
19
 6 

9A
pJ

. 
. .

15
5L

. 
.2

1C
 

The Astrophysical Journal, Vol. 155, January 1969 

A SURVEY OF DUST CLOUDS FOR OH EMISSION 

D. D. CUDABACK AND C. HEILES 
Radio Astronomy Laboratory, University of California, Berkeley 

Received November 25, 1968 

ABSTRACT 
OH was detected in twenty out of seventy-nine interstellar dust clouds. Radial velocity is close to 

that of nearby hydrogen. The clouds at very low galactic latitude show the OH in absorption. 

OH emission, suspected to be normal thermal emission, was previously observed 
in four interstellar dust clouds by Heiles (1968). Dust clouds are suspected to contain 
most of their hydrogen as H2 or in solid form on grains. If H2 predominates, there would 
be about 100 H2 molecules cm~3. In the four clouds previously reported, there were 
about 10-6 OH molecules cm-3. With normal chemical abundances there would be a 
ratio of OH to O of about 10-5. 

We have performed a new survey for OH emission only at 1667 MHz in dust clouds 
in order to prepare a catalogue from a meaningful sample of clouds. One of us examined 
every print of the Palomar Sky Atlas for the presence of dust clouds, which seemed to be 
unusually dark. Among the clouds chosen were seventy-seven which were observed. 
Various practical reasons caused the integration times of the radio observations to vary 
over a range of 2-13 hours. The longer integration times fell onto clouds representing an 
unbiased sample of the original list. In addition, we observed a suspected protoplanet ary 
system, R Mon, and a dust cloud identified onlv by its 10 magnitudes of visual extinction 
of VI Cyg No. 12. 

The observations were made with the Hat Creek 85-foot radio telescope and 100- 
channel filter receiver. Channel widths and spacings of 2 kHz were used, giving a velocity 
range of ± 18 km sec-1 about the center channel. The system noise temperature was 
about 175° K. 

Each object on the list was observed during sessions in October and December 1967. 
Objects which appeared to show OH were reobserved in February-March and May- 
June 1968. Most of the suspected objects with emission were confirmed. Table 1 gives 
the observational results and includes all clouds observed in this program and the pre- 
vious one by Heiles (1968). We have named the clouds by the galactic coordinates of the 
apparent optical center, chosen by eye in the Palomar Sky Atlas. The 33' antenna beam 
was centered at this position. The position of maximum OH brightness was not deter- 
mined. Conservatively speaking, the peak antenna temperature in the line has an uncer- 
tainty of about 0.1° K and the velocity with respect to the local standard of rest has an 
uncertainty of about 0.5 km sec-1. 

The central velocity of the search observations was taken to be the central velocity 
of neutral hydrogen in that direction. Confirming observations were centered on the 
velocity of the suspected feature, and both values are given in Table 1. We also give the 
total number of hours of integration and the number of observing sessions on each object. 
An “H” indicates observations from the original paper by Heiles (1968), and a question 
mark indicates uncertain identification of the existence of a line. 

Four obvious statistical relationships stand out for the clouds showing OH. 
1. Correlation with Gould’s belt.—Most of the clouds with OH lie in Gould’s belt, 

simply because most dust clouds lie in Gould’s belt, except for the cloud complex at 
120° longitude. 
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L22 D. D. CUDABACK AND C. HEILES 

2. Low-latitude absorption,—OH at low latitudes is usually in absorption. We have 
observed absorption near W31, W44, and W80. The OH absorption in the latter two 
objects has been confirmed by one of us with the NRAO 140-foot radio telescope and 
100-channel autocorrelation receiver. The equation of transfer yielding the observed 
OH-line brightness temperature 7b is 

Tb = (Ton - Tc) (1 - e-'), 

where Ton is the OH excitation temperature, Tc the continuum brightness temperature 
behind the cloud, and r the OH-line optical depth. For absorption we require Ton < Tc. 
The continuum brightness temperatures at 18-cm wavelength for the four clouds showing 
absorption, determined from Westerhout’s (1958) survey, are G12.7 —0.5, 6° K; G34.3 — 
0.8, 6° K; G35.4+0.1, 9° K; G84.7 —1.0, 6° K. These quite small temperatures are upper 
limits to Ton. The general nature of these results is confirmed by direct measurements 
of Ton by Heiles (1969), who also treats the problem of Ton theoretically. 

The tendency toward absorption at low galactic latitudes, then, reflects the generally 
higher continuum background at low latitudes; we expect to see OH in absorption near 
the galactic plane and in emission far from the plane. At intermediate latitudes where 
the continuum temperature typically equals the excitation temperature, the line van- 
ishes. This is apparent in Table 1; many clouds were observed between 6n = 2° and 
bn = 6°, but none showed OH lines. 

3. OH and H velocity correlation.—The OH velocity is always within ±2 km sec-1 of 
the nearby 21-cm hydrogen velocity, as given by van Woerden, Takakubo, and Braes 
(1962) for intermediate latitudes and by van de Hulst, Müller, and Oort (1954) or by 
Westerhout (1966) for low latitudes. 

The objects showing OH absorption are particularly interesting. We chose these 
clouds because of the presence of dust, without realizing the presence of nearby con- 
tinuum sources. Comparison of the H i absorption spectrum of W44 with the OH absorp- 
tion spectrum of G35.4+0.1, 0?95 away, reveals that the H i absorption is centered at 
12, 30, and 42 km sec-1 and the OH absorption at 13.4 and 28.9 km sec-1. Goss (1968) 
observed OH absorption in W44 at 12, 25, and 43 km sec-1, but he also found non- 
thermal OH emission at 13 and 43 km sec-1. Goss and Robinson (1968) further observed 
emission at 43.4 and 46.3 km sec-1 but did not see anything at 13 km sec-1. Our measure- 
ments did not reach velocities above 30 km sec-1. 

We believe that the non-thermal emission is associated with H n regions and that the 
thermal emission assumed in the main content of this Letter is associated with dust 
clouds. If that is true, only the 28.9 km sec-1 feature that we observed is associated with 
dust. 

Another interesting case of absorption occurs with the “Gulf of Mexico” dust cloud, 
G84.7 —1.0, which is 0?36 away from Goss’s (1968) measurement on the North America 
Nebula, W80. Goss used the same antenna we did, but he pointed it at the position of 
peak continuum brightness. There is a great deal of dust at Goss’s central position, and 
pur beam areas overlap. Our velocity is 3.6 km sec-1 higher than Goss’s. This velocity 
difference occurs over a linear distance of 13 pc if the kinematic distance of W80 from 
Dieter (1967) is correct. On the other hand, G173.9 —15.9 and G173.3 —16.3, which are 
separated by 0?72, have the same velocities within the measurement uncertainty. 
If the OH that we observe is really associated with the dust clouds, these appear to be 
the first measurements of dust-cloud velocities and velocity structures. 

4. Probability of OH occurrence.—Most of the OH antenna temperatures that we 
observed were close to the sensitivity limit, so that longer integration times and/or 
lower system, temperature would enable more to be detected. It is significant that no 
cloud was found with a much higher abundance of OH than in Heiles’ first list. 
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L26 D. D. CUDABACK AND C. HEILES 

Finally, it appears that there is an absorption core 2 kHz wide in some of the absorp- 
tion lines. This is particularly apparent in the 13 km sec-1 component of GSS^+O.!," 
where it appears both in Hat Creek and NRAO observations. A definite statement on 
these cores awaits further observations. 

Funds for this work came in part from Office of Naval Research contract Nonr 222(66) 
and from the National Science Foundation. 
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