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ABSTRACT 
A study of 11 type I OH masers is presented. We have determined the maser positions with the 

Owens Valley interferometer to an accuracy of ± 5". Stokes parameters of the emission features 
are given; several masers show strong linear polarization. H20 masers were detected in the direc- 
tions of eight of the sources. Radio continuum observations at 2695 and 8085 MHz were made 
with the NRAO interferometer; six of the OH masers are coincident with compact H n regions 
which are optically thick at 2695 MHz. Infrared observations toward the positions of OH masers 
have resulted in the discovery of seven new infrared sources at 10 /xm. Infrared photometry of 
these sources is presented. 

The spatial coincidences of OH masers, compact H n regions, infrared objects, and HaO masers 
are examined. The strongest correlation is found between OH and H20 masers, but this effect 
may be due to the large uncertainties in the HaO maser positions. The correlation of infrared 
objects with OH masers is about as strong as the correlation of compact H n regions with OH 
masers. The data are used to test several proposed pump models for each maser, those which 
pump the OH maser by ultraviolet photons, far-infrared photons, and anisotropic collisions. Quite 
generous assumptions are required in order to predict enough ultraviolet or far-infrared photons 
to produce the observed flux of maser photons. The model with anisotropic collisions predicts 
sufficient fluxes, but its theoretical basis is incomplete. 
Subject headings: infrared : sources — interferometry — masers — nebulae : general — polarization 

I. introduction 

OH masers which emit predominantly at 1665 MHz 
(type I in the notation of Turner 1970a) appear to be 
associated with young objects in regions of recent star 
formation, but neither the pump mechanism nor the 
precise nature of the masing region has been con- 
clusively established. Habing et aï. (1974) have found 
a relatively strong correlation between 1665 MHz OH 
masers and the presence of a compact H n region. They 
suggested that such an H n region is necessary for type I 
maser emission. Their study and most earlier studies 
of OH sources are biased toward OH masers near well- 
developed H ii regions. It is thus difficult to decide 
whether infrared sources or compact H n regions are 
causally related to the OH masers. 

* Guest Investigator at the Hale Observatories. 
t Visiting Astronomer, Kitt Peak National Observatory, 

which is operated by the Association of Universities for 
Research in Astronomy, Inc., under contract with the National 
Science Foundation. 

The surveys of Turner (19706), Downes (1970), 
Robinson, Caswell, and Goss (1971), and Turner 
(1978) discovered a large number of 1665 MHz masers ; 
these provide a larger and less biased sample for study. 
In particular, the survey of Turner (1978) is not biased 
toward known H ii regions within the zone of |6I3C| < 
Io and 337° < /n < 85°. We have measured positions 
for 11 of the OH masers from this survey. These 11 
masers represent a random sample of those found by 
Turner. A number of additional masers were studied 
at infrared wavelengths to check the connection be- 
tween OH masers and infrared sources. 

II. OBSERVATIONS 

Observations were made with the Owens Valley 
130 foot (40 m) telescope to establish approximate 
positions of the OH masers. The 100-channel auto- 
correlator was used with a resolution of 2.5 kHz or 
0.45 km s-1. This system was also used with a resolu- 
tion of 0.625 kHz (0.11 km s-1) to resolve lobe 
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TYPE I OH MASERS 451 

ambiguities present in the interferometer data and to 
obtain Stokes parameters. 

The OH position measurements were made during 
1974 May-June with the Owens Valley interferometer 
arranged in a north-south baseline of 244 meters. The 
observing procedure and system parameters were des- 
cribed by Evans, Crutcher, and Wilson (1976); a bank 
of 23 filters of 1 kHz width was added in parallel to 24 
of the 4 kHz filters. Two local oscillator settings were 
used, so that the 1 kHz filters provided O.lSkms-1 

resolution over a range of 6.3 km s_1. Because most of 
the sources have only a few velocity features, this range 
provided sufficient velocity coverage. The rms noise in a 
single 1 kHz channel was 1 Jy in a typical 10 minute 
integration. The flux calibration was determined by 
interpolating the tabulated fluxes of calibrators to 
1665 MHz. 

The baseline was determined to 1.4% (1% of phase 
variation ~ T'8) by observing 20 unresolved continuum 
sources over a wide range of declinations and hour 
angles. The instrumental phase and gain were cali- 
brated about once per hour on nearby continuum 
sources. The fit to the instrumental phase was good to 
1%, and the fit to the gain was good to 10%. The total 
phase variation was generally less than 3% during a 
day, but was 6% on 1 of the 4 days. We have assigned 
a minimum uncertainty of ± 5" in each coordinate to 
allow for systematic effects of this sort. 

The 130 foot telescope was used in 1975 June-July 
to search for H20 masers at the positions of the OH 
masers. Observations were made with resolutions of 
25 kHz (0.34 km s"1), 6.25 kHz (0.08 km s"1) and 
2.50 kHz (0.03 km s-1). The system temperature was 
~700K, the aperture efficiency was ~25% (~9Jy 
per K of antenna temperature), and the half-power 
beamwidthwas ~95". 

The radio continuum observations were carried out 
with the three-element interferometer at the National 
Radio Astronomy Observatory1 operated at fre- 
quencies of 2695 and 8085 MHz. For each of the radio 
observations, a single telescope-pointing position, 
centered on the position of the OH emission source, 
was used; this technique enabled us to search for radio 
continuum emission over a region 18' in diameter at 
2695 MHz and 6' in diameter at 8085 MHz. The 
purpose of the radio continuum observations was to 
determine the positions, sizes, and fluxes of any 
sources which existed in the fields searched; no attempt 
was made to obtain complete synthesis maps. The inter- 
ferometer baselines used for these observations were 
200, 300, 600, 900, 1500, 1800, 1900, 2100, and 
2700 m, although not all of the OH positions were 
observed at both frequencies on all baselines. For each 
of the observed regions, maps were constructed at both 
frequencies; where sources were present, one or more 
elliptical Gaussian components were fitted to the 
calibrated data. Owing to our incomplete (w, v) cover- 
age, these observations are not uniformly sensitive to 
continuum emission on all angular scales. In particular, 
the absence of very short spacings in the observations 

1 Operated by Associated Universities, Inc., under contract 
with the National Science Foundation. 

severely restricts the sensitivity to extended emission. 
This problem is most acute at 8085 MHz. Hence these 
observations are useful in establishing the radio con- 
tinuum properties of only the more compact com- 
ponents present in each field, those with angular 
diameters < 15" at 2695 MHz and <6" at 8085 MHz. 

Most of the infrared observations were made with 
the 60 inch (1.5 m) telescope at Mount Wilson Obser- 
vatory and the system described by Beckwith et al. 
(1976). Observations were made with a spatial resolu- 
tion of 9" (FWHM) and a beam separation of 13" for 
sky subtraction. Standard stars were observed period- 
ically for the purposes of calibration and standard air- 
mass corrections were applied to the measurements. 
For measurements made at 2.2/mi, 3.4/¿m, 4.8/¿m, 
and 10 /xm, the uncertainties result mainly from 
statistical uncertainties; for measurements made at 
8.7/¿m, 9.5/zm, 11.2/zm, 12.5/zm, and 20/zm, the 
uncertainties result mainly from uncertainties in the 
system calibration and air-mass corrections. The ap- 
erture was positioned spatially by guiding with an 
offset eyepiece on nearby field stars whose positions 
were measured to ±1" from the Sky Survey plates. The 
actual position uncertainties are of order 5"; they are 
due to guiding errors and uncertainties in peaking up 
weak sources. The infrared source associated with 
NGC 2071 was observed at 3.4 and 2.2/zm with a 
spatial resolution of 30" and a beam separation of 
60" at the 1.3 m telescope of the Kitt Peak National 
Observatory. The observing technique is described by 
Evans, Blair, and Beckwith (1977). 

