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ABSTRACT

We report new detections of the H166a recombination line at high velocity in four directions of the inner
Galaxy located at galactocentric distance Rg < 4 kpc. Using the present data, along with those published by
Lockman at 1.4 GHz and by Caswell and Haynes at 5 GHz, we analyze the distribution of the ionized gas in
the inner galaxy. As a result we find that low-density ionized gas is located along the 3 kpc arm. The presence
of this gas argues that the H 11 region are in a latest stage of development. Almost always, the dense H 11
regions observed at 5 GHz by Caswell et al. do not show emission of the H166a line indicating that these H 1

regions are in an earliest phase of development.

Subject headings: galaxies: structure — galaxies: The Galaxy — nebulae: H 1 regions — radio sources: lines

I. INTRODUCTION

The search of H166a RRL with single dish antennas allows
the study of the large scale structure of the ionized hydrogen in
a late stage of evolution of the H 1 region. H 1 observations in
the inner Galaxy showed the relevant feature known as 3 kpc
arm, which is an arc extending from [=360°
V=—-50kms™!tol=2336° V=—130 km s ! located at
galactocentric distance® between 1.7 and 3.4 kpc. Lockman
(1980, 1981) did not find evidence for the occurrence of H 11
regions in the inner arm suggesting that there is very little
ionized hydrogen interior to this, except in the immediate
vicinity between the 3 kpc arm and the nucleus, where a group
of H 11 regions and type I OH masers form a tilted arc at least 2
kpc long at a distance of ~ 2.7 kpc from the Galactic center.

In this paper we extend the observations of the H166a line
Southern survey (Cersosimo et al. 1989) made with the 30 m
IAR radio telescope. The new observations have an integration
time of 10 hr for each position. The half-power beamwidth of
the telescope at 1.42 GHz is 34, the main beam efficiency is
~0.87, and the aperture efficiency is 0.6. In Figure 1 the pro-
files are presented, the rms noise is ~3 mK. The velocity
resolution was 159 km s~'. The data reduction techniques
have been described earlier (Cersosimo et al. 1989). The spectra
were taken between 345°-349° along the Galactic plane. We
can see significative detection at ¥V ~ —100 km s~ ! in direc-
tion of | = 345%5, 347°, and 348°. The detections at ¥V ~ 0 km
s ! in five of the six profiles of Figure 1 show the material
associated to the Sagittarius-Carina arm, while the detection
around ¥V ~ —100 km s~ !, kinematically, is located in the
inner zone of the galaxy at distances Rg < 3.4 kpc. In the
direction of | = 347°6 b = +0°20 we observed a known H 11
region with a spectral resolution of 10 kHz (~2 km s~ ). The
observations and reduction technique have been described by
Cersosimo and Loiseau (1984). In Figure 2 is shown the profile
obtained, the rms noise is ~7 mK.
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II. DISCUSSION

a) Weak Emission, H1660.

As is shown by the observations the H166a emission is a
good tracer of O associations and open clusters in early evolu-
tionary stages (Hart and Pedlar 1976; Cersosimo 1982). The
observations of radio recombination lines (RRL) allow to
know the radial velocities and hence kinematic distances of
H 1 regions can be derived. The RRL can usually be character-
ized as Gaussian profiles. The results of Figures 1 and 2 are
summarized in Table 1 where we include the observations
detected at high velocity in the fourth quadrant at longitude
350°, 352°, and 356° (Lockman 1980), and the emission at 338.5
(Cersosimo 1990). Col. (1) gives the Galactic longitude. Col. (2)
gives the line antenna temperature of the peak. Col. (3) gives
the width and col. (4) gives the central radial velocity. The data
of Table 1 are displayed with filled circles in the (V, I)-plane of
Figure 3. Excluding the source at [ = 347°6, the average line
temperature of the profiles is ~15 mK. Assuming that the
emission detected at H166« line came from low-density gas, it
shows that the diffuse gas is located in the locus of the 3 kpc
arm, and is well-correlated with the CO emission (Dame et al.
1987) between ! > 336° and 360°. Discussions about the CO
feature for I > 350° are given by Bania (1977, 1980, 1986). The
H166a emission is not continuous along the length of the arm,
and shows isolated clumps of diffuse ionized gas. Let us con-
sider a classical model of low-density H 11 regions, with T, =
5000 K and a departure from LTE of 20%. The emission
measure obtained is low, we obtain E ~ 400 pc cm ~ ¢ assuming
arbitrarily Qy/Q, = 1 where Qg and Q, are the solid angle of
the source and of the antenna, respectively (this mean clumps
with diameter ~ 60 pc and electron density ~ 3 cm~3). Gener-
ally the ionized gas does not appear as an important com-
ponent of the 3 kpc arm. An explanation has been given by
Lockman (1980) indicating that the increased abundance of
supernova remnants, energetic particles, and other sources of
ionization toward the inner Galaxy has not greatly affected the
overall hydrogen ionization rate. The weak high-velocity emis-
sion at 338°5, located in the inner zone Rg < 4 kpc, is at
1 < 20° from the Galactic center, and it appears to merge grad-
ually with the terminal velocity ridge of H 1 (Kerr, Bowers, and
Henderson 1981) around 340° in the confusion zone defined by
Caswell and Haynes (1987).
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TABLE 1
Hi66a
b=0° PARAMETERS OF THE H1660. LINE EMISSION ALONG b = 0
1=349°
Galactic Line Line Radial
/\ /\ /\ Longitude Temperature Width Velocity
(degree) (mK) (km s~ km s~!
/ AWAN (km s~1)
338.5 38 20+ 8 —112+9
345.5 11 22+10 —1204+9
1=348° 3470 14 32+ 12 —85+9
/\ 347.6 100 3242 —98+10
A 3480 13 36 + 12 —100
TN \V v 350.0° <15 —110
352.0° <15 -90
M 1= 347° 356.0° <15 —80
A a
~ -/ \ Lockman 1980.

