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ABSTRACT

Ear-infrared and radio continuum maps have been made of the central 6’ of the
inner-galaxy HII regions 630 8-0.0 (in the W43 complex) and 625.4-0.2, along with radio and
molecular line measurements at selected positions. The purpose of this study 1s an effort to
understand star formation in the "molecular ring” at 5 kp< tn galactic radius. Measurements at
several far infrared wavelengths allow the dust temperature structures and total far infrared
fluxes to be determined. Comparison of the radio and infrared maps shows a ¢lose relationship
between the 1oni1zed gas and the infrared-emitting material. There 1s evidence that parts of
G30 8 are substantially affected by extinction, even at far-infrared wavelengths.

For G25 4-0.2, our radio recombination line and CO l1ne data allow us to resolve the distance
ambiguity for this source. The large distance previously ascribed to the entire complex s
found to apply to only one of the two main components The confusion in distance
determination 1s found to result from an extraordinary near-superposition of two dbright HII
regions Using our revised distances of 4 3 kpc for G625 4SE and 12 kp¢ for 625 4N W, we find
that the latter, which 1s apparentiy the fainter of the two sources, 1s actually the more
luminous. Though 1t 15 not seen on the Palomar Sky Survey, 6G25.4SE 15 easily visible in the
95322 line of [SIII] and was mapped 1n this line

The ratio of total luminos1ty to 10n121ng luminosity 1s very similar to that of HII regionsin
the solar circle Assuming a coevel population of 1on1zing stars, a normal 1nitial mass function

15 indicated.

Subject headings. infrared sources -- nebulae: general -- stars formation



1. INTRODUCTION

It now seems well established that the inner spiral arm region of our galaxy, at
galactocentric radii from 4 to 6 kpc, is a region of greatly enhanced star formation. Surveys of
C0 emisston (Scowille and Solomon 1975; Gordon and Burton 1976) indicate that the mean
density of molecular cloud material may be neerly an order of magnitude higher there than
in both the solar neighborhood and the region between this 5 kpc ring and the galactic
center. Enhancements at 5 kpc are also seen 1n the distribution of HII regions (Lockman
1976), OH/IR stars (Baud, Habing and Oort 1979), pulsars (Taylor 1979), and cool giant stars (Ito,
Matsumoto and Uyama 1977), all of which reﬁéct enhanced star formation 1n the recent past.
The conditions under which stars must form 1n this part of the Galaxy are unusual compared
with solar neighborhood conditions. Not only is the mean density of radiatton and mattar
much higher than 1n the solar neighborhood, but there 1s evidence that this regton has been
enriched in heavy elements relative to regions more distant from the galactic center,

presumably because of the enhanced star formation rate (¢ /* Mezger o7 a/. 1979

In wiew of the unusual conditions and the lack of detailed studies of star-forming regions
1n this part of the Galaxy, we undertook a study of two particularly dbright HII region
complexes, G30 8-0.0 and 625.4-02. We abserved these regions photometrically at 40, 50, 100,
and 175 pm with 50 resolution and with considerably higher spatial resolution in the 6 cm
continuum. Additional information about G625 4-0.2 was provided by measurements of the
strength and distribution of [SI111]95322 as well as the velocity structure 1n H86a and CO.
These data g1ve us considerable 1nsight 1into the structure and stellar population makeup of
these inner galaxy HII regions which are, presumably, excited by very young 0B stars We

compare these complexes with those at larger galactocentric distances which form the basis



for the present general picture of massive star formation. Complementary infrared spectral
data on these regions are discussed 1n separate papers (Lester 7. a/. 1983, 19685), 1n which it1s
shown that they may have high N/0 abundance ratios.



I1. OBSERVATIONS

The infrared measurements were made using a photometer and filter set similar to that
described by Harvey (1979). The effective wavelengths of 40, 50, 100, and 175 um are those
applicable to sources with the observed color temperatures. Observations were made from the
Kuiper Airborne Observatory 91 ¢m telescope using a bolometer system at the
strasght-Cassegrain focus. 4 50" (F¥HM) beam was used, and the chopping secondary was
operated w1th a beam spacing of 6” at PA=70° and 85° for G30 8-0 0 and G25.4-0.2 respecttvely.
Maps in the 50 and 100 um filters were made by messuring the two wavelengths
simultaneously at each point on the sky, which simplifies the der1vation of ¢olor temperature.
Measurements in all four filters were made at the main peaks in the two regions. The absolute
positional accuracy of the maps 1s estimated to be about 10-15 The signal at each posttion and

1n each filter was corrected for residual water vapor using extinction coeffictents of 001,002,
0.03, and 0 02 per micron of precipitable H,0 at 40, 50, 100, and 175 um respectively. During

the observations of each source, the water column density varied between 10 and 15 um

The far-infrared maps were mede by scenning the telescope 1n azimuth {along the
direction of the chop) at a range of elevations in increments of 40” 1n both axes The azsmuth
scans were approximately 7' long and covered a range of approximately 9 Each azimuth scan
was deconvolved to remove the effects of spatial chopping under the assumption that the
average of the signal at the two endpoints of the scan defined zero flux. After this procedure
was applied, the lowest dependable contours were 100 and 300 \hr-beam'1 at50 and 100 um
respectively The 50/100 um color temperature was derived by taking the ratio of the 50 and
100 pm fluxes at each position and by determining the corresponding color temperature Since
the color temperatures will have substantial uncertainties at low flux levels, only the values at

positions with substantial flux are presented below



Flux density calibration was accomplished by observing 5140, which was assumed to have