For the OH source positions at which infrared upper 
limits are given, five measurements were made, one 
measurement at the source position and four measure- 
ments at positions displaced by half the diameter of the 
aperture north, south, east and west of this position. 
The quoted limits are the largest limit of these measure- 
ments in each case. All the limits are 3 standard 
deviations. 

in. RESULTS 
a) Positions 

The positions of the OH masers are presented in 
Table 1. The positions of different velocity features 
agree within the uncertainties. Only the data from the 
1 kHz filters have been used to determine the positions 
in Table 1, although the positions determined from the 
4 kHz filters agree very well. The position of OH 19.6— 
0.2, which was measured by Goss et al. (1973), was 
remeasured as a check and agreed well. Caswell and 
Robinson (1974) used the Parkes 210 foot (64 m) 
telescope to measure a position for OH 353.4—0.3 
with ~ 30" errors. The position of OH 353.4—0.3 in 
Table 1 is ~3' east of their position. Because no lobe- 
shifted positions are possible within 13' east or west 
of the position in Table 1, it is probably correct. For 
OH 355.2+0.1, a lobe-shifted position is possible 
~7Í5 north and 1' west of the position in Table 1. 

b) Polarization 
Table 2 presents the Stokes parameters of the OH 

masers for each identifiable velocity feature. The 

© American Astronomical Society • Provided by the NASA Astrophysics Data System 



19
7 

9A
pJ

. 
. .

22
7.

 .
45

0E
 

452 EVANS, BECKWITH, BROWN, AND GILMORE 

TABLE 1 
OH Positions 

Vol. 227 

Source 

(1) 

«(1950) 

(2) 

6(1950) 

(3) 

Velocity+ Peak Flux+ References 
(km s"1) (Jy) 

(4) (5) (6) 
OH353. 4-0. 3 17h27m05S9+14" -34° 39'2t>"+5" 

OH355.2+0. 1 17 30 12.0+8 -32 45 54 +5 

OH12.2-0.1 18 09 48.2^6 -18 25 13 +5 

OH 12. 9-0.3 18 H 43.9+5 -17 52 57 +5 

OH19.6-0.2 18 24 50.4+16 -11 58 24 +6 
OH34.3+0.2 18 50 46.5+5 +01 11 16 +5 

OH35.2-1.7 18 59 12.5+5 +01 09 16 +5 

OH35.6-0.0 18 53 51.7jf5 +02 16 31 +5 
OH40. 6-0.1 19 03 34. 9+6 +06 41 55 ^5 
OH43. 8-0.1 19 09 30.5_+7 +09 30 46 45 

OH48.6+0.0 19 18 13.0+5 +13 49 46 +5 

-20.6 
-19-6 

16. 3 
18. 5 
19.6 
27. 6 
28. 8 
36. 5 
37. 3 
38. 0 
39-7 
41.8 
55.7 
58. 0 
59- 0 
42. 1 
43. 6 
44. 8 
48. 9 
32. 3 
38. 8 
41.3 
43. 3 
19.7 
20. 4 

5 
5 

11 
12 

9 
22 
23 
83 
44 
69 

130 

19 
49 
29 
49 

9 
10 
52 
62 
14 

125 
9 

15 
14 

2, 3, 4 

2, 3 

6 

6,8 

2, 3,4, 5 
3 

1,2, 3,4 
6 
6,7 

2,4 

Notes to Table 1 
t For sources with multiple velocity features, the velocity and peak flux of each feature are given. 
References.—(1) Downes 1970. (2) Turner 1910b. (3) Dickinson and Turner 1972. (4) Caswell and 

Robinson 1974. (5) Goss et al. 1973. (6) Turner 1978. (7) Winnberg et al. 1975. (8) Wynn-Williams, Werner, 
and Wilson 1974. 

fractions of linear (PL) and circular (Pc) polarization 
are also given in Table 2. Many of the features show 
large ( > 0.90) circular polarizations. A surprising result 
is that several features exhibit large linear polarization. 
For comparison, only one of 50 features recorded by 
Palmer and Zuckerman (1967) exhibits linear polariza- 
tion; this feature is in W75 (PL — 0.42). Most of the 
sources studied by Palmer and Zuckerman are associ- 
ated with large H n regions and displayed many velocity 
components. Two of the sources in Table 2 with large 
linear polarization have only a single, very narrow 
velocity feature, and a third source has only two velocity 
features. These facts suggest that linear polarization 
becomes apparent in sources with simple velocity 
structures. 

The uncertainties in the entries in Table 2 arise from 
statistical uncertainties, differences in the system 
response at different polarization angles, and insuffi- 
cient velocity resolution. The statistical uncertainties 
in all four Stokes parameters are ± 3 Jy. Upper and 
lower limits on S3 are used to indicate that no feature 
with Sv > 3 Jy could be detected in one circular 

polarization. These limits are translated into lower 
limits on Pc. The uncertainties in PL and Pc are calcu- 
lated from the statistical uncertainties. The errors in 
the Stokes parameters introduced by differing system 
response to different polarization angles may be 
estimated from the values of total flux given in columns 
(2)-(4). These were derived from three different pairs 
of polarizations, as described in the notes to Table 2. 
Averaging over all features gives (S0'IS0y = 1.05 ± 
0.13 and (S0IS0"} = 1.12 ± 0.11; ideally these would 
all be equal. Thus the only possibly significant system- 
atic difference in the Stokes parameters is between 
circular and linear polarizations. Nonetheless, an 
average of S0 and SQ' has been used to determine PL. 
An additional uncertainty arises because many of the 
features are extremely narrow (col. [11] of Table 2) 
and the lines could not be centered in exactly the same 
way at each polarization. The effect of this uncertainty 
can be seen in Table 2. The differences between the 
individual entries in columns (2)-(4) exceed those ex- 
pected from statistical uncertainties in many cases. 
For this reason, the Stokes parameters for OH 
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TABLE 2 
Polarization Measurements 

453 

Source 

(1) 

s S' s* o o o 
(Jy) (Jy) (Jy) 
(2) (3) (4) 

1 
(Jy) 
(5) 

2 3 
(Jy) (Jy) 
(6) (7) (8) (9) 

(km s S (km s 
(10) 

AV 
:m s 
(H) 

OH12.2-0. 1 

OH 12. 9-0. 3* 

OH 34. 3+0 2 

OH 35 2- 1.7 

OH35. 6-0. 0 
OH40. 6-0. 1 
OH43. 8-0. 1 

OH48.6+0. 0 

56 
52 

54 
57 

45 
46 

32 27 26 
78 61 50 

149 146 148 
133 118 114 
231 226 234 

45 41 44 
111 103 93 
107 80 105 

57 55 50 
90 101 86 
51 51 45 
29 32 29 
26 20 23 

107 100 92 
169 172 162 

30 24 21 
104 96 105 
306 289 274 

2 
-2 

2 
6 

60 
45 

-31 
3 

19 
-3 

5 
-16 

11 
-5 

6 
41 

-63 
-2 

8 
-52 

8 
-3 
-5 
-3 

-46 
-18 

10 
5 

15 
2 
1 

-19 
13 

6 
-2 

-48 
48 
+2 

0 
74 

>42 
-10 

<-21 
30 

0 
66 

-182 
<-36 

53 
73 

>46 
-70 

<- 4! 
<-26 
<-21 

<-18 
-31 
-72 

0.15+0.05 
0.07+0.06 
0.18+0.10 
0.10+0.04 
0.51+0.02 
0.39+0.02 
0.14+0.01 
0.14+0.07 
0. 23+0. 03 
0.03+0.03 
0. 09H). 05 
0.26+0.03 
0. 33jf0. 06 
0.26+0.11 
0.27+0.12 

