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ABSTRACT

Forty-one galactic sources north of declination —48° have been observed for 21-cm absorption by
using the single-dish and/or interferometer methods. The difficulties encountered by both methods on
sources in the galactic plane are discussed. Detailed notes are presented for each source, together with the
reference emission and absorption profiles and tables summarizing all the data.

I. INTRODUCTION

This is the third paper in a series on measurements of 21-cm absorption in the spectra
of discrete sources. Paper I dealt with the Parkes hydrogen-line interferometer; Paper
II, with measurements on extragalactic sources. All the sources in Paper II had values
of |b] greater than 6°, and only a minority of them showed unambiguous 21-cm absorp-
tion. In this paper we describe measurements on 41 galactic sources, most of which are
situated at very low galactic latitudes. Thirty-one of them are within 1° of the galactic
equator, and five more are within 2°, The consequent increase in the measured optical
depths is dramatic. In the case of the extragalactic sources of Paper 11, all the hydrogen
seen in emission in the direction of a source could be assumed to be in the path of its
radiation. With galactic sources, on the other hand, only a fraction of the hydrogen in
the direction of the source might lie between the Sun and the source. Nevertheless, our
observations suggest that, irrespective of the distance to the source, the optical depth
at some velocity is greater than unity. The precise measurement of this optical depth,
however, poses major difficulties that arise from a variety of causes.

II. MEASUREMENT DIFFICULTIES

We shall consider some of these difficulties, starting first with single-dish observa-
tions. As described in Paper II, profiles are obtained in the direction of the source and
in directions one full beamwidth (153’) away to the north, south, east, and west. The
four off-source profiles are then averaged to give the reference emission profile. Sub-
traction of this average from the on-source profile gives the absorption profile. In the
figures showing the results for each source these two derived profiles have been labeled
“emission”” and “absorption,” respectively, although each may contain some effects
of the opposite type. A profile labeled ‘“difference,” representing half the difference
between the north-south and east-west averages, is also shown for most sources. This
profile provides some idea of the errors to be expected in the “absorption’ profile due
to nonlinear gradients of the hydrogen emission in the region of the source. If the
gradients at each frequency are absolutely linear, the ‘““difference’ profile will not de-
part from zero by more than the noise. In some cases where the variation of emission
with position can be seen directly, we have shown all four emission profiles obtained at
the reference positions. In the case of weak sources it is difficult to separate true ab-
sorption from emission variations, and in the case of strong sources it is difficult to dis-
tinguish between moderate and high optical depths.

* Present address: Max-Planck-Institut fiir Radioastronomie, Bonn, West Germany.
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An example of the emission variations is shown in Figure 1. We have followed the
usual procedure for a source at the position I = 29320, b = 0°0. There is in fact no
source at this position, but the variations produce an ‘“absorption” profile not too un-
like many obtained at the positions of weak sources. This region was picked for its ab-
sence of continuum radiation and with no knowledge of the emission structure there.
It may therefore not be representative of the worst situations that could be encountered.
Its implications should be borne in mind when examining any of the single-dish profiles
presented in this paper or in other publications of 21-cm absorption measurements.

a) Complex Sources

Where the source is one of a complex distribution of sources, it is difficult, if not im-
possible, to find suitable reference regions situated symmetrically about the source. In
these cases we have attempted to make the best possible approximation to a symmetric
distribution of reference regions. Most of the observations relied heavily on a detailed
knowledge of the structure of the continuum sources as revealed by surveys with far
greater resolution. Where such surveys have shown the continuum source under inves-
tigation to be small, we have sometimes used the beam ‘“‘slope’” method. In this method
profiles are obtained slightly off source, in directions which place the source at the top
and bottom of the linear portion of the antenna beam pattern. The difference between
these two profiles will show absorption effects proportional to the change in continuum
antenna temperature between these two positions. The procedure can be repeated for
pairs of points with different orientations to the source. By virtue of using the highest-
resolution components in the antenna pattern this method provides better discrimina-
tion against the emission variations. Profiles were obtained this way for the double
source W49,

b) Large-Diameter Sources

Sources of large angular diameter are the most difficult to observe. The increased sep-
aration between the reference regions makes the reference emission profile even less ac-
curate than otherwise. If a strong source of small diameter is situated in a large source
of relatively uniform continuum emission, reference profiles can be obtained in the usual
manner by moving a beamwidth away from the small source. The so-called emission
profile may include absorption effects from the large source, but the measurement of
optical depth to the small-diameter source is still possible. The galactic-center source,
Sgr A, is such a case.

¢) The Interferometer Method

The interferometer method has been discussed in detail in Paper I. We mention here
some special difficulties with its use on low-latitude galactic sources. The minimum
spacing available with the Parkes interferometer was 120 m, and at this separation
most galactic sources are partially resolved. If the opacity distribution is very nonuni-
form, as in the case of Orion A (Paper I), complicated responses may be obtained. All
the interferometer observations reported in this paper were made with a north-south
baseline. The majority of them were obtained close to transit at the minimum antenna
separation of 120 m. For sources having large zenith angles at transit, the projected
baseline was smaller and consequently more favorable.

Where several sources are grouped together in a complex, separated by less than the
primary beamwidth (185) of the interferometer, it is hard to discriminate against un-
wanted responses. Measurements were sometimes made off axis to attenuate preferen-
tially an unwanted source less than a beamwidth away from the source under observa-
tion. In every case the relative phase of the line signal in each channel was monitored for
deviations of the response from the expected one; no significant deviations were de-
tected.


http://adsabs.harvard.edu/abs/1972ApJS...24...49R

"}S91 JO PIBPUEIS [BIO[ Y3 03 109dSaI [[J1M 2I® SIJID0[2A [RIpBY "oue[d O110®[ed 91} Ul SJUauaInseawl uorydiosqe
[SIP-9[3urs Ul Pa30adxa 9 03 SI0119 Y[} JO BAPI WI0S SIAL 3[goad 19M0[ Y] U SUOIIeNIONg 973 Jo apmyydwre 9y J, "uonyisod siyy je
90IN0S WNNUTIUOD OU ST 2137 T, “uonytsod s1yy 1e o[goad o) woy (3sam pue “)ses ‘ynos ‘giou ,GT Aq pade[dsip) ss[goid Suipunox
-Ins InOJ 973 Jo 38eIoAe 93 Junoenqgns Aq ‘0.0 = ¢ ‘0s£67 = 1 3© pawreyqo (4aog) osgoxd , uonydiosqe,, Uy—1 ‘Ol

(s/wy) ALIDOI3A IVIOVY

1743 oot 08 03 oy 0z 0 0Z- oy- 09- 08-

AN N S D S BN A SN SR R S SN IR SR NS SN R SN A AN NN R N SN NN BN S SRR B SR B S St MU B SN S e e 8-
- — w-
- 'Jvl
- — Nl
L . -0
L ¢
- -
L v
B b
- 19
i NOILdHOSaVY |

LA S S (R B H R IR SR SENL S SN SN AN SN RN BN AL B U SN R SRS ENN NURS SN SR AN E RS B N S S S SN SN SRS ate et

-0t

-10¢

|
o
(o) FUNLVYIANIL VNNILNV

- -10€
- —0v
- | —0S
- . , A m -—m- 1SIM A
- N Y I Y —— 1SV3 09
L ///\\.\\ \ —/,/) ‘. \.-\\A.\\w&s —— HINOS
- T A ,/\\yf\._. / — HLIYON oL
- v N NOISSIW3 |

PO S T K SN AU N NN SUNN SSNNNY TRNNS NS NN AN SUNN SN WU SANNPUN N SHN RN S ST T | /\—\ s 1 s 1 v v vt 3 1 3 ¥ 08

v


http://adsabs.harvard.edu/abs/1972ApJS...24...49R

JSI S 247 T A9R!

(97 20

52 V. RADHAKRISHNAN ET AL.

Interferometer fringes from unresolved fine structure in the emission would have ar-
bitrary phase angles with respect to those from the continuum source and can thus be
distinguished. No signals significantly larger than noise with a phase measurably differ-
ent from that of the source were found in any of the observations reported here. We
therefore consider the interferometer profiles in this paper to be free of any residual re-
sponses from emission structure within the primary beam.

d) Selection of Type of Observation

A knowledge of the continuum structure was used in selecting sources for observation
with either the single dish or the interferometer or both. In general it may be said that
single-dish measurements were limited by confusion and the interferometer measure-
ments by signal-to-noise ratio. In all cases where we obtained reasonable observations
with.both methods, we have placed greater reliance on the interferometer observations.
Significant discrepancies between the results of the two methods may be due to prob-
lems with the single-dish measurements or to opacity variations across resolved sources.
Future observations at other spacings should establish the true cause of the discrep-
ancies. For the present we have assumed that partial resolution of the sources has not
significantly affected the results. Some small-diameter continuum concentrations have
been observed with the interferometer only. For these weak sources a determination of
the absorption spectrum with the single dish would have been out of the question be-
cause of the large emission variations encountered in the galactic plane.

III. RESULTS

The results are presented in Figures 2-41. All radial velocities shown are with respect
to the local standard of rest. Most of the observations were made with filters of width
2 km s7! (9.5 kHz). In special cases we have made single-dish observations with nar-
rower filters of width 0.21 km s™* (1 kHz). For such sources the high-resolution profile
follows the corresponding low-resolution one; the figures have the same number but are
designated ‘“a” and ‘“‘b,” respectively.

The absorption profiles are always shown in the lower part of a figure. Where ab-
sorption profiles were obtained by both single-dish and interferometer methods, the
profiles have been superposed and the scales of optical depth made to agree. The upper
half of a figure shows emission profiles obtained at beamwidth away at points around
the source position, or an average of these. The ordinate for all emission profiles is an-
tenna temperature.

For weak sources with only interferometer absorption profiles, the left-hand ordi-
nate indicates the relative intensity in the line as compared with that in the contin-
uum. A relativeintensity (line-to-continuum ratio) of — 1 corresponds to total absorption
(r = »), whereas 0 corresponds to no absorption (7 = 0). A corresponding optical-depth
scale is provided on the right-hand side as usual. For these weak sources the emission
profile shown in the upper half of each figure was obtained by observing directly in the
direction of the source with the single dish. Because of the low antenna temperature of
the source, such a profile is a better approximation to the true emission spectrum in that
direction than the average of profiles taken a beamwidth away from the source.

The sources observed are listed in order of increasing galactic longitude in Table 1, where
column (5) denotes the type of source. Radial velocities measured in the 109« hydrogen
recombination line are listed in column (6), with the appropriate reference number in
column (7). Any known distance and its reference are given in columns (8) and (9), re-
spectively. The antenna temperature of the source (or fraction thereof) used for the de-
termination of the optical depth in single-dish measurements is listed in column (10),
and whether a measurement was made with the single dish or with the interferometer is
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indicated in column (13). Other absorption measurements on the source are listed in
column (11) by the substance producing the spectral line, and the relevant references
for them are in column (12). To facilitate finding the profiles we have listed the appro-
priate figure numbers in the last column.

Most of the single-dish observations have been made more than once and sometimes
with different receivers. Two different antenna feeds have been used in the observations,
but not all of the sources have been observed with both. The two feeds had slightly
different aperture efficiencies. The ratios of flux density to antenna temperature for them
were 1.5 and 1.66 flux units per degree. As described in Paper II, the conversion of an-
tenna temperature to brightness temperature was determined by observations on the
Moon; the antenna temperatures shown for the emission profiles in the various figures
can be converted to brightness temperatures by multiplying by 1.25. The beam efh-
ciencies of the two feeds agreed much more closely than their aperture efficiencies, and
the conversion factor of 1.25 applies to all the measurements. Profiles obtained on the
standard regions S8 and S9 recommended by the JAU are reproduced in Paper II for
comparison with the brightness-temperature scales used by other observers.

IV. GAUSSIAN ANALYSIS

It is obvious from the appearance of most absorption profiles that they are composed
of several features separated in velocity. It is natural to associate these components with
different concentrations of hydrogen along the line of sight, and to attempt to separate
them with a view to learning the characteristics of these concentrations. A convenient
and traditional method of separating the components is to fit the sum of Gaussian func-
tions of the optical depth to the profile. Although it is by no means clear to us that each
concentration of hydrogen produces a Gaussian-shaped feature, we have nevertheless,
as a first approximation, fitted Gaussian components to many of the absorption profiles
by using a computer program. This has not been attempted on those profiles that we
considered either too noisy or too complicated. From our observations we feel that
there is no structure in either H 1 emission or H 1 absorption profiles that is not com-
pletely resolved with 1-kHz filters. On the other hand, the filter bandwidth used for
most of the observations (9.5 kHz) is definitely too coarse, particularly for the absorp-
tion spectra. The number of Gaussians fitted to the profiles obtained with a bandwidth
of 9.5 kHz is therefore a lower limit to the number of components that must exist. It is
possible that even the components distinguishable with the 1-kHz filters are blends of
closely spaced features with similar widths. If they are, they can no more be separated
than the components making up an emission profile in the galactic plane.

The components of the Gaussian fit are indicated in the figures by crosses showing
the peak optical depth and the width at half optical depth. As the plots are linear in
temperature but not in optical depth, the appearances of the crosses vary one from the
other. As a result of one or more of the errors discussed above, the single-dish absorption
temperatures for some sources apparently exceed the antenna temperatures of the
sources, i.e., the optical depth apparently exceeds «. In these cases the absorption pro-
file has been truncated before fitting, at an antenna temperature which is above that
corresponding to infinite optical depth by the estimated noise. The values of the param-
eters obtained for the truncated features will, of course, be a strong function of the
truncation and grossly in error. Where there are several features, this procedure enables
a reasonable estimate to be made of the parameters for the other features in the profile
not so severely affected by noise or emission variations. In Table 2, which lists the fitted
Gaussians, we have indicated the truncated features by omitting the errors associated
with all parameters other than the velocity.
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Profiles have been designated emission, absorption, or difference, and have been obtained in the
manner described in the text. In those figures depicting an absorption measurement made only with the
interferometer (e.g., Figs. 9, 14b, 25a, 30, 34, 38¢, and 39), the ordinate is relative intensity with a cor-
responding scale of optical depth at the right. In all other cases the ordinate is in units of antenna tem-
perature with a corresponding scale of optical depth shown for absorption profiles. Where both types of
absorption profiles have been superposed, the scales of optical depth have been made to agree. The
frequency resolution used for the profiles shown in Figures 2b, 3b, 45, 6b, 225, 25b, 27b, and 315 was 1 kHz
(0.21 km s71). In all other cases a resolution of 9.5 kHz (2.0 km s™!) was employed. Gaussian components
fitted to some absorption profiles are shown by crosses indicating the maximum optical depth of each
component and its full width at half optical depth. In a few cases (Figs. 2b, 4b, and 6b) the sum of the

EXPLANATORY NOTES TO FIGURES 2 TO 41
(excluding Figs. 158, 15¢, 154 [Pls. 1 and 2], and 38f)

computed Gaussians is plotted as a dotted profile to show the quality of the fit.
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The Gaussian components obtained from the calculation are listed in Table 2. The
type of measurement is indicated in column (3). The mean radial velocity of the com-
ponent is listed in column (4), together with its error. Column (5) shows the maximum
optical depth of the feature, and column (6) the full width at half optical depth. For
components with half-widths greater than twice the instrumental resolution, correction
for bandwidth smoothing has been applied. In those cases where no correction has been
attempted, the values are shown in brackets. Column (7) lists a quantity obtained by
integrating under the component; it is equal to the column density of hydrogen divided
by the spin temperature. In column (8) we have listed the column density of hydrogen
obtained by multiplying the value in column (7) by an assumed spin temperature of
50° K for the absorbing clouds. The last column shows the kinematic distance corre-
sponding to the radial velocity of the component in the standard galactic-rotation
model. In some cases there are two possible distances, and the one that is less likely is
enclosed in parentheses.
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V. DISTANCE INTERPRETATION

A short discussion of the statistics of absorbing H 1 clouds in the galactic disk will be
found in a note following Paper IV in this series. There we have combined all our mea-
surements in the directions of galactic continuum sources to obtain estimates for the
parameters characterizing them. The properties of the interstellar medium as deduced
from the observations presented in this paper and in the other three of this series will be
dealt with in a subsequent publication. Some points, however, must be mentioned here,
since they play a part in the distance determinations for sources discussed in the notes
in the next section.
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It has hitherto been the philosophy in interpretation of 21-cm absorption spectra
that they could provide no more than a minimum distance to the source. It was custom-
arily argued that the source could be situated very much beyond the most distant
absorbing cloud if the line of sight did not happen to intersect any more hydrogen clouds
in the remaining distance. Our observations of galactic sources lead us to believe that
this is very unlikely for sources close to the plane. If the line of sight occasionally tra-
versed long path lengths without intersecting any clouds, occasional breaks should be
observed in absorption spectra between their extreme velocities. Reliable interferom-
eter measurements rarely if ever show this. It is necessary, of course, that the H 1 emis-
sion in this direction is unbroken and reasonably strong over the velocity range in ques-
tion. If it is, we feel that for all but the weakest sources one can expect to find unbroken
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measurable absorption to within a kiloparsec of the source. We have therefore very of-
ten equated the distance of the farthest absorption feature with that of the source.

A rare example of a good interferometer profile showing a complete break in the ab-
sorption at a velocity where the emission is strong can be seen in Figure 33. Between
velocities of 30 and 50 km s™! there is no absorption at all; this is almost certainly due
to the fact that the emitting hydrogen at these velocities is located beyond the tan-
gential point on the other side of the source.

Radial velocities determined from the H109« recombination line are often used to
derive kinematic distances by assuming circular motion for the H 11 regions. Whenever
possible, we have compared the distances deduced in this way with the kinematic dis-
tances deduced from the H 1 absorption data. In the case of several sources within +90°
of the galactic center the H 1 data helped remove the ambiguity in distance resulting
from the recombination-line data alone. In many cases discrepancies between the two
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estimates suggest the prevalence of peculiar motions associated with the H 1, H 11, or
both regions. Some extreme examples of this type are discussed in the notes to sources
under G351.7—1.2. There we conclude that H 11 regions can sometimes have peculiar
velocities of up to 30 km s™! and that caution should be observed in determining distances
from the recombination-line data alone.

VI. NOTES TO SOURCES

The observations presented in Figures 2-41 are discussed in brief in the following
notes, where we deal mostly with distance determinations and aspects related to the
source under discussion. In these notes we refer frequently to the work of some authors.
For convenience, references to their work have been abbreviated as follows: Clark
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(1965); CRW (Clark, Radhakrishnan, and Wilson 1962); Milne (1970); GMR (Goss,
Murray, and Radhakrishnan 1970); GS (Goss and Shaver 1970); SG (Shaver and Goss
1970); Goss (1968); WMGM (Wilson et al. 1970a, b).

a) The Crab Nebula (Figs. 2a and 2b)

The optical measurements of Trimble (1968) place this well-known radio source at
a distance of 2 kpc. No comparison with a kinematical determination is possible, how-
ever, because of the proximity to the galactic anticenter. A single interferometer mea-
surement at a projected baseline of approximately 300\ north-south is in agreement
with the single-dish measurement made with the same velocity resolution (Fig. 2a).
From measurements at two interferometer spacings Clark also concluded that the ab-
sorption profile does not vary significantly with resolution. The implication is that the
opacity distribution can be considered relatively uniform over the face of the source.

The various observations of this source referred to in Table 1 have led to different
resolutions of the absorption profile into Gaussian components. The most elaborate
resolution was by Shuter and Verschuur (1964), who considered nine the minimum
number of components necessary for a satisfactory fit. Their observations were made
with a frequency resolution of 3 kHz. In Figure 2b we show our measurement on this
source with 1-kHz filters. The profile has been resolved into five Gaussians, and the sum
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of these components is also plotted by the points on the figure. The quality of the fit
can be seen at a glance. The narrowest feature at 7.95 km s7! has a width corresponding
to pure thermal broadening at T, = 47° K. The low resolution (10 kHz) OH absorption
profile obtained by Goss has roughly the same appearance as the H 1 profile of corre-
sponding resolution and shows lines at 2.7 and 13.2 km s™1. The 2.7 km s™! line is in good
velocity agreement with the second deepest feature in our profile.

b) W12 (NGC 2024) (Figs. 3a and 3b)

The optical depth as measured with the interferometer is definitely higher than the
single-dish value. The effect is similar to that observed in Orion (Paper I), but in this
case the antenna temperature of the source is only a fraction of that of Orion. Without
further interferometer measurements it is not possible to decide whether the single-dish
value is erroneous because of emission variations or whether the optical depth varies
across the source. The very strong OH absorption line found by Goss at 9.3 km s™ is
presumably from the same region responsible for the H 1 absorption. A line at 12.5 km
s7! has been seen both in OH and in H,CO (see Table 1). All of these absorption features
lead to kinematic distances of the order of 1 kpc, twice as great as the H109« distance
of 0.5 kpc. Peculiar motion of either the source or the absorbing clouds is clearly indi-
cated. A photometric distance of 0.4 kpc, based on the assumption that NGC 2024 No. 1
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(Johnson and Mendoza V. 1964; Johnson 1967) is the exciting star, lends weight to the
H109« distance determination and suggests that the H 1, OH, and H,CO lines are all
affected by considerable peculiar motion. Presumably they arise from the same con-
centration of interstellar gas.

