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Abstract

Observations have been made of 18 cm OH emission and/or absorption for
12 sources between galactic longitudes 128° and 300°. The OH is seen in emission in
five of the sources, and the four Stokes parameters of the emission profiles have been
measured. A new type of strong wideband OH emission has been found near
111 — 284°. There are two sources where weak emission at 1612 MHz accompanies
absorption on the other three lines. The relationship of the OH to nearby HII
regions has been investigated by position measurements and by a comparison of OH
and recombination line radial velocities.

I. INTRODUCTION

Observations are presented of the four ground-state transitions of the OH
molecule associated with 12 sources in the galactic longitude range 128°-300°. This
is the third paper in a series dealing with 18 cm OH observations carried out with the
210 ft telescope at Parkes. The first paper (Robinson, Goss, and Manchester 1970)
dealt with instrumentation and other details common to all observations, and gave
results for sources in the longitude range 350°-50°. In the second paper (Goss,
Manchester, and Robinson 1970) sources in the longitude range 305°-334° were
discussed.

Absorption at 1665 or 1667 MHz had been previously detected in five of the
sources by McGee, Gardner, and Robinson (1967). In two of these sources we find
OH emission at 1612 MHz and absorption at 1665, 1667, and 1720 MHz. Three OH
emission sources and one absorption source have been found during a survey at
1665 MHz of the region between III = 284° and 300°. The strong broad emission
found in G284-2—0-8 at 1612 and 1665 MHz has been reported previously by
Manchester, Goss, and Robinson (1969a, 1969b). We have also made further observa-
tions of the three sources CIT —3 (Wilson and Barrett 1968), W 12 (Goss 1968), and
Orion A. An upper limit has been set to any Zeeman splitting of the W 12 absorption
profile.

IT. INSTRUMENTATION

The equipment and methods of observation have been described by Robinson,
Goss, and Manchester (1970). A bandwidth of 1 kHz was used for the emission
profiles, which were recorded with right-hand (R.H.) and left-hand (L.H.) circular
polarization and with the linear Stokes parameters @ and U. A bandwidth of 10 kHz
was used for the absorption profiles and for spectra taken at the continuum maxima
of the emission sources.
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III. SuMMARY OF OBSERVATIONS

Properties of the continuum sources associated with the OH emission or
absorption discussed in this paper are given in Table 1. As in the previous papers in
this series, the galactic G numbers are from the 6 cm survey of Goss and Shaver
(1970), and the radial velocities and kinematic distances of the sources are from the
hydrogen 109« recombination line survey of Wilson et al. (1970). The equatorial
coordinates and antenna temperature refer to the continuum maximum of the source
found with a 12’ arc beam at 18 cm wavelength.

TaBLE 1
PROPERTIES OF BACKGROUND SOURCES

Galactic Previous 18 cm Position (1950) Continuum H109a Kinematic Ty at

Source Desig- R.A. Dec. Spectrum Velocity Distance 18 ecm

Number nation h m s ° ’ P (km sec—1) (kpe) (°K)
G128-6—50-1 CIT -3 01 03 46 +12 19-5 I.R. object
G206-5—16-4 W12 05 39 12 —01 55-5 Thermal +6-6 0-6 36
G209:0—19-4 Orion A 05 32 47 —05 24-7* Thermal —2-2 0-5 190
G265-1+1-5 RCW 36 08 57 34 —43 32-2 Thermal +3-4 0:6(1-5) 16
G267-9—1-1 RCW 38 08 57 18 —47 19-7 Thermal +2-4 0-6(1:5) 95
G282-0—1-2 10 04 55 —56 56-4 Thermal +23-0 7-0 23
G284-0—0-9 RCW 48 10 17 385 —57 46-4 Thermal +5-1 4-0 18
G284-3—0-3 RCW 49 10 22 27 —57 31-1 Thermal —~0-1 6-0 116
G285-3—0-0 10 29 48 —57 46-7 Thermal -1-0 5-3 12
6287506 CarinaNeb. 10 42 12 —59 22-6 Thermal {: X 98
G291-:3—0-7 NGC 3576 11 09 50 —61 01-7 Thermal —22-8 3-6 49
G291-6—0-5 NGC 3603 1 13 15 —60 58-5 Thermal +10-4 8:4 110

* OH emission position.
TABLE 2
POSITIONS OF EMISSION SOURCES

Galactic Previous OH Position (1950) 18 cm Ty at Lines Used

Source Desig- R.A. Dec. OH Position for Position

Number nation h m s s ° ’ ‘ (°K) (MHz)
G128:6—50-1 CIT —3 01 03 46+4* 12 19-941% — 1612
G209-0—19-4 Orion A 05 82 47t —05 24-7% 190 1665
G284-2—0-8 RCW 48 10 19 4248 —57 50-1+1 5 1612, 1665
G285-2—0-0 10 29 81+16  —57 45312 11 1665
G291-6—0-4 NGC 3603 11 13 00+24  —60 54-543 80 1665

* This is the position for the 27 km sec~! feature. In addition, the position R.A. 011 03™ 488 1 4S, Dec.
12°19°-7+1’ was determined for the —9-5 km sec-? feature. The position of the optical object is R.A. 01h 03™ 468,
Dec. 12°19’-5 (epoch 1950).

T Position taken from McGee, Gardner, and Robinson (1967). Raimond and Eliasson (1969) give R.A.
051 32m 468-9 4082, Dec. —05° 24°18” +-3” for the features in the 17-6-23-7 km sec~* range.

For the 1665 MHz survey of the region 284° < I™l <{ 300° observations were
made at the continuum maximum of each source having an antenna temperature
greater than 15°K on the 20 cm galactic map of Hill (1968). The survey profiles were
in most cases taken with R.H. circular polarization and 10 kHz resolution. No OH
emission or absorption, with a limit of 1°K in antenna temperature, was observed in
the following sources: G286:2—0-2, 289:1—0-4, 289:-8—1-1, 290-1—0-8,
291-:0—0-1, 292-04-1-8, 295-0—1-7, 295-2—0-6, 298-2—0-3, and 298-9—0-4.
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The positions for the OH emission were determined by means of observations at
a grid of points spaced at half-beamwidth (6’ arc) intervals; these are given in Table 2.
The transition used for the position measurement is noted in each case and each
source has been assigned a galactic coordinate catalogue number. None of the
emission sources could be resolved with the 12’ arc beam. The 18 em continuum

TABLE 3
POLARIZATION OF EMISSION FEATURES
Errors are based on peak-to-peak noise of R.H., L.H., @, and U measurements

Line Radial  Peak Flux Line Circular Linear Position Axial
Source Frequency Velocity Density Width Polarization* Polarizationt Angle Ratio®
(MHz)  (km sec™?) (fu.) (km sec™?) (%) (%) (deg)
G128:6—50-1 1612 —-9'5 1942 -0 <12 <9
1612 26-8 1742 -0 <13 <8
G209-0—19-4 1612 7-2 643 0-3 <45 a
1612 77 743 0-5 100450 a
1665 —~5-7 1242 0-4 70+20 <15 1-0 £0-2
1665 3-3 1142 0-4 —30+20 <14 —1:0 £05
1665 4-3 16+2 0-5 100420 <10 1-0 +0-1
1665 6-2 7+2 0-6 95445 <24 1-0 £0-3
1665 7:8 1842 1-1 b <14
1665 165 5+2 1-6 b <30
1665 19-0 842 2-1 60+30 <20 10 £0-3
1665 20-7 1742 1-2 <13 <10
1665 22-8 2042 1-2 b <10
G284-2—0-8 1612 —33-1 8412 1-0 <25 a
1612 —24-5 9142 14-0 <4 <2
1665 —27-5 8042 0-3 543 15+3 90+5 0:15+0-1
1665 —27-0 11042 0-3 —1043 10+3 1256+10 0-5 +0-2
1665 —26-0 8042 1-2 1643 342 0+45
1665 —-21-0 6042 8-0 <4 <2
1665 —16-0 1742 1-0 —60+5 <5
1665 —12-5 1342 3-0 <30 <10
1665 14-0 1341 3-0 <10 a,c
G285-2—0-0 1665 4-2 1443 0-5 —100+35 <20
1665 5-7 1243 0-7 100435 <20
1665 8-7 643 0 —90465 <25
G291-6—0-4 1665 14-6 8+3 0-3 —1004-50 <20
1665 18-0 443 0-6 85475 <35

* Negative sign indicates R.H. circular polarization; b indicates irregular change of circular polarization across
this component. ’
t a indicates no linear polarization data; c indicates data from profiles with 10 kHz resolution.

temperatures at the OH positions are also given. Polarization information for all
emission lines is presented in Table 3. Errors have been calculated using the peak-to-
peak noise on the profiles.

In Table 4 the parameters of the absorption profiles, taken in each case at the
source continuum maximum, are listed. The various quantities in the table are as
defined by Robinson, Goss, and Manchester (1970). For G291-3—0-7 and G291:6—0-4
profiles were taken over a grid of points on the continuum sources; this is discussed
in more detail in Section IV (k).
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For those cases where significant absorption was observed at more than one
frequency the relative intensities of the lines are compared in Table 5 by taking the
ratio of the integrated areas of the absorption profiles. When the optical depth is
small the ratios for 1612 : 1665 : 1667 : 1720 MHz would be 1 : 5 : 9 : 1 if the molecular
levels were in thermal equilibrium. As Goss (1968) found for northern sources, the
relative intensities at 1665 and 1667 MHz are frequently close to the expected ratio