>0.93 28. 1 
0.22+0.07 29-4 

>0.81 
0. 60^0. 07 
0.00+0.02 
0. 58+0. 03 
0.78+0.01 

35.6 
37.4 
37.8 
38.6 
40. 3 

>0.82 56.2 
0.57^0.04 58.6 
0.70+0.03 58.7 

>0.92 59-5 
0. 81+0.04 42. 1 

>0. 91 
>0. 90 
>0. 87 

42. 9 
44. 0 
45. 5 

16 0.61+0.03 
-68 0.47+0.02 

46 
50 

50 
52 

-8 -11 
-6 -34 

0.10+0.10 
0.07+0.03 
0.30+0.03 
0.2 9_+0. 07 
0.68+0.07 

0.17+0.03 49-4 
0. 42_+0. 02 32.9 

>0.86 39-4 
0. 30HK). 03 41.5 
0.27+0.01 41.9 

20.2 
20. 9 

0.4 s 
0. 6 s 
0. 4 

s 
0. 3 s 
0.4 s 
0.6 s 
0. 5 
0.4 s 
0.4 s 
0. 3 
0. 4 s 

s 
0. 4 
0.4 
0. 3 
0. 4 s 
0.5 s 
0. 4 s 
0.4 s 
0.5 
0. 4 

Notes to Table 2 
S = S (0°) + S (90°), S' = S (45°) + S (135°), S* = S (RC) + S (LC) O V V Ov V Ov V 

S (45°) - S (135°), S = S (RC) - S (LC) v v 3 v v S. = S (0°) - S (90°), S, 1 v v 2 

<S1+S2>0‘5 
PL 0. 5(S + S') ’ pc "s’ 

OH12. 9-0. 3 has a particularly complex spectrum, and the Stokes parameters may be 
affected by line blending. 

40.6—0.1 were derived from an average over three 
channels. This procedure causes an underestimate of 
S0, but decreases the errors introduced in the other 
Stokes parameters. Multiple, blended features (marked 
by an s in col. [11]) are certainly present in several 
sources and may be present even in the apparently 
simple spectra. Examples of a “complex” spectrum 
and a “simple” spectrum are shown in Figure 1. 

c) H20 Emission 

The measurements of the HaO masers are presented 
in Table 3. H20 emission was detected in all eight 
sources searched; the range of velocities of the H20 
maser features agrees well with that of the OH masers, 
although the individual features do not correspond in 
detail. Several of these sources have been detected 
in other searches. In addition to the sources listed in 
Table 3, H20 maser emission has been seen toward 
OH 19.6—0.2 at a velocity near that of the OH (Lo, 

private communication). The discovery (Johnston, 
Sloanaker, and Bologna 1973) of the H20 maser 
toward OH 35.6—0.0 showed emission at 58 and 
64.2 km s"1, while our spectrum shows emission only 
at 44.9 km s-1. In the cases of H20 34.3 + 0.2, H20 
35.2—1.7, and H20 48.6 + 0.0, the velocities in our 
spectra are in reasonable agreement with those in 
previous spectra. 

d) Radio Continuum Results 

The results of the radio continuum observations are 
presented in Table 4. A number of points regarding 
the radio components given in this table deserve men- 
tion. First, the table includes the parameters of all the 
compact radio sources present in the observations, 
not just those at or near the OH emission sources. 
Second, the absence of very short spacings at 8085 MHz 
is reflected in the fact that, at this frequency, the 
largest radio components present in the 2695 MHz 
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Fig. 1.—Spectra of a “simple” OH maser, OH 40.6—0.1, and of a “complex” OH maser, OH 12.9 — 0.3. The solid line indicates 
right circular polarization, and the dashed line indicates left circular polarization. 

TABLE 3 
H20 Masers 

Source "^RANGE References 
(K) (km s *) (km s S (km s S 

(1) (2) O) (4) (5) (6)  
12-44 
22-52 
40-70 

1,2 
27-57 3 

33-64 4 
17-47 
25-56 

5-35 4 

1) Turner and Rubin 1971 
2) Caswell et al. 1974 
3) Lo, K. Y. , private communication 
4) Johnston, Sloanaker, and Bologna, 197 3 

454 

OH12. 2-0. 1 
OH12. 9-0. 3 
OH34. 3+0.2 

OH35.2-1.7 

OH35. 6-0.0 
OH40. 6-0. 1 
OH43. 8-0. 1 

OH48.6+0. 0 

6 
1.4 
8 

43 
2.0 
3. 3 
8 
3 

26 
34 

140 
3. 0 
2. 3 

24.7 
37.0 
55. 8 
60. 1 
44. 8 
46.4 
44. 9 
34. 6 
38.2 
39-7 
41.2 
16.8 
24.7 

0.7 
1.0 
1.7 
0. 7 
0. 6 
0. 4 
2. 0 
0. 6 
0. 8 
09 
1.2 
0. 5 
0. 9 
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TABLE 4 
Radio Continuum Observations of Compact H n Regions 

at the Positions of the OH Emission Sources 

Source 

(1) 

Freq 

(2) 

a(1950) 

(3) 

6(1950) 

(4) 

Ang. dia. 
(arc sec) 

(5) 

Flux Density 
(mJy) 

(6) 

Coincident Notes 
with OH? 

(7) (8) 

OH353.4-0.3 

0H355.2+0.1 

OH12.2-O.X 

OH12.9-0.3 

OH19.6-0.2 

0H34.3+0.2 

0H35.2-1.7 

0H35.6-0.0 

OH40.6-0.1 

0H43.8-0.1 

a) 2695 
8085 

b) 2695 
8085 
2695 
8085 
2695 
8085 
2695 
8085 

a) 2695 
b) 2695 

8085 
2695 
8085 
2695 
8085 
2695 
8085 
2695 
8085 

*) 2695 
8085 

b) 2695 

17 27 0778 -34* 
" " 07.0 

17 27 06.5 -34 
" " 06.5 

17 30 12.5 -32 

18 09 43.8 -18 • • M 43>7 M 

18 11 24.8 -17 
No high brightness 

39.29«' 
" 33 

39 28 h 27 

45 54 
" 55 

25 13 
" 11 

12 
>8.5 
2.5 
2.5 
3.8 
4.2 
7.5 
6.8 

2450+150 
>600 
230+40 
800+70 
410+20 
670+40 
320+30 
525+70 

55 09 >13 >5000 
radio continuum components <20 

18 24 50.4 
18 24 50.7 

" " 50.9 
18 50 46.2 

" " 46.0 
18 59 13.9 

" " 14.0 
18 53 51.4 11 11 2 ti 

No Radio Continuum 
No Radio Continuum 

-11 
-11 

+01 

+01 

+02 

19 09 31.4 
" " 30.9 

19 09 29.3 

+09 VI 
+09 

58 31 
58 30 

" 26 
11 09 

" 14 
09 03 
08 45 
16 29 
"31 

Emission 
Emission 
30 49 

" 47 
30 46 

7.5 
4.2 
3.6 

<6 
1.6 

<8 
1.8 

<3 
1.9 

<3 
1.0 

15 

2100+100 
800+60 
725+60 
840+100 

1350+90 
1180+190 

380+40 
90+15 

130 
<15 
<15 

12+3 
58 

>110 

No 
No 
Yes 
Yes 
Yes 
Yes 
No 
No 
No 

Yes 
Yes 
Yes 
Yes 
Yes 
No 
No 
Yes 
Yes 

Yes 
Yes 
No 

Errors on the quoted positions result both from the observational uncertainties and from the source 
modeling procedure as discussed in the text. Typical errors are S3" in each coordinate at 2695 MHz 
and ~1" in each coordinate at 8085 MHz. 
** 

Quadratic mean of the FWHM dimensions of the best-fit elliptical Gaussian. 
+Total flux density of the compact components, 0^10". For more extended structures this is the 
maximum observed fringe amplitude. 