4600, 5700, 6000, and 4200 Jy at 40, 50, 100 and 175 um respectively (Harvey, Campbell and
Hoffman 1977; see also their note added in proof) The accuracy of the flux density is, except
for the lowest contour in each map, limited by the absolute calibration and water vapor
measurements to approximately 30%, as the signal-to-noise was high at most positions. The
far-infrared spectral distributions at the peak positions 1n 630 8 and G235 4 were derived, and
total flux densities at 50 and 100 pm were determined by integrating the maps

Measurements of the 95322 [SIII]iine 1n 6254 were made using a sequential scanner with
a4a bandpass on the Crossley telescope at the Lick Observatory A Varian VPM-164
photomultiplier was used for these observations. Messurements were made with a 30” aperture
and are referenced to the sky approximateiy 10" away The fact that the source 1§ not seen on
the Palomar Sky Survey red print implies that there 1s substantial visual extinction. Near the
peak of the emission 1n G25 4-0.2 the 1ine is the bright enough that the calibration procedure
1s the dJominant source of error, which s estimated to be about 20%. The instrument 1s further
described by Hawley and Grandi (1977) The absolute positions on this [SII11]map are accurate
to about 10 Although only the region around the SE component of 625.4-0.2 was mapped, no
emiss1on was detected 1n a single beam position at the NW peak of that complex.

The radio continuum maps were made at 4866 MHz with the VLA 7 A concatenation of

‘Operated by Associated Universities Inc, under contract with the National Science

Foundation.

snapshot (u,v)-data was made from observations taken at separate epochs in the two short

configurations, the C- and D-arrays This prowvides a continuous distribution of projected



baselines from 40 to 1800 m and resultant synthesized Gaussian beams of 9.2x6 8" at PA= 52°

and 7.4x6.5" at PA=» 56° for 630.8 and 625.4 respectively. The flux density calibration was
referred to 3C286; we adopted 7.41 Jy for this source at our observing frequency. The
pandwidth used for these observations, 12 5 MHz, was sufficiently narrow that we could map
the entire primary telescope beam and thus obtain a CLEAN map free from effects due to
confusing sources of galactic emission anywhere in the beam. For 625.4, the total flux in the
map is6 1 Jy (35and 2.6 Jy from SE and NW respectively) This 1s somewhat smaller than the
191 Jy found by Downes &7 &f. (1980), leading us to belteve that our VLA map 1s not sampling
some extended emission 1n the vicinity Especially short baselines were used in the
concatenation for G30 8 and, as a result, very littie extended emtssion 1s likely to be missed for
that source. The total flux density 1n our G30 8 map 15 57 4 Jy, which agrees well with the single
dish results The total flux densities for the separate components of 630 8 are thus listed in
Table 1. ]

In order to obtain the velocity of the 1onized gas associated with the two separate
components G25 4SE and 625 4NV, we observed the H89% 9 173 GHz radio recombination line
from both of these objects. These observations were made with the Cassegrain
upconverter-maser recerver on the NRAO 140-foot telescope 5 The system temperature on <old
sky was 42°K. A single 1024-channel spectrum covering 20 MHz bandwidth was produced in
the autocorrelation spectrometer, the velocity resolution was 06 km-s! The telescope
beamwidth at the line frequency, 3 ‘1 (EWVHM) as determined from observations of Virgo &, was
sufficiently small to allow us to distinguish the line emission from the two peaks of G25 4 seen
in the far-infrared and VLA maps. We obteaned spectra at both YLA posittons In order to
verif'y that ‘we were indeed pointed at the proper positions, immediately prior to the spectral
line observations we established the telescope pointing using 1730-130 (NRA0 530) Folloming

the spectroscopy at each position, we again observed 1730-130 and confirmed that the pointing



was accurate and stable to withun 5”. These single dish measurements, which ¢leaniy separate
the two sources, provide the best continuum flux densities for them, and these are gaven in
Table 1

The G25 4 region was mapped 1n the 2-1 transttion of 1300 using the 4.9m antennaof the

Millimeter Wave Observatory of the University of Texas®. An area of about

8The Millimeter Wave Observatory 1s operated by the Electrical Engineering Research
Laboratory of the University of Texas at Austin., with partal support from the National

Science Foundation and McDonaid Observatory.

6x10" centered on the far-infrared and radio continuum sources was surveyved, using a
bean} spacing of 1', which i1s smaller than the 1 3' FWHM peam. The velocity resolution was 0 33
km-s-1, and data were taken m 256 velocity channels Thus the main components at 65 and 95
xm-s~! were mapped simultaneousiy. The system noise temperature was typically 1400°K. The
absolute postion reference was checked by scans of Jupiter and Saturn, and 15 estimated to be

accurate to about 157



I11. MORPHOLOGY AND INERARED LUMIROSITY

a) 6G308-00 (W43)

The galactocentric distance of 5.4 kpc adopted for this source 1s based on the +90 xm-s1

component of H110a. Recombination line spectra taken around the region covered by our 6x 6

maps show that this velocity component is by far the dominant one over this restricted area
(Gardner and Thomasson 1975). The distance ambiguity 1s resolved by lack of H,C0 absorption

at velocities larger than this (Downes &7. &/. 1980), and a heliocentric distance of 7 kpe 1s

mdicated.

