was observed
for periods ranging from 80 to 255 minutes. An additional position
(labelled ‘H I peak’ in Table 1) was observed as part of a separate
project to measure the magnetic field in IVCs using the Zeeman
effect at 21 cm (Smith 2018). These data were obtained from 2013
May to September again using the Arecibo radio telescope. Al-
though the H I line was the main objective of that project, the OH
18 cm main lines were also observed along with the 1720 MHz
satellite line (for the Zeeman project, the 1612 MHz line was omit-
ted). The spectrometer was the Interim 50 MHz Correlator and
the bandwidth was 3.125 MHz resulting in a velocity resolution of
0.275 km s−1 for the OH 18 cm main lines. This particular line of
sight was observed for 25.73 h using on-source scans only with the
Stokes parameters recorded for each line. The resulting rms for this
spectrum, 2 mK, represents one of the most sensitive observations
of the OH 18 cm main lines. Thus, not only did we clearly detect
the F = 2 − 2 main line at 1667 MHz, but also the F = 1 − 1
line at 1665 MHz. With our bandwidth of 3.125 MHz, both lines
were actually present on one of the subcorrelator boards and are
noticeable in the raw spectrum.

The location of all the observed positions are shown in Fig. 1
(right) superposed on a 0.75◦ × 0.75◦ E(B − V) map from the
Schlegel et al. (1998) data base centred on G211+63. AV values for
the observed lines of sight are obtained using R = 3.1 and range
from 0.24 to 0.27 mag. Our detections of the OH 18 cm lines at
these extinctions, equivalent to E(B − V) values of ≈ 0.08 mag,
represent detections of hydroxyl at some of the lowest dust levels
to date.

4 R ESULTS

The results of our observations are shown in Table 1. Five of the
seven lines of sight resulted in detections. Figs 2(a)–(e) show the
spectra of the 1667 MHz line detections. A composite spectrum
of the four detections made at 0.27 km s−1 resolution after Hann-
smoothing is shown in Fig. 3. Three of these positions show two
components as does the composite spectrum. This behaviour was
also evident in the CO(1–0) line for the position we call ‘CO-peak’
(Désert et al. 1990; however, see Section 5.2).

4.1 The OH main lines at the H I peak

The OH detection at the H I peak was serendipitous in the sense
that the observations were a part of another project whose main
goal was to detect Zeeman splitting of the 21 cm H I line (see Smith
2018 for a discussion of those results). Consequently, the observed
position is not at the dust peak of the cloud [E(B − V) ≈ 0.09 mag
from the Schlegel et al. (1998) data] but at the bottom of the dust
ridge, although the E(B − V) value is only slightly lower there
(≈0.08 mag). Nevertheless, it is surprising that the OH emission
detected at the H I peak is stronger than that from the other positions
along the infrared ridge seen in Fig. 1. Because of the extremely
low rms of the observations, an outright detection in the cloud
periphery might have been expected given the proven ability of the
OH 1667 MHz to trace low-density molecular gas in low extinction

regions (see Section 2). However, TB and WOH at the H I peak are
significantly larger than the values for any of the components at the
other positions. Given the sensitivity of this observation it is likely
that we would have detected OH emission at positions 4 and 5 had
we integrated significantly longer. It would be intriguing to map the
whole cloud at the 2–3 mK rms level to see just how far OH emission
could be detected. However, the long integration times needed for
this kind of sensitivity make this idea difficult to implement.

In addition to the 1667 MHz line, we also detected the 1665 MHz
line. The parameters are shown in Table 3 and discussed in Sec-
tion 4.3. The two lines for a composite spectrum of the first four
detections in Table 1 are shown in Fig. 3 and at the H I peak are
shown in Fig. 4.