Notes to Table 4 
1 OH 353.4 — 0.3 is seen toward a bright (7 Jy at 2695 MHz), 2' x 3' H h region (Altenhoff et al. 1970). 

The larger radio component in Table 2 refers to this region but it is easily resolved by our observations. At 
8085 MHz the extended component is heavily resolved. 2 The radio continuum from the region of OH 12.2—0.1 has also been studied at 6 and 21 cm by Shaver 
and Danks (1978). They also find that the compact source does not agree with the OH maser position, but they 
do find a ridge of weak continuum emission which overlaps the OH position. 3 OH 355.2 + 0.1 is 7' north of NGC 6383, a low-surface-brightness 15 Jy H n region. 4 OH 12.9 — 0.3 is near, but not coincident with, W33, which we see heavily resolved at 2695 MHz. Our limit 
to the radio emission from compact sources at the OH position is less than or equal to 20 mJy at both 
frequencies. 5 The OH 19.6—0.2 region has a complicated radio structure that is incompletely sampled by our observa- 
tions. There are two nearly coincident compact components along the line of sight that are both optically 
thick at 2695 MHz. 6 The source given in the table refers only to the most compact component present in the field. Most of 
the radio emission seen toward OH 34.3 + 0.2 (W44) at both frequencies arises in a very extended region that 
is incompletely sampled by our observations. Specifically, we see a maximum 2695 MHz fringe amplitude 
of 9.3 Jy arising in a 0 ä 60" region centered near «(1950) = 18h50m48?2, S(1950) = +01o10'47//. For a 
more complete 2695 MHz continuum map of W44 one should refer to Turner et al. (1974). 7 OH 35.2 — 1.7 is located 1?4 west of the bright radio structure in W48. In addition to the components given 
in Table 2, we see a maximum fringe amplitude of 11 Jy emitted by a large 32" x 58" radio component 
located at «(1950) = 18h59m14?9, 5(1950) = +01o08'31". 8 In addition to the compact radio component given in the table, OH 35.6—0.0 coincides with a large, 
~ 10', low-surface-brightness H n region, the radio flux of which Altenhoff et al. (1970) find to be 15 Jy at 
2695 MHz. We almost completely resolve this source; the maximum fringe amplitude at 1800A is only 
900 mJy. 

9 The extended radio component (b) seen at 2695 MHz is completely resolved at 8085 MHz. 
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data are often resolved out. This is evident most 
strikingly in OH 12.9-0.3, where a large, 6 > 13", 
source is seen at 2695 MHz that contributes more than 
5 Jy. On the longer 8085 MHz baselines, this source 
is so completely resolved that the maximum 8085 MHz 
fringe amplitude is less than 30 mJy. In cases like this, 
and especially for those OH emission sources seen 
toward known H n regions which have radio emission 
on a wide range of spatial scales (e.g., OH 34.3 + 0.2, 
OH 19.6—0.2), we have included a brief remark on 
their characteristics in the notes accompanying the 
table. Third, since many of the positions observed are 
either at large southern declinations or near zero 
declination, the (w, v) sampling is considerably more 
complete in one coordinate than in the other. Con- 
sequently, the parameters of the best-fit elliptical 
Gaussian components are better determined in one co- 
ordinate than in the other; for this reason, we tabulated 
source sizes in Table 4 that refer to the quadratic mean 
of the FWHM dimensions of the model sources. We 
estimate the uncertainty in the sizes so determined as 
about 20%. Finally, for those OH positions at which 
no coincident radio continuum source is seen, our 
upper limit to the emission from a compact source at 
the OH position is generally 15 mJy. 

The detailed comparison of the component param- 
eters at two frequencies is often misleading owing to 
the interaction between resolution and optical depth 
effects; this problem has been clearly illustrated by 
Balick (1972). The effect is present in our data and 
makes any determination of the physical parameters 
of the nebulae unreliable when it is derived solely from 
the data given in Table 4. In order to derive reliable 
parameters of the compact H n regions in Table 4, 
direct reference must be made to the visibility data. 

Vol. 227 

In Figure 2, the ratio of the observed 8085 MHz 
fringe amplitude to the 2695 MHz fringe amplitude is 
plotted as a function of interferometer baseline èA. 
This plot is useful because the amplitude measured at 
each particular value of bA refers to emission from the 
same spatial structure at each frequency (Balick 1972); 
hence the uncertainties in modeling the sources are no 
longer present. In interpreting this figure, note the 
following: (1) If the only source present were un- 
resolved and optically thin at both frequencies, then 
the fringe amplitude ratio would be 0.9 independent 
of 6a. (2) If the source were unresolved and optically 
thick at both frequencies, the ratio would be 9 inde- 
pendent of bh. (3) If there exists both a large optically 
thin source and an unresolved optically thick source 
in the field, then the ratio will be 0.9 at small bA and 
increase toward 9 at large bh. The last case appears to 
describe five of the sources in Figure 2. The most 
important result seen in Figure 2 is that the compact 
radio sources which are coincident with the OH emis- 
sion sources are all optically thick at 2695 MHz; that 
is, the fringe amplitude ratio on the longest baselines 
is greater than 0.9. For OH 34.4 + 0.2 and OH 43.8 — 
0.1, the compact components are also optically thick 
at 8085 MHz. The sixth source, which is coincident 
with an OH emission source (OH 19.6 — 0.2), has a 
more complex structure (see notes to Table 4) but also 
has an optically thick component at 2695 MHz. 

e) Compact H n Regions and OH Masers 

Identifiable radio components are seen toward nine 
of the 10 OH emission sources as seen in Tables 1 and 
4. The OH sources and compact H n regions are 
positionally coincident to within the uncertainties in 

Fig. 2.—The ratio of the fringe amplitude at 8085 MHz to the fringe amplitude at 2695 MHz as a function of interferometer 
separation (in wavelengths) for the radio continuum sources seen toward the positions of the OH emission sources. The solid lines 
denote those radio sources that are coincident (within the errors) with the OH emission sources (Table 4), whereas the dashed lines 
are those sources for which the radio continuum does not peak at the OH emission position. 
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six of the nine fields. In each of these six cases, the 
compact H n region coincident with the OH emission 
source is optically thick at 2695 MHz. Hence the emis- 
sion measure of each of these regions is at least as 
large as 2.5 x 107(re/104 K)“1*35 cm“6 pc and may be 
considerably larger than this value, particularly for the 
sources near OH 34.3 + 0.2 and OH 43.8 — 0.1. In two 
of the remaining three fields where the positions of the 
OH sources and compact H n regions are not coinci- 
dent, the compact H n regions are not optically thick. 
OH 12.2 — 0.1 is the only field in which both an opti- 
cally thick H ii region and an OH emission source exist 
but do not coincide. With this single exception, there 
is good agreement between compact, optically thick 
H ii regions and OH emission sources. OH 48.6 + 0.0 
was not observed at NRAO, but 6 cm observations 
by Matthews et al. (1978) indicate that it is associated 
with a compact H n region. Matthews et al. (1978) also 
present data for sources near OH 43.8—0.1; they 
interpret the combination of their data with ours as 
indicating that two sources are present. One of these 
coincides with the OH position within the OH 
uncertainties. 

/) Infrared Results 

The positions and photometry of the infrared sources 
are given in Table 5. Dyck and Simon (1977) discovered 
two of the sources (IR 12.9-0.3 and IR 35.2-1.7) 

in connection with a study similar to ours. We measured 
several of the sources at four different times between 
1974 and 1977 ; no significant temporal variations were 
observed. All sources except IR 40.6-0.1 and NGC 
2071 IR were observed more than once. The lack of 
variability in the detected sources indicates that our 
failure to detect the other sources was not due to 
temporal variations. 

We have searched for 10 /¿m emission from two of 
the four OH masers listed by Wynn-Williams and 
Becklin (1974) as having no infrared, W3(cont)OH 
and W51(OH). An infrared source was detected at the 
position of W3(cont)OH, but not at the position of 
W51(OH). In addition, an improved position for the 
W75N maser (Evans, Crutcher, and Wilson 1976) con- 
firmed that the OH maser does not coincide with the 
H ii region and infrared source studied by Wynn- 
Williams, Becklin, and Neugebauer (1974) but does 
coincide with a weaker H ii region (Habing et al. 1974). 
We have searched without success for infrared emission 
at this position (see Table 5). The NGC 7538(S) OH 
maser was also rechecked for infrared emission by 
Wynn-Williams (private communication), who places 
a limit of 0.15 Jy at 10 ^m. 

The energy distributions are presented in Figure 3 
for the four sources for which data exist over a 
significant range of wavelengths. Two of these sources 
show marginal evidence for a 9.5 /¿m absorption 
feature, which is commonly attributed to silicates. One 

Source 
- O) 

TABLE 5 
Infrared Photometry* 

of(1950) 6(1950) 2.2^m 3.4pjn 4.8ppm8.7ylm 9-5p,m 
 £L_ (3) (4) (5) (6) (7) (8) 

10. Iprn 11.2p^n I2 5^m 20^^ 
(9) (10) (H) (12) 

IR12.2-0. 1 
IR12. 9-0. 3* 
IR34. 3+0.2 

,++ 

18hllm44?3+4" 
18 50 46.3+4 
18 59 13.6+4 
18 53 51.7+6 
19 03 35.5+6 

IR 35.2*-1.7 
IR35.6-0.0 
IR40.6-0. 1 
IR43. 8-0.1 
IR48.6+0.0 

W51 (OH)IR 
W75N(OH)IR 
NGC7 5 38 (OH)S 
W3(CONT)OHlR 02 21 46.5+6 
NGC2071IR 05 44 30.2+4 

-17o53,02m+4" 
+01 11 12+4 
+01 09 01+4 
+02 16 30+6 
+06 41 56+6 

+61 52 22+6 
+00 20 42+4 

.18+. 03 2.7+. 6 29+3 8+1 8+ 2 
<0. 0Q6 .07+. 02 4. 7+. 8 3-8+. 6 <0. 7 

1.7+. 6 8+1 8+2 
<1.7 

<•07 
<1 

<0.8 
6+1 

<0. 5 
9+1 5.5+.S 22+3 

4. 1+. 7 1 2+ 4 12+2 
17+2 17+2 38+5 
0. 9+0.2 
0. 9+2.0 

<1.2 
<1.3 
<1 
<1 

. +* 

7+1 5.5+1 

<0. 15 
1.0+0. 2 

15+2 15+2 

50+20 
6.4+35 
100+30 

2.0+0. 5 25+10 
34+5 80+18 

All photometric results are given in Jy; la errors are indicated. 
+A11 upper limits are 3a 
**A flux of 0. 004+0. 002 Jy has been measured for this source at 1.6^m; Dyck and Simon (1977) have detected this source at 

25 and 33^m. 
The infrared source is south and east of the OH position (see also Dyck and Simon 1977 and Zeilik and Lada 1978); S (10um) 
< 3 Jy at the OH position. v 

+* Wynn-Williams, private communication. 
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Fig. 3—Infrared energy distributions of four infrared sources. For NGC 2071, the two data points marked with a cross were 
determined with a SO" aperture at Kitt Peak National Observatory. Notice that the vertical scales are different for Figs. 3a and 3b, 
compared with 3c and 3d. 
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of these sources is IR 35.2—1.7, which coincides with 
an H ii region but not with the OH source (cf. Tables 
1 and 4). This region has been studied recently by 
Zeilik and Lada (1978); the OH position lies at the 
edge of their map of extended emission at 3.5 /¿m. The 
near-infrared power-law spectrum seen in this source 
is often observed in dust-embedded H n regions and 
has been interpreted as being due to emission at a 
range of dust temperatures (Scoville and Kwan 1976). 
The other infrared source, NGC 2071 IR, coincides 
with the OH position (Winnberg 1976 ; Johansson et al. 
1974) within the fairly large uncertainties in the OH 
position, but no radio continuum from this direction has 
been found to a limit of 20 mJy at 2.8 cm (Johansson 
et al. 1974). 

The other two sources in Figure 3, IR 12.9—0.3 and 
IR 34.3+0.2, exhibit deep absorption features at 
9.5 /xm and nearly equal fluxes at 4.8 and 20 ¡xm. These 
properties are similar to those of objects found in 
molecular clouds at the positions of peaks in CO 
emission (e.g., Evans, Blair, and Beckwith 1977). For 
both these sources, the infrared position agrees well 
with the OH position (Fig. 4). One source (IR 34.3 + 
0.2) also agrees with the position of an 8085 MHz 
source, while the other (IR 12.9—0.3) shows no com- 
pact radio source. The optical depth of the silicate 
feature in IR 12.9—0.3 is 3.4, as determined by inter- 
polating between the 4.8 /xm and 12.5 /xm points to 
obtain a background flux, and by assuming the absorp- 
tion arises in a uniform, cold layer that produces no 
emission itself. 

IV. CORRELATIONS BETWEEN OH MASERS AND COMPACT 
H II REGIONS, INFRARED SOURCES, OR H20 MASERS 

Because the sources of energy for the maser pump 
are not known, early workers have studied the spatial 
correlations of OH masers with other luminosity 
sources. The work of Habing et al. (1974) has suggested 
a correlation between type I OH masers and compact 
H ii regions. Wynn-Williams and Becklin (1974) have 
studied the correlation of OH masers and infrared 
sources. They did not find a strong correlation between 
these sources. Also, Hefele, Wacker, and Weinberger 
(1977) detected infrared sources at the positions of 
only one or two OH masers out of a sample of six. 
A study by Johnston, Sloanaker, and Bologna (1973) 
found H20 masers toward half the type I OH masers 
searched; considering possible time variations, they 
suggested a one-to-one correlation between H20 and 
type I OH masers. In this section, we will consider 
these correlations, using the data presented in this 
paper. The conclusions which result from the correla- 
tions in our sample are different than those of early 
samples. In particular, the results indicate that the 
study of correlations is probably not a good way of 
determining the nature of the pump. 

The data in this study are more homogeneous than 
those of earlier studies; the upper limits in the case of 
nondetections were all obtained in the same way and 
the criteria for coincidence are well defined. Further- 
more, this sample of OH masers is not subject to the 

Fig. 4.—The positions and uncertainty ellipses for the OH 
masers, compact H n regions, and infrared sources. 

same biases as previous samples, since the masers 
were found from a uniformly surveyed area (Turner 
1978). 

