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Summary. Measurements of the H76a line and continuum data
for 84 H 11 regions are used to obtain LTE Electron Temperatures,
T¥*. Comparisons with model calculations and other measure-
ments show that T* obtained from H 76« line and continuum data
accurately represents the Electron Temperature, T,. As with other
surveys, there is a gradient in T,: an unweighted, linear least
squares fit gives T,=4800+270 Dgc, 4= D =17, where Dy is
the distance from the Galactic Center in kpc. The correlation
coefficient is 0.70. There is no dependence of T, on Dy, the distance
from the Sun. At a given distance Dg, the scatter in T, from
source to source barely exceeds the noise. Our values of T, for the
nine Hu regions in the Galactic Center are 2000 K larger than the
value extrapolated from the disk (Dgc=4kpc). If the value of T,
can be related to the (O/H) ratio, we find log(O/H)= —0.055 D
—2.73, for Hu regions in the disk (Dg-=4kpc). The H1r regions
in the Galactic Center do not fit this relation: either the (O/H)
ratio is close to the Solar System value, or the (O/H) ratio is larger
and additional heat sources are present.

Key words: galactic radio sources — radio recombination lines —
electron temperature — element abundances

1. Introduction

Although measurements of hydrogen radio recombination lines
from galactic Hu regions are reasonably straightforward, the
interpretation of these results has undergone a number of re-
visions in the last 15yr. The initial measurements for dn=1
transitions, made by Mezger and Hoglund (1967) favored the
simplest interpretation: in this picture, the line formation is an
LTE process. The LTE Electron Temperature, T, which is
calculated from the line-to-continuum intensity ratio, integrated
over the line, is directly related to T, the actual Electron
Temperature of the Hu region. Measurements of the dn=2
transitions (Gardner and McGee, 1967) showed deviations from
this simple LTE model. The situation was complicated because
non-LTE line formation effects (Goldberg, 1966) would increase
the peak line intensity, while collisional broadening (Griem, 1967)
would lower it. A significant theoretical advance was the in-
corporation of both effects, in a self consistent way, for a variable
density, constant electron temperature model by Brockelhurst and
Seaton (1972). Lockman and Brown (1975) generalized this model
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to include an increase of T, in the H1I region with distance from
the exciting star.

At frequencies of ~5GHz, the models predict a complex
relation between T.* and T, (see Brown et al., 1978). As found by a
number of observers the values of T* are nearly equal for a
number of sources at 5 GHz (Churchwell et al., 1978) and 23 GHz
(Wilson et al., 1979a). Seaton (1980) pointed out that the value of
T} seems to be close to T, because the effects of stimulated
emission and pressure broadening tend to balance. There is no
guarantee that some deviations (~ 20 %) could be present for some
sources at some frequencies. (Walmsley, 1980; Shaver, 1980). All
models, however, show that for typical emission measures recom-
bination lines at frequencies higher than 14 GHz should exhibit no
line masering. There is still a deviation from the LTE level
population, but this does not depend on the source geometry,
rather mainly on electron density. At high electron densities,
(N,=510%cm™3), the value of T, and T* should agree to within
10%. Since line and continuum obtained at high frequencies refer
to the densest parts of the H11 regions, we expect that T,~ T*. The
[O 1] lines are also formed in these regions, and one can compare
electron temperatures obtained from optical and radio measure-
ments. There is a very good agreement of these values (Pauls and
Wilson, 1977 ; Walmsley, 1980), at least for Orion, for which large
amounts of high quality data are available. This agreement gives
one confidence that the values of T*, obtained from high fre-
quency radio lines, are close to the actual electron temperature, T,

From surveys of radio recombination lines made at 5 GHz,
Churchwell and Walmsley (1975) suggested that the electron
temperatures, T,, of H1I regions in the galactic disk increase with
distance from the galactic center. Additional evidence in support
of this claim was obtained from newer surveys of the H109« line
(Churchwell et al., 1978), H110« line (Downes et al. 1980), H65/66a
lines (Wilson et al. 1979a, b) and a collection of recombination
lines at different frequencies by Mezger et al. (1979). In addition,
the surveys of Mezger et al. (1979) and Downes et al. (1980)
provided evidence that the Hu regions in the Galactic Center
region have values of T, which might be significantly larger than
the value obtained from an extrapolation of the gradient found in
the disk population of Hu regions. However, the Electron
Temperatures of Downes et al. probably are too large since the
thermal and non-thermal background radiation is included in the
continuum temperature estimate. Objections to the interpretation
of these results (see e.g. Brown et al, 1978) were based on the
following ideas:

(1) The non-LTE masering effects in the line formation process
mimic a gradient in T* (which was assumed equal to T,). This is
because the more distant H 11 regions must have a larger emission
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measure (E.M.) in order to be detected. This large value of E.M.
favors a larger amplification of radio recombination lines, leading
to a lower value of T*. '

(2) The Hu regions in the inner parts of the Galaxy, ~5kpc
from the Sun, are of an intrinsically different type from Hu
regions near the Sun. Hence a comparison of T, (or T¥) for these
different sources is invalid.

The advantages of using the H76« line are:

(1) Collisional broadening and recombination line masering
effects should be negligible. Also deviations from non-LTE in the
level populations should be small for the dense Hu regions
selected at high frequencies.

(2) At three times the frequency of the H110« line, the
angular resolution of our telescope will be one-third, but the
H 1120 and H110a« survey source lists could be used as a starting
point for our survey. At 23 GHz, for example, a new galactic plane
continuum survey would be required to produce a source list.

(3) The confusion effect of the extended galactic background
will be smaller than at lower frequencies.

(4) The atmospheric effects will be smaller than at higher fre-
quencies.

Sources in the galactic longitude range 359° to 55° were taken
from the H110a survey (Downes et al., 1980). Most of these
sources are located within 10 kpc of the Galactic Center. In order
to extend the source sample to the outer parts of the Galaxy, we
also selected H1 regions from the H112a survey of Wink et al.
(1983).

2. Observations

The observations were made in Nov. 1981 from the prime focus of
the 100-m telescope of the MPIfR. At the rest frequency of the
H76a line, 14.7 GHz, the full width to half power (FWHP) of the
telescope beam is 1'. The receiver was a single-channel, three stage
cooled parametric amplifier ; the system noise was 150K to 180K
at the elevations where our measurements were made. The
spectrometer was an autocorrelator, used as two parallel 192
channel receivers. The velocity resolution was 1.3kms™ ! and the
total analyzing band covered 204kms~!. In order to reduce the
system noise, there was no Dicke switch in the system ; hence both
line and continuum measurements were carried out using the total
power output of this receiver. In all cases, spectra were at the
position of the continuum peak, which was determined immedi-
ately prior to the line measurements by cross scans measured over
an angular distance of 6'. An additional continuum measurement
was made afterwards. This procedure was adopted to minimize
systematic errors in the determination of the electron temperature.
The line measurements were made employing position switching,
the reference position was five minutes of time east to the peak
position. Each spectral line measurement consisted of a 5min
integration on-source, followed by a Smin integration on the
reference. This cycle was repeated twice. In some cases, this
sequence was repeated.

The ratio of the integrated H76a line to the continuum
intensity is required for the determination of T* [in Column (11)
of Table 1]. The line emission is assumed to arise only from the
discrete source, and not from the extended background. Then, to
determine the continuum intensities, we have taken the zero level
at an angular distance of up to 6’ (depending on source size) from
the center position. For sources in our survey outside the Galactic
Center, the background continuum is weak (typically <10%)

relative to the peak intensity of the discrete source, and the effect
of any thermal continuum background (which might contribute to
the line) is negligible. This is not the case in the Galactic Center
region. In order to investigate the effect of this background
emission on the line observations, we have measured, in a few
cases, reference spectra at positions surrounding the discrete
source. These cases will be discussed individually in the appendix.
In general, the off-peak spectra near the Galactic Center show
H760 emission at radial velocities close to that of the discrete
source. For these objects, some of the background emission is
thermal, and the continuum intensity, derived from the cross scans
is too small. Thus T;* should be raised. No correction can be made
from continuum results alone, since we have not measured these
relative to a position off the galactic plane. In order to estimate a
correction, we derive a corrected integrated H76a line emission
from ([ T (peak)dV — | T, (offsets)dV), the difference between the on
and off-source contributions. Combining this difference with the
measured continuum temperature of the discrete source, we derive
the corrected electron temperatures, T¥(R), in the notes in Table 1.
These are presumably more appropriate for the discrete sources.

