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RESUMEN

En este trabajo utilizamos observaciones hechas con el VLA a 20 y 6 cm
hacia una fuente de alta energia cerca del centro galdctico para estudiar la natu-
raleza de tres fuentes de radio no identificadas y relativamente brillantes (Sgcm > 5
mJy) que aparecen en el campo. Las tres fuentes tienen indices espectrales planos
y muy probablemente son emisoras de radiacidn libre-libre épticamente delgada.
Tomando en cuenta su densidad de flujo, tamafio, masa y morfologia, hemos iden-
tificado tentativamente a dos de estas fuentes (G359.023—0.044, G359.139—0.087)
como nebulosas planetarias y a la tercera (G359.164—0.161) como una regién H II
compacta.

ABSTRACT

We have used sensitive VLA observations made at 20 and 6 cm toward a high
energy source near the galactic center to study the nature of three relatively bright
(Seem > b mJy) unidentified radio sources in the field. All three sources have flat
spectral indices and are most probably optically-thin free-free emitters. On the
basis of their flux densities, sizes, masses, and morphologies, we tentatively identify
two of these sources (G359.023—0.044, G359.139—0.087) as planetary nebulac and
the third one (G359.164—0.161) as a compact H II region.
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1. INTRODUCTION

At present, about 1500 galactic planetary nebulae
(PNe) have been reported (Acker et al. 1992; Acker,
Marcout, & Ochsenbein 1996). These authors clas-
sify PNe as true, probable or possible in decreasing
order of certainty in the classification. The classifi-
cation of true PNe require optical spectroscopic con-
firmation. The number of known galactic PNe con-
tinues to grow and only a small percentage of the
total number has been identified with certainty since
10%-10° PNe are expected to exist in the Galaxy.
The highest space density of PNe is expected to ex-
ist near the galactic center, where the highest den-
sity of solar-mass stars is reached (Wouterloot &
Dekker 1979). However, the strong interstellar ex-
tinction toward the bulge of the Galaxy difficults
greatly the identification of PNe near the galactic
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center using classical optical methods. From the cat-
alog and supplement of PNe by Acker et al. (1992;
1996) we find a total of 27 true, probable, or pos-
sible PNe in the box defined by 359° < [ < 1°,
—1° < b < 1°. Of these objects, three (Hb 5,
PN G000.7-00.8, and PN G000.9—00.9) have been
confirmed as true PNe. We note that only Hb 5 has
a distance determination of ~ 2 kpc and thus it is
not located near the galactic center. Of the remain-
ing 24 probable or possible PNe, 16 have been re-
cently detected in the near-IR survey of Jacoby &
van de Steene (1997). In addition, eight possible
PNe have been identified projected near the galactic
center, using radio continuum observations combined
with far-infrared JRAS color measurements (Wouter-
loot & Dekker 1979; Isaacman 1981; Preite-Martinez
1988; Pottasch et al. 1988; Ratag et al. 1990;
Ratag & Pottasch 1991).

The identification of planetary nebulae from ra-
dio continuum alone is not straightforward, and the
main problem is clearly to discern between a plane-
tary nebula and an H II region since both usually

~have flat spectral indices in the centimeter wave-
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Fig. 1. VLA radio continuum-map at 6 cm (C configuration) toward the high energy source 1E1740.7—2942 (Mirabel
et al. 1992). Other well-studied sources in the region are the peculiar structure known as The Snake (Gray et al. 1991),
and the triple-core H II region G359.2—0.0 (Caswell & Haynes 1987). The sources G359.023—0.044, G359.139—0.087
and G359.164—0.161 are discussed in the paper. Contours in the map are 4, 6, 10, 15, 30, and 50 times 50 xJy beam ™.
The half power contour of the synthesized beam (8/'4 x 4/'0; P.A.=—10°) is shown in the bottom left corner. This map
is not corrected for primary beam response or bandwidth smearing.

lengths. It is necessary to have more information
about the morphology, size, IRAS colors, or to com-
plement with observations made at other frequencies.
In this paper we have used high-quality 20 and 6 cm
observations made with the VLA toward the high en-
ergy source 1E1740.7—2942 by Mirabel et al. (1992;
1993) to study the nature of three relatively bright
(Seem > 5 mly) flat spectrum sources in the same
field.