TABLE 5
RATIOS OF INTEGRATED AREAS OF ABSORPTION LINES

1667 MHz Frequency Ratio of Implied Expected Ratio
Radial . 1667 MHz for Satellites
Source . Ratio Integrated .
Velocity (MHz) Aroas* Optical from 1667 : 1665
(km sec™1) Depth Ratio
G206-5—16-4 9-3 1667 : 1612 89 42-4 0-2 4-5
1667 : 1665 1-434+0-2 1-9 —
1667 : 1720 3-4 £0-5 4-6 4-5
G265-1+1-5 5-7 1667 : 1612 E — 6-2
1667 : 1665 1-594-0-38 0-9 —
1667 : 1720 2-244-0-75 10-3 6-2
G267-9—1-1 1-8 1667 : 1612 E — 6-0
1667 : 1665 1-554+0-11 1-1 —_
1667 : 1720 3-2140-34 5-1 6-0
G282-0—1-2 —4-3 1667 : 1612 4-6'42-9 3-3 9-0
1667 : 1665 2-1 40-8 0 —
1667 : 1720 >6-0 — 9-0
G284-3—0-3 —13-1 1667 :1612 11-8 +3-2 0 9
1667 : 1665 -7 +0-6 0 —_
1667 : 1720 5-7 +£1-7 1-2 9
G287-56—0-6 —25-0 1667 : 1612 >5 — 5-1
1667 : 1665 1-5 407 1-5 —
1667 : 1720 >10 — 5-1
G291-3—0-7 —25-8 1667 : 1612 4-5 40-8 3-5 1-19
1667 : 1665 1-114-0-14 16-7 —_
1667:1720 10-7 43-2 0 1-19

* B indicates that 1612 MHz appears in emission.

of 1-8; the most notable exception here is G291-3—0-7. The optical depth for the
1667 MHz line corresponding to each line ratio has been computed, assuming that the
excitation temperature is the same for the two transitions. The 1667 : 1612 and
1667 : 1720 MHz ratios are very different from those expected from the 1667 : 1665
ratio and are usually unequal. In the case of RCW 38, and probably RCW 36, the
1612 MHz line appears in emission while 1720 MHz is in absorption.

IV. DiscussioN OF INDIVIDUAL SOURCES
(@) G128-6—50-1

The OH source G128:6—50-1 is a 1612 MHz emission region found by Wilson
and Barrett (1968) to be associated with the infrared star CIT —3. These authors
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showed that the 1612 MHz emission is concentrated in two velocity groups near
—9-5kmsec—! and 427 kmsec—!, but found no emission at 1665 or 1720 MHz and
only weak emission at 1667 MHz. Here we have only studied the 1612 and 1720 MHz
profiles.

The positional information is summarized in Table 2; in agreement with
Wilson and Barrett (1968), we find that both the —9-5 and +27 kmsec1 com-
ponents arise from the same position, coincident with the infrared star. The 1612
and 1720 MHz profiles are shown in Figures 1(a) (—9-5 kmsec™! feature) and 1(b)
(427 kmsec—1 feature). The polarization properties are summarized in Table 3.
There is remarkable similarity between the two features; to within the noise the
peak flux, width, and polarization of the two features are identical. No 1720 MHz
emission greater than 2°K antenna temperature could be detected.

(b) G206-5—16-4

The radio source G206-5—16-4 or W 12 is the well-known HII region NGC 2024
situated at a distance of 0-6 kpc. The OH absorption lines in W 12, discovered by
Goss (1968), have the largest optical depths found to date outside of the galactic centre.
The four ground-state OH profiles are shown in Figure 2 (1 kHz resolution). The
suggestion made by Goss (1968) that the 1720 MHz line is stronger than the 1612 MHz
line is confirmed in the present investigation; the ratio of the mean intensities is
about 1:-5. In addition to the line at 9-3 kmsec—1, a weaker line is seen on the
1667 MHz profile at 12-5 kmsec—l. This feature is also evident on the 1667 MHz
profile published by Goss (1968).

The properties of the absorption lines are summarized in Table 4 and the ratios
of the integrated areas of the profiles are listed in Table 5. The velocity of the OH
agrees very closely with a strong HI absorption at 9-7 kmsec~! observed by
Radhakrishnan (personal communication). The measured optical depth for the
1667 MHz line is nearly twice as large as the next strongest absorption found in this
survey, the 1667 MHz absorption of G291-3—0-7, which has a line width three times
greater than for W12. The relative intensities of the four lines indicate that a single
excitation temperature cannot describe the population distribution.

The W 12 absorption profile is the narrowest OH absorption feature known and
has a high optical depth. It is therefore most suitable for a measurement of Zeeman
splitting of the absorption profile. Figure 3(a) shows measurements of the Stokes
parameter V (L.H.—R.H. circular polarization) at 1665 MHz. Displaced above the
V profile is the expected Zeeman pattern for a longitudinal magnetic field of 5 x 10-3 G,
obtained by differentiating the absorption profile in Figure 2. Figure 3(b) shows
similar measurements at 1667 MHz. It is clear that the magnetic field strength in
the absorbing OH clouds is less than 5x 10-5 G.