Pipher, Grasdalen and Soifer {1974) mapped the region at 12 um and found the hot dust to
be distributed similariy to the 5 GHz emission which they synthesis-mapped with very limited
baseline coverage. The single-dish radio map that best matches the far-infrared beam is the

23 GHz map at 80" resolution by Rodriguez and Chaisson (1978). At 100 pm, five peaks are
distinguishable in the infrared maps. The far-infrared positions and fluxes for thess sources

are given in Table 1. The brightest two sources, which we will designate 630 8N and G30 85,

correspond to the main radio and 12um peaks.

Our VLA map allows the comparison of radio structure to infrared structure 10 be made 1n
detatt Comparing the infrared maps of 630 8 (Figures 1a, b, ¢) with the VLA map (Figure 2}, 1t
1s seen that four of the five far-IR sources are also radio continuum sources. The westernmost
source 1n the VLA map, corresponding to infrared source #4, resembles a thin rim seen
edge-on This morphology 1s shared by source #73 to the northeast, and, to some extent, by
G30 8N (source #1) at top center. Infrared source *5 1s associated with extended
low-surface-brightness nebulosity. The 0.2 Jy compact radio source seen near that posttion
(at 18" 450 05.57 -02° 03" 43") is unresolved, and may not be associated with the ¥43 complex.

The general agreement between the far-infrared and radio recombination emission indicates
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that absorption of photons from the hot stars which ionize the H 11 region is responsible for
heating the dust radiating in the far-infrared.

Comparison of the 50 and 100 um maps reveals an overall similarity, but noticeable
differences 1n detail. For example, the position of peak flux 11 G30.05 is significantly different
in the two maps; the 50 pm peak of this source 1s displaced to the north relative to 1ts 100 um
position. Furthermore, the peripheral peaks #3 and #5 are much stronger at 100 pm than at
S0 um, as compared with G30 8N and 63085 This effect shows up well on the color temperature
map, 1nn which G30 8N and G30 85 have peak color temperatures of s65°K while sources *3 and
#5 have color temperatures of #45°K, which is unusually cool compared with other HII

regions (Harvey, Campbell and Hoffman 1977, Thronson and Harper 1979) A recent map of

HoC0 absorption across G30 8 (Beiging ev af. 1982) offers one explanation for this situation.
This map was used to construct the map of H,C0 equivalent width that 1s shown 1n Figure 1d.

Although the HoCO beam 15 three imes larger than that for the infrared measurements, 1t 1s
clear that there 1s considerable structure 1n the molecular gas #ithin the boundaries of our
far-infrared map, with the largest absorptions toward sources #3 and #5. Using the relation of

Federman and Evans (1981), Ay=12%(H,C0), we expect several hundred magnitudes of visual

extinction along the line of sight to at least parts of these sources. Assuming a 31 exunction
law beyond 10 um, this corresponds to several extinction optical depths around 100 um and a
differential extinction of order unity between 50 and 100 um. We note that this molecular gas
along the line of sight need only be colder than the emitting dust in the HII region in order
that fiux be removed from the beam. This extinction could account for the faintness of these
sources at 50 pm.

The far-infrared sources along the northern border of 630 8 (sources #3, #1=N, and #4)

might be interpreted as tonization fronts along neighboring molecular ¢louds, an
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interpretation supported by their ridgelike structure at 6 cm. Even the lowest contour of the
H,CO absorption map predicts a rather large extinction in the near-infrared , so the vistibility
of the complex at 12um and, indeed, at shorter wavelengths (see below) would suggest that the
molecular gas 15 clumped on a scale considerably smaller than the 2.5 H5C0 beam.

It can be seen from the spectra of G30.6N and G30.85 and the integrated spectrum for the
entire complex (see Figure 3) that the extended emission around G30 8 1s cooler than that from
the core. This 1s also evident from the color temperature map i1n Figure 1¢  This result 1s not

unexpected in niew of the extinction at the periphery of the nebula. Using a mean 50/100 um
color temperature of 51°K for the entire mapped region, we derive Eyota1= 22X 10°9 ¥-m~2 for

the total integrated far-infrared flux of the mapped region, assuming a blackbody spectral
distribution as indicated in Figure 3 The contribution of the short wavelength wing of the

spectral distribution (which 1s especially evident 1n the spectra at the peaks) to the total flux

1s negligible because the wing does not share the spatial extent of the 100 pm emission. At the
assumed distance of 7 kpc, the integrated flux corresponds to a luminosity of 3 3 x 10° Lg
W1thin one beamsize (a projected diameter of 1.7 p¢ at the distance of 630 8), the luminosities of