\/[\V a—d
I 10 mk 1=3455
\ /\ A A\
— ~ v
/ 1=345
/‘V/\/\\I ~
N
-200 -100 0 +100
V(kms™)

F1G. 1.—The six H166a spectra taken between 345° and 340° longitude
along b = 0. The vertical scale is antenna temperature, the horizontal scale is
LSR velocity. The spectral resolution is 15.9 km s~*. The longitude of observa-
tion is written beside each spectrum.

Barcia et al. (1985) show the low-frequency RRL arise in
optically thin ionized gas which hardly contributes to the
5 GHz radio continuum emission. On the other hand, Burton
and Gordon (1978) and Cersosimo et al. (1989) show spatial
correlation between H166a line emission and continuum
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F1G. 2—Same as in Fig. 1 taken at [ = 347°5, b = +0°2 and with a spectral
resolution of 2 km s~ '. The strongest line around —90 km s~ ! came from gas

located in the 3 kpc arm. The signal between —20 and 0 km s~ ! correspond to
gas located in the Sagittarius-Carina arm.

source at 5 GHz. This continuum source has been observed at
RRL by several authors (Reifestein et al. 1970; Caswell and
Haynes 1987), the similar velocities of H166a and H109-110x
lines suggest that the high- and low-density gas must be physi-
cally associated (Cersosimo 1990). In order to study the
properties of the weak emission in the inner Galaxy we select
from the survey of Caswell and Haynes (1987) the H 1 regions
located at galactocentric distances between 1.7-3.4 kpc, their
parameters are listed in Table 2. Cols. (1)«2) show the Galactic
coordinates. Col. (3) shows the radial velocity of the 5 GHz
RRL (Caswell and Haynes 1987). Col. (4) shows the galacto-
centric distance, and col. (5) contains the ionizing photons. The
asterisks indicate the regions which belong to the tilted arc and
with a “G” we indicate the giant H 11 regions defined by
Mezger (1970).

The regions of Table 2 are displayed in the longitude-
velocity domain of Figure 3 with filled and open triangles. The
main characteristic shown in Figure 3 is that the weak line
emission at 1.4 GHz is located into the band of the 3 kpc arm,
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F1G. 3.—H1660 line emitting regions ( filled circles) and dense H 11 regions
(triangles) in the inner region of the Galaxy (Rg < 3.7 kpc) between 338° and
360° longitude. The locus of the 3 kpc arm and of the tilted arc are shown.
Filled triangles define the locus of the tilted arc.
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TABLE 2
PARAMETERS OF HIGH-DENSITY REGIONS

Coordinates Radial
1 b Velocity
©) ) (km 1)

339.089 —0.216 —120
*342.300 +0.314 —122
346.206 —0.071 —108
*347.386 +0.266 -97
*347.600 +0.211 —-96
347.964 —0.439 -97
*349.111 +0.105 —74
*349.140 -0.020 —-92
*350.129 +0.088 —69
351.601 —0.348 —-94
351.617 +0.171 —43
352.398 —0.057 -89
352,676 +0.148 —45
352,611 —0.172 —82
*352.866 —0.199 —58
353.381 —-0.114 —82
353.381 —0.114 —54
*353.557 —0.014 —54
354.200 —0.054 —33
354.664 +0.470 -27

Galactocentric Tonizing
Distance Photons
(kpc) 10748571y  Note

3.1 16.7

2.6 111.1 G
24 40.8 G
24 54.0 G
24 131.6 G
23 104

2.6 18.8

22 .

2.6 319

1.8 7.5 G
33 62.8

1.7 26.1

29 12

1.8 15.2

23 139

1.7 e

23 .

23 56.3 G
3.1 14.5

33 13.5

NoTe.—G = giant H 11 regions defined by Hezger 1970.

and by comparing the positions of the circles and triangles we
can see that the behavior of the weak 1.4 GHz RRL is not like
that found along the Galactic plane (Burton and Gordon 1978;
Cersosimo et al. 1989) in the sense that the H166a line of Table
1 does not have clear association with the dense H 11 regions.

b) The 3 kpc Arm and the Tilted Arc

Although our intention is not to discuss the tilted arc
noticed by Lockman (1981) it is interesting to distinguish in the
inner Galaxy between both structures. The sources thought to
be part of the tilted arc are marked with asterisks in Table 2,
and with filled triangles in the (I, b) plane of Figure 3; the
feature is aligned along the locus of 2.6 + 0.3 kpc from the
Galactic center. We included three new regions apparently
associated with the group. The source at [ = 352.200,
b= —0.054, listed by Lockman (1981) as member of the
feature, was excluded because it is not located into the locus of
2.6 + 0.3 kpc. For the H 11 regions placed into the locus of the
tilted arc of Figure 3, we find an inclination of 2°5 to a plane
through b = 0°. We note that there are no H1660« line emission
associated to the tilted arc, and the 50% of the regions located
in the tilted arc are giant H 11 regions (marked with a “G” in
Table 2). All H 11 regions forming the tilted arc are assumed at
near distance (Lockman 1981). The Lyman photon flux of the
dense southern H 11 regions between Rg = 1.7 and 3.4kpc is
N, ~ 7 x 10°° s~ !, which originates for 61% in the tilted arc
and for 18% in the 3 kpc arm.

It is known that the mass ratio, M,/ My, increases sharply
toward the Galactic center. The derived values for the mass
ratio, is larger value at smaller R, 3 x 1073 for R > 3.5kpc,
(Deul 1988) and 0.01 for Rg < 3.5 (Savage and Mathis 1979).
For nonzero optical depth of the dust within the ionized
region, the effective radius of the H 1 regions is smaller than
other one without dust. The radius of the ionized hydrogen
shell decrease from 0.81 to 0.25 as the optical thickness of the
dust increases from 1 to 20, then the fraction of stellar photons

shortward of the Lyman limit, which are absorbed by H atoms
rather than by dust, decreases from 0.53 to 0.016 (Spitzer 1978).
In such case the Lyman photon flux derived above could
actually be one or two orders of magnitude larger. Then for the
inner region we estimate a total N, ~ 10°2 s™!, In order to
estimate the star formation rate (SFR), we use the Salpeter’s
analytical expressions of initial mass functions (IMF) given by
Giisten and Mezger (1982). A lower and upper termination of
stellar mass spectrum of 0.1 and 60 M, respectively is
adopted. We derive a SFR ~0.04 M, yr~! for the 3 kpc arm,
and 0.1 My yr~! for the tilted arc. They are lower than the
local SFR, ~0.3 M yr™!, calculated by Giisten and Mezger
(1982).

The giant molecular cloud in the 3 kpc arm seems to be
stable against gravitational collapse, on the contrary the tilted
arc seems to be more efficient star forming than the 3 kpc arm.
The mechanism cloud-cloud collision to form OB stars is con-
sistent with a number of previous observations of OB star
formation (Scoville et al. 1986). The concentration of giant H 11
regions in the tilted arc can be a result from the convergence of
cloud orbits in the spiral potential minimum associated with
the density wave. And its deficiency of gas (H 1 and CO) prob-
ably arose through of star formation which was extremely effi-
cient, and little gas remained after formation, but there is no
reason to expect star formation reach maximum efficiency at
intermediate region in the disk (2-4 kpc), a rotating disk of
stars does not exist within the bulge observed in other galaxies
(Kormendy 1977). An optional explanation can be the super-
nova rate and its subsequent heating which was great enough
during an earlier epoch to transmute clouds into wind
material.

III. SUMMARY

New detections of diffuse ionized gas in the inner Galaxy
between 345°-350° along the Galactic plane are shown. The
emitting gas located in the 3kpc arm, has low-emission
measure, and the intensity of the emissions confirms a low-

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


http://adsabs.harvard.edu/cgi-bin/nph-bib_query?1990ApJ...356..156C&amp;db_key=AST

J. 22356, _I5BTT

AR

[I9

No. 1, 1990 IONIZED GAS IN THE INNER GALAXY 159

hydrogen ionization rate noticed by Lockman (1981). The
detection of the H166a line using a low-aperture telescope,
indicates the existence of a late phase of development of an H 11
region. It would be useful to search for more diffuse ionized gas
at low-frequencies RRL (less than 1 GHz) to clarify the content
of the ionized gas in the 3 kpc arm.
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