(c) Orion A
The OH. spectrum in the direction of Orion A has been discussed in detail by
Palmer and Zuckerman (1967), Goss (1968), and Weaver, Dieter, and Williams
(1968). In Figure 4 the 1612 and 1665 MHz profiles are shown; the polarization
parameters are given in Table 3.
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Fig. 4.—Polarization of the OH emission from Orion A. The 1612 MHz profile was recorded in

April 1968 and the 1665 MHz profile in December 1967. The bandwidth is 1 kHz.
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(d) G265-1+1-5

The continuum source G265-1+41-5 is the HII region RCW36 (Rodgers,
Campbell, and Whiteoak 1960), which has been mapped at 2700 MHz by Manchester
and Goss (1969). 1665 MHz OH absorption was first detected by McGee, Gardner,
and Robinson (1967). Observations of the H109« recombination line indicate that the
distance to RCW 36 is between 0-6 and 1-5 kpe.

The four OH ground-state profiles in Figure 5 show absorption on all transitions
except 1612 MHz. It is probable that there is a weak emission line on the 1612 MHz
profile at +7 kmsec~1, very close to the absorption velocity on the other frequencies;
this line may be L.H. polarized. We have no positional information on this emission.

The properties of the absorption lines are summarized in Tables 4 and 5. The
OH absorption velocity of 5-7 kmsec! is close to an HI absorption line at
4-8 kmsec~1 detected by Radhakrishnan (personal communication); Goss, Murray,
and Radhakrishnan (1970) give a lower limit to the distance of 1-3 kpec.

(e) G267-9—1-1

The radio source G267-9—1-1, one of the strongest southern galactic sources,
is the well-known HII region RCW 38. The area of RCW 38 has been mapped by
Manchester and Goss (1969). Absorption at 1665, 1667, and 1720 MHz was originally
observed by McGee et al. (1965). Figure 6 shows the four ground-state OH profiles
taken with 10 kHz resolution. Absorption is found on all four lines; in addition an
emission line is observed at 1612 MHz. The properties of the absorption lines are
summarized in Table 4 and the line ratios are given in Table 5. The total velocity
range for each of the four lines is approximately the same. However, at 1612 MHz
the higher velocity portion of the line appears in emission; this is centred at
4-04-0-2 kmsec~1 and has no detectable circular polarization. At present we have
no positional information on the emission. The structure of the 1612 MHz profile
is quite similar to the 1720 MHz line in the zero-velocity feature of Cas A (Rogers
and Barrett 1967; Goss 1968).

Clark, Radhakrishnan, and Wilson (1962) found that RCW 38 shows strong
21 cm absorption. Radhakrishnan (personal communication) finds at least two deep
21 em absorption lines in the direction of RCW 38: one at 2-3 kmsec~1 and another
sharper line at 7-0 kmsec~l. The OH absorption at about 2 kmsec! is probably
associated with the broader hydrogen absorption centred at 2-3 kmsecl. The
velocity of the OH absorption is close to the H109« velocity of 2-4 kmsec™l. At
present no reliable distance for RCW 38 is available; however, from its longitude of
about 270° it probably lies in the Orion arm. Wilson et al. (1970) have suggested that
the distance is between 0-5 and 1-5kpe, as for RCW36. Goss, Murray, and
Radhakrishnan (1970) find a lower limit of 2 kpe from 21 em absorption measurements.

The broad absorption line in RCW 38 is not nearly as favourable as that in W 12
for Zeeman-splitting measurements. A series of observations of the Stokes parameter
V gave a peak-to-peak noise of 0-5 degK for an integration time of 2 -4 hr with 10kHz
bandwidth.

(f) G282-0—1-2
The galactic radio source G282:0-—1-2 is an HII region which has an H109«
recombination line velocity of 23 kmsec—!; this implies a position beyond the solar
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circle with a kinematic distance of 7 kpe. Weak absorption at 1665 MHz was found
by McGee, Gardner, and Robinson (1967).

The four ground-state OH profiles with 10 kHz resolution are shown in
Figure 7(a). Absorption is present at 1612, 1665, and 1667 MHz. The properties of
these three lines are summarized in Table 4 and the line ratios are given in Table 5.
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Fig. 7—OH profiles, recorded with 10 kHz bandwidth, for (a) G282-0—1-2 and
(b) G284-3—0-3 (RCW 49).

(9) G284-2—0-8

The strong emission from this source has been discussed previously (Manchester,
Goss, and Robinson 1969a, 1969b), but complete profiles at all frequencies have not
been previously published. As discussed in the previous papers, the OH emission
position is between the two continuum sources G284-0—0-9 (RCW48) and
G284:3—0-3 (RCW49). The position is given on the 5000 MHz continuum map of
Goss and Shaver (1970) in Figure 8, showing that the emission is apparently
associated with the extended thermal source G284-0—0-9. However, the association
is not certain and it is possible that it is one of projection only.
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Fig. 8.—Map of the region near /I = 284° at 6 cm wavelength (Goss and Shaver 1970)
with a 4’ arc beam. The cross marks the position of the OH emitter G284-2—0-8; the
size of the cross indicates the errors in the position.
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Fig. 9.—OH profiles of G284-2—0-8 taken with a bandwidth of 10 kHz.
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Observations with 10kHz resolution at the continuum maximum of
(284 -0—0-9 do not show absorption at any frequency. At 1667 MHz any absorption
is less than 0-5°K, corresponding to a limiting optical depth of about 0-03.