630 8N and 630 85 are similar, about 2 x 107 L for each source

The fact that the dust ¢olor temperature peaks near the center of the complex indicates that
adiscrete luminosity source 1s 1n the vicinity. The peak of the color temperature 1s,
interestingly. not cotncident with esther 630 8N and G30 85, but lies in between them
Concentrations of 6 ¢m emission are seen not only at the two main far infrared peaks, but also
between them, where the infrared contours show a saddle minimum. This region was observed
with the NASA IRTE to look for a near-IR counterpart to this source A bright source was
detected at this peak, with K=8 3 at (1950) 18R 45™ 0050 -01°59° 54~ +2”. In a6” circular

aperture, this source appeared unresolved. Although a complete survey df the region was not
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made, and measurements at other wavelengths were not obtained, 1t seems plausible that this
near-infrared source 15 the dominant luminosity source for the core of 630 8.
Morphologically, this source is near the ¢enter of symmetry of the rim sources discussed

above. The YLA map shows aiocal maximum at the position of this near infrared source.
Assuming that this source 1s a hot star, K=8.3 corresponds to a main sequence star of 5 X 109 Lg
in the absence of any 2um extinction. In order to supply the observed total luminosityof 3.3x

10 L. we need to invoke an extinction of two magnitudes, or Ay#20™ , which is not

unressonable A more complete understanding of the role of this near-infrared source wmil

have to await a more thorough survey of the region. It wall also be necessary to consider the

possibility that the 2um emission may de seriously contaminated with dust or gas emission.
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b)625.4-02

Our infrared map for this source (Figure 4) clearly distinguishes two components, which
we will designate as 625.4SE and 625.4NW  We note that 625.4N¥ is somewhat more extended in
the far-infrared than 1s G25.4SE, and that the blackbody color temperature at the peak of
625 4NW (59°K) 1s substantially lower than that for 625.4SE (80°K) These two components are
also seen 1n the VLA map of the complex (Figure 5) These two radio components have also
been detected, though with much more limited uv-plane coversge, by Felli, Tofant, and
D'Addario (1974) and Krassner &7 a/. (1983). The 15 GHz single-dish mep of Schrami and
Mezger (1969) shows the source to have a pronounced asymmetry, which we now understand
in terms of 1ts duplicity.

There has been considerable uncertainty about the distance to the 625 4-0.2 complex. The

prightest component of H109« in this direction is at 59 km-s-!, which correspondstoa

galactocentric distance of 6.2 kp¢ (Churchwell 7 a/. 1978 Absorption near the tangent

point velocity 1s seen 1n H,C0 (Wilson 1972, Downes #7. &/ 1980) and OH (Turner 1979), which

would ordinarily 1mply the far kinematic distance of, 1n this case, 13 5 kpc. This value can be
questioned, however. Comparing the measured 95323 [SII1]surface brightness of 625.4SE
(F1igure 6) w1th the radio continuum surface brightness, as estimated by the flux 1n a simifar
beam from our VLA data, and making the reasonable assumption that most of the suifur in the
nebula 1s doubly 10n1zed, we require 4.7 magnitudes of extinction at 95323, which corresponds
to about 11 magnitudes of visual exunction. If 6G25.4SE were at a distance of 135 kp¢, such a
small extinction, for a source seen directly through the galacuc disk, would be very
surprising. We note parenthetically that, to our knowledge, this 1s the first map of a heawnily
obscured HII region 1n the 95322 line It should be noted that this line Wil dominate I-band

photometry of HII regions and, in the case of intrinsic silicon detectors, which exclude Hel
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108303, w11l dominate the nebular flux at wavelengths longer than Ha.
There are several possible explanations that might be invoked to overcome this problem.

One possibility, that of a low extinction “tunnel” through the galactic plane, seems rather
far-fetched Downes #. &/. (1980) noted that the apparent constancy of HoC0 line depth with

beamsize suggested that this source was unusual, and first suggested the possibility of beam
contamination by other sources at different distances along the line of sight. Our C0 and
small-beam recombination line measurements have verified this suggestion, with the
surprising twist that 1t 15 625.45E and G625 4NV themselves that lie at very different distances,
and that chance superposition accounts for their apparent proximity. Figure 7 shows the H86x
profiles in the direction of these two components. Since the two components are separated by
2.6, we can obtain a line measurement from each of them separately, and expect only slight
contamination from the other in the skirt of the 315 FWHM beam of the 140-foot telescope. It
is ea.sxlv seen that the recombination line velocities differ greatly for the two components.

G25 4SE, whose spectrum 1s shown at the top of Figure 7, has the stronger line of the two, with

Visp= 4991 km-s"! This is the component that dominated the eartier, large-beam, emission

line velocities. 625.4NW, whose spectrum 1s shown at the bottom of Figure 7, has ¥ gp=+990
km-s1, 1ts spectrum 1s stightly contaminated on the low velocity side by the stronger line of

1ts apparent neighbor Both lines are also visible 1n an H103a spectrum centered on G25 4SE in
a5 1'beam. The +99 0 km-s 1 component was actually detected in the earlier work on this

source by Churchwell &7, &/, but was inconspicuous in their 2 6° beam wvhich was centeredon

G25 45E It seems likely that 1t 1s 625.4NW sgainst which the tangent-point H,CO absorption 13

seen 1n the large-beam studies, an interpretation that can be directly checked when H,CO

absorption maps are made of this complex with asmall beam Barring an extraordinary

dynamical situation, a picture thus emerges 1n #hich G25.4SE is at the near distance of 4 6 kp<,
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while G25.4NW 1s just beyond the tangent point, at a distance of about 12 kp¢, and their
apparent proximity is a projection effect In view of the much larger distance to 625.4NW and
the fact that 1ts emission mesasure 1s similar to that of 625 4SE, the difference 1n 9532R flux
between the two sources 1s understandable as an extinction difference.

Our C0 measurements add further to cur understanding of this region. Figure 8 shows the
MW0 maps of 13€0 (2-1) 1n the two strongest components, which correspond approximately to
the dominant radio recombination line velocities. Shaver £7. &/ (1982) and Letsawitz and Bash
(1984) find evidence in several HII regions for velocities which are anomalous with respect to
their galactic position, though the differences are generally an order of magnitude smaller
than the velocity difference between 625 4NW and 623 45E On the other hand, the difference
between the 1onized gas velocity of +59 km-s-! and the strong CO component at +65 km-s~! for
625 4SE 1s not unusual. Israel (1978) has shown that such velocity differences between compact
HII regions and their associated molecular ¢louds are common, and seen in many less obscured
HII regions The less abscured regions are presumably on the near sides of their molecular
clouds, and the 10nized gas is seen boiling off the ¢loud surface at thermal velocities

It 15 clear from the CO map that the velocity structure of the molecular gas is also
complicated 1n this region, with the 95 km-s™! ¢cloud lying farther to the west than the 65
km-s~! cloud. This offset 1s in the same direction as that seen 1n the H86a data. Although the
compact HII regions are not at the centers of their asscciated molecular clouds, 1t can be seen
from this map that the G25 4 region has two distinct, high-column-density, molecular clouds at
very different velocities that are superimposed. .

The small-scale near infrared structure was investigated with the IRTF using a broadband
10 um filter, 6™ aperture, and 30” chopper throw We find a6” diameter (FWHM) source at the
center of G25 4SE with an unresolved core. The peak position of this source is (1950} 180 35m

33% -6°50" 31" 2", which 1s coincident with the radio, far-infrared and [SI1I]peaks. The

flux of this source 1s 10 Jy at 10 pm. This compares with values of 55 Jy 1n an 18 beam
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messured by Zeilik (private communication), and 130 Jy from the AFGL survey. Therefore, a
large part of the 10 pm emission from 625.4SE is in an extended envelope. A southern extension
to the peak can be fit with a second source with one-third the flux of the main peak ata
distance of 6 The near infrared structure of 6G25.4SE is thus very similar to that seen at6¢m
in our VLA map.

The spectral energy distribution for 625 4-0.2 and the two peaks 15 shown 1n Figure 9 We

find that the color temperature peaks at the position of each component, as 1t must for separate
luminosity sources Assuming an average 50/100 pm color temperature of 65°K for the entire
mapped region, and using the integrated fluxes at those wavelengths, we derive £y 4= 1.4
1079 ¥-m™2 Stightly more than half of this flux l1es within a 3’ radtus of G25.4SE. Like the
peaks 1n G730 8-0 0, these sources are optically thin 1n emission when the fiux is averaged over

the far-infrared beam, with t< 001 at 100 pum. It can be seen from Figures 1¢ and 4¢ that
G235 4SE 1s hotter than 625 4NW and all of the sources 1n G308-00 Since G25 4SE is also the
closest of all of these sources, the higher color temperature within our fixed-anguler-size
beam may result simply from sampling the hottest dust, 1f all of the sources have a common
structure with temperature gradients decreasing outward from the sources of excitation.

625 4SE may be 1on12ed and heated by a single star, since the dominant core component 1s

unresolved at a projected size of 0 1 pc at 4.6 kpe At this distance, the source has a luminosity
of 4 x 107 L&. which 1s consistent with a single hot, main-sequence star. 625 4NV 1s seen from

the ¥LA map to have a double structure, with the second peak 1ying 15” farther toward the NW
This structure may at least partly account for the somewhat extended appearance of 625 4NW
in the far-infrared maps. Although it is somewhat fainter than 625 4SE at all wavelengths,
the large inferred distance (12 kpc) gives 1t a luminosityof 25 x 108 Lg much higher than

that of 623 4SE.
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IV COMPARISON OF INERARED WITH IONIZING LUMINOSITY

Most of the short-wavelength (A< 20 um) emission from hot Just in galactic HII regions can
be accounted for by the absorption of resonantiy trapped Lya photons within the nebulee (see
W¥ynn-Williams and Becklin 1974). In an tonization bounded HII region, each original Lyman
continuum photon from the ionizing star is degraded by successtve 1on1zation and
recombination. This results 1n a single Lyx photon that 1s eventually absorbed by a dust grain,
plus some number of higher order recombination lines that escape the nebula #1th negligible
cooling effect.