4.2 The column density of OH and H2

We use our observations to determine N(OH) for each detected
position in the cloud. For the 18 cm lines, in the optically thin
approximation, N(OH) can be expressed as

N (OH) = CiWi(OH)

FηB

Tex,i

Tex,i − Tbg
cm−2, (1)

where i represents one of the 18 cm hyperfine lines, Ci is a con-
stant [= 2.39 × 1014 cm−2 K−1 km−1 s for the 1667 MHz line, e.g.
Wouterloot 1981], and F is the filling factor of the cloud in the
Arecibo beam that we will assume to be 1.0. The beam efficiency, ηB,
can be measured at Arecibo by observing bright quasars. Through-
out the 2016 observing run ηB varied between 0.57 and 0.78 at
1415 MHz with an average of 0.69 ± 0.07. The beam efficiency
decreases with frequency so we used 0.65 ± 0.07 in our calcu-
lations. The last factor in equation (1) requires knowledge of the
excitation temperature of the transition, Tex, and the background
radiation temperature, Tbg, at 1.6 GHz. The latter is a combina-
tion of the cosmic microwave background radiation, the Galactic
synchrotron emission, and the non-thermal background from unre-
solved radio sources that result in Tbg ≈ 3.3 K (see e.g. Grossmann
et al. 1990; Barriault et al. 2010a). If observations of all four lines
of the 2�3/2 J = 3/2 system are available, Tex can be determined
explicitly (see e.g. Wouterloot 1981). In our case, the satellite lines
are too weak to be detected so we will determine N(OH) for four
plausible values of Tex: 5 , 10, 20, and 30 K. The results are shown
in Table 2 and range from 1.2 to 15.9 ×1013 cm−2 across the tem-
perature range.

To convert N(OH) to N(H2) requires the OH/H2 abundance. Lucas
& Liszt (1996) quote values of 2.5–5.0 × 10−8 for diffuse clouds
with extinction similar to that of G211+63 and Liszt & Lucas (2002)
obtain N(OH)/N(H2) = 1.0 ± 0.2 × 10−7 for lines of sight in diffuse
through dark clouds. Most recently, Weselak et al. (2010) derive a
molecular column density ratio for OH/H2 of 1.05 ± 0.14 × 10−7

for 16 translucent lines of sight. For the remainder of the paper we
will adopt an OH/H2 ratio for G211+63 of 1.0 × 10−7.

The subsequent range of N(H2), 1–16 ×1020 cm−2, can be com-
pared with N(H2) estimated from the extinction and the relation-
ship between N(H2) and E(B − V) established by Bohlin, Sav-
age & Drake (1978) from observations of diffuse gas in front
of early type stars. Using their well-established relation between
N(Htotal) [ ≡ 2N (H2) + N (H I)] and E(B − V), Désert et al. (1990)
obtained a value of 1.9 ± 0.2 × 1020 cm−2 based on an infrared
conversion factor determined by Bloemen et al. (1986). If we
use the Bohlin, Savage & Drake relation, N (Htotal)/E(B − V ) =
5.8 × 1021 cm−2 mag−1, and the average E(B − V) over our lines of
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Table 1. Results of OH observations at 1667 MHz for G211+63.

Position � b TA �v(FWHM) vLSR Wa
OH Integration time Ab

V

(deg) (deg) (mK) (km s−1) (km s−1) (mK km s−1) (min) (mag)

CO peakc 210.800 63.100 11.1 ± 4.3 2.49 ± 0.96 −39.13 29.6 ± 16.2 220 0.242
Position 1c 210.843 63.349 23.4 ± 3.8 2.77 ± 0.45 −37.98 64.8 ± 14.9 230 0.274

– – 18.1 ± 3.8 4.03 ± 0.85 −41.62 78.0 ± 21.7 – –
Position 2c 210.823 63.304 26.0 ± 3.7 2.55 ± 0.36 −38.43 70.9 ± 13.3 255 0.265

– – 18.5 ± 3.7 2.11 ± 0.42 −41.99 41.8 ± 11.0 – –
Position 3c 210.804 63.260 12.6 ± 4.6 5.80 ± 2.12 −40.16 78.1 ± 37.8 190 0.246
Position 4 210.784 63.215 11.0d – – – 125 0.244
Position 5 210.765 63.171 10.2d – – – 80 0.247
Total four
detectionsc