3. Results

We collect our observational results in Table 1: the galactic
coordinates, the equatorial coordinates (epoch 1950.0), the source
peak flux density, the observed source size (i.e. including the 1’
telescope beam), the H 76a line-to-continuum ratio, full width to
half power and radial velocity of the H76a line obtained from
gaussian fits, T.*, heliocentric and galactocentric distances, num-
ber of independent observations of a source, and the number of
ionizing photons, N, (from the distance to the sun and the
integrated flux density). Only linear baselines have been sub-
tracted from our spectra. The errors which we quote for T;* have
been determined from gaussian fits to the H76« line data and the
scatter in the peak intensities from continuum cross scans. Results
on different days were combined using a weighted mean. Values of
T* are calculated with the observed ionized helium abundance y™,
or if unknown for y* =0.08.

The distance estimates were taken from the H110a survey of
Downes et al. (1980) and from Wink et al. (1982) or are derived
from a rotational model with a constant circular velocity of
250kms~! outside the solar circle. There are some doubtful
distance estimates; these are indicated in the Notes.

4. Discussion

Comparison with other surveys

In Fig. 1 we show the differences between our values of T;* and
those derived in other recent surveys. Evidently, the largest scatter
occurs in the H110a survey of Downes et al. (1980). This is
probably caused by the inclusion of background emission in the
continuum temperatures and by the observational procedure: in
contrast to later surveys, the H110o line and corresponding
continuum measurements were not made together, and pointing
difference make the T} (H110a) results rather uncertain. In
contrast, a comparison with previous H 76w results and H65/66a
measurements (Wilson et al., 1979a, b; Thum et al., 1980 ; Mezger,
et al, unpublished) show a smaller scatter. There is however a
small residual offset in the differences of T* values; this may be
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Fig. 1. Histograms of the differences in the values of LTE electron
temperatures, T;", for sources common to other recent surveys and
this survey. The H110x (Downes et al., 1980) and this survey have
58 sources in common. The difference between T values is 980
+2000K. (The uncertainty is the rms scatter about the mean
difference.) The H65¢, H66a, and H76a surveys (Wilson et al.,
1979a, b and unpublished) and this survey have 34 sources in
common. The difference in T* values is 200+700K. The T*
values from Mezger et al. (1979) (referred to as “Letter”) are the
best estimates from results for sources observed in the H110a,
H90«, H760, and H66a lines with the 100-m telescope. There are
45 sources in common with this survey; the differences in T
values is 500+ 1100K
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Fig. 2. A plot of T}* versus distance from the Galactic Center, Dg.
The larger dots represent sources with more accurate values of
T*; the small dots are those with less accurately determined
values of T*, and should be given lower weight. The three open
squares are sources in the W31 complex. Because of non-circular
motions, these sources may be located in the “3kpc” arm. The
open triangles represent G 7.47 4+ 0.06. This source has a negative
radial velocity, and might be either 4 or 17 kpc from the Galactic
Center, depending on whether the motion has a large non-circular
component or not. Open symbols indicate N;=10*s™1, filled
symbols N;<10*°s™*. The solid line is the result of a weighted,
least-squares linear fit to the data for sources between 4 and
17kpc. We indicate the extrapolation of this result to the sources
in the Galactic Center by a dashed line
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Fig. 3. A plot of T* versus distance from the Sun, Dg. Symbols
have the same meaning as in Fig. 1. The W31 sources, the GC
sources and 9 sources with unresolved distance ambiguity are
omitted. They would complicate the picture but not affect our
conclusion. There is no dependence of T* on Dy, although there is
strong dependence on D (in Fig. 2). Taken together, these two
results imply that the variations in T* are not related to distance
from the Sun, but to distance from the Galactic Center

caused by our assumption that, where no measurements are
available, the abundance of ionized Helium is 0.08, compared with
a value of 0.05 used in the earlier results. For T*=8000K, this
increase in y* will cause a decrease of 200K or 2.5%. Overall,
different recombination lines measured at frequencies higher than
14 GHz agree well. One might believe that the influence of strong
non-LTE effects should cause T* from different lines to be
different. The good agreement we observe leads us to believe that
non-LTE effects are effectively small over the range of frequencies
from 5 to 22 GHz.