¢) Orion A (Figs. 4a and 4b)

The absorption spectrum of this source has been discussed at length in Paper I. The
single-dish profile of Figure 4b obtained with the bank of 1-kHz filters has been resolved
into Gaussians in the manner shown. The profile obtained in the direction of this source
has a significantly higher emission temperature on the high-velocity side than does the
mean of the north, south, east, and west profiles. This excess appears on the “absorption”
profile and undoubtedly introduces errors in the determination of the shape of the pro-
file on that side. We have attempted to reduce these errors somewhat by including an
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emission feature in the Gaussian-fitting computation for this profile. The procedure is
questionable on a number of grounds and is justifiable only with a number of assump-
tions. The fit on the low-velocity side of the profile is unaffected by this, however, and
the need for a component at ~—3 km s™! is apparent from the shape on that side. As
discussed in Paper I, this feature is presumably caused by the H 1 concentration, which
is displaced with respect to the centroid of the continuum source.

Menon (1970) has discussed the emission feature at +12 km s™! based on observa-
tions with the NRAO 43-m and 92-m telescopes. He has concluded that the excess emis-
sion is caused by a cloud of less than 10’ in size situated about 5’ from the center of the
emission nebula and to the east of it. Our observations with the 64-m telescope are in
partial agreement with his. Restricting ourselves to the signal measured in a 2 km s™?
wide channel centered at +12 km s™!, we obtain temperatures of the order of 60° K in
the direction of the source, and 45°, 29°, 43°, and 49°, respectively, when the telescope
is pointed one beamwidth away (15’) in the north, south, east, and west directions.
There is certainly an excess in the general direction of the source, but the most drastic
variation in the neighborhood is a deficiency toward the south.
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d) RCW 36 (Fig. 5)

This is a prominent H 11 region in Vela. WMGM adopt a distance of 0.6 kpc from
H109« and other measurements. The H 1 absorption feature at 4.8 km s implies a dis-
tance of 1.3 kpc or more for the source. The single-dish profile shows severe variations
in the emission in the range 10-40 km s™ but is in good agreement with the interferom-
eter profile over the velocity range of the absorption. A single Gaussian has been fitted
to this profile, although higher-resolution observations are cetrain to show structure in
it. Manchester, Robinson, and Goss (1970) have observed an OH line at 5.75 km s™.

¢) RCW 38 (CTB 31) (Figs. 6a and 6b)

This source is the other prominent H 11 region in Vela and is more intense than RCW
36. Neither of these two sources has optical distance determinations. Here again WMGM
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have suggested 0.6 kpc for the distance from H109« measurements, and the H 1 veloc-
ities suggest a greater distance. We estimate 1-2 kpc as a probable distance. The single-
dish and interferometer profiles are in reasonable agreement, with a suggestion of great-
er width as measured by the interferometer. As seen in Figure 6b, the absorption line is
saturated in the range 1-8 km s™1. The Gaussian fitting is therefore very approximate
and indicates only the absolute minimum number of features in the profile. Manchester
et al. (1970) find a strong OH line at a velocity of 1.8 km s

f) RCW 117 (Fig. 7)
See under G351.7—1.2.

g) CTB 354 (Fig. §)

This H 11 region has been studied by SG and has been optically identified. At 6 cm
the complex breaks up into four sources. The H109a measurements of WMGM suggest
a near distance of ~2 kpc; the far distance alternative (~17 kpc) would imply a Z

OPTICAL DEPTH
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distance greater than 400 pc. The H 1 absorption profile is of marginal quality, having
suffered both from the weakness of the source and the difficulty of getting reference
emission profiles free of the other sources in the complex.

The whole complex of sources is presumably associated and at a distance of the order
of 2 kpc.

k) RCW 121 (Fig. 9)
See under G351.7—1.2,

i) CTB 374 (Fig. 10)

The extended nature of this source makes it difficult to obtain satisfactory emission
references. This is seen in the large positive excursions of the baseline in the absorption
profile. There is a suggestion, however, that the absorption cuts off short of the emission
on the negative-velocity side. If this can be construed as evidence, the approximate
distance of the source is 3 kpc. The continuum source is nonthermal. Milne has sug-
gested that if it is a supernova remnant, its surface brightness indicates a distance of
4.5 kpc. The uncertainties in both these estimates are large enough to make them con-
sistent.

j) G348.7—1.0 (RCW 122) (Fig. 11)

See under G351.7—1.2.
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k) NGC 6334 (Figs. 12, 13, 14a, and 14b)

The three components of this well-known emission nebula G351.34-0.7, G351.1+0.7,
and G351.24-0.5 will be referred to in the following as A, B, and C, respectively. An
optical distance of 1 kpc has been obtained by Roslund (1966). The OH lines from this
source have been studied by a number of authors. The H 1 absorption profile was first
observed by CRW, whose antenna beam treated the whole complex as one source. The
separation and size of the three components are such that profiles obtained by pointing
the 64-m telescope in the direction of each of these three sources are relatively free of
contamination by absorption effects due to the other sources. It was naturally impos-
sible to find reference regions all around each source and close to them. We have used
two reference regions for each source spaced symmetrically on either side along a line
which provided the closest approach to that source. It is half the difference between
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these two emission profiles which is plotted as the “difference’ in the case of these three
sources. Whatever the errors introduced by this method, it is clear from a comparison
of the three absorption profiles that the optical depth varies over the region occupied
by these sources. The CRW profile is a weighted combination of our three profiles and
is in good qualitative agreement. Source A is by far the strongest and the most separated
of the three sources. For these reasons the interferometer profile of source A (Fig. 142,
upper) is almost free of the effects of B and C. We note that this profile indicates an ap-
parent fractional absorption greater than unity (line-to-continuum ratio <—1) and is
different in shape from the corresponding single-dish profile. As shown in Paper I for
the case of Orion, this indicates an opacity variation across the source and could imply
a dense concentration at —5 km s™! partially covering the source. The interferometer
profile for source B (Fig. 145, lower) is not significantly different from the single-dish
profile of Figure 12.

Note the negative kink in the emission profiles for all three sources at a velocity of
+4-6 km s7. This is a depression of the background brightness temperature by a dense
cold cloud in the foreground. Its presence was first discovered by Heeschen (1955) in the

OPTICAL DEPTH
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direction of the galactic center. The cloud covers an area of many square degrees, and
this is the first appearance in this catalog. We shall see it again in the directions of at
least a dozen sources situated closer to and beyond the direction of the galactic center.

1) G351.7—1.2 (Fig. 15a); G345.4—0.9 (RCW 117) (Fig. 7); G348.2—1.0 (RCW 121)
(Fig. 9); G348.7—1.0 (RCW 122) (Fig. 11)

We have chosen to discuss these sources together because of certain similarities be-
tween them. An 11-cm map of the area from ! = 344° to / = 355° (Beard, Thomas, and
Day 1969) is shown in Figure 155, where these four H 11 regions are indicated by arrows.
All of these sources have latitudes of approximately —1° and all of them show absorp-
tion to the cutoff in the emission from H 1. The absorption profiles were not all of com-
parable quality, RCW 121 in particular having a very noisy interferometer profile due
to the weakness of the source. The 4-kpc arm shows up prominently in emission only
in the direction of RCW 117, but unfortunately the interferometer absorption profile
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F16. 384.—Absorption profiles for W49 A and W49 B obtained with the single dish by using the
“slope” method.
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for this source did not cover the appropriate velocity. The single-dish profile is very un-
reliable, and as a result we have no information as to whether absorption is present in
the 4-kpc arm in the spectrum of RCW 117. In spite of these deficiencies in the obser-
vations, it is still quite clear that all four spectra show evidence of absorption up to the
cutoff velocity in the emission. On this basis one would conclude that all four sources

3'0 T T 17 7T 1T 0 (A7 7 T 1T 71 1717 v 11T
[ W49A-W49B m ;

2:5(
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15+ -
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F1c. 38f.—Approximate differences in optical depths in the directions of the two components of W49

obtained by interferometer measurements in the directions of the two components (upper), and in
directions 6’ away from the two components (lower). See notes to sources for detailed explanation.
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were situated at a distance of 5 kpc or more. The difficulty with this simple interpreta-
tion is that it conflicts with other evidence on these sources. The last two have H109«
data showing velocities of —12.2 km s™.. The corresponding distance alternatives are 2
and 17 kpc. If the H 1 absorption is used to reject the near distance, then the galactic
latitude implies the improbably large Z displacement of ~300 pc at the alternative far
distance of 17 kpc. The fact that RCW 122 is an optical object also throws doubt on
the possibility of its being at a distance of 17 kpc from the Sun and yet unobscured.

The sources RCW 117, RCW 121, and RCW 122 are all optically visible; but, as
mentioned above, they have H 1 absorption spectra indicating distances in excess of 5
kpc. One must conclude that the extinction in their general direction is low, or that they
are near but have a bar of absorbing hydrogen with a large peculiar velocity in front of
them. At a distance of 2 kpc, where its peculiar motion would be ~30 km s7, such a
bar would have to be ~130 pc in extent. A smaller linear dimension could be obtained
by postulating a cloud very much closer to the Sun, but then its peculier motion would
have to be even greater than 30 km s™.. On the other hand, if these sources are located
at a distance of ~35 kpc, then at least two of them have large peculiar motions as shown
by their H109« velocities.

Considering all these factors, it seems to us that the most reasonable hypothesis is
that all four objects are situated on the edge of the Sagittarius arm, about 90 pc below
the plane in a region where considerable star formation is taking place. The distance

OPTICAL DEPTH
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must be of the order of 5 kpc, and the interstellar extinction low enough for three of
these four objects to be optically visible. In Figures 15¢ and 154 (Plates 1 and 2) we show
plates taken from the Whiteoak extension to the Palomar Sky Atlas (effective wave-
length 6000 A). Figure 15¢ shows the area near RCW 117. The nebulosity (west of center)
1s crossed by a major dust lane to the north. The area near RCW 121 and RCW 122 is
shown in Figure 15d. In the southwest corner, RCW 121 can be seen as a bright and sym-
metrical nebulosity with a dust lane in the northeast corner. The source RCW 122 (east
of center) can be seen in the same figure, heavily obscured and appearing as separated
areas of nebulosity. The angular diameters of RCW 117, RCW 121, and RCW 122 are
all of the order of 2’; these sizes are to be compared with the 35’ extent of the nearby
object NGC 6334 at ! = 351%4 and b = 0°7.

GMR, who considered only the cases of RCW 122 and G351.7—1.2, arrived at the
same conclusion as to the probable distance to these sources. If this conclusion is correct,
the implication is that H 11 regions can sometimes have peculiar velocities of up to 30
km s7!, which may lead to serious errors in distance determinations based only on their
recombination line velocities.

(We have recently learned that H109a data have also been obtained on the first two
of these four sources [Turner, private communication].) The velocities obtained (—23.3
km s7! for RCW 117, —18.9 km s™! for RCW 121) do not affect our discussion of these
sources and in fact reinforce our conclusions about the prevalence of peculiar velocities.
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REFERENCES TO TABLE 1

1. Milne (1970) 15. Shaver and Goss (1970)

2. Muller (1959) 16. Kerr and Knapp (1970)

3. Shuter and Verschuur (1964) 17. Kerr and Vallak (1967)

4. Clark (1965) 18. Robinson et al. (1964)

5. Goss (1968) 19. Gardner and Whiteoak (1970)
6. Wilson et al. (1970b) 20. Robinson et al. (1970)

7. Manchester et al. (1970) 21. Zuckerman et al. (1970)

8. Whiteoak and Gardner (1970) 22. Downes (1970)

9. Menon (1970) 23. Akabane and Kerr (1965)
10. Robinson ef al. (1971) 24. Kazés and Nguyen-Quang-Rieu (1970)
11. Reifenstein et al. (1970) 25. Wilson et al. (1970a)
12. Roslund (1966) 26. Sato et al. (1967)
13. Clark et al. (1962) 27. Menon and Williams (1968).

14. Weaver et al. (1968)

m) W22 (NGC 6357) (Figs. 16 and 17)

The sources G353.24-0.7 and G353.240.9 are the two components of this H 11 re-
gion with an optically determined distance of 1 kpc. As in the case of NGC 6334, these
two components were observed as one source by CRW but have been separately ob-
served here. The difference in the shape of the absorption profiles for the two sources is
noticeable. We have made no attempt to fit Gaussians, because of the obvious multi-
plicity of features and the great optical depth. Goss found two OH absorption lines at
—3.1and 5.7 km s7%,

Note the self-absorption feature in both emission profiles at 46 km s™.

n) G357.7—0.1 (MSH 17—39) (Fig. 18)

From its nonthermal spectrum this source has been presumed to be a supernova rem-
nant and been given a distance of 7.2 kpc by Milne from its surface brightness. It is
situated close to the galactic center, and according to Reifenstein ef al. (1970) it shows
no evidence of the H109« recombination line. The H 1 profile shows the 4-kpc arm in
absorption, indicating a distance in excess of 6 kpc from the Sun.

Note the self-absorption feature in the emission profile increasing in prominence.

0) Sgr A (Fig. 19)

The most interesting new result on this source which has been studied by numerous
authors is the prominence of the +50 km s™ feature in the interferometer profile. Kerr
and Vallak (1967) first noted an H 1 feature at this velocity where the OH absorption
is so prominent. Kerr and Sandquist (1968) have shown from occultation measurements
that the OH cloud is 3’ X 5’ in size. The H 1 cloud must also be small, as seen from the
difference in apparent optical depths between the interferometer and the single-dish
measurements. As discussed in the Introduction, the reference profiles for the single-
dish measurement contained absorption effects from the extended part of the source.
The profiles were obtained in directions where the antenna temperature had dropped
by 225° K from its peak value. The optical depths thus derived should refer to the cen-
tral source only. That this is probably so is shown by the agreement of the single-dish
and interferometer optical depths for the 4-kpc arm, in contrast to the disagreement
between the interferometer measurements of BGC and the 25-m single-dish measure-
ments of Rougoor (1964) discussed by BGC. Our measurements show only marginal
evidence for the reality of the 135 km s™! feature claimed by Kerr and Vallak (1967).

p) Sgr B2 (Fig. 20)

This H 11 region has a H109« velocity of 61.6 km s7, close to the velocity of the OH
emission from it. Kerr and Vallak (1967) pointed out that the source must lie beyond the
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TABLE 2—Continued

Kinematic
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TABLE 2—Continued

Kinematic

Radial
Velocity
(km s™1)

Type of
Measure-

Frequency

Distance

Nut

(cm~2)

Nu/Tst
(cm~2 ° K1)

AVye
(km s—1)

Resolution

(kpc)

)]

Tmax

()

ment

)

(kHz)

(2)

Source

(8

(6)

4)

(1)

8.7

\OIOOI\OI\OOW\OO«I\Q"I\WWONOOﬂIOOO\O—tmO\OON)ID
oo-n-ﬂ*wmcz\oﬁmmwwﬁmmmoﬂm\ooo—qwo