When the far-infrared emisston (»20um) 15 tncluded 1n the total luminosity of a typical

giant HII region, Lya heating 1s found to be tnsufficient to account for the thermal radiation
from the dust It seems likely that the additional heating 15 due to the absorption of stellar
photons with »9122 by dust 1n the adjacent cloud material just outside the Stromgren sphere
This interpretation 1s supported by detauled studies of regions like M17 (Gatley e &/.1979) and
G333 6-0 2 (Hvland er. &/ 1980), which are likely to represent typical HII region - molecular
cloud interfaces The relationship between 1on1zing fiux and infrared emission ¢an be probed
directly by using the thermal brehmsstrahiung emission at radio wavelengths as a gauge of
1omzing photon flux. Except for unusually dense and dusty compact HIl regions in which a
significant fraction of the Lyman continuum photons are absorbed directly by the dust before
they are able to 1on1ze hydrogen, 1t 1s usually assumed that the ratio of optically thin radio flux
to 1integrated infrared flux 1s a measure of the ratio of ionizing to total fiux from the exciting
stars, and thus of the spectral character of those stars (Mezger 1978, Mezger and Smith 1979)

Following Emerson and Jennings (1978), we define an infrared excess for an HII region as IRE=

Lip /M. hv, . where Lip 1s the total luminosity of the HII region, N is the number of Lyman

continuum photons produced by recombination 1n the gas, and hy,, is the energyof aLyu
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photon. Rubin (1968) gives the number of stellar Lyman continuum photons absorbed by the

gas as a function of free-free radio luminosity for an ionization bounded nebula. Since one

Lya photon is produced for a single Lyman continuum photon, we thus derive

IRE = 1538x10° (Eip/S, yy-01 T90.45 (W

where Ep 1s the total flux from the region in W-m2, §,, 1s the opticsily thin radio flux 1n

Jv. v1s the radio frequency in GHz, and T, 1s the electron temperature of the gasin °K.

The radio flux with which the infrared flux is to be compared must be measured over the
same region as the infrared map Furthermore, since the infrared intensity 1s assumed to be
zero below the lowest contour on the maps in Figures 1 and 4, the radio brightness
temperatures must be treated analogously The single-dish maps are probably the most
appropriate to use to derive total radio fluxes The 23 GHz map of G30 8-0 0 by Rodriguez and
Chaisson (1978) 1s elready well matched in spatial resolution tcl our far-infrared map, and gives
atotal flux of 4647 Jy Our assumption that the emission at this frequency 1s optically thin is
justified by the similarity of this value to the 5 GHz integrated flux from the VLA map (57 Jy).
Ve thus derive for G308-00 an IRE of 2 4 t6 3 3, corresponding to an assumed electron
temperature 1n the range 5000 to 10000K This 1s consistent with the value deritved by Emerson
and Jennings (1978)

For G254, the Schrami and Mezger (1969) map 1s the best match to the infrared map In
this case, since there 1s less extended emission than 1n 630.8, the boundaries of the
far-infrared map and that of the 15 GHz map are similar. From their total 15 GHz flux of 197 Jv.
we find that 18 7 Jy 1s within cur mapped area. For assumed electron temperatures of 5000 and
10000K, we derive for G254 an IRE of 4.1 and 5 5 respectively.

The derived IRE values for 625 4 and G30 8 are very similar to the infrared excesses of
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outer-arm HII regtons that have been measured 1n the same way (Harvey, Campbell and
Hoffman 1977; Thronson and Harper 1979). This result constrasts sharply with a recent study
by Boissé er af (1981). These authors have compared the infrared surface brightness along
the galactic plane measured with a wide-beam ballcon-borne experiment with the radio
continuum brightness temperature taken from the maps of Altenhoff 7. 2/ (1970) Their
comparison is made for messurements integrated into one degree dins of galactic longitude
They find a strong correlation of IRE with galactic longitude (and therefore , presumably, with
galactocentric distance) such that a representative IRE for an HII region complex in the 5 kpe
ring 1s almost an order of magnitude higher than for complexes near the solar circle Boissé
et. &/ find that 1n the region 1=30 to 31°, a region dominated by W43, the IRE 1s 26 compared
with our value of about 3

The Boissé e7. &/. measurement assumed a constant ratio of integrated luminosity to
iuminosity within their long-wavelength passband. This requures that the ¢olor temperature
not vary As aresult, 1t 1s worthwhile to check this claim of a hugh IRE with the more
completely spectrally sampled dataof Low #7 &/ (1977) and Nishimura, Low and Kurtz (1980),

though their integrated beamsize of 30° 1s considerably smaller Taking I:‘5 GHg = 90 J7 for this

beam and their dertved 60-300 um luminosity of 631079 W-m~2 , one derives an IRE in the range
4- 6 which 1s only slightly larger than we derive 1n a6’ area. We can investigate this

difference further by comparing infrared fluxes for W43 taken 1n different apertures Figure

10 shows the measured 100 pm flux as a function of beam area A. The point corresponding to
the smallest aperture 1s from our study, in which the 6" chopper throw defines the spatial limit
of sensittvity The results of Hoffman, Frederick and Emery (1971), Low e7. &f (1977) and
Olthof (1974) with beamsizes of 12, 15, and 30" respectively, are also shown. The integrated flux
in a 60x22° area 1s from Boissé 7. &/. The resulting curve shows that, from equivalent beam
diameters of 6' to 30", the 100 um flux from W43 increases as 40-39, 1aplying asurface

brightness varying as r°1 35 For diameters larger than 30°, however, the Boissé #7. &/. point



suggests that the 100 um flux varies even more rapidly than A. This would 1ndicate a Jominant
contribution of emission on a scale of order 1° that does not correspond to ionized gas. The fact
that this large-beam result is actually larger than an extrapolation assuming constant
surface-brightness 1s difficult to understand, however, and may indicate an error 1n the Boissé
&t &l snalysis, perhaps 1n their conversion to integrated flux