Our coincidence criteria are defined as follows: In 
the case of the radio continuum, we require that a 
compact source at 8085 MHz coincide with the OH 
position within the uncertainties. This criterion is used 
in Table 4. The four noncoincidences are all un- 
ambiguous, since two are well separated and the other 
two have no compact sources in the field (see Fig. 4). 
For infrared coincidence, we require that the infrared 
and OH positions coincide within the combined un- 
certainties; again there is no ambiguity. It should be 
noted, however, that infrared data are not available for 
all of the OH sources in the sample. For an HaO maser 
to be considered coincident with an OH maser, we also 
require that the positions coincide to within the com- 
bined uncertainties. Since the positions of the H20 
masers are typically uncertain within ~L5, the 
coincidence requirement is much less stringent than 
for the first two cases. 

Table 6 summarizes the spatial correlations for the 
OH masers with new positions. The resulting fractions 
which show a correlation with the OH sources are 
0.64 for compact H ii regions, 0.50 for the infrared 
sources, and 1.0 for the H20 sources. The high correla- 
tion for H20 sources may be due to the lack of accurate 
H20 positions. There are a substantial number of OH 
masers where no compact H n region or infrared 
source exists. This result may be due to insufficient 
sensitivity; however, there exist OH masers with infra- 
red sources but without compact H n regions and 
also OH masers with compact H n regions but without 
infrared sources. The evidence from this study for a 
correlation between OH masers and infrared sources 
is about as strong as that for a correlation between OH 
masers and compact H n regions. 

© American Astronomical Society • Provided by the NASA Astrophysics Data System 



19
7 

9A
pJ

. 
. .

22
7.

 .
45

0E
 

460 EVANS. BECKWITH, BROWN, AND GILMORE 

TABLE 6 
Correlations: Sources with New Positions 

Vol. 227 

OH Source 

(1) 

Compact 
H II Region 
 (il  

Position 
Difference 

(3) 

Infrared 
Source 

(4) 

Position H2° Maser Difference 
(5) (6) 

OH353.4-0. 3 
OH355.2+0. 1 
OH12.2-0. 1 
OH12. 9-0. 3 
OH196-0.2 
OH34. 3+0.2 
OH35.2-1.7 
OH35. 6-0. 0 
OH40.6-0. 1 
OH43. 8-0. 1 
OH48. 6+0.0 

Yes 
Yes 
No 
No 
Yes 
Yes 
No 
Yes 
No 
Yes 
Yes 

8"+15” 
7 + 10 

65+8 

8+17 
8+7 

38+7 
6+7 

6+9 
4+7 

No 
Yes 

Yes 
No 
Yes 
Yes 
No 
No 

8"+9" 

5+9 
22_+9 

i + H 
9+12 

Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 

Errors are (a (OH) + a (OH)) ; radio continuum position errors are 
negligible. 01 

+Errors are (a
2(OH) + CT

2(OH) + cj2(IR) + q2 (IR))°‘ 5 

ot à ot à 
Matthews et al. (1978) 

These results may be compared with the results of 
earlier studies. In Table 7, an updated version of Table 
2 of Wynn-Williams and Becklin (1974) is presented. 
Several objects with large OH position uncertainties 
or no OH emission have been left out. NGC 2071 and 
S255 have been added to the table. Although the data 
are quite inhomogeneous, it is interesting to note that 
the fractions of OH masers which have associated 
radio emission, infrared sources, or HaO masers are 
0.57,0.71, and 0.57, respectively. Thus, for this sample, 
the correlation of OH masers with H n regions or with 
HaO masers is weaker than the correlation with 
infrared sources. Since most of these OH masers were 
found by looking at known H n regions, the sample 
would normally be biased toward a correlation between 
OH masers and H n regions. Furthermore, the require- 
ments for a coincidence of an infrared source and OH 
maser are more stringent than for the coincidence of 
OH with a radio continuum source. In the case of 
W51, for example, the OH source is located just off 
the edge of the radio continuum and 20 /¿m contours 
(Wynn-Williams, Becklin, and Neugebauer 1974); the 
radio continuum is considered coincident because OH 
masers are commonly found at the edge of H n regions 
(Habing et al. 1974); but the infrared source is not 
considered coincident. 

From the above discussion of correlations, we con- 
clude that Type I OH masers are equally likely to be 
associated with infrared sources as with compact H n 
regions. This conclusion may differ from that of other 
workers because of the detection of several sources at 
levels below the sensitivity limits of previous studies. 

For example, the upper limits at 10.7 /¿m presented by 
Hefele, Wacker, and Weinberger (1977) are ~3-6 Jy; 
only half the sources in Table 5 lie above this limit. As 
positions and sensitivities improve, the correlations 
continue to change; it is not yet clear what the final 
picture will be. For example, the strong correlation 

, between OH and H20 masers found in our study is 
very likely due to the large uncertainties in the H20 
maser positions. Some support for this statement may 
be found from studies of other sources. Recently, 
accurate (±0''5) positions for 10 H20 masers were 
obtained by Forster et al. (1978); only six were co- 
incident with OH masers. While the results of Forster 
et al. (1978) bear principally on the nature of the H20 
masers, they also suggest that more accurate OH 
positions are needed to settle the issue of OH maser 
correlations. We conclude that the common presence 
of OH and H20 masers, compact H n regions, and 
infrared sources in the same general area is indicative 
of ongoing star formation, but that statements about 
the detailed associations of OH masers with the other 
objects cannot yet be made. 

V. PUMPING MODELS 

If one attempted to understand the pumping process 
through a study of the correlations discussed above, 
one would be tempted to conclude that the HaO masers 
pump the OH masers. In this case, the study of correla- 
tions is not a reliable way to assess causal relationships. 
Instead, specific pumping mechanisms must be tested 
against observations. We consider below some pump- 
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TABLE 7 
Correlations: Previously Studied Sources 

OH Source 

(1) 

H II 
Region 

(il 

Infrared 
Source 

(3) 

Position 
Difference 
 ill  

H2° Maser 
(5) 

References 

(6) 
W3(OH) 
W3(CONT)OH 
Orion (KL) 
S269 
W49(l) 
W49(2) 
W51 
OH 1959+33 
W75(S) 
W75(N) 
NGC7538(OH)N 
NGC7538{OH)S 

NGC2071 
S255 

Yes 
No 
No 
Yes 
Yes 
Yes 

* Yes 
Yes 
No 
Yes^ 
Yes 
No 
No 
No 

Yes 
* Yes 

Yes 
Yes 
Yes 
Yes 
No 
No 
Yes 
No+ 

Yes 
No 
Yes 
Yes 

2M+3" 
5+7 

<5" 
74-10 
3±5 

5+5 

<5 

i + 3 

12+19 
7+23 

No 
No 
Yes 
Yes 
Yes 
Yes 
No* 
No 

* No 

Yes 
❖ No 

* Yes 
Y es 
Yes 

2 
3,4 
5 

Note change from Table II of Wynn-Williams and Becklin (1974) 
+New data (Evans, Crutcher, and Wilson 1976) indicate the CH maser does 

not coincide with the H Il/IR source of Wynn-Williams et al. (1974), but 
does coincide with a weaker H II region (Habing et al. 1974). 

New search was made as shown in Table 5. 
1. Forster et al. 1977 
2. Forster et al. 1978 
3- Johansson et al. 1974 
4. Winnberg, private communication 
5- Evans, Blair, and Beckwith, 1977 

ing models which have been proposed. Even though 
some of these models can be shown not to apply to 
specific cases (cf. Elitzur and de Jong 1978), a re- 
examination of the question for this sample is of value 
because different pumping models may apply for 
different sources. 

a) Ultraviolet Pumping 

Litvak et al. (1966) suggested that OH masers may 
be pumped by ultraviolet photons at 3060-3080 Â. 
The radio continuum data presented in Table 4 provide 
us with a means of estimating the rate at which the OH 
masers presented here may be pumped by ultraviolet 
photons. For a given spectral type, the flux of Lyman- 
continuum photons <t>h can be related to the flux of 
photons at the pumping wavelength (<£p). If the relation- 
ship given by Matsakis et al. (1976) for </)h is used and 
we assume that the H n regions are optically thin at 
8085 MHz, then <¡>p = 9.2 x lO*6

x(Tei{, 
photons s-1. Here D is the distance to the source in 
kpc, Sv is the flux in Jy at 8085 MHz, x(^eff> Æ*) is the 
ratio of pumping photons to Lyman-continuum 

photons produced by a blackbody of radius R* and 
temperature 'Reff 9 and/abs is the fraction of the pumping 
photons absorbed by the maser region. This should be 
compared with the number of OH maser photons s_1, 
<£oh = 9.5 X lO^^víOHíSvoH^^emí^oH)“1 photons 
s“1, where ^(OH) is the flux in Jy in the maser line 
of width Sv0H, hv0K is in joules, and Qem is the solid 
angle into which the OH maser emits. Because there 
are six ultraviolet lines that provide pumping, the pump 
efficiency is <£oh/6<£p. The quantity x(Teff9 R*) increases 
rapidly for stars of later spectral class : for B0 stars 
X = 1.5 x 10“148v, where 8v is the bandwidth over 
which the OH absorbs the pumping photons; in the 
case of a B1 star, x = 6.9 x 10 _138v. Since the detected 
H ii regions require stars of spectral type earlier than 
~ B0 at the near kinematic distance, a generous limit 
for x is x < 10" 12Sv. If the Doppler motions of the OH 
molecules determine both the absorption and emission 
bandwidth, then the resulting efficiency is 

^OH _ o 10“4 ^(QH) Dem 1 
6¿p 

J 1U Sv 47T /ab3 * 

If we take the results from Tables 2 and 4, and assume 
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^©m = 477 and /abs = 1, we find efficiencies ranging 
from 0.027 to more than 3.8, the latter corresponding 
to the upper limits at 8085 MHz on OH 40.6—0.1 and 
OH 12.9 — 0.3. Holtz (1968) has shown that the 
efficiency of the ultraviolet pump can be no greater 
than 0.01. None of the sources satisfy this condition; 
to bring OH 40.6 — 0.1 and OH 12.9 — 0.3 into agree- 
ment with this figure, Dem/47r would have to be less 
than 3 x 10“3. Furthermore, we have assumed that 
all the ultraviolet photons get absorbed by the OH. 
The fact that many OH masers come from small 
sources on the side of H n regions suggests that/abs is 
small. Finally, the OH molecules must be selectively 
shielded from the shorter-wavelength ultraviolet which 
will dissociate them. 

b) Far-Infrared Pumping 

A second pumping model involves far-infrared 
radiation. First discussed by Litvak (1969), this pump- 
ing model is usually applied to the satellite line inver- 
sions, but it has recently been reevaluated by several 
workers (Burdyuzha and Varshalovich 1973; Elitzur 
1978tf), who find that certain conditions give rise to 
main-line inversions. In addition, Burdyuzha (1973) 
has proposed a mechanism for selecting the 1665 MHz 
line through 35 pm photons after having inverted the 
A doublet with 53 pm radiation. The mechanisms 
require radiation from dust at temperatures around 
100 K. While Elitzur applies his model only to the 
main-line masers associated with OH/IR stars, 
Burdyuzha and Varshalovich propose their mechanism 
as an explanation for masers of the type discussed in 
this paper. 

The pumping efficiency is 

¿OH Sv(OH) /DemW 1 \ 
^(FIR) \ 477 / \/abs/ ' 

Unfortunately, we have no direct measurement of the 
fluxes at the wavelengths at which the pumps operate. 
Because the pumping models seem to require Td ~ 
100 K, we have used a color temperature of 100 K to 
estimate the fluxes at 35 and 53 pm from the 10 and 
20 pm data. This procedure is at best very crude and it 
demonstrates that far-infrared observations would be 
useful. The resulting efficiencies range from 0.10 to 5, 
with most of the estimates at ~0.5. The fraction of 
absorbed pumping photons,/abs, is probably much less 
than 1, as in the case of the ultraviolet pumping. In this 
case,/abs is low because the OH maser region would be 
embedded in a much larger far-infrared emitting 
region. In this situation/abs ~ (T^oh/^fir)2» where Ron 
and jRfir are the sizes of the OH and far-infrared emit- 
ting regions. Thus, for far-infrared pumping, as well as 
for ultraviolet pumping, the solid angle of maser emis- 
sion would have to be considerably less than 477. 

c) Collisional Pumping 

Various chemical and collisional pumping models 
have been considered (Gwinn et al. 1973; Bertojo, 
Cheung, and Townes 1976), but our data do not bear 

directly on most of these models. Our observations do 
provide a test of one collisional model. A collisional 
pump involving anisotropic streams of electrons was 
proposed by Johnston (1967) and has been reexamined 
by Elitzur (1978Ä), who considered the effects of stream- 
ing ions as well as electrons. Elitzur (19786) found that 
ions could readily acquire an anisotropic velocity 
distribution because of ambipolar diffusion, but avail- 
able calculations of ion-molecule collision rates are 
not capable of establishing that these collisions will 
invert the OH maser levels. In contrast, collisions with 
anisotropic electrons will produce the inversion, but 
the method for producing the streams is not established. 
In Elitzur’s model, the masers arise in compressed 
gas between the shock and ionization fronts of an 
expanding H n region. This model produces maser 
amplification only in directions orthogonal to the 
streaming direction of the particles. Each maser spot 
is associated with a cylinder which is perpendicular to 
the radius vector of the H n region. A natural conse- 
quence of the model in its simplest form is the produc- 
tion of linear polarization in the maser radiation. A 
mechanism to convert linear to circular polarization 
is then required to explain the large circular polariza- 
tion observed in many masers. If the mechanism is 
associated with turbulence, which also produces 
multiple velocity features, then one would expect that 
the sources with only a few velocity components would 
show more linear polarization. This expectation is in 
general agreement with our polarization results. 

Elitzur (19786) presents formulae for calculating the 
flux of maser photons predicted by a model in which 
electrons have acquired a streaming velocity of 40 km 
s“1. These formulae are used to compute the maser 
flux predicted for the sources where we have observed 
compact H n regions at 8085 MHz. The predictions 
will then be compared with the observed fluxes. Re- 
writing equation (31) of Elitzur in a form suitable to 
this purpose, we obtain, for the predicted flux of maser 
photons, 

cf>p = 1.57 X \0~lénI
3~2KR2d9 

where n7(cm“3) is the initial unshocked density, k 
determines the original, unshocked magnetic field 
through B = 3 x lO~6nK

9 R (cm) is the radius of the 
H ii region, d is the distance between the shock and 
ionization fronts (and also the maser spot size). In the 
derivation of the expression, it is assumed that the 
original density in the unshocked neutral gas has been 
increased to n = 0.3lVsn1

i3l2~K) (eq. [12] of Elitzur), 
where Fs = 15 km s-1 is the shock velocity. The equa- 
tion for <j>v also depends on assuming n0n = 2 x 
10 “4n and a fractional ionization of 10“5, which result 
from chemical and ionization models of the maser 
region by Elitzur and de Jong (1978). 