- - - -t - - ] o
BEEELEEEELEEEEREREEEEEL58EEE
e v o v v v v v e v v v v v v v v v v v v e et e v
) 2:.9,9.9.9.9.9.9.9.0.0.0.0.0.0.2.2.9.2.9.0.9.0.9.9.8.9.4
— o~ —~ o~ —_~ —
S~ ~~AmAAHO AN~ T H A ~AO A~
AN NNANNININ— O IN ==~ NQNIN NN
AN A N A e AN e o L NI N | N N N S e e
LT EEE R CEE
[=l=lelololelololeloiaivoloeleleiolololeoe el e oK w]
Nl el It e R R R e e et B B e R e R R R e R R R R ]
XEXXKXXXAKXXXAKXXXKKXXKXXXXX XXX XXX

v—'O\O\N\Ol!‘\OOl\MMO\O#‘OOOWO\*d‘Wn—'WNM\OOOI\
MO\NQ'ﬂﬂwwﬁmﬂ—qﬂﬁmv—n—imc\lﬂawmﬁ\ox\mw

Nﬁ*wﬁ‘ﬁ‘mmmmmmwwmox\m

MOOOOOOOOQ OOO—‘OO —‘-—*O cocoe

HHHHHHHHHHHAHHHH+H HHH HHHH
t"‘)w—!OOOv—*l\OOI\OU’)I-O‘:FQQ“OOOOO\N\O—(OC\G‘OQ‘YHL\
ﬁ"O\tHOOl\\Ol\OOOOOO\O\OOMQ‘?!“WQ‘MBC\OO#“‘:HI\-—M\

OOI\ ﬁ"ﬁ"ﬁ‘N

gmoﬂ_«wﬁom-—«ﬁﬂ-—(mwmw WNN —««go
OOOOOOOOOOOOOOOOO coco coocc
HHHHHHHHHHHHHHHHH HHH HHHH

v o O
l\ll)l\NN")'-‘V)(‘OO\OOO\O\OOOO'-‘\OOWOI\Q“NPQOOV)I\N
momov—*'—'mv—ﬁ—‘NOOOONN—Hﬁf')NONM*—*OOﬂM

Nﬁ"NNNNv—tM—lNNNNN—*ﬁ"MNF‘ﬂ‘ﬁ‘mt’)NNN—H—‘
OO OOOOOOOOOOOOOOOOOOO
HHHHHHHHHHHHHHHHHHHHHHHHHHHH
\OI-Oc\ooc\omoowmwomx\\oommoomwwwcv<H

\O\ONN\O\OHO\x\NN\oo—u\NOO\ \Oﬂ*oo—“o—‘m-—«m
N2 \O 000N~ NI~ 0 OC NI O N O

[ ) )
U2 bt ~ - w2 w2
|ToRTp) |70 7o) wy 79)
(= Y= (=) (=)} [« (=)}
o o o < <
O =] i (=} [
+ | + | ] |
a0 0 (=)} N ~— w
o0 O - w (=) (=)
N o o <H ~H
Y&} &} &} &} &}

114



http://adsabs.harvard.edu/abs/1972ApJS...24...49R

IS 1240 D A0R,

(97 280,

]
L

PARKES SURVEY 115

4-kpc arm in the galactic-center region, and this is amply confirmed by our measure-
ments. Note the enormous increase in the optical depth of the 4-kpc arm in this direc-
tion over that in the direction of G357.7—0.1, although the emission temperatures at
—40 km s7! in both directions are comparable. The brightness temperature at that ve-
locity is less than 15° K and is by far the lowest ever measured in a direction where the
optical depth is in excess of 2.

The self-absorption line is even more prominent in the direction of Sgr B2 than in
that of MSH 17—39.

q) 3C 358 (Kepler's Supernova) (Fig. 21)

The continuum properties of this well-known supernova remnant have been dis-
cussed by Milne. From its surface brightness he derives a distance of 11.4 kpc. At the
latitude of the source this would imply that is it located 1.4 kpc above the plane! The
H 1 measurements can throw no light on the distance to the source because of its prox-
imity to the galactic-center direction.

r) M8 (Figs. 22a, 22b)

The H109« velocity for this H 11 region is 3.0 km s™.. SG cite various optical refer-
ences to place this source at a distance of 1.4 kpc. The kinematic distances of some of
the absorption features are greater than this, presumably because of the closeness to
the galactic-center direction. The 15.4 km s™' feature in the interferometer profile is
not seen with the single dish, presumably because of the emission variations in the re-
gion of the source.

The self-absorption feature is most striking in the direction of this source and shows
some variation in different directions around the source. Its shape is well seen in the
emission profile obtained with the 1-kHz filter bank (Fig. 22b, middle), and two compo-
nents responsible for the 5.6 and 7.5 km s™! features in the absorption profile can be
distinguished. The high optical depth indicates a spin temperature of less than 40° K
for at least one of the two components, whereas the width of this component in the ab-
sorption profile (~2 km s™) is equivalent to a kinetic temperature of ~85 °K. Tur-
bulent motions must be responsible for the discrepancy. Riegel and Jennings (1969)
have made observations of this cloud over a large area near the galactic center.

s) W28 (Fig. 23)

The self-absorption feature discussed under M8 is just as conspicuous in the direc-
tion of this supernova remnant. The similarity of the absorption profile to that of M8
is very clear in spite of its poor baseline. The extended nature of this source required a
greater separation between the reference regions, with consequent inaccuracies. Milne
gives a distance of 1.5 kpc from the surface brightness. Any kinematic determination
1s likely to be unreliable because of the closeness to the galactic-center direction. (In
the case of the neighboring source M8, absorption velocities were encountered that
corresponded to distances beyond the source.) OH absorption at a velocity of +7 km s™
is seen in the direction of this source, and also OH emission at 1720 MHz (Goss and
Robinson 1968).

1) W31 (Fig. 24)

The source W31 is a prominent H 11 region with an H109« velocity of 13.9 km s7!
corresponding to a kinematic distance of 2.5 or 17.2 kpc. The question of the distance
to this source has been discussed by GMR, who considered only the single-dish profile
showing absorption extending to ~+60 km s™!. The subsequent interferometer mea-
surement also shown in Figure 24 (lower) indicates a cutoff in the absorption at 45 km
s7! corresponding to a minimum distance of 6 kpc, at which distance the separation
from the galactic plane is ~40 pc. One is forced to conclude either that the layer of cold
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absorbing clouds is only 40 pc thick in this direction and the source is at the far distance,
or that the source is near the galactic center and has an anomalous radial velocity. Tf
the H109« radial velocity is not anomalous and the source is at the far distance of 17.2
kpc, the inferred mass of 10* M implies that it is one of the most massive H 11 regions
in the galaxy and comparable to W49 A and NGC 3603 (Goss and Radhakrishnan
1969). No attempt was made to fit Gaussians to the absorption profile because of its
complexity and the high optical depths encountered.

The high-velocity end of the emission profile is in error, for subsequent observations
have shown that low-level emission extends to velocities beyond those depicted in Figure
24 (middle). The self-absorption feature is still very prominent in this direction. OH
absorption has been measured by Goss for this source at velocities of 11.6 and 27.6 km
s7l. Attempts to measure the H 1 absorption in the spectrum of the neighboring source
G10.3—0.1 showed that it was too weak to provide any meaningful results.

u) G11.2—0.3 (Figs. 25a, 25b)

This relatively weak nonthermal source, situated about 1° away from W31, has been
studied by GS and Milne. The latter suggests a distance of 10.3 kpc from its surface
brightness. Although the interferometer absorption profile is of poor quality, it clearly
shows evidence of absorption up to a high velocity limit of ~50 km s™, as in the case of
W31. From our observations we can say only that the distance is definitely greater than
S kpc.