Profiles taken with 10 kHz resolution at the emission position R.A. 10R 19m 428,
Dec. —57°50'-1 are shown in Figure 9. At both 1612 and 1665 MHz there is strong
emission between —29 and —15kmsec~! and weaker but significant emission
between —15 and +17 kmsec~!. In addition there is 1612 MHz emission between
—29 and — 35 km sec~1 which has no counterpart at 1665 MHz. Within the positioning
errors the strong 1612 and 1665 MHz emission, and the weaker 1665 MHz emission
at 14 kmsec™1, all arise from the same position. The 1667 and 1720 MHz profiles
show that there is no significant emission at these frequencies. There may be weak
1667 MHz absorption near —10 km sec™1.
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Fig. 10.—Polarization of part of the OH emission from G284:2—0-8 at 1612 and 1665 MHz.
The bandwidth is 1 kHz.

Figure 10 shows profiles of the more intense portion of the 1612 and 16656 MHz
emission, taken with 1 kHz resolution. The 1612 MHz emission is unpolarized at all
velocities, the limits for the stronger emission around —24-5 kmsec™1 being < 49,
circular and < 29, linear polarization.. At 1665 MHz most of the emission is
unpolarized, but there are several polarized features at the low-velocity end. As
shown in Table 3, these features have both linear and circular polarization. The
unpolarized component has a peak flux density of 106 f.u. at —27-2 kmsec™1.
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The emission from this source has a number of unusual characteristics. At both
1612 and 1665 MHz the emission covers a very wide velocity range (—35 to
+17 kmsec1) and is intense. The profiles have little fine structure or narrow band
emission and little or no polarized component. Although the emission shows a general
similarity at the two frequencies, there is no detailed correspondence. The 1612 MHz
emission is unusually strong compared to that from most other sources which emit
strongly at 1665 MHz, and the lack of any absorption or emission at 1667 MHz is
also notable. Most OH emission sources (except those associated with infrared stars)
have been found close to a continuum radio source, but G284-2—0-8 is in a region of
weak continuum emission. Few similar cases would have been observed in the searches
for OH emission sources, which have recorded the profiles at the peak of continuum
sources; few systematic observations have been made at other positions.

No kinematic distance can be given for the OH emission source owing to the
wide velocity range covered. As discussed by Manchester, Goss, and Robinson (1969a),
photometric observations indicate. that G284:0—0-9 may be at a distance of
approximately 4 kpc. Measurements discussed below indicate that G284-3—0-3 is
at a distance of about 6 kpe. However, the emission from G284 -2—0-8 may not be
associated with either of these continuum sources.

(h) G284-3—0-3

The intense continuum source G284-3—0-3 is the HII region RCW49. OH
absorption at 1665 MHz was discovered by McGee, Gardner, and Robinson (1967).
The H109« recombination line velocity is —0-1 kmsec—l. The choice of the far
distance (5 kpe) for RCW 49 by Manchester, Goss, and Robinson (1969a) is based
on the appearance of an OH absorption line at —13-1 kmsec~1. This velocity is close
to the tangential velocity and hence the near distance can be excluded. The far
distance has been confirmed by recent 21 em absorption measurements by
Radhakrishnan (personal communication). Westerlund (1960) considers that a distance
of 6 kpc is most likely for RCW 49.

The OH profiles for RCW49 are shown in Figure 7(b) (10 kHz resolution);
only the 1665 and 1667 MHz profiles show detectable absorption. The properties of
the 1667 MHz absorption lines are summarized in Table 4. The measured optical
depth is an order of magnitude less than for the stronger absorption sources.

(3) G285-2—0-0

Emission at 1665 MHz has been observed from the small thermal source
G285-3—0-0, which is situated about 1° east of the strong continuum source
G284-3—0-3 (RCW49). Figure 11(a) shows profiles with 10 kHz resolution taken
on all four frequencies at the continuum maximum of G285-3—0-0 (R.A. 10k 29m 48s
Dec. —57°46"-7). At 1665 MHz there is R.H. circular emission at velocities near
4 and 9 kmsec~! and L.H. circular emission at about 6 km sec—1.

This emission comes from a position near the continuum maximum of
G285-3—0-0 at R.A. 10h29m 3184-168, Dec. —57°45'-34-2". This position is marked
on the map of the 5000 MHz continuum emission in Figure 12. There is no absorption
apparent at any velocity or frequency, the limiting value for the optical depth at
1667 MHz being 0-04.
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Figure 11(b) shows profiles with 1 kHz resolution taken at the 1665 MHz
emission position. The 1665 MHz profiles show that the L.H. and R.H. circular
features are independent and each is 1009, polarized. Details of the polarization of
these emission features are given in Table 3. No emission is evident in Figure 11(b)
on the other three frequencies.

The H109« recombination line velocity is —1-0 kmsec—l. This velocity is
relatively close to the velocities of OH emission and suggests that G285-3—0-0 is
close to the solar circle at a distance of 5-3 kpe. A plate taken at Mt. Stromlo on the
Uppsala Schmidt camera by Dr. G. Lyngd (personal communication) shows a small
dense emission region at the position of G285-2—0-0 to the west of the Carina Nebula.