We point out that a variation of IRE with beamsize is not unexpected, however. Such an
effect can be predicted for a single 0B assoctaton in which subgroups of rather different ages
are being sampled by different beamsizes Ho and Haschik (1981) have investigated the IRE
that might be expected from a typical inital mass function with different upper and lower

mass limits, using the data in Panagia (1973) 7

? Avedisova {1979) has redone the calculations of Panagia (1973} with non-LTE model
atmospheres. The agreement with the earlier result 1s excellent, espectally for the 0 stars For
the purpose of this study, the Miller and Scalo (1979) IME that was used by Ho and Haschik 1s
not significantly different than that more recently dertved by Garmany, Conts, and Chiost

(1982)

Using thetr results, we find that an IRE of 2.6 w1ll be produced by an ensemble of stars with

normal IMF and maximum mass of ~50M g, while an IRE of 26 corresponds to a population with

a meximum mass of 22Mg. A 22M g star hes a main sequence lifettme of -8x10% vears (Chiosi,

Nas1, and Sreenuvasan 1978) If we sssume that the original subgroup that dominates the large
scale emission from 1=30° had a velocity dispersion of 20 km-s™!, which 1s the turbulent

velocity now seen 1n the core of W43 (Turner £7 &f. 1974), a subgroup with the most massive

star still on the main sequence having about 22Mg would have expanded to approximately 160

pcbythisime This 1s exactly the projected beamsize (1°) of the Botssé £¢2 &/ studyat the
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distance (7 kpc) of W43. Such a velocity dispersion for the stars in an assoctation 1s also

justifiable on the basts of observattons of young 0B associations in the field (Blaauw 1964)



¥ SUMMARY

We have made far-infrared measurements of two inner-galaxy HII regton complexes,
G30.8-00and 525 4-02 Messurements of the prominent peaks were made at 40, 50, 100, and
175um, and the regions were mapped over an area of 15" at 50” resolution, at 50 and 100pum.
These observations have been combined with high resolution radio continuum maps and, for
G25 4, radio recombination line and CO line measurements to better understand these regions,
and to compare their properties with those of star-forming regions nearer to the solar circle

We summarize our findings as follows

1) The far-infrared emission from each region is dominated by two sources For both 625 4
and G30 8, the distridbution of the far-infrared emission is similar to that of the radio emission,

indicating that 0B stars provide most of the heating

2) There 1s evidence that extinction plays an important role in 630 8, even 1n the

far-infrared.

3) A near-infrared point source has been detected 1n 630 8 at the posttion of peak
far-infrared color temperature This source, which 15 1n between the two main far-infrared

components, may be the tonizing star for the core of G30 8

4} Our messurement of {SI11]95322 from G25 4SE indicates that the extinction toward this
source 15 very low (Ay < 10™). This low extinction 1s difficult to reconcile with previousty

determined distance measurements to this source Our new observations show that the two

components of 625 4 are probably at very different distances, and are seen coincidentally



superimposed. Previous large-beam distance determinations for this source were confused by
this cotncidence. G25.4SE 1s probably at the near distance of only 4 3 kp¢, which allows the

relatively small extinction to be more essily understood, while 623.4NW 15 about 12 kpc avay.

5} Total luminosities of 3x10% Lg and 4x10° Lg are found for G30 8-0 0 and 625 4-0 2 SE

respectively Even though it appears slightly fainter than 523 45E, G235 4NV 15 actually much
more luminous because of its much larger distance, and is probably more like G30 8 1n 1ts total
luminosity Comparisons with radio continuum fluxes give infrared excesses of between 3 and
5 These luminosities and infrared excesses are similar to those found for bright, wetl-studied
HII regtons in the solar ¢ircle, when the same projected area 1s considered far-infrared
photometric measurements of these regions need not require an anomalous IMF at 3 kpe from

the Galactic center
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FIGURE CAPTIONS

Figure 1--- (a) upper left: 50um and (b) lower left. 100um maps of the 630 8 complex at an
angular resoiution of 507, the beam 1s indicated 1n the upper left-hand corner. The designated

source numbers are indicated in the 100um map. The solid triangles (A) indicate the positions
of the three prominent 100um peaks. The ssterisk (*) indicates the position of the unresolved
2um source that may correspond to the tonizing star The contour units for the 50um map are

100, 300, 600, S00, 1200, 1500, and 1800 Jy per beam. The contour units for the 100um map are
300, 600 900, 1200, 1500, 1800, and 2100 Jy per beam. {¢) upper right: the color temperature map

derived from the 50 and 100um maps, the contours are 45, 55, 635, 73, and 85°K. (4} lower right.
the integrated H,CO equivalent width dertved from the synthests maps of Beiging. Wilson and

Downes (1982). The much larger beam (2 5" diameter) 1s indicated in the corner. The units are

km-s"! equivalent wmidth Comparing this map with the 50 and 100pm maps 1t can be seen that
the H,CO absorption 1s strongest over those far infrared components with the lowest apparent

color temperature. As explained in the text, this 15 understandable n terms of large extinction

optical depths

Figure 2-— 630 8 1s shown 1n a hybrid array VLA map at 6 cm. Contour levelsare 2. 3,4.5,
6.7.8,9.10, 15,20, 25, 30 x 100 m J¥ per beam The beam s1ze and orientation is described 1n the

text, and the symbols are as for Figure 1. Thismap1s strikingly similar to the 100um mep in
Figure 1b, showing that the stars which tonize the gas are probably responsible for heating

the dust The point source at the lower left may be a background source The peripheral



29

<louds of 1onized gas mare seen to be arc-like, and are approximately centered on the near-IR
source which 1s indicated by a plus sign {(+), and which 1s also the position of peak dust

temperature in this region. This object may de the source of excitation for most of the complex.