2. OBSERVATIONS

The 20 and 6 cm observations were made during
1991, 1992, and 1993 with the VLA of the NRAQ?
in different configurations. The phase center position
was at «(1950)= 17" 40™ 43201; §(1950) = —29° 43
25"5. A description of the observations and their
calibration is given by Mirabel et al. (1992; 1993).

3. RESULTS AND DISCUSSION

A natural-weight map made with all the data
taken at 6 cm in C configuration (angular reso-

3 The National Radio Astronomy Observatory is a fa-
cility of the National Science Foundation operated under
cooperative agreement by Associated Universities Inc.

lution of ~ 6”) is shown in Figure 1. The map
shows the three well-studied sources in the region:
1E1740.7—2942 (Mirabel et al. 1992), The Snake
(Gray et al. 1991), and the triple-core H II re-
gion G359.2—0.0 (Caswell & Haynes 1987). In
addition, three relatively bright (Secm, > 5 mly),
unidentified sources, labeled as (359.023—0.044,
(G359.139—0.087 and (G359.164—0.161, are evident.
Following Rodriguez et al. (1989), we estimate that
the expected number of background sources with flux
density above 5 mJy is less than unity (~ 0.4). Then,
even when the presence of one background source
with flux density above 5 mJy could be considered
as not surprising, the presence of three background
sources is statistically unlikely. In addition, the spec-
tral index (defined as «; where S, o v®) of back-
ground sources is usually negative, while all three
unidentified sources have flat spectral indices (see Ta-
ble 1) consistent with the value of —0.1 that charac-
terizes optically-thin free-free emission. This coinci-
dence in spectral indices is very unlikely, and suggests
that we are seeing this excess of bright flat-spectrum
sources because the line of sight passes within ~ 1°
of the galactic center. We will then work under the
hypothesis that these sources are optically-thin free-
free emitters located close to the galactic center, at
a distance of 8.5 kpc from the Sun. Table 1 con-
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TABLE 1

RADIO CONTINUUM PARAMETERS OF THE FLAT SPECTRUM SOURCES

Position®(1950) Flux Density (mJy)®  Spectral Deconvolved
Source a [ (20 c¢m) (6 cm) Index  Size (arc sec)’
G359.023—0.044 17740™ 14292 —29°46/10 /9 18.5+1.0 17.7£0.6 +0.0£0.1 29403
G359.139—-0.087 17 40 41.89 —29 41 39.2 6.8+0.4 5.6+0.2 —0.240.1 3.4+0.3
(G359.164—0.161 17 41 03.04 —29 42423 7.8+04 6.9+0.2 —-0.1£0.1 3.9+04

¢ Peak positions are from the 6 cm B configuration map. Estimated position error is ~0%2.
b Flux densities and deconvolved angular sizes at 6 cm are from B configuration observations. The 20 cm flux densities
are from matching beam A configuration observations. Flux densities are corrected for the response of the primary

beam.

tains positions, flux densities, spectral indices, and
deconvolved angular sizes for the three sources de-
rived from 20 and 6 cm VLA data.

3.1. Derwved Parameters

The observational parameters at 6 cm (4.9 GHz)
given in Table 1 allow us to estimate the physical pa-
rameters for each source following the formulation of
Schraml & Mezger (1969) for a homogeneous spher-
ical source with an electron temperature of 10* K
and assuming that the free-free emission is optically
thin. The distance we adopt is 8.5 kpc. We derive
the physical parameters listed in Table 2. In this
table we list the diameter, L; the electron density,
ne; the number of ionizing photons needed to excite
the ionized region, N;; the emission measure, EM;
the mass in ionized hydrogen, Mg+; and the optical
depth at 4.9 GHz, 14.9¢H; -

Based only on these parameters, the sources can
be interpreted either as compact H II regions or as
planetary nebulae. Their angular diameters (see Ta-
ble 1) are all of order ~ 3", that is, ~ 0.1 pc at a
distance of 8.5 + 1.0 kpc. The required ionizing pho-
ton rates are in the range ~ 4—12 x 10 s~!, and
the masses are in the range of 0.12—0.16 My (see
Table 2). Then, even when the diameters, ionizing

pholon rates and masses of the three sources are typ-
ical of planetary nebulae (Pottasch 1984), we cannot
rule out the possibility that they could be compact
H II regions ionized by an early B-type star. We are
left with the possibility of using the morphology of
the sources in an attempt to distinguish between the
PN or the H II region identifications. We will do this
in the following section.

3.2. Discussion on Individual Sources

We present a brief description of these three radio
continuum sources with Sger, > 5 mJy in the field.
Individual radio continuum maps of each source have
been made at 6 cm, using concatenated A and B
configuration data of the VLA and the AIPS task
IMAGR (Figures 2 to 4). These maps have been cor-
rected for bandwidth smearing using the AIPS task
UVADC.

3.2.1. G359.023—0.044

Figure 2 shows our 6 cm map of G359.023—0.044.
This source had been previously detected at 5 GHz
in the VLA survey by Becker et al. (1994), and the
flux density observed by them (16.3 mJy) at this
frequency is in agreement with that reported here

TABLE 2

DERIVED PARAMETERS OF THE FLAT SPECTRUM SOURCES®

L N, N; EM Mg+ T4.9 GHz
Source (pc)  (10® ecm~3) (10%® photons s™*) (10° em~% pc) (M) (1072%)
G359.023-0.044 0.12+0.02 2.3+04 11.542.7 9.3£1.9 0.16+£0.05 1.1240.22
(G359.139-0.087 0.144£0.02  1.040.2 3.6+0.9 2.1+£04 0.124+0.04 0.25+0.06
G359.164—-0.161 0.16+0.03 0.94+0.2 4.5+1.1 2.04+0.4 0.1640.05 0.24+0.04

¢ For a homogeneous spherical source at a distance of 8.5 kpc and T,= 10* K, with the observed angular size.
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Fig. 2. VLA radio continuum map at 6 cm (A+B config-
urations) toward the source G359.023—0.044. Contours
in the map are —4, —3, 3,4, 5, 6, 8, 10, 12, 15, 20, 25, 30,
and 40 times 83 pJy beam™!. The half power contour of
the synthesized beam (174 x 170; P.A. = 4+9°) is shown
in the bottom left corner.
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Fig. 3. VLA radio continuum map at 6 cm (A+B con-
figurations) toward G359.139—0.087. Contour levels are
—4, —3, 3,4, 5, 6, 8, 10, 12, 15, 20, 30, 40, 50 and 60
times 17 puJy beam™!.
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Fig. 4. VLA radio continuum map at 6 cm (A+B con-
figurations) toward G359.164—0.161. Contour levels are
—4, —3,3,4,5,7,9,12, 15, 20, 25, 30, 35, and 40 times
31 wly beam ™.

(17.7 mJy). This radio source does not have an
IRAS counterpart nor an optical counterpart in the
Digitized Sky Survey. In the far-infrared, the region
studied is very confused, and at 100 um [RAS upper
limits are ~ 500 Jy. Then, for the three sources dis-
cussed here we have log[S(100 pm)/S(6 cm)] < 4.7.
Are these upper limits consistent with what is ex-
pected for compact H II regions and planetary neb-
ulae? For the results of Kurtz, Churchwell, & Wood
(1994) on 45 objects we estimate that on the average
for compact H II regions log[S(100 pm )/S(6 cm)] =
4.2 £ 0.7. From 51 PNe listed in Pottasch (1984)
with both 100 pm and 6 cm flux densities, we find
on the average log[S(100 pum )/S(6 cm)] = 1.9 + 0.4.
Then, even when this flux ratio could be used to dis-
criminate between compact H II regions and PNe,
we only can conclude with the available data, that
the upper limits obtained are consistent with either
a compact H II region or a PN interpretation.

Our high quality radio map provides for the first
time detailed information on its morphology. This
morphology can be described as having sharp edges
in the radio continuum emission at two opposite sides
of the nebula (to the NW and SE), with a slower de-
crease of the intensity along an axis perpendicular
to that joining the sharp edges. Furthermore, the
inner contours of the radio map are elongated along
a position angle nearly perpendicular to that of the
clongation of the outer contours. We will refer to
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this morphology as biaxial elliptical. It is common
to see this type of biaxial elliptical morphology in
radio maps of planetary nebulae. For example, the
PNe PK 248-8.1, PK 3—4.8 and PK 31-10.1 (Zi-
jlstra, Pottasch & Bignell, 1989) exhibit in the ra-
dio a biaxial elliptical morphology similar to that of
G359.023—0.044. This morphology is probably a re-
sult of the ionization of an anisotropic PN envelope
produced in the AGB phase. Then, on the basis of its
morphology and the physical parameters listed in Ta-
ble 2, we suggest that G359.023—0.044 is a possible
planetary nebula. Compact H II regions can show
elliptical morphologies (Wood & Churchwell 1989;
Kurtz et al. 1994). However, these elliptical sources
do not have the biaxial morphology of PN; namely,
the position angle of the contours remains fixed while
going from the inner to the outer contours (see for ex-
ample, sources G35.378—0.030, G77.965—0.006, and
G25.650+1.050 in Kurtz et al. 1994).

3.2.2. G359.139—0.087

This radio source is ~ 2' north of the source
1E1740.7—2942 (Mirabel et al. 1992). The prox-
imity of this high energy source to the radio object
made Leahy (1991) propose that they were associ-
ated. The studies of Mirabel et al. (1992) showed
that 1E1740.7—2942 is actually associated with the
twin jet source evident in Figure 1. The radio source
(G359.139—0.087 does not have an IRAS counterpart
nor an optical counterpart in the Digitized Sky Sur-
vey. Figure 3 shows the 6 cm radio continuum map of
the source. Its radio morphology is also biaxial ellip-
tical, similar to that of G359.023—0.044 (see above),
and thus we propose it as another possible planetary
nebula.

3.2.3. G359.164—0.161

In Figure 4 we present a 6 cm radio continuum
map of G359.164—0.161. This radio source lies in-
side the error ellipse of IRAS 17409—2942, suggesting
that they are associated. The position of the JRAS
source is a(1950) = 17" 40™ 59¢5; §(1950) = —29°
42’ 43", and its fluxes are; Sioum < 8.6 Jy, Sasum
=36 Jy, SGO,um S 98.2 Jy and SlOOum S 479.4 Jy.
Note that except for the 25 pum infrared flux, the
other fluxes are upper limits. Thus, we cannot use
the color-color diagrams to discern between PNe and
H II objects (Pottasch et al. 1988; Preite-Martinez
1988; White, Becker, & Helfand 1991). However, we
can appreciate in Figure 4 the cometary morphol-
ogy (sharp edge to the south and diffuse tail to the
north) of this radio object suggesting that it is prob-
ably an H II region excited by an early B-type star.
Cometary morphologies are found in ~ 20% of com-
pact H II regions (e.g., Wood & Churchwell 1989).
A faint optical object of stellar appearance in the
Digitized Sky Survey is located 15" to the north of

the radio source. This optical source, with position
a(1950) = 17" 41™ 02:63; 6(1950) = —29° 42’ 247’5,
could be related to the tail of the cometary nebula;
but optical spectroscopy is required to establish its
nature.

4. CONCLUSIONS

We present VLA radio continuum observations
made at 20 and 6 cm toward three relatively bright,
unidentified objects near the Galactic Center. All
three sources have flat spectral indices and are most
probably optically-thin free-free emitters. Based
only on their bulk physical parameters, the sources
can be interpreted either as compact H II regions or
as planetary nebulae. We propose that two of them,
(359.023—0.044 and G359.139—0.087, are candidate
planetary nebulae because the elliptical morphology
they exhibit i1s typical of planetary nebulae. The
third source, (359.164—0.161, shows a cometary
morphology; since this type of morphology is fre-
quently observed in H II regions, we tentatively iden-
tify it as a member of this class.

YG and LFR acknowledge support from DGAPA-
UNAM and CONACyT, México. This research has
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Strasbourg, France; and of the Digitized Sky Survey,
produced at the Space Telescope Science Institute
from photographic data obtained using the Oschin
Schmidt Telescope.

REFERENCES

Acker, A., Marcout, J., & Ochsenbein, F. 1996, First Sup-
plement to the Strasbourg-ESO Catalogue of Galactic
Planetary Nebulae (Garching bei Minchen: ESO)

Acker, A., Ochsenbein, F., Stenholm, B., Tylenda, R.,
Marcout, J., & Schohn, C. 1992, Strasbourg-ESO Cat-
alogue of Galactic Planetary Nebulae (Garching bei
Miinchen: ESO).

Becker. R.H., White, R.L., Helfand, D.J., & Zoonematk-
ermani, S. 1994, AplJS, 91, 347

Caswell, J.L., & Haynes, R.F. 1987, A&A, 171, 261

Gray, A.D., Cram. L.E., Ekers, R.D., & Goss, W.M.
1991, Nature, 353, 237

Isaacman, R. 1981, A&AS, 43, 405

Jacoby, G.H., & van de Steene, G.C.M. 1997, in prepa-
ration

Kurtz, S., Churchwell, E., & Wood, D.O.S. 1994, ApJS,
91, 659

Leahy, D.A. 1991, MNRAS, 251, 22

Mirabel, L.F., Rodriguez, L.F., Cordier, B., Paul, J., &
Lebrun, F. 1992, Nature, 358, 215

. 1993, A&AS, 97, 193

Pottasch, S.R. 1984, Planetary Nebulae (Dordrecht: Rei-
del)

Pottasch, S.R., Bignell, C., Olling, R., & Zijistra, A.A.
1988, A&A, 205, 248

Preite-Martinez, A. 1988, A&AS, 76, 317

© Universidad Nacional Auténoma de México * Provided by the NASA Astrophysics Data System



. 25G

1997RWKAA. . 33. .

30 GOMEZ, RODRIGUEZ, & MIRABEL
Ratag, M.A., & Pottasch, S.R. 1991, A&AS, 91, 481 White, R.L., Becker, R.H., & Helfand, D.J. 1991, ApJ
Ratag, M.A., Pottasch, S.R., Zijlstra, A.A., & Menzies, 371, 148

J. 1990, A&A, 233, 181 Wood, D.O.S., & Churchwell, E. 1989, ApJS, 69, 831
Rodriguez, L.F., Myers, P.C., Cruz-Gonzélez, 1., & Tere- Wouterloot, J., & Dekker, E. 1979, A&AS, 36, 323

bey, S. 1989, AplJ, 347, 461 Zijlstra, A.A., Pottasch, S.R., & Bignell, C. 1989, A&AS
Schraml, J., & Mezger, P.G. 1969, ApJ, 156, 269 79, 329

Yolanda Gémez and Luis F. Rodriguez: Instituto de Astronomia, UNAM, Unidad Morelia, José Pedn del Vall
No. 19, Esq. J.J. Tablada, 58090 Morelia, Mich., México. (gocy@astrosmo.unam.mx).

I. Félix Mirabel: Service d’Astrophysique/CEA/DSM/DAPNIA, Centre d’Etudes de Saclay, F-91191 Gif-suw
Yvette. France.

© Universidad Nacional Auténoma de México * Provided by the NASA Astrophysics Data System