Electron temperature gradients

In Fig. 2, we plot our T,* values versus distance from the Galactic
Center, Dgc. A gradient is definitely present. In Fig. 3, we plot T*
against distance from the Sun. If the variation in T}* were caused
by effects related to distance from the Sun, Fig. 3 would also show
a gradient. Since there is none, we conclude that there is a real
gradient in T, with Dgc. Shaver (1980) shows that T,=T}* for
v=0.081 EM-36 ie. for v=14.7 GHz, the Emission Measure, EM,
is ~210%pccm™ 3. Correcting for beam dilution, the sources in
our sample have 105<EM<10"pccm™% based on our con-
tinuum data. Most of the low EM sources are extended ; but are
probably clumped in several higher EM regions. Thus our values
are approximate, and detailed results require high resolution
measurements with interferometers. Using the deconvolved sizes
and EMs, we find that the high EM sources (> 10° pccm™®) also
have densities larger than 5 10? cm ™3, Following the procedure of
Wilson et al. (1979a), we have applied a homogeneous sphere
model calculation to our data, to calculate the electron tempera-
ture, T,. On the average, T, is less than T* by 10 %. Only 2 sources
have T,<0.8 T*, while only 3 sources have T,=1.2T* These
sources are not concentrated at any single galactocentric distance.
These corrections cannot be considered very accurate for an
individual source, because detailed models of the distribution of
electron density and EM would be required. However, high
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resolution, high frequency surveys such as ours certainly give
more realistic estimates of T, than those obtained from lower
frequency line and continuum data, which tend to underestimate
the EM. We believe that on the average our corrections are valid.
For our results, the gradient in T represents a very similar
gradient in T,. Previous surveys of recombination lines at lower
frequencies showed a flatter gradient of T, vs. D, because of non-
LTE effects. Previous high resolution surveys at v>10GHz
showed results similar to ours, but had only a limited sample of
sources (see Table 2). Our contribution to this discussion is the
more than twofold increase of the number of sources with
measurements at frequencies where line masering is small. In
Figs. 2 and 3, we also differentiate between H1 regions which
have a Lyman continuum photon flux N/, greater or less than 10*°.
Hu regions with N/ >10*°s™* require a star earlier than 06.5 for
their excitation. We see no difference between these two groups of
sources, and conclude that the value of N, has little effect on the
gradient of T, with D in our sample. Also we find no dependence
of T on electron density, N,. This might be because estimates of
N, are considerably more uncertain, because of the role of source
size and clumping. From the data presented in Figs. 2 and 3, we
conclude that there is a gradient in T, in the galactic disk, from 4
to at least 12kpc from the Galactic Center. Our results include 13
sources outside the Solar circle. This is the largest collection of
such sources in the outer part of the Galaxy, and thus puts the
discussion of any T, gradient there on a better statistical basis.
Our T* values in the range Dg.=11-17kpc definitely rise with
Dgc, indicating that the increase between 4 and 12kpc continues
at larger galactocentric distances.

We have fitted our data for sources between 4 and 17 kpc using
a linear function. The result is listed in Table 2, where for
comparison, we list the T* gradients from other recombination
line surveys. With one exception, the fits were linear, and we
simply give the published results. The relation given by Mezger et
al. (1979) involved a logarithmic function; we have made a linear
fit to the data for the purposes of comparison. The values from

Table 2. Fits to T.* vs. Dgc for H regions in the disk

various surveys agree rather well. Our gradient is marginally
(~5%-10%) flatter than those in surveys done at 5GHz. We
believe that our data are less influenced by non-LTE results, and
are to be preferred.