() Carina Nebula

The Carina Nebula is a complex of HII regions near 'l = 288° (Beard and
Kerr 1966), whose distance has been determined by several optical investigations;
the mean value is 2-7 kpe (Sher 1965a). Absorption at 1667 MHz was first detected
by McGee, Gardner, and Robinson (1967).

The four ground-state OH profiles taken with 10 kHz resolution for the con-
tinuum source G287:5—0-6 are shown in Figure 13. Absorption lines are seen at
1665 and 1667 MHz and their properties are summarized in Tables 4 and 5. The
optical depths are an order of magnitude less than in the stronger absorption sources.
The velocity of the OH absorption line is within 2 kmsec~! of one of the H109«
recombination lines in the Carina Nebula (Gardner ef al. 1970).

(k) G291-3—0-7

The 5 GHz continuum map of the area of RCW 57 is shown in Figure 14. It

includes the continuum source G291-3—0-7, a compact thermal source (NGC 3576)
with an emission measure of greater than 107 cm~¢ pe (Shaver and Goss 1970). Strong
absorption of this source has been observed on all four OH lines. Figure 15 shows
profiles taken at the 18 cm continuum maximum position (R.A. 11209508, Dec.
—61°01’-7) with 10 kHz resolution. The absorption profile is of the same form at
each of the four frequencies and consists of a narrow line centred at —25-8 kmsec—1
with a weaker absorption feature on the high velocity side. Line ratios for the
absorption given in Table 5 show that the level populations are not consistent with
a unique excitation temperature. If the absorbing OH were assumed to cover only a
portion of the source, the 1667 : 1665 MHz line ratio indicates that the optical
depth would be very large (16-7) with a filling factor of about 0-16. On the other
hand, the 1667 : 1720 MHz line ratio is actually greater than the theoretical value
for small optical depth.

Observations of the 1667 MHz absorption have been made at a grid of points
on G291-3—0-7 and the adjacent source G291-6—0-5 (NGC3603), as marked by
the small crosses in Figure 14. The optical depth of the —25-8 kmsec~1 absorption
may be slightly larger on the western points but generally shows little variation over
the square grid on G291 -3—0-7 with a mean value of about 0-15. Absorption at this
velocity is also present on the two eastern points; for the point at R.A. 112 ]1]1m 308
the optical depth is about 0-04, and for the point at R.A. 11212m20s it is about
0-015. Thus the absorbing OH at —25-8 kmsec~! extends in front of G291:6—0-5.
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As discussed below, there is weak absorption with optical depth 0-013 at
113-1 kmsec1 on the continuum maximum of G291-6—0-5. This absorption is
also present on the two eastern grid points discussed above, but there is no evidence
for absorption at this velocity at the continuum maximum of G291-3—0-7, with a
limiting optical depth of 0-01. These measurements suggest that G291-6—0-5 and
the absorbing OH at -+13-1kmsec! are both more distant than G291-3—0-7.
They also show that the absorbing OH at —25-8 kmsec~! extends only about 20’
arc to the east of the G291-3—0-7 position.

The H109x recombination line velocity for G291-3—0-7 is —22-8 kmsec™1,
close to the OH absorption velocity. This velocity indicates a position near the
tangential point of galactic rotation at a distance of about 3-6 kpe. Observations of
hydrogen line absorption (Goss and Radhakrishnan 1969) also show that G291-3—0-7
is at or beyond the tangential point.

The absorption line in G291-3—0-7 is similar in width to that in RCW 38, and
so is not very suitable for Zeeman-splitting measurements. Observations of the
Stokes parameter V at 1665 MHz gave a peak-to-peak noise of 1-0degK for an
integration time of 2-9 hr with 10 kHz bandwidth.

() G291-6—0-4

OH has been observed in emission at 1665 MHz and in absorption at 1612,
1665, and 1667 MHz for the thermal source G291-6—0-5. This source is associated
with the nebula NGC3603. On the 5 GHz continuum map of the region in Figure 14,
(G291:6—0-5 is seen to be extended.

In Figure 16(a) profiles taken with 10 kHz resolution are reproduced for the
four OH frequencies at the continuum maximum position, R.A. 11213m 158, Dec.
—60°58"-5. These show evidence for a weak absorption line at about +13 kmsec™?
at 1612, 1665, and 1667 MHz. The distribution of this absorption (as measured at
1667 MHz) has been discussed in Section IV (k).

Emission at 1665 MHz appears to rise from the high-velocity side of the
absorption, making the absorption parameters given in Table 4 for this frequency
very approximate. The emission originates at a position (R.A. 11R13m 0054245,
Dec. —60°54'-5--3") on the northern side of the continuum source, as marked in
Figure 14. Profiles taken at this position with 1kHz resolution are given in
Figure 16(b). The L.H. and R.H. circular emission features at 1665 MHz are
independent and well separated in velocity. As shown in Table 3, they are both
1009, circularly polarized, within the noise, and have no significant linear component.