Elitzur (19786) has restricted k to the range ^ to J, 
on the basis of work by Mouschovias (1976). By con- 
sidering the role of k in the above equation, one con- 
cludes that <l>p is maximized by taking k at the low end 
of its range, k = %. In the calculation of (f>p, we have 
used k = %. The radius of the H n region (R) was 
determined from the angular size of the 8085 MHz 
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source (Table 4) and a kinematic distance (D) to the 
source. The original unshocked density («j) will equal 
the present electron density (ne) if the H n region has 
not begun to expand. More generally «j > «e; conse- 
quently, the substitution of ne = will lead to a lower 
limit for </>p. The electron density was determined from 
the 8085 MHz observations and the relation given by 
Matsakis et al. (1976). The maser spot size is not known 
in these sources, since VLBI experiments have not 
been made; we assume d = 0.01R, based on analogy 
with W3(OH) and on some theoretical support (Elitzur 
1978Ô). The values of Z>, R, ne, </>p, and <£0 (the observed 
flux) are presented in Table 8. Isotropic emission has 
been assumed in computing the predicted and observed 
fluxes. 

As can be seen from Table 8, the predicted flux 
exceeds the observed flux for every source except 
OH 43.8 — 0.1, where <f>p ~ 0.3<£o. A solid angle of 
emission, Qem ~ 7r> could account for such a dis- 
crepancy. In addition, the electron density in this 
source could be seriously underestimated because the 
H ii region appears to be optically thick at 8085 MHz. 
It should be noted that the use of a kinematic distance 
does not introduce significant error, because and (f>0 
depend on distance in nearly the same way. The major 
uncertainty with this model is that the mechanism for 
producing the streaming electrons is unknown, and <f>p 
is proportional to the streaming velocity. Elitzur (19786) 
assumes that this velocity is equal to the thermal 
velocities (~40 km s-1); even a velocity 10 times less 
than this would give > <f>0 in all but the last two 
sources in Table 8. If a mechanism for accelerating the 
electrons can be found, or if ion collisions can be shown 
to invert the OH, then this pumping model would be 
quite attractive. 

VI. SUMMARY 

Accurate positions have been measured for 11 type I 
OH masers. We have determined the Stokes parameters 
of the OH emission and find that several of the sources 
exhibit considerable linear polarization. There appears 
to be an anticorrelation between the number of velocity 
components and the fraction of linear polarization. 
The predominance of circular polarization in previ- 
ously studied masers is contrasted with this result; 
further study of the “simple” sources may determine 
the polarization mechanism. 

H20 maser emission was detected toward all eight 
of the OH sources which were observed at the H20 
frequency. Some of these sources were detected in 
other studies. The positions of the H20 sources are not 
sufficiently accurate for detailed spatial comparison 
with the OH masers. 

The radio continuum emission in the direction of 10 
of the OH masers was studied at 2695 and 8085 MHz. 
In six cases, a compact H n region which is optically 
thick at 2695 MHz is coincident with the source. In 
three cases, no compact H n regionr which is optically 
thick at 2695 MHz exists in the field (6' diameter at 
8085 MHz). In only one case does such a compact H n 
region exist within the field but not coincide with the 
OH position. 

Infrared observations were obtained in the direction 
of eight of the OH sources with position measurements. 
Four of the eight OH sources have infrared sources at 
the same positions. Two of these sources were detected 
only at 10 ¡xm. For the other two sources, data were 
taken from 2 to 20 /xm ; both sources show deep absorp- 
tion features at 9.5 fxm. In addition, infrared sources 
were detected at the positions of W3(cont)OH and the 

TABLE 8 
H ii Region Parameters and Fluxes Predicted from 

Anisotropic Collisions with Charged Particles 

OH Source 

(1) 
(kpc) 

(2) 
(cm) 
(3) 

(cm“3) 
(4) 

<PP 

(s'1) 
(5) 

(s“1) 
(6) 

OH353.4-0. 3 

OH355.2+0. 1 

OH 19 - 6-0.2 

OH34. 3+0.2 

OH35.6-0.0 

OH43. 8-0. 1 

3.8 7.0x10 
14.6 2.7x10 

24.4 7.5x10 17 

3.8 1.0x10 
15.1 4.0x10 

4.1 4.8x10 
12.6 1.5x10 

3.4 4.8x10 
13.3 1.9x10 

2.7 2.0x10 
11.8 9-0x10 

17 
17 

16 
17 

16 
17 

16 
16 

5.0x10^ 
2.5xl04 

8.4x10 

2.8x10^ 
1.4x10 

1.2x10^ 
6.9x10 

3.2xl04 

1.6x104 

6.2xl04 

3.0x10 

5.0x10 
5.7x10 

,45 
46 

9 . 5x10 46 

3.7x10 
4.8x10 

45 
46 

1.2x10 
1.0x10 

5.6x10 
7.0x10 

1.9x10' 
3.2x10 

46 
47 

44 
45 

44 
45 

1.6x10 
2.4x10 

43 
44 

2.7x10 45 

1. 3x10 
2. 1x10 

43 
44 

4. 3x10 
4. 0x10 

44 
45 

2.8x10 
4.3x10 

5.1x10 
9-7x10 

44 
45 

.44 
45 
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OH maser near NGC 2071 ; both of these sources are 
extremely red. Upper limits were obtained at 10 /xm 
at the positions of three other OH masers. 

We have reexamined the correlations between OH 
masers and compact H n regions, infrared sources, and 
H20 masers, both for the sources whose positions are 
reported here and for a group of previously studied 
sources. The strongest correlation in both groups is 
between OH and HaO masers, but this effect may be 
due to the large uncertainties in the HaO maser posi- 
tions. While positive correlations exist between OH 
masers and compact H n regions and between OH 
masers and infrared sources, there are a substantial 
number of OH masers where no compact H n region 
or infrared source exists. This may be due to the 
sensitivity limits of both the radio continuum and 
infrared searches. Overall, the evidence for a correla- 
tion between infrared sources and OH masers is about 
as strong as that for a correlation between compact 
H ii regions and OH masers. These results, when con- 
trasted with earlier correlation studies, indicate that a 
study of correlations is not a particularly good way to 
determine the pumping mechanism. 

On the basis of our measurements of the total OH 
maser flux and the measurements of continuum flux at 
8085 MHz, we have considered the feasibility of ultra- 
violet pumping of these masers. Our data indicate that 
quite generous assumptions have to be made in order 
to predict enough ultraviolet pumping photons to 
produce the observed flux of OH maser photons. 

Pumping by far-infrared photons at 53 and 35 /xm 
was considered in view of our infrared measurements 
and an assumed dust temperature of 100 K; the latter 
is required by the far-infrared pumping models. For 
this pump rather generous assumptions are required 
to make the pump efficiency less than unity. 

Finally, pumping by anisotropic collisions with ions 

or electrons streaming through the neutral gas was 
considered. The fluxes of maser photons predicted by a 
model assuming electron streaming at 40 km s-1 are 
sufficient to explain the observed maser flux in all but 
one of our sources. The one exception can be readily 
accounted for by plausible uncertainties. Because no 
mechanism for producing the streaming electrons has 
been established, this model remains incomplete. If 
such a mechanism can be found, or if ion collisions 
can be shown to invert the OH, then this model would 
become quite attractive. 
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