In making the fit, we have excluded the HiI regions in the
Galactic Center, and the sources with Dg-=3.5kpc. The case for
excluding the Galactic Center (G.C.) sources is based on the
observation that there are few H1I regions within 3.5kpc of the
GC (except those in the GC itself). One interpretation is that the
evolution of and physical conditions in the GC are very different
from the disk (see Oort 1977 for a discussion). The extrapolation
from our fit to the GC shows that the average observed T, of these
sources is ~2000K larger than predicted from our fit to data in
the disk. This behavior was reported for the results collected by
Mezger et al. (1979) and the H110o survey (Downes et al., 1980).
Our larger sample establishes this fact more convincingly. At-
lower frequencies this effect, especially for the H110« survey,
could have been caused by the inclusion of a large amount of non-
thermal background in the continuum intensity of the sources,
since the zero of the continuum level in the H110o survey was
taken with respect to a position well away from the galactic plane.
This background would contribute to the continuum, but not the
line, emission, thus mimicking sources with high values of T,. This
effect is smaller in the H76a survey, since the relative proportion
of non-thermal emission should be less. Also, we have reduced the
influence of the background emission by taking the zero level of
the continuum with respect to the end points of the continuum
cross scans (see Notes to the Individual Sources and Figs. 3
and 4). Our analysis of the H76a data and the agreement of our
results with other surveys leads us to conclude the effect is real —
the T.’s of GC sources are larger than the extrapolated value.

Scatter in T, values for disk sources

The unweighted mean value and RMS scatter for the 23 sources
between 7 and 8 kpc is 6800+ 1000 K. The uncertainty is some-

Recombination line No. of Relation obtained Correlation Ref.
transition used sources coeff.
H110x 133 4600+ 340 Dg? 0.320 Downes et al. (1980)
50814252 Dgc? 0.673 Churchwell et al. (1977)
H109 33 b .
44254315 Dge Excluding source G10.6 —0.4
from data in their Fig. 3
H1378 30 { 55344250 Dgc? 0.591 Churchwell et al. (1977)
4870+ 342 Dgc° Excluding source G10.6 —0.4
from data in their Fig. 3
H860 19 4700+390 D ® 0.815 Lichten et al. (1979)
H108p 19 6000+250 D ? 0.375 Lichten et al. (1979)
H76x 7 47884268 D 0.703 Here, e:(cludl’t’lg Galactic Center
and “3 kpc” sources )
4600+ 285 Dgc.® Here, excluding Galactic Center
and “3kpc” sources, weighted
H1092 4+ H90x +H760 62 5340+270 Dgc? 0.681 Mezger et al. (1979)
+Ho650
H1092+ H1100 +H760 67 31504433 Dgc 0.79 Shaver et al. (1983)

2 Unweighted fit to data
b Fit to data weighted by inverse sigma squared

© European Southern Observatory ¢ Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/cgi-bin/nph-bib_query?1983A%26A...127..211W&db_key=AST

FT983ARA - CIZ7- “Z11Wh

J. E. Wink et al.: H760 survey

-28°40" -

-28°45' |~

_280 50I —

DECLINATION 1950.0

_28055! —

-29°00'

O seam

l,
17%L™

17743 17742"
RIGHT ASCENSION 1950.0
Fig. 4. A continuum map of the Sgr A region made at 10.7 GHz
with an angular resolution of 90” (Downes et al., 1978). The thick
crosses mark the positions where H76a spectra were taken

what larger than the measurement uncertainties for the stronger
sources. If we restrict our sample to sources with peak flux
densities >1.5Jy, we have 13 sources; the average T* value is
7000+ 800 K. Selecting sources from the W51 complex (see
Bieging, 1975), we have 6 H11 regions with T;* = 6000+ 600 K. The
difference between this subset and the whole group is three times
the combined standard error. Thus there is no convincing evi-
dence for systematic source-to-source variations. From the group
of sources in the 7-8kpc region, only two, G5.88—0.41 and
G 34.2640.15, differ from the average value by more than twice
the rms.

Relation of T, values to abundance of “metals”

Churchwell et al. (1978) concluded that changes in the value of T3*
in H1 regions are caused mainly by changes in the abundance of
C, N, O (“metals”) relative to Hydrogen. Mezger et al. (1979) have
used previously published optical measurements of T, and the
relative abundance of O to H in other galaxies to relate the
observed values of T* in our galaxy into a (O/H) ratio. Applying
this conversion to our data we have

log(O/H)= —0.055Dgc—2.73 for Dg.=4kpe.