– – 13.5 ± 1.4 2.78 ± 0.29 −38.38 40.2 ± 5.9 895 –

– – 9.9 ± 1.4 2.18 ± 0.31 −42.01 23.1 ± 4.3 – –
H I peake 210.695 63.055 39.9 ± 2.1 3.45 ± 0.18 −39.31 147.3 ± 10.2 1544 0.238

aWOH is defined as
∫

TA dv.
bSchlafly & Finkbeiner (2011).
cData are Hann-smoothed to 0.27 km s−1 resolution.
dOne sigma rms.
eThis line of sight was observed with velocity resolution of 0.27 km s−1. No Hann-smoothing was applied.
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Figure 2. (a) The OH 1667 line for the position ‘CO peak’ in Table 1. The Gaussian-fit line parameters are also given in Table 1. The data have been
Hann-smoothed to a velocity resolution of 0.27 km s−1 and the integration time on source was 3.67 h. (b) The OH 1667 line for position 1 in Table 1. The
Gaussian-fit line parameters for this detection are also given in Table 1. The data have been Hann-smoothed to a velocity resolution of 0.27 km s−1 and the
integration time on source was 3.83 h. (c) The OH 1667 line for position 2 in Table 1. The Gaussian-fit line parameters for this detection are also given in
Table 1. The data have been Hann-smoothed to a velocity resolution of 0.27 km s−1 and the integration time on source was 4.25 h. (d) The OH 1667 line for
position 3 in Table 1. The Gaussian-fit line parameters for this detection are also given in Table 1. The data have been Hann-smoothed to a velocity resolution
of 0.27 km s−1 and the integration time on source was 3.17 h.
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Figure 3. Composite 1665 MHz (top) and 1667 MHz (bottom) spectra for
the first four positions in Table 1. The spectra were averaged to reduce the
noise and the net integration time was 14.92 h on source. Two components
are clearly noticeable in the 1667 MHz line while the 1665 MHz line shows
a single broad component. The Gaussian-fit parameters for the two lines
are given in Tables 1 and 3. The data were Hann-smoothed to a velocity
resolution of 0.27 km s−1.

-55 -50 -45 -40 -35 -30 -25
LSR Velocity [km s-1]

-0.02

0.00

0.02

0.04

0.06

0.08

0.10

0.12

A
nt

en
na

 T
em

pe
ra

tu
re

 [
K

]

Figure 4. Same as Fig. 3 but for the ‘H I peak’ position. The integration
time here was 25.73 h, and the velocity resolution is virtually the same as
for the spectra in Figs 2 and 3.

sight, 0.08 mag, we obtain 4.6 × 1020 cm−2, consistent with Désert
et al. (1990) and our OH results, at least for the larger values of Tex.

4.3 The 1665 MHz line

The 1665 MHz line was detected for all lines of sight where we had
1667 MHz emission. However, with the exception of the H I peak
observation, the signal-to-noise ratio was only in the 2–3 range.
Thus, for the four 1667 MHz detections from the 2016 observing
run, we added the 1665 MHz spectra together. The composite spec-
trum shows a weak, but clear, 1665 MHz signal (see Fig. 3). The
parameters for this line and the one at the H I peak are shown in
Table 3. For the composite spectrum, the signal-to-noise ratio of
the 1665 MHz line does not show two distinct velocity components

as does the 1667 MHz line (see Fig. 3), but the extent of the OH
emission is virtually the same for both spectra. Although the lines
appear qualitatively different, multiplying the 1665 MHz line by 1.8
(the ratio of the 1667/1665 lines in the optically thin approximation)
and subtracting one spectrum from the other leaves a noise spectrum
with no identifiable features. This implies that the emission from
the two transitions is consistent as far as spectral features. For the
H I peak detection, the 1665 MHz line shows a possible blueshifted
wing. However, once again multiplying the 1665 MHz line by 1.8
and subtracting from the 1667 MHz line spectrum left a residual
indistinguishable from noise. Thus, the 1665 MHz line is similar in
both instances to the 1667 MHz transition, and there is no sign of
anomalous excitation.

The ratio of the integrated intensities (1667/1665) is 1.42 ± 0.39
for the four summed detections and 1.86 ± 0.15 for the H I peak.
This indicates the OH 18 cm main lines arise in optically thin gas
(e.g. Wouterloot 1981) and is not surprising given the low column
densities in the cloud.

5 D ISCUSSION

5.1 Mass and gravitational state

We can assess the gravitational stability of G211+63 by comparing
the mass of the cloud derived from our estimates of N(H2) from
Section 4 to the virial mass derived from the velocity dispersion of
the detections listed in Table 1. We begin with the determination of
the virial mass. For a sphere with uniform density, the virial theorem
gives

σ1D = 0.0293(Mvir/R)0/5 km s−1, (2)

where σ 1D is the one-dimensional velocity dispersion in km s−1,
Mvir is the virial mass in solar masses, and R is the equivalent radius
in pc from the projected surface area: R = (�d2)0.5, with � as the
solid angle covered by the cloud and d the distance from the Sun.
We estimate � from the area within the 0.08 mag E(B − V) contour
in Fig. 1 to be ≈ 0.11 deg2 ≈ 3.4 × 10−5 steradians. For the cloud
distance, Désert et al. (1990) estimate that G211+63 is at 100 pc.
This is based primarily on observations of calcium absorption lines
by Wesselius & Fejes (1973) who bracketed the nearby IVC neutral
hydrogen complex NHX 210◦ + 70◦ − 42 between 12 and 400 pc.
G211+63 is projected on the periphery of this larger H I structure and
likely shares its distance. We will determine the mass of G211+63
on the basis of four possible distances: 100, 200, 300, and 400 pc.

The seven LSR velocities in Table 1 give σ1D = 1.53 km s−1

allowing us to determine the virial mass of G211+63 using equa-
tion (2). The values for Mvir for the four possible distances are given
in Table 4. We also calculate Mvir for a cloud density distribution
ρ∝R−2 using the standard relationship

Mvir = 393σ 2
1DR M�. (3)

As is clear from Table 4, the lowest reasonable virial mass is
530 M�. We can estimate the mass of G211+63 from our OH data
by using the data in Table 2, assuming a cloud distance and an
OH/H2 ratio. If the cloud has an area of 3.4 × 10−5 steradians,
this becomes 3.3 × 1036 cm2 at 100 pc. Expressing M(OH) =
N (OH) AmOH – where mOH is the mass of an OH molecule in
grams (2.8 × 10−23 g), A is the area in cm2, and N(OH) is the aver-
age OH column density at Tex = 5 K (the highest column densities
from Table 2) in the given area – we derive an OH mass for the
cloud of 1.0 × 1028 g for a cloud distance of 100 pc and 16 times
more than that for a distance of 400 pc. If we assume an OH/H2
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Table 2. OH column densities for four possible excitation temperatures.

Position N(OH) for Tex = 5 K N(OH) for Tex = 10 K N(OH) for Tex = 20 K N(OH) for Tex = 30 K
(cm−2) (cm−2) (cm−2) (cm−2)

CO peak 3.20 ± 1.78 × 1013 1.62 ± 0.90 × 1013 1.30 ± 0.73 × 1013 1.22 ± 0.68 × 1013

Position 1a 1.54 ± 0.33 × 1014 7.84 ± 1.67 × 1013 6.29 ± 1.34 × 1013 5.90 ± 1.26 × 1013

Position 2a 1.22 ± 0.23 × 1014 6.18 ± 1.16 × 1013 4.96 ± 0.93 × 1013 4.66 ± 0.87 × 1013

Position 3a 8.45 ± 4.19 × 1013 4.29 ± 2.13 × 1013 3.44 ± 1.71 × 1013 3.23 ± 1.60 × 1013

H I peak 1.59 ± 0.20 × 1014 8.08 ± 1.03 × 1013 6.49 ± 0.83 × 1013 6.09 ± 0.78 × 1013

Average 1.10 ± 0.64 × 1014 5.60 ± 3.25 × 1013 4.50 ± 2.60 × 1013 4.22 ± 2.44 × 1013

aSeparate components from Table 1 are added together here.

Table 3. 1665 MHz line data.

Position TA �v(FWHM) vLSR Wa
OH WOH(1667)/WOH(1665)

(mK) (km s−1) (km s−1) (mK km s−1)

Total four detectionsb, c 9.2 ± 2.2 2.44 ± 0.58 −38.44 24.0 ± 8.1 1.68 ± 0.62
–b, c 5.9 ± 2.2 3.89 ± 1.45 −42.16 24.4 ± 12.9 0.95 ± 0.54
–b, d 7.9 ± 2.2 5.27 ± 1.33 −40.18 44.6 ± 16.8 1.42 ± 0.39
H I peak 23.0 ± 2.1 3.21 ± 0.29 −39.06 ± 0.08 79.0 ± 10.1 1.86 ± 0.15

aWOH is defined as
∫

TA dv.
bData are Hann-smoothed to 0.27 km s−1 resolution.
cTwo Gaussians fit to data.
dSingle Gaussian fit to data.

ratio of 1.0 × 10−7 as described in Section 4.2, these values become
51–820 M�. Values of N(OH) for 10–30 K give lower masses. Only
the highest possible cloud mass (Tex = 5 K, d = 400 pc) is greater
than the lowest plausible virial mass (density ∝R−2, d = 100 pc).
All other values of Tex and d lead to lower cloud masses compared
to the virial mass. If we compare masses at the same distance, then
the virial mass of the cloud is at least 2.6 times the mass derived
from the OH observations.

An alternate way to analyse the gravitational state of the cloud
is to follow Magnani, LaRosa & Shore (1993) and use the column
density of a Jeans-unstable clump, NJ = nλJ, where λJ is the Jeans
length. NJ can be written as

NJ = 2 × 1022v5,t n
1/2
3 μ−1/2 cm−2, (4)

where n3 is the number density of the gas in units of 1000 cm−3,
v5,t is the turbulent velocity (approximated here as the velocity
dispersion of the cloud) in km s−1, and μ is the mean molecular
weight that we will assume to be 2.3 for a gas composed of H2 and
He. The cloud is gravitationally unstable to collapse if N ≥ NJ. The
volume density can be obtained from Table 2 by taking the average
column density, multiplying by the inverse of the OH/H2 abundance,
and dividing by the path length through the cloud. If we assume the
cloud extends in the radial direction, the same amount as in the
plane of the sky, the path length would be ≈1–4 pc for distances
ranging from 400 to 100 pc. In the most extreme low column density
case (Tex = 30 K), n has a value of 34–140 cm−3. All other values
of Tex lead to higher average densities. For these estimates of n, NJ

ranges from 3.7 to 7.5 × 1021 cm−2. The highest column density
derivable from the OH data in Table 2 is based on Tex = 5 K. Using
this value and the OH/H2 abundance leads to an average N(H2) of
1.1 × 1021. Even comparing the highest cloud column densities
with the lowest values of NJ leads to the conclusion that the cloud
is not gravitationally collapsing.

In this respect, G211+63 resembles the bulk of high-latitude
molecular clouds that are not bound by gravity and likely breaking
up on the sound crossing time (∼106 yr). If this analysis is confirmed

for other IVMCs then these objects may be transient structures
formed as thermal instabilities in large-scale atomic flows (e.g.
Shore et al. 2003; Shore et al. 2007; Barriault et al. 2010b).

5.2 Linewdiths compared to CO

Désert et al. (1990) observed only one position in the cloud (which
we refer to as the ‘CO peak’) in the CO(1–0) line. They noted one
component with a velocity full width at half-maximum (FWHM)
of 1.9 km s−1. They also reported other CO observations but of the
(2–1) line from the IRAM 30 m radio telescope that showed two
distinct velocity components like the ones we observe for positions
1–3. They give no line parameters but comment that the strength
of the two peaks was highly variable within two beams (about
30 arcsec) of the central observation at (�, b) = (210.927◦, 63.280◦).
They do show a spectrum for the central CO(2-1) position where
the two components are each only two channels wide. Their IRAM
observations were made at 1.3 km s−1 resolution so the individual
components have to be less than 2.6 km s−1 wide (FWHM). Our
OH linewidths are clearly larger than the CO lines in four out of
seven instances.

The reason for this behaviour is difficult to ascertain because the
CO and OH observations are at significantly different sensitivities
and resolutions. The behaviour of molecular gas at cloud edges
is not often discussed and there is little consensus on even the
phenomenology of spectral lines at cloud edges. If the OH main lines
are tracing the diffuse outer regions of the molecular cloud, then the
broader profiles could be due to two effects: (1) The portion of line
coming from the cloud edge could be tracing gas at significantly
lower density than along the ridge. This gas might be more easily
‘stirred up’ by external flows than the denser, more sheltered inner
regions of the cloud. (2) Alternatively, intermittency could play a
role in broadening the profile (Falgarone et al. 1994; Falgarone
& Phillips 1990). Normally, intermittency is demonstrated as non-
Gaussian wings on a probability distribution function (PDF) – in this
case the PDF is a histogram of the fluctuations of velocity centroids
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Table 4. Virial and OH-derived masses for G211+63 as a function of distance.

Distance R Ma
vir Mb

vir M at 5 K M at 10 K Mb
vir / (M at 5 K) Mb

vir / (M at 10 K)
(pc) (pc) (M�) (M�) (M�) (M�)

100 0.58 1.6 × 103 5.3 × 102 51 26 10 20
200 1.16 3.3 × 103 1.1 × 103 200 100 5.5 11
300 1.75 4.8 × 103 1.6 × 103 460 230 3.5 7.0
400 2.33 6.4 × 103 2.1 × 103 820 420 2.6 5.0

aAssumes uniform density.
bAssumes density ∝R−2.

as obtained from individual spectra across the face of a cloud.
However, Magnani & Shore (2017) argue that for homogeneous
turbulence, this should be the same as the line profile, where we
substitute the fluctuations along the radial direction through the
cloud for the fluctuations across the face of the cloud. In this sense,
our more sensitive spectra might allow us to see intermittency if
it is present along the line of sight. From the Gaussian fits to the
data (Tables 1 and 3), it seems that the profiles are well fit by
a Gaussian distribution. The blueshifted ‘wing’ in the 1665 MHz
profile from the H I peak is most likely not real, especially as it is
not seen in the 1667 MHz line. Either intermittency is not present
along the observed lines of sight (this could be a consequence of the
turbulence not being fully developed) or the data are not sensitive
enough to pick up the non-Gaussian portions of the line. If the latter
is the case, then given our very long integration times, it would
seem the OH 18 cm lines are not the right transitions for detecting
intermittency in diffuse or translucent molecular clouds. Thus, the
lack of non-Gaussian wings in the 1667 MHz line at the H I peak
seems to indicate that the transition is tracing molecular gas that
arises from the stirred-up edges of the cloud.

6 SU M M A RY

We present the first observations of the OH main lines at 18 cm in an
IVMC. The cloud, G211+63, was observed in seven lines of sight
along an infrared ridge that seems to define the molecular portion
of the cloud. We detected OH emission in five of them and these
are the first OH detections in this type of molecular cloud. All of
the detections have E(B − V) ≈ 0.08–0.09 mag supporting recent
claims that the OH 1665 and 1667 MHz lines are excellent tracers
of diffuse molecular gas. The strongest emission we detected came
from the lower portion of the infrared ridge away from the dust
peak. This observation was at a very high sensitivity (Trms ≈ 2 mK)
and the 1665 MHz line was clearly detected with a 1667/1665
line ratio of 1.86 ± 0.15, consistent with optically thin emission.
The column densities we calculated from our data range from 1.2
to 15.9 × 1013 cm−2 for excitation temperatures ranging from 5 to
30 K. Under the assumption that the OH/H2 ratio is 1.0 × 10−7, the
resulting molecular column densities are consistent with both E(B
− V) values for G211+63 from the Schlegel et al. (1998) data base
and with estimates from CO data presented by Désert et al. (1990).

By estimating the size of the cloud as the region with E(B − V ) ≥
0.08 mag, we determine the cloud mass to range from 26 to 820 M�
for distances from 100 to 400 pc and Tex from 5 to 10 K. We also
used our limited OH data to determine a velocity dispersion for
the cloud of 1.53 km s−1. With this value we then determine that
the cloud mass is significantly less than the virial mass. If this
result is corroborated by more extensive mapping in either OH or
CO, then the cloud would be breaking up on a sound crossing
time-scale (∼106 yr). The results of our observations indicate that

G211+63 most closely resembles diffuse molecular clouds such as
those catalogued by Magnani et al. (1996).
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