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ABSTRACT

A statistical analysis of the parameters of Gaussian components fitted to the absorption spectra
presented in the preceding two papers leads to the conclusion that the hydrogen seen in absorption in the
galactic disk has a mean value for Ng/7T, of 1.5 X 10" atoms cm™2 ° K~1 kpc.. A line of sight along the
plane intersects on the average a minimum of 2.5 concentrations per kiloparsec.

As a first step toward characterizing the neutral-hydrogen concentrations at low ga-
lactic latitudes, many of the absorption profiles presented in Papers I11 (Radhakrishnan,
Goss, Brooks, and Murray 1971) and IV (Goss ef al. 1971) have been resolved into
Gaussian functions of the optical depth. The computer program used for the Gaussian
fitting required a set of initial estimates as part of the input data, and the computed
parameters were to some extent dependent on these initial guesses. For a given number
of components, variation of the input estimates of amplitudes and widths resulted in
some variation of the computed parameters for the components. The noisiness of the
profile was one of the factors affecting the dependence on the initial estimates. In general,
the quality of the fit could always be improved by specifying a larger number of com-
ponents than could ever be justified on other grounds. We have usually specified the
minimum number required for a satisfactory fit to within the experimental errors.

Most of the observations were made with the use of filters having an approximately
rectangular bandpass and a width of 10 kHz (2.1 km s™!). These filters formed a bank
in which they were separated by 9.5 kHz (2.0 km s™), and each filter was located at
the same effective frequency during the whole observation of any given source. As the
profiles were sampled only at this interval, the highest periodicity theoretically detect-
able in the observed spectra is one of 4 km s™!, and this was the minimum separation in
velocity required for two very narrow features to be unambiguously differentiated. Wide
features would need larger velocity separations; for features of full width at half optical
depth (AVYy,,) of the order of 3 km s™, for example, the cutoff in detectable separations
was at approximately 6 km s™. Pairs or groups of individual features separated by less
than this amount from their nearest neighbors therefore appeared as one wide feature
and were treated as such for the Gaussian analysis. On a few selected strong sources
we have also made observations with a 1 kHz (0.21 km s7?) filter bank. From a compari-
son of the two sets of observations on these sources it was apparent that all the structure

. detected with the 1-kHz filter bank was well resolved by it, whereas with the 9.5-kHz
filter bank considerable information was lost.

Histograms of central optical depths from the data obtained with the 1- and 10-kHz
filters are shown in Figures 1¢ and 15, respectively. In some cases there were features
in the absorption profiles which apparently exceeded infinite optical depth. For purposes
of analysis these were truncated to enable the computer program to calculate values for
the other features in the profile. Components associated with absorption features that
were so truncated before the Gaussian fitting are indicated by the unhatched areas in
both figures. It is seen in the histograms that the erroneous optical depths so obtained
are naturally concentrated at the high end. If these are neglected, there are respectively
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F1c. 1.—Histograms of central optical depths obtained with filters of width (e¢) 1 kHz and () 10 kHz.
The unhatched areas refer to features that were truncated before the Gaussian fitting and whose true
optical depths are therefore unknown. An exponential fit (= €™7) to the reliable data (hatched area) of
Figure 1) is also shown.

16 and 105 remaining components in Figures 1a and 15 with fairly reliable optical depths,
and the median optical depth is approximately 1 for both sets.