Absorption is also clearly discernible at the velocity of the self-absorption feature in
the emission profile (Fig. 25a, upper). This feature is shown in greater detail in Figure
25b as observed with 1-kHz bandwidth.

v) W33 (Fig. 26)

GS have observed this H 11 region. Although it is a double source, most of the flux
at high frequencies comes from one component. OH emission observations by Robin-
son, Goss, and Manchester (1970) suggest that the other component is at a different
distance and not physically associated. The highest-velocity feature in the H 1 absorp-
tion spectrum has the same velocity (36.3 km s7!) as the H109« line, and the correspond-
ing distance to the source is 4.6 kpc.

w) M17 (Figs. 27a, 27b)

The distance of this well-known nebula is generally taken to be between 2 and 2.5
kpc. SG have adopted a distance of 2.4 kpc from various considerations. The absorption
profile is bandwidth-limited when observed with a resolution of 9.5 kHz. The 1-kHz
bandwidth profile indicates higher values for the optical depth and at least five features,
but we have not attempted to fit Gaussians to it. At least one of the features has a veloc-
ity corresponding to a kinematic distance greater than that adopted for the source. An
OH absorption line was detected at a velocity of 19.6 km s™ by Goss. More recent ob-
servations by Gardner and McGee (1971) show that OH absorption is detected over
most of the velocity range of the H 1 absorption profile. They find further that the four
distinguishable velocity groups within their OH profile are centered on slightly differ-
ent positions in the sky.

x) M16 (Fig. 28)

This well-known H 11 region has been studied by SG, who have adopted a distance
of 2.2 kpc from various optical references. H 1 absorption is definitely present up to the
H109« velocity of 24.5 km s™.. The feature in the absorption spectrum at ~-+45 km s™
is almost certainly spurious.
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y) G21.8—0.6 (Fig. 29)

As seen from the upper half of Figure 29, there are enormous variations between the
four reference profiles. We consider that for sources in the galactic plane the intensity
of this source (T4 = 18.7° K) is marginal for distance determination from a single-dish
measurement of the main H 1 absorption features. An interferometer observation was
not possible because of the distributed nature of the continuum radiation from this
source which has been discussed by SG and Milne. The source is a supernova remnant
and shows a partial shell structure when seen with high resolution. No H109« line has
been detected from this source. Milne estimates a distance of 2.9 kpc from its surface
brightness.

The features in the absorption spectrum at velocities higher than 60 km s™ are un-
doubtedly the result of the large variations in the emission near the tangential velocity,
but it seems likely that real absorption is present in the velocity range 0-60 km s™. A
velocity of 50 km s™! corresponds to a distance of ~4 kpc, and this is perhaps the best
possible estimate for the distance of the source.

3) G25.4—0.2 (NRAO 272) (Fig. 30)

An H109« velocity of 60.4 km has been obtained by Reifenstein ef al. (1970) for this
H 11 region. The two possible kinematic distances corresponding to this velocity are 4.7
and 13.4 kpc. The interferometer profile suggests a cutoff in the absorption at ~66 km
s7L, well short of the tangential point velocity of 115 km s7%, thus favoring a near dis-
tance of ~35 kpc.
aa) W40 (Figs. 31a, 31b)

This H 1 region is associated with a heavily obscured faint optical nebulosity. Rei-
fenstein et al. (1970) have found an H109« line at 0.7 km s™!. Of the two possible corre-
sponding distances of 0.1 and 17.0 kpc, they have rejected the latter alternative on the
basis of the optical appearance and the high Z distance. Downes (1970) has found a
strong OH absorption line at 6.3 km s™! similar to the H 1 absorption line in Figure 31¢
(lower). We conclude that if the H 1 gas is in circular motion, the. best estimate for the
distance is 0.6 + 0.3 kpc. In Figure 315 we show measurements on the same source
with the 1-kHz filters. At least two and possibly three components are suggested by the
shape of the absorption profile.

bb) G29.9—0.1 (Fig. 32)

With an antenna temperature of less than 10° K, this source is too weak to produce
a meaningful absorption profile as measured with the single dish. We have, however,
included the profile obtained on it (Fig. 32, lower) for comparison with that obtained
on its neighboring source G30.8—0.0 (Fig. 33, lower). Both these sources have been
studied by SG. There is a strong suggestion that absorption effects are present up to a
velocity of about 100 km s™!. The H109« velocity is 96.4 km s7, corresponding to a
distance of 7.3 or 10.0 kpc. It is not possible from our H 1 measurement to discriminate

- between these two possibilities.

cc) G30.8—0.0 (W43) (Fig. 33)

This H 11 region has an H109« velocity of 92.3 km s™. The H 1 absorption is definitely
cut off well before the tangential-point velocity of 110 km s™, as seen in Figure 33
(upper and lower). We conclude that the source is on the near side of the tangential
point in the Scutum spiral arm at a distance of 7 kpc.

At least eight features are discernible in the absorption profile obtained with the
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9.5-kHz filter bank. Higher resolution is sure to indicate that many of these features
are in fact blends. There are significant differences in the apparent optical depths as
measured with the single dish and the interferometer, with the trend that the former
are higher. Whether this is due to structure in the brightness temperature or in the
optical depth distribution or both cannot be established without more detailed inter-
ferometer observations.

dd) 3C 391 (Fig. 34)

The interferometer absorption profile of this source is shown in the lower half of
Figure 34. Absorption is clearly present right up to the edge of the H 1 emission and
past the velocity of the tangential point (~105 km s™!). In this direction the tangential
point is at a distance of 8.5 kpc. The source may be situated at less than 13.4 kpc (the
distance of the solar circle), but we cannot rule out the possibility that it may be ex-
tragalactic. It has an interesting continuum spectrum and is discussed in detail by
Caswell ef al. (1971).

ee) W48 (Fig. 35)

Reifenstein et al. (1970) obtained an H109« velocity of 46.5 km s for this H 11 region
and have adopted the corresponding near distance of 3.4 kpc on the basis of the galactic
latitude (—1°8). Our interferometer measurement, presented in Figure 35 (lower),
shows the H 1 absorption as stopping far short of the tangential-point velocity (+90
km s7') and supports their choice of the near distance.

ff) W44 (Fig. 36)

The source W44 is a well-known supernova remnant of large angular size whose con-
tinuum properties have been summarized by Milne. From its surface brightness he has
estimated a distance of 1.5 kpc. Goss found OH absorption lines at 12.5 and 42.4 km s7%,
leading him to suggest 3 kpc as the likely distance. Our H 1 measurements shown in
Figure 36 support the OH determination. H 1 absorption clearly extends up to ~350
km s7%, although the details in the shape of the profile are grossly inaccurate. For this
reason we have made no attempt to fit Gaussians to the absorption profile. Note the
large variation in the emission distribution at 55 km s™ shown in the difference profile.
We conclude that the distance is about 3 kpc. The source W44 is one of the few non-
thermal sources in the direction of which OH emission has been detected (Goss and
Robinson 1968).

g) G41.1—0.3 (3C 397) (Fig. 37)

A nonthermal source, presumably a supernova remnant, discussed by Fomalont
(1968), Holden and Caswell (1969), and Milne. The single-dish absorption profile is un-
reliable because of the low antenna temperature of the source (11.8° K). However, the
interferometer measurement shows absorption right up to the cutoff in the emission.
This was indicated in all the separate integrations for this source. The interferometer
measurements were unfortunately not extended to cover the entire emission spectrum,
and we have no information as to whether there is any absorption in the distant spiral
arms with a velocity of ~—40 km s™'. The distance of the tangential point is 7.5 kpc,

" and we can only say that the source is at or beyond this point. Milne gives a distance

of 5.3 kpc for the source from its surface brightness. As in some other cases discussed
in this paper, his value appears to be an underestimate of the true distance.

We have not attempted to fit Gaussian components to the absorption profile of this
source.

hh) W49 A (G43.2—0.0) and W49 B (G43.3—0.2) (Figs. 38a-38f)

A number of papers have been written on the distance to these two radio sources at
the same declination but separated by 12’ in right ascension. The most recent of these,
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by Kazeés and Nguyen-Quang-Rieu (1970), includes a discussion of all the earlier papers
on this subject. Our conclusions, based on detailed observations, essentially support
the views of those authors that the thermal component (W49 A) is at ~14 kpc, whereas
the nonthermal component (W49 B) is situated closer, probably at ~10 kpc.

Our observations made in several different ways, all with a filter bandwidth of 2
km s7!, are presented in Figures 38a-38f. In Figures 38a and 385 are shown the single-
dish absorption profiles for W49 A and W49 B, respectively. These were obtained by
subtracting the average of three reference regions for each source from the respective
on-source profiles. As the beam pattern goes to zero at a distance of ~15' from the axis
and the separation of the sources was only 12/, both of these absorption profiles suffer
from contamination by effects from the unwanted source. However, this is only a minor
effect compared with the errors introduced by the nonuniform emission in the general

. direction of these sources. In Figure 38¢ we show the difference between the mean emzs-

ston profiles used for each source. The mean emission profile was obtained by averaging
the profiles 15’ to the north, south, and west for W49 A, and north, south, and east for
W49 B. All these six profiles were free of the effects of either source, and the centroids
of the two groups of three were separated by only 22’. Nevertheless, there are enormous
differences in the two means, as shown in Figure 38¢, and the fact that these differences
are in the range of velocities of the main absorption features makes single-dish deter-
minations of the optical depths particularly unreliable.

In Figure 38d we show absorption profiles obtained for the two sources by using the
beam “slope” method discussed earlier in this paper. Although not really satisfactory,
they did show some improvement, particularly in the optical depths of source A as
judged by comparison with the interferometer absorption profile shown in Figure 38e.
The three main absorption features are those first observed by Akabane and Kerr
(1965). Note the superior quality of the interferometer profile as compared with the
corresponding single-dish profile shown in the lower half of Figure 384. However, there
is still some contamination in the profile of Figure 38¢ from source B which is due to its
presence within the 185 primary beamwidth of the interferometer. To evaluate the
difference in optical depths in the directions of the two sources, we have made inter-
ferometer observations both in the precise directions of these sources and also in direc-
tions 6’ away from the sources. These off-axis measurements somewhat reduce the sig-
nal from the wanted source but eliminate contamination from the unwanted source.
In Figure 38f we present the difference in optical depths for the two sources obtained
by both methods. They are essentially in agreement, showing that when the inter-
ferometer was pointed directly at each source, the contamination was not appreciable.

The major differences in optical depth are at velocities of +10 and 455 km s™. Kazes
and Nguyen-Quang-Rieu (1970) obtained peaks at 412 and 463 km s™ by using a
velocity resolution of 12.7 km s™. Their optical depths are also generally lower than
ours, presumably because of their lower velocity resolution. It must be pointed out
that the plot of optical depth differences in Figure 38f is only gualitative. The combined
effect of noise and the high optical depths measured for source A with the interferom-
eter preclude the determination of any precise differences. Any calculation of the excess

_path length to one source over the other in the manner of Kazés and Nguyen-Quang-

Rieu (1970) would in our opinion not be meaningful. A discrepancy in the distance to
the two components is indicated, however, and we are in qualitative agreement with
their conclusions.

i) G45.5+0.1 (NRAO 601) (Fig. 39)

SG have studied this source and have found it to have a peculiar continuum spectrum
and a small diameter (~2’). It does not show evidence of any H109a recombination
line but does have OH emission at 1665 MHz of the kind normally associated with H 11
regions (Downes 1970). The source is superposed on a larger source which predominates
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at 178 MHz (Holden and Caswell 1969) but whose spectrum is also peculiar. The in-
terferometer profile of Figure 39 (lower) shows absorption extending from 0 to 470
km s71, but with anomalously large relative intensity values around 455 km s™. In
Paper I we discussed the significance of the line-to-continuum relative intensity having
a value less than —1 in the case of Orion A. There it was interpreted in terms of optical-
depth structure smaller than the source size. In the present instance the smaller diam-
eter of the source and the decreased resolution of the interferometer at the declination
of the source make this explanation less likely.

Very distinct self-absorption can be seen in the single-dish emission profile (Fig. 39,
upper) over the same velocity range as the anomalously large relative intensity. How-
ever, the minimum angular diameter necessary even for a self-absorbing cloud at 0° K
would cause the cloud to be resolved out by the interferometer and could not account
for the anomaly. We considered the possibility that the observations are affected by
the presence of the neighboring source G45.1+0.1, but concluded that the 20" separa-
tion would exlude its effects. Absorption of part of the extended source surrounding
G45.54+0.1 or of the galactic continuum background might be more reasonable ex-
planations of the observed effect. A more detailed investigation is certainly called for.

In his OH investigation, Downes (1970) measured velocities of 55-60 km s™! which
would indicate a distance of 6 kpc. Our H 1 measurements show absorption up to the
cutoff in emission around 75 km s™! corresponding to a distance >7 kpc. As discussed
above, some of this absorption may refer to a source or sources other than G45.54-0.1.
We conclude that the distance of G45.540.1 is in the range 6-7 kpc.

7j) G49.1~0.4 and G49.5—0.4 (W51) (Figs. 40 and 41)

These two components of W51 have recently been given different distances by
WMGMa on the basis of their recombination-line velocities. They have suggested that
G49.1—04 (~67 km s™!) is at the tangential point at a distance of 6.5 kpc, whereas
G49.5—0.4 (~59 km s™) is beyond the tangential point at a distance of 8.0 kpc. The
H 1 single-dish measurements are shown in Figures 40 and 41. Both sources show ab-
sorption over the range from 0 to the cutoff in the emission at positive velocities, with
the absorption spectrum of G49.5—0.4 extending up to the very edge of the emission.
These observations are completely consistent with those of WMGMag, and we con-
clude that the distances are 6.5 and 8.0 kpc, as suggested by them.

Note the anomalously large negative temperature at 60 km s™ in the absorption
profile of G49.1—0.4. This is undoubtedly caused by severe emission variations in the
region at this velocity, and an indication of this can be seen in the corresponding dip
in the difference profile. In the case of this source, as in several others, the profile was
truncated for the Gaussian fitting computation. As discussed earlier, this enabled one
to obtain reasonable parameters for the other features in the profile.

We thank R. P. J. Whittle for assistance with the observations and Mrs. P. Lockhart
for carrying out the laborious computer reduction of the data.
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