Figure 3 -- The far-infrared spectral distridutions for various components of G30 8 are
shown. The lower two curves correspond 10 the spectral fiux per deam centered on the peaks
G30 8N and S (sources 1 and 2 1n that complex) Photometry for these sources was done 1n four
bandpasses, which are indicated by horizontal lines at the botiom of the figure. A single error
bar, which typifies the observational uncertaintes in all measurements, 15 shown. Blackbody
curves have been fitted through the 50 and 100pm points of these specira, and these fits are
indicated by the solid lines The dashed lines are the actual spectral distributions, fitted by eve
10 all four wavelength points The fact that the spectra are wider than dlackbodies 1s indicative
of nonisothermal dust distributions. but this excess width contributes negligibly to the total
flux from each source In the uppermost curve, a blackbody curve 15 fitted through the
integrated 50 and 100pm fluxes for the entire nebula. This blackbody curve yelds an
approximate value for the total far-infrared flux form the 630 8 complex. Note that the two

upper curves are normalized by scale factors tn order to distingush the curves on the graph.

Figure 4 —- {(a) above 50um and (b) middie- 100um meps of the G25.4 complex at an angular
resolution of 507, which 1s indicated in the upper left-hand corner The plus signs (+) itndicate
the positions of the two peaks at 100um. The contours for the 50um map are 160, 200, 300, 300,
1000, 2000, 2500, 3000, and 3500 Jy per beam. The contours on the 100um map are 300, 500, 1000,

1500, 2000, 2500, and 3000 Jy per beam (c) bottom: ¢olor temperature map derived from the 50
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and 100um maps, contour units are 50, 60. 70, and 80°K

Figure 5~— VLA map of 625 4 at 6 ¢cm. Contour levelsare 4.5.6. 7.8, 9. 10, 15, 20, 30, 40, 50,
60, and 70 x 100 m Jy per beam. The beam size and orientation 1s described in the text. This map
was made mainly with a large antenna spacing, so low level extended emission 1s

undersampled. 625 4SE and NW are the only sources visible.

Figure 6-—A map of 625.4SE at [S111]95324 made with a 30" aperture. Contour units are
10712 erg-cm"2- 571 1n this aperture The positions of peak flux at this wavelength 1s probably
consistent with that of the radio continuum and far-infrared peak to within the ertrors of

measurement.

Figure 7---H864a spectra of G25 45E and NW are compared MNote the pronounced velocity
shift (»40 km-s~!) between these two compact H1I regions that are only 2.5 apart in the skv.
These spectra show that the two components, previousty thought 1o be physically associarted,
are just coincidentally superimposed. The corresponding recombination line of helium 15

barely visible at V= -80 km-s™?

Figure 8- 13C0 (2-1) maps of 625 4 taken 1n a1’ (EWHM) beam at M¥0 Contours ta °K

antenna temperature are indicated separately for the two dominant velocity components The

molecular gas reflects the complicated velocity structure that 1s found from H86qa 1n the 1onized
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gas The far-infrared ¢centroids of 623.4SE and 625.4NV are indicated for reference

Figure 9--- Same as for Figure 3 except for 625.4-0.2.

Figure 10-— 100 pm fiuxes of W43 from different investigations are compared The
integrated fluxes are plotted as a function of effective beam size. The ¢ited values, 1n order of
decressing beam size, are from Boissé 7 &Z. (1581), Oithof {1974), Low &7 &Z. (1977), Hoffman,

Frederick, and Emery (1971), and this paper
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TABLE 1
Posiuons and Fluges
Source 100um Peak Fpeak [Fan
RA. Dec. (100um Y{Radio) {100pm)(Radio)
{1550)
(Jy 11 50" beam) y2)
G308-0 0 (W43N) (5 GHz) (5 GHz)
(1)G308N 1gh 45M 0008 -1° 58 40~ 2010 58 11000 162
{2) 63088 18 45 029 -2 0Of GO 2040 68 15700 156
3) 18 45 091 -1 57 50 S00 — 3680 138
(4) 18 44 476 -2 00 00 600 —_ 6600 g4
5) 18 45 009 -2 04 20 1200 -— 6100 24
TOTAL 43080 574
Hear-1R
point-source 18 45 002 -1 59 54 [ K=83 2" at2um }
G254-02 {10 GHz)
(1)G25 4SE 18 35 328 -6 50 35 3230 — 10700 122
(2) G25 4NW 18 35 250 -6 48 25 2630 -— 6240 58

TOTAL 16940 180
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