That is, (O/H) is 210~ % at Dg.=17kpc [or 30% of the “Cosmic”
value given by Allen (1973)] and 1.21073 at D=4 kpc (or twice
the “Cosmic” value). A preprint of a combined radio-optical
survey in the southern part of the galaxy (Shaver et al.,, 1983) has
come to our attention. They cover a similar range of galactocen-
tric distances and try to obtain T, from T;*. They obtain some-
what different values for the (O/H) ratio: at 4kpc, namely,
(O/H)=1210732, and at 17kpc, (O/H)=1.610"%; the T,—Dgc
results from this survey (done at 5 GHz) are listed in Table 2. The
source sample is nearly independent of ours, and the T,-“Metals”
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relation independent of that done by Mezger et al. (1979). In
view of these differences, the agreement is encouraging. Values of
gradients in the Metals based on optical surveys are summarized
by Panagia and Tosi (1980). The sense of these gradients agrees
with ours, but the magnitude is larger. Since the range in distance
from the Sun for the optical results is relatively small, measurement
errors may contribute to the differences.

The sources in the Galactic Center provide the most tantaliz-
ing result. If the T,-Metals relation is applied to the electron
temperature of these H1l regions, one finds an (O/H) abundance
ratio comparable to that near the Solar System. This is somewhat
surprising in view of the idea (see e.g. Oort, 1977) that a great deal
of nuclear processing in stars has taken place there; such process-
ing is manifested in the (*2C/*3C) ratios (see Penzias, 1980).
Although there are at present no measurements which contradict
the (O/H) ratio we find for the Galactic Center, it is likely that the
stellar population distribution in the Galactic Center is markedly
different from that in the disk and thus the T,-metal relation is
also different. [The relation between T, and (O/H) was obtained
for Hi regions in the disks of a small sample of external galaxies
and our Galaxy.] It may be that the Initial Mass Function in the
Galactic Center is heavily weighted toward low mass stars. Such
objects would produce a great deal of *3C from !2C, but little 12C
or %0 from He. [In this context, see the discussion of Lacy
(1982).] Direct measurements of the (O/H) ratio should resolve
this question.

5. Conclusions

1. Measurements of 84 H1 regions in the H 760 line and radio
continuum at 14.7 GHz more than double the number of sources
with line and continuum measurements at frequencies above
10GHz This survey is nearly complete for thermal sources
between galactic longitudes 359° and 50° with peak flux densities
greater than 2Jy. Outside the solar circle our survey includes 13
sources ; this number is large enough to obtain a reliable trend for
the run of electron temperature at large distance from the Galactic
Center. Also limited mapping in line and continuum was made for
a few sources, mostly in the Galactic Center, where the intensity of
the extended continuum background emission was an appreciable
fraction of the peak intensity of the discrete source. The line and
continuum data were combined to produce LTE electron tem-
peratures, T.*.

2. From comparisons with other high frequency radio recom-
bination line surveys and model calculations, the actual electron
temperature, 7T,, is close to T}, obtained from data at this
frequency. As in previous studies, there is an increase of T* with
distance from the Galactic Center, Dg, for sources in the disk
(Dgc=4kpe). A new result from this survey is that the increase of
T* with Dg continues out to distances of 17 kpc. From a least-
squares, weighted linear fit, T;* = 4600+ 285 D ; the unweighted
fit yields T;* =4800+ 270 Dgc. The correlation coefficient is 0.70.
The large source sample in the present survey reduces the
possibility that selection effects cause the T;¥ — D relation. There
is no correlation of T;* with distance from the Sun, D,. Hence the
variation in T* is not caused by systematic effects related to D,.

3. The scatter in T* for disk sources at the same D exceeds
the noise uncertainties in a few cases; this may be evidence for
source-to-source variations. If such variations are present, they
are not a large fraction of the value of T}*.
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4. As in previous studies, T* values for Galactic Center
sources (6700 + 1000 K (RMS scatter)) are significantly larger than
4600-4800K, the value extrapolated from the data for disk
sources. The contributions from this survey to Galactic Center
measurements are: (1) the four-fold increase in the number of T*
determinations for sources at high frequencies, where non-LTE
effects are less important, and (2) partial mapping of some sources,
which makes it less likely that the large values of T* are caused by
confusion with the extended background emission.

5. In the disk, the gradient in T, is probably caused by a
gradient in the relative abundance of “metals”, such as Oxygen,
which control the cooling of Hu regions. Using the average
relation between T, and the abundance of Oxygen from Mezger et
al. (1979), we obtain for our data a variation in the O/H value of 6
between 4 <D;-<17kpc; our derived relation is

log(O/H)= —0.055D5c—2.73 for Dgc=4kpce.

The values of T, for the Galactic Center sources imply a (O/H)
ratio which is close to the Solar System value, if this relation of
(O/H) and T, applies.
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Appendix. Notes to individual sources

G 359.28—0.26

This source has been placed at the near kinematic distance.
However, since it is located near [=0° any small non-circular
velocity could cause a large change in the distance.

G0.09+0.01

This source has a complex structure (see Fig. 4): seemingly
compact in o, but extended in 8. At 4 positions (marked by crosses
in Fig. 4) offset by £90” in a or J, respectively, there is an H76a
line similar to the one observed toward the peak. Hence the
background contributes appreciably to the line emission from the
peak, and the T* in Table 1 is a lower limit to the T* from the
discrete source.

G0.18—0.05

There is no appreciable line emission at each of the 4 positions
offset by +180” in « and §, respectively, from the peak (see Fig. 4).
However, subtracting the average of the 4 line spectra from the
one at the peak lowers the line temperature and reduces the
linewidth. Hence the T* in Table 1 must be a lower limit.

G0.49—-0.05 and G0.51—-0.04

The off-peak positions where spectra were taken are shown in
Fig. 5. An H76« line was detected at each off-peak position: the
line parameters are similar to those for the peak position. Thus the
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Fig. 5. A continuum map of the Sgr B2 region, made at 10.7 GHz
with an angular resolution of 90” (Downes et al., 1978). The thick
crosses mark positions where H76a spectra were taken

line emission from the peak includes a contribution from the
background, and the value of T* in Table 1 is a lower limit.

G 0.60—0.05 and G0.64—0.05

These sources are barely resolved by our 1’ beam. Spectra were
taken at off-peak positions shown in Fig. 5. The H76a line
intensity is ~30% of that for G 0.60— 0.05 ; hence the T* values in
Table 1 are lower limits.

G0.67—-0.03

See Fig. 5. The continuum source SgrB2. Spectra were taken at Ao
=+75" from the peak. Subtracting these line and continuum
intensities does not appreciably change T*.

G5.88—-0.41

This source shows the broadest line in our survey. Spectra taken
at 40= =11’ have linewidths of ~25kms~!, but with the same
center velocity.

G591-043

The continuum intensity was obtained from the « scan through
the peak of G 5.88—0.41.
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G 10.16-0.35

W31A, a complicated continuum source; details of the structure
are discussed by Martin-Pintado et al. (1983).

G 15.03-0.69

The peak of M 17. The H76« line is flat-topped. This is probably
caused by a blending of two velocity features (see Gull and Balick,
1974; Wink et al., 1982).

G2342-0.21

A complex source. The continuum scan in é shows 2 peaks, at
A6 = +30" from the position listed in Table 1.

G 25.7040.03

The continuum intensity is with respect to a plateau in the « scan.

G25.7740.21

Continuum measurement is confused by a source 5’ north.

G289+35

A nearby Hi region. The value of T} may be somewhat
underestimated because the source has a large angular size, and
the continuum scans may not have reached zero.

G 30.78—0.03

Compact continuum source on a weaker extended background.

G43.174+0.0

Measurements in the H76a« line at A= + 1’ show no difference in
T¥ from the value obtained for the peak.

G 43.23-0.05

Continuum measurement is confused with W49.

G48.6—0.04 to G49.44—0.38

Some confusion from weaker continuum sources.

G55.12+2.42

Weakest line observed in this survey (T, =7mK), hence large
uncertainties.

G151.614+0.24

Although a weak line, there is good agreement between the 4
independent determinations of T}*.
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