The kinematic distance of G291-6—0-5 corresponding to the H109« recom-
bination line velocity of --10-4 kmsec—! is beyond the solar circle at approximately
8-4 kpe. This is the only possible kinematic distance. Sher (1965b) has determined
a distance of 3-5 kpe for the compact cluster at the centre of NGC 3603 using photo-
metric observations.  Observations of hydrogen line absorption (Goss and
Radhakrishnan 1969) show that G291-6—0-5 is beyond the tangential point, so the
kinematic distance given above is adopted. The OH absorption velocity of
+13-1 kmsec! is slightly greater than the recombination line velocity, but the
velocity difference is well within the range found for most cases of absorption near
HII regions (see Section V(a)).
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V. CHARACTERISTICS OF OH IN SOUTHERN SOURCES

We shall now summarize some of the main characteristics of OH absorption
and emission associated with sources in the longitude range 128°-50°, as covered
here and in the two companion papers (Robinson, Goss, and Manchester 1970; Goss,
Manchester, and Robinson 1970).

(@) Absorption

Strong absorption on all four 18 em OH lines is seen in the continuum sources
W12, ROW 38, G291-3—0-7, Sgr A, Sgr B2, and W43. Much weaker absorption is
observed in RCW 46, RCW 49, and the Carina Nebula. In no cases do the relative
intensities of the absorption on the four 18 cm lines correspond to those expected in
thermal equilibrium. In particular, the absorption on 1612 MHz is always different
from that on 1720 MHz, although these two lines have approximately equal transition
probabilities. The absorption at 1720 MHz is stronger in W 12, RCW 36, and RCW 38,
similar to the case of M 17 (Goss 1968); the 1612 MHz absorption is stronger in
RCW 46, G291:3—0-7, and W43, similar to that in W22 and Cas A (Goss 1968).

15
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I [F] Far point Fig. 17.—Histogram showing the
10 . difference between the H109«

L M Uncertain

recombination line velocity (Wilson
et al. 1970) and the OH absorption
velocity for both northern and
southern sources. For sources with
90° < IT < 180° and

270° < I < 360° the sign of the
velocity difference has been reversed.

Number of cases

w1
T T

—20 0 20 40 60 80

Velocity difference (km sec—1)

Comparison of OH absorption radial velocities and the corresponding hydrogen
recombination line velocities from Wilson ef al. (1970) shows that in many cases the
absorbing OH and the HIT region are closely related. The histogram in Figure 17
shows the difference between the recombination line velocity and OH absorption
velocity for all HII regions discussed in the three papers of this series, and also those
HII regions discussed by Goss (1968) and Weaver, Dieter, and Williams (1968) but
not included in these papers. For sources in the quadrants I = 90°-180° and
270°-360° the sign of the velocity difference has been reversed. Therefore, except
when the continuum source is beyond the tangential point of galactic rotation, the
absorption (being closer) should give a positive velocity difference. Sources which
are beyond the tangential point and those whose distance is ambiguous have been
indicated in the figure. Except for those sources beyond the tangential point, only
one negative velocity difference greater than 10 kmsec! is observed. Although in
many cases the line of sight to the source passes through or along spiral-arm regions,
the diagram shows that in most cases the absorbing OH and the HII region are closely
associated; 759, of the velocity differences are less than 10 kmsec—1. It would
appear that conditions favourable for the formation of OH (and other molecules) are
also favourable for star formation and subsequent generation of HII regions.
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(b) Emission on Satellite Lines

The 1720 MHz line appears in emission, with the other three lines in absorption,
in Sgr A, W28, W44, and W 43B, as discussed by Goss (1968) and Goss and Robinson
(1968). This type of emission was first noted in Cas A by Rogers and Barrett (1967).
The first three sources are nonthermal while W 43B is a thermal source with an H109«
velocity close to the 1720 MHz emission velocity. In all cases the emission profile is
broad and has a low degree of polarization. In W28, W43B, and W 44 the optical
depth of the absorption on 1667 MHz is higher (typically by a factor of two) at the
position of the 1720 MHz emission than at the continuum maximum. This suggests
that the OH density reaches a maximum near the location of the 1720 MHz emission.
The angular size of the emission in W 28 has been found by scintillation observations
to be greater than 1” arc. This is much greater than the sizes found for the most
common class of source emitting at 1665 MHz, for which the angular sizes are between
0”-005 and 0”-1.

Weak emission at 1612 MHz, with absorption on the other three lines, is
observed in RCW 38 and probably in RCW 36. This emission also has a low degree of
polarization. Much stronger 1612 MHz emission, perhaps associated with weak
1665 MHz emission, is found in W 43A near radial velocities of 27 and 40 kmsec1.
The lines are wide and at 40 kmsec! there is slight elliptical polarization. The
1612 MHz emission from W43A has some similarities to that from the infrared
object CIT —3, in which broad emission features with low polarization occur at two
widely separated velocities, and there is only weak main line emission.

(¢) New Types of OH Emission

Intense 1612 MHz emission, with weaker main line emission, occurs in
G331:5—0-1 (Robinson, Goss, and Manchester 1969). This case differs from that of
CIT —3 and W43A by having a number of sharp emission spikes near one velocity,
with a high degree of circular polarization.

Strong emission at 1612 and 1665 MHz has been found in G284-2—0-8
(Manchester, Goss, and Robinson 19692, 1969b). For each line the emission covers
a very wide velocity range, with no polarization at 1612 MHz and only a few
elliptically polarized features at 1665 MHz. The line emission comes from a region of
weak continuum emission adjacent to the thermal source G284-0—0-9.

In G24-3+0-1 emission occurs only at 1667 MHz, as originally observed by
Goss (1968). Wide emission lines are present at two well-separated velocities, and in
each case there is 1009, linear polarization.

(d) Main Line Emission associated with HII Regions

Of the thermal sources investigated in the range 128° < /I < 50° there are
14 cases of strong main line emission. The agreement of the OH and hydrogen
recombination line velocities (see Table 6) shows that the emitting OH is in close
proximity to the HIT region. The velocities in Table 6 refer to the emission sources
covered by the present series of papers, and also northern sources from the papers
by Weaver, Dieter, and Williams (1968), Ellder, Ronning, and Winnberg (1969),
Rydbeck, Ellder, and Kollberg (1969), Turner (1969), and Downes (1970). Except
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for the cases of NGC6334B and W 43C, the strongest emission is at 1665 MHz. The
lines are narrow and have a high degree of circular or elliptical polarization; in the
latter case the profiles for the linear Stokes parameters @ and U have very narrow
features which are unresolved by the 1 kHz filters, although the circular polarization
profiles are adequately resolved (e.g. G305-4+0-2, NGC6334A, NGC6334B, W 33A).

TABLE 6
COMPARISON OF RADIAL VELOCITIES FOR OH EMISSION AND HYDROGEN RECOMBINATION LINE

Galactic Previous Hlo?a Velocity Rfa,n.ge =

Sotree Desig- Radlfa.l for OH Emission Viesa— Von

Number nation Velocity at 1665 and 1667 MHz (km sec—1)

(km sec™1) (km sec—1)

G0-7—0-0 Sgr B2 62-0 +54 to +74-5 —5
G5:9—0-4 — 10-5 —35 to +30 +31
G10-6—0-4 — 0-3 —2-4to —0-3 +3
G12-7—0-2 W 33B 35-8% +59 to 466 (—26)
G12:9—0-3 W 33A 35-8* +36 to +41 —14
G20-0—0-2 — 43-4 +45-5 to +47-5 . —3
G30-6—0-1 W 43C 441 +35 to 438 (+7)
G43-240-0 W 49 9-0 +1 to 424 -7
G49-5—0-4 W51 58-5 +57 to 462 0
G70-3+1-6 NGC 6857 —24-4 —21-4to —19-7 -3
G75-8+0-4 — —4-8 —6to +3 —4
G81-7+0-6 W 75A 1-7% —1to 46 +1
G81-9+0-7 W 175B 1-7% +3 to +13 —6
G111-5+0-8 NGC 7538 —60-6 —59-8 to —59-4 -1
G133-9+1-1 W3 —43-5 —50 to —41 +2
G209-0—19-4 Orion A —2-2 —6to 24 —10
G285-2—0-0 — —1-0 +2to +11 —6
G291-6—0-4 NGC 3603 +10-4 +14 to +19 —4
G305-4-+0-2 1308 —62 —38-5 —40 to —33 —2
G331-5—0-1 1608—51 —88-1 —93 to —86 +2
G333-2—0-5 1617—50 —55-2 —56 to —48 —4
G333-6—0-2 1618—49 —47-7 —53 to —47 +3
G351-140-7 NGC 6334B —2-6 —15to —3-5 +17
G351-4+0-7 NGC 6334A —2-6 —13 to —7 +8

* H109« velocity of G12-8—0-2.

T Location of recombination line is not known. G30-8—0-0 has an H109a velocity of
92-7 kmsec—1.

1 H109« velocity of DR 23.

The main line emission is accompanied by emission on both satellite lines in 3 of the
14 sources; in another 3 there is emission at 1612 MHz only and 1 case with 1720 MHz
emission only, while in the remaining 7 cases there is no detectable satellite emission.
The 1612 or 1720 MHz emission is always circularly polarized.

Temporal variations over periods of several months have been seen at 1665 MHz
in NGC6334A, NGC6334B, and W33A, and at 1720 MHz in W49 and W51. No
variations have been seen with a time scale as short as a few days, but observations
are lacking for time scales between a week and several months.
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(e) Zeeman Splitting of Absorption Lines

No polarization has been detected in any of the absorption profiles. A search
has been made for Zeeman splitting of the deep absorption of W12 at 1665 and
1667 MHz, and an upper limit of 5x10-5 G can be set for the longitudinal magnetic
field in the absorbing OH cloud(s). For HI clouds various authors (e.g. Verschuur
1970) have suggested that the magnetic field is frozen in and so is amplified as the
cloud condenses. If, as is generally believed, the absorbing OH exists in clouds which
have contracted to greater densities, the W 12 result suggests that field amplification
has not continued.
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