Most of the features that escaped detection because of their low intensity must belong
to the low end of the histograms in the first group with 0 < 7 < 0.5. The function
N « ¢ 7 suggested by Clark (1965) is shown in the figure, and appears to fit the distri-
bution for 7 > 0.5 reasonably well. The area under this curve (r = 0 to 7 = «) corre-
sponds to 140 sources. As the hatched area under the histogram corresponds to 105
features, this suggests that 25 percent of all features have been missed because they were
too weak to be clearly detected in our survey. The total number of features in Figure 15,
including the truncated ones, is 131. Allowing for the features that were missed, we
should therefore have had ~164 altogether. The median value for the optical-depth
distribution shown by the exponential is ~0.7. We have not attempted to fit any law
to the distribution of optical depths for the 1-kHz data, but the same function would
well describe the histogram of Figure la within the statistical uncertainties involved
with a total of only 16 components.
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A real discrepancy between the data obtained with different frequency resolutions is
seen, however, in the histograms of the widths of the Gaussian components fitted to the
1- and 10-kHz data (Figs. 2a and 2b, respectively). The median widths are 3.4 and 6.3
km s™! as measured with the two sets of filters, which may be compared with the value
of 4 km s™! obtained by Clark (1965) with a filter width of 6 kHz. The difference in ap-
parent widths of approximately a factor of 2 between the 1-kHz and 10-kHz data is
not attributable to any statistical effects; it must result from a blending of adjacent
components in the 10-kHz data. Comparison of the absorption spectra for the six sources
which were observed with both resolutions shows that the numbers of distinguishable
components for the 1 and 10 kHz data are in the ratio of 2 to 1. In Figure 3 we show a
histogram of the velocity differences between adjacent components from the 1-kHz data.
Although the sample is very small (12 pairs), the evidence suggests a mean separation
of the order of 3 km s™ between components. These components have a typical width
of ~3 km s™! (Fig. 2a). The distributions of Figures 2a and 3 together suggest that each
entity in Figure 26 is made up, on the average, of two narrower components.

Yet another estimate of the blending is obtained by comparison of the integrals under
the Gaussian components for the two sets of data. The mean value of Ng/T, for the 16
1-kHz features in Figure la is 6.0 X 10'%, whereas the corresponding mean for 105
10-kHz features in Figure 1b is 1.44 X 10*. The conclusion is compelling that, if all the
observations had been made with the higher velocity resolution, approx1mately 2 to
2.5 times as many separate features would have been identified. In the light of this
conclusion it is clear that the histograms of Figures 15 and 2 refer not to single concen-
trations of hydrogen but to blends of two or possibly more components. We have just
seen that parameters such as AVy and Nu/T, obtained by fitting single Gaussians to
such blends depart from the parameters characterizing the individual components in a
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Fi16. 2.—Histograms of full widths at half optical depth from the Gaussian-fitting analysis for (a) the
1-kHz data and (b) the 10 kHz data.
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Fi16. 3.—Histogram of velocity differences between adjacent Gaussian components in the 1-kHz data

way depending on the number and spacing of components in the blend. The distribution
law for maximum optical depths shown in Figure 15, however, would still be a reasonable
approximation of the true law for single components.

The separation in velocity between adjacent concentrations along any line of sight
must depend on the number density of concentrations and the gradient of radial veloc-
ity with distance in their neighborhood (dV/dR). For a uniform distribution of concen-
trations which execute circular motions strictly according to the Schmidt model, the
velocity separation between adjacent components in any profile would be a linear func-
tion of the value of dV/dR calculated according to the model; the slope of this function
would then give the distance between concentrations along any line of sight. Before
seeking such a relation in our data, account must be taken of five factors which could
mask this dependence: (1) the nonuniform distribution of hydrogen concentrations;
(2) random motions associated with each of these concentrations; (3) systematic devia-
tions from circular motion in various galactic regions; (4) the distance ambiguity asso-
ciated with certain ranges of velocity for I > 90 and / > 270; and finally (5) the inade-
quate velocity resolution of our observations.

Factors 1 to 4 affect the distribution in velocity space of the components of the pro-
files, tending in general to randomize them; factor 5 replaces individual concentrations
of hydrogen with aggregates in velocity space (blends) separated by more than the
instrumental cutoff value of approximately 6 km s™.

A test for any residual correlation in our 10-kHz data is shown in Figure 4. For each
pair of adjacent Gaussian components the gradient of radial velocity was calculated
from the Schmidt model. Then for each increment of 2 km s™ kpc™ in dV/dR the aver-
age velocity separation of the adjacent components was determined. These average
velocity differences are plotted versus dV/dR in Figure 4. A definite correlation is seen,
in that greater separations are encountered in regions where the gradient of radial veloc-
ity with distance is higher. On a simple-minded model one might have expected a corre-
lation passing through the origin as shown by the dotted line in Figure 4. The deviation
from this law for low values of dV/dR could be attributed principally to the combined
effect of random motions and the instrumental cutoff. Both of these factors (2 and 5)
would tend to displace the mean value of the observed separations away from zero.
Large random motions would also lead to errors in the calculated distances and hence in
the associated values of dV/dR.

The large number of unknowns (factors 1 to 4) precludes their determination from
the plot of Figure 4. The furthest one can go is perhaps to assume that for high values
of dV/dR the correlation is least affected by the various unknowns. The dotted line in
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Fi6. 4.—Plot of mean velocity differences between adjacent Gaussian components in the 10-kHz
data against the calculated radial-velocity gradient in the appropriate part of the galactic disk. Steps in
dV /dR of 2 km s7? kpc™! were used for the averaging. The dashed line shown is one passing through the
origin and fitted to the points withdV /dR > 10 km s~ kpc™. Its slope corresponds to approximately one
feature per kpc. See text for discussion.

Figure 4 fitted to the top three points, and the origin can then be considered to approxi-
mate the true situation in the limit where factors 1 to 4 have negligible effect. The slope
of this line corresponds to a column density of approximately one blend per kiloparsec.
The same figure is also obtained by dividing the total corrected number of blends (164)
from Figure 16 by the total path length to the sources (161 kpc) obtained from Papers
III and IV. If the mean column density of blends is one per kiloparsec and if the average
value of Ng/T, is 1.44 X 10" per blend, then it is also the mean value per kiloparsec
of column length. From a comparison of the two sets of data obtained with different
filter banks we concluded earlier that from 2 to 2.5 times as many features would have
been detected with the higher velocity resolution. Even with an arbitrarily high velocity
resolution some observed features must result from a close matching of velocities and
widths of components arising from spatially separated concentrations of hydrogen. The
number of concentrations must therefore be somewhat higher than indicated by the
number of detectable absorption features.

In conclusion, the data in Papers IIT and IV lead to a picture in which the column
density divided by the spin temperature (Ng/7T,) of the hydrogen atoms seen in ab-
sorption is ~1.5 X 10! per kiloparsec. This hydrogen appears in concentrations of
“which there are at least 2.5 per kiloparsec if one averages over both spiral-arm and
interarm regions of the disk. The number of concentrations with a given central optical
depth 7 is proportional to ¢77, and the median full width at half optical depth is of the
order of 3.5 km s~1. For pure thermal broadening this width corresponds to 265° K.

The above results obtained from observations in the plane may be compared with
those of Paper II (Radhakrishnan, Murray, Lockhart, and Whittle). It was shown there
that concentrations found at higher latitudes have a mean column density of 3 X 102
atoms cm™?, a spin temperature of ~60° K for clouds with » > 0.5, and a typical line-
of -sight separation of one full scale-thickness of the galactic disk. Assuming 7', = 60° K
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for the concentrations of Papers III and IV discussed above, we obtain a mean value
of Nu of 9 X 10% atoms cm™ kpc™. If the mean column density in concentrations is
independent of position in the Galaxy, this implies that a line of sight will intersect three
concentrations per kiloparsec on the average and that the scale-thickness of the cloud
distribution in the solar neighborhood is one-third kiloparsec.

The computer program used for the Gaussian fitting was written for use at the De-
partment of Radio Astronomy of the University of California in Berkeley and was very
kindly made available to us.

Thanks are due to Mrs. Betty Siegman for much patient analysis of the data.
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