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ABSTRACT 
The high-velocity wings of the Bra (4.05 ¿¿m) line at the Galactic center have been mapped with a 2"5 beam 

and at a velocity resolution of 400 km s_1. The broad-line region is spatially resolved, with a characteristic 
linear dimension of ~3" (FWHM). The peak intensity of the high-velocity line emission is coincident with the 
position of the source 1RS 16 Center, and its intensity distribution about that object is approximately sym- 
metric. The observed motions appear to be neither rotational nor due to well-collimated jets. In addition, the 
spatial extent of the broad-line emission implies that they are not infall onto or outflow from the immediate 
vicinity of a compact object. We suggest that the broad-line emission either is from more than one compact 
wind source or is the result of an interaction between an ultrahigh velocity wind (which is undetected at 
present) and slower moving ionized gas in the “bar” whose trajectory brings it close to the wind source. The 
source of the unseen wind could be Sgr A*, 1RS 16C, or any of the other components of 1RS 16. 
Subject headings: galaxies: internal motions — galaxies: 

line profiles 

I. INTRODUCTION 

Understanding the dynamics of the ionized gas at the center 
of the Galaxy is an important step toward determining the 
nature of the objects which dominate the energetics there. In 
recent years improvements in the techniques of small beam 
mapping and spectroscopy have led to a greatly increased 
understanding of the ionized gas motions in the Galactic 
center, especially those which exist on a 1 pc scale and larger 
(e.g., Lo and Claussen 1983; Serabyn and Lacy 1985). Despite 
these improvements, highly divergent suggestions for the 
nature of the active and ionizing source (or sources) within the 
central 0.1-0.2 pc must still be considered seriously (e.g., 
Brown 1982; Lacy, Townes, and Hollenbach 1982; Lebofsky, 
Rieke, and Tokunaga 1982; Lo and Claussen 1983; Gatley et 
al 1984; Ozernoy 1984a, b; Crawford et al. 1985; Allen and 
Sanders 1986). Thus further and more discriminatory observa- 
tions are required. In particular, these observations must 
include additional measurements of that component of the 
ionized gas which is in closest proximity to the active source(s), 
which are thought to reside within or close to 1RS 16, the 
central infrared object in the Galaxy. 

Hall, Kleinmann, and Scoville (1982) discovered that the 
2.06 gm helium line at the position of 1RS 16 is unusually 
broad. Geballe et al (1984; hereafter Paper I) confirmed this 
and found from their observations of the 4.05 gm Bra line that 
the same broad (FWZI « 1400 km s_1) emission is present in 
hydrogen recombination lines, that the high-velocity gas is 
localized near 1RS 16, and that the helium abundance in this 
gas is not highly unusual. These discoveries made clear the 
uniqueness of the 1RS 16 region and pointed out new observa- 
tional means to study it. However, the region of interest is only 
a few arc seconds across, and until now the dimensions of the 
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broad-line region were not accurately known, nor was its posi- 
tion accurately defined with respect to 1RS 16, which is now 
known to consist of several compact objects (Storey and Allen 
1983; Henry, Depoy, and Becklin 1984; Allen and Sanders 
1986; Forrest, Pipher, and Stein 1986), or with respect to 
Sgr A*, the nonthermal radio source in the nucleus (Balick and 
Brown 1974). Additional measurements of the Bra line at 
higher spectral and spatial resolution are necessary, in order to 
characterize more accurately the broad-line profile, to deter- 
mine its spatial extent, and possibly to associate the broad-line 
emission with individual objects in the 1RS 16/Sgr A* 
complex. Herein we report measurements which represent a 
step toward these goals. 

II. OBSERVATIONS 

All of the observations were made at the United Kingdom 
Infrared Telescope (UKIRT) during 1985 June 16-19, using the 
facility seven-channel, liquid and solid nitrogen-cooled grating 
spectrometer (Wade 1983). The measurements utilized a 2'.'5 
diameter aperture and a grating which provided a velocity 
resolution of 400 km s“1. These compare with the 4"2 beam 
and 550 km s_1 resolution of the spectra in Paper I. Standard 
chopping and nodding practices were employed, using east- 
west beam separations of ~ 60". In order to flux calibrate the 
Galactic center data, spectra were also obtained of BS 7063 
(G5 II), which has a negligibly weak Bra absorption line. Line 
fluxes, as given in Figure 1, are thought to be accurate to 
±20%. Wavelength calibrations were achieved by observing 
Bra in the planetary nebulae NGC 6572 and BD + 30°3639. 

Spectra near 1RS 16 were obtained at 34 positions on a 1"5 
grid. The (0, 0) position of the grid was measured to be 1"8 east 
and 6"6 south of 1RS 7. The accuracy in positioning the tele- 
scope on this grid was at least 0"3 at each position. The seeing 
was better than 1", and sky conditions were photometric. The 
spectra were obtained over a velocity range of ~3000 km s_1, 
sampled every 92 km s_1 over the central 1800 km s“1. The 
integration time for most of the grid was 8 minutes per posi- 
tion. In addition to the grid measurements, spectra of Bra and 
Bry in a 4"5 beam were obtained at the map origin. 
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Fig. 1.—Observed parameters of the 2". 5 beam Bra spectra near 1RS 16. 

The (0, 0) position corresponds to R.A. = 17h42m29s48, decl. = — 28°59T9'.'5 
(1950). Velocities are given with respect to LSR; uncertainties are typically 
50 km s_1 for a line of strength 2 x 10"19 W cm'2. The FWHMs are decon- 
volved, assuming a Gaussian intrinsic shape of the line core. 
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III. RESULTS 

a) Line Profiles 
i) Raw Spectra 

The basic parameters describing the 34 Bra line profiles 
measured with the 2"5 beam are listed in Figure 1. Figure 2 
contains two rows of actual spectra, corresponding to cuts in 
right ascension through the Galactic nucleus at declinations of 
— 28°59T8"0 and 19"5 (1950). In these one can see (especially in 
the red wing) that the intensity at the highest velocities reaches 
a maximum at the approximate right ascension of 1RS 16 
(17h42m29!45, 1950). The broadest lines, as measured by the 
extent of the red wing, also occur near the right ascension of 
1RS 16 in this figure. The high-velocity wings were also present 
in the 4"5 beam spectra of Bra and Bry at 1RS 16 (detected for 
the first time in the latter). 

The central velocity of the narrow component shifts by 
~100 km s~1 across the spectra in Figure 2, in a manner 
generally consistent with Galactic rotation and with previous 
observations (Lacy et al 1980; Geballe et al 1982). At interme- 
diate velocities there are some interesting changes in the pro- 
files over small angular distances; e.g., in the spectra at 
— 28°59'18" note the rapid shift from a strong redshifted shoul- 
der at 29s48 to a blue shoulder at 29s36. 

The rather low intensity levels of the high-velocity wings in 
the Bra spectra make difficult a visual comparison of their 
intensities in individual grid spectra. In order to view at higher 
signal-to-noise ratio the intensity and velocity distribution of 
the high-velocity gas near 1RS 16, we have summed 2'.'5 beam 
spectra along the Galactic plane on either side of 1RS 16 
Center (hereafter 1RS 16C) and above and below the plane 
adjacent to that source. These composite spectra, each consist- 
ing of four individual spectra and corresponding to mean dis- 
tances of ~2" from 1RS 16C, are presented in Figure 3. In this 
figure it is apparent that the intensities of the wings are approx- 
imately the same at equal distances from 1RS 16C and that 
there is no evidence for different distributions of high-velocity 
red and blue line emission; i.e., no evidence for rotation or 
bipolarity. In particular, note that the strengths of the well- 
resolved red wings in Figure 4 do not scale with the strengths 
of the line peaks. 

ii) Convolutions 
Although both redshifted and blueshifted high-velocity 

wings are detected in these spectra, quantitative analysis of the 
blueshifted wing proved difficult for three reasons. First, the 
narrow-line component near 1RS 16 is shifted to the blue with 
respect to the center of the broad-line component, so that less 
of the blue wing than the red wing is free of blending. Second, a 
singlet plus triplet line blend of He i 50-4/, which contains half 
of the total intensity of He i 5-4, is situated 240 km s-1 to the 
blue of H i Bra; because of uncertainties in the abundance 
ratio [He]/[H] and in the ionization state of the gas, the con- 
tribution of this helium line to the profile is uncertain. Third, 

Fig. 2.—Two rows of Bra spectra in right ascension, obtained in a 2'.'5 
aperture and at declinations which pass through 1RS 16. Error bars are com- 
parable to the size of a data point. The instrumental profile is shown at bottom 
right. 
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Fig. 3.—Composite Bra spectra roughly T distant from 1RS 16C, approx- 
imately along and perpendicular to the Galactic plane. Each is the sum of four 
individual 2'.'5 beam Bra spectra listed in Fig. 1. 

during these observations the instrumental profile was asym- 
metric, having a steeper slope to the red of the line peak than to 
the blue (see the instrumental profile in Fig. 3); the effect of this 
is that the central narrow component of the line blends 
smoothly into the blue wing, making it difficult to estimate the 
strength of that wing. Consequently, in the following sections 
we concern ourselves largely with the reshifted high-velocity 
wing. 

The intrinsic strength and extent of the wings may be esti- 
mated by attempting to match the observed spectrum with 
trial line profiles convolved with the instrumental profile. We 
have taken as the instrumental profile the observed spectra of 
the Bra line in the planetary nebula NGC 6572. Representative 
examples of convolutions are shown in Figure 4. It is clear that 
for the spectra near 1RS 16, a Gaussian trial function alone 
leads to an unsatisfactory fit to the wings of the observed line, 
but that a combination of a narrow (FWHM ä 250 km s_1) 
Gaussian and a broad and flat component provides a fit which 
is nearly identical, within the noise, to the observed spectrum. 
Figure 4 also demonstrates that the strength of the red wing 
observed at velocities higher than ~ 600 km s-1 is a fairly 
accurate indicator of the strength of the broad-line component, 
a result that we use below. Finally, we note that in the best- 
fitting trial functions the line emission extends somewhat 
farther to positive than to negative velocities. For example, in 
Figure Ab the extrema are —600 and + 800 km s-1. Because of 
the uncertainty in the proper fit to the line profile at high 
negative velocities (discussed above), we are not completely 
convinced of this difference in positive and negative extrema. 
Lower resolution observations both prior and subsequent to 
these (Paper I; Geballe 1987), when the instrumental profile 
was symmetric, show a pedestal which is roughly as extensive 
and strong to the blue of 0 km s-1 (LSR) as it is to the red. 
Further observations, at higher spectral resolution than those 
of the present experiment, are necessary to clarify the profile of 
the high-velocity component. 

b) Intensity Distributions 
A map of the intensity of the high-velocity redshifted gas is 

shown in Figure 5. It was derived from the 2'.'5 beam spectra 
(including those in Fig. 3) by integrating the observed line 
intensity over the velocity interval 600 < V < 1000 km s“1. 
The positions of the infrared, near-infrared, and radio sources 
in this region are superposed on the map. The coordinates 
were obtained from Forrest, Pipher, and Stein (1986), who 
have simultaneously measured all infrared positions relative to 
1RS 7, an achievement which is critical for the present study. 
The map clearly demonstrates that the high-velocity redshifted 
gas peaks at 1RS 16, with the peak closest to 1RS 16C. In 
particular, the high-velocity gas is not peaked or centered at 
Sgr A*. The highest contours on the map neatly enclose the 
1RS 16 complex and are elongated approximately along the 
Galactic plane (note, however, that the two highest contours 
are based on data from very few pixels and thus their precise 
shapes are rather uncertain). The lower two contours appear 
slightly elongated perpendicular to the plane. A fundamental 
result of these measurements is that the brightest region of 
broad-line emission extends over a few arcseconds. The region 
is partially resolved in both spatial dimensions. The character- 
istic observed FWHM of the region is ~4". Allowing for the 
2'.'5 aperture, the actual FWHM is ~ 3". 

The total observed flux in the red wing of the Bra line, 
integrated over the entire map (including a correction for beam 
overlap), is 4.5 x IO-20 W cm-2. The flux in the 2"5 beam at 
each of the two brightest positions (R.A. = 29s48, deck = 
—18"0 and —19"5) is 1.3 x 10-20 W cm-2. The total flux in 
the broad-line component, assuming a flat velocity profile for it 
and that the unclosed contours off the map do not contain 
significant additional flux, is ~2.5 x 10“19 W cm-2. 
Assuming 1.2 mag of extinction at 4.05 ¡im (Wade et al 1987) 
and a distance of 8.5 kpc to the Galactic center (Knapp 1983), 
the luminosity of the broad Bra line emission is ~20 L©. The 
corresponding flux of ionizing radiation is but a very small 
fraction of that emitted in the Galactic center (see Paper I for a 
discussion of this point). 

The spatial distribution of the total Bra line intensity in the 
central few arc seconds of the Galaxy is shown in Figure 6. 
This map is also derived from the 2". 5 measurements and 
should be compared with the map of the red wing of the line 
(Fig. 5). The brightest emission from Bra in the mapped region 
lies to the south and southwest of the 1RS 16 complex, near 
1RS 21 and 1RS 2/13. The 1RS 16 complex, where the broad 
lines are found, lies on a north-south gradient of Bra emission. 
Thus the maps of high velocity and total integrated Bra emis- 
sion bear little resemblance to one another. The total intensity 
map (Fig. 6) closely resembles maps of the thermal infrared 
continuum in this region (e.g., in Becklin et al 1978 and Gezari 
et al 1985). In some respects the Bra total intensity map (Fig. 6) 
is similar to the Bra map of Storey and Allen (1983), which was 
made using a similar angular resolution. The major differences 
are: (1) we observe no enhancement of total line intensity at 
1RS 16NE, whereas they found a rather prominent peak there, 
and (2) we clearly detect line emission at 1RS 16C (both at high 
and at low velocities), whereas they detected no ionized gas 
there. We have no explanation for the discrepancies, but note 
that the present line measurements were obtained using a 
stronger H i line, at considerably higher spectral resolution 
and simultaneously with the adjacent continuum so that accu- 
rate removal of the continuum posed no serious problem. We 
note, however, that a recent 1" resolution Bra map made by 
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Fig. 4.—(à) Convolutions of two trial functions with the instrumental profile; the observed composite Bra spectrum 2" NW of 1RS 16 is also shown, (b) The trial 
functions. 
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Fig. 5.—Map of the redshifted high-velocity Bra line intensity in the Galactic center, made with a 2"5 beam. The outermost contour (~ 1.5 a) and the spacing 
between contours are both 3.1 x 10“ 21 W cm-2 in the aperture. The outlined area is the region mapped. Locations of various Galactic center sources are indicated. 

Fig. 6.—Map of the total Bra line intensity (integrated over all velocities). The contour levels are in units of 1 x 10 19 

various Galactic center sources are indicated. 
W cm 2 in a2"5 beam. Locations of 
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Forrest et al (1987), using a CVF with i/A/l « 75, indicates 
that much of the Bra line emission from the 1RS 16 region is 
localized in compact regions, one of which is coincident with 
1RS 16NE. Their lowest contour corresponds to a surface 
brightness approximately 4 times greater than that of the 
broad-line component as observed by us. One way that their 
map and ours can be consistent is if all of the high-velocity line 
emission seen by us is concentrated in these knots, which then 
must contain little low-velocity gas. Alternatively, if the high- 
velocity gas is diffuse, then the Forrest et al knots contain 
predominantly low-velocity gas. 

IV. DISCUSSION 
The most significant results of this research are: (1) the 

improved spatial registration of the broad-line emission with 
respect to the 1RS 16 complex. (2) the determination that the 
broad-line region is spatially extended, and (3) the lack of bipo- 
larity in the velocity field of the broad-line region. In particular 
the latter two results greatly constrain the possible interpreta- 
tions of the broad-line region. The implications of all of these 
results are discussed below. 

a) Location and Velocity Distribution of the 
Broad-Line Region 

The distribution of the high-velocity ionized gas, as revealed 
in the Bra map of Figure 5, shows that most of that gas is 
located within the 1RS 16/Sgr A* complex. The peak of the 
broad-line emission is most closely associated with the infrared 
object, 1RS 16C. The map appears to exclude a direct physical 
association of the bulk of the emission with most of the nearby 
sources (1RS 16NW, 1RS IW, CCD1, CCD2, and Sgr A*). 
However, the elongation of the brighter contours of the map in 
the NE-SW direction suggests that there may also be a physi- 
cal correspondence with 1RS 16NE and SW. Henry, DePoy, 
and Becklin (1984) found that all of the 1RS 16 sources have 
1-2 gm energy distributions similar to those of early-type stars 
and infer a luminosity of ~ 1 x 107 L0 for 1RS 16C (assuming 
its 1-2 jam radiation is thermal and that Av = 34 mag). The 
luminosities of 1RS 16NE and SW were not estimated by 
Henry, DePoy, and Becklin, but would be similar under similar 
assumptions. These and other less direct arguments indicate 
that the 1RS 16 complex may account for the majority of the 
luminosity and ionizing radiation in the Galactic center. Thus, 
it is not surprising that the broad-line region may be associated 
with extraordinary activity of one or more of the sources in this 
complex. 

The observed Bra velocity profiles and their spatial distribu- 
tion lead to more stringent requirements on the allowed 
motions of the high-velocity gas than were previously known. 
Because the red and blue wings have similar distributions on 
all sides of 1RS 16C, both pure rotation and well-collimated 
jets can be excluded, unless they occur largely in the plane of 
the sky and involve substantially higher velocities than have 
been observed to date. Small-scale turbulent motions have 
already been ruled out by the presence of high-velocity He i 
2.06 gm line emission (Paper I). Therefore, only roughly spher- 
ically symmetric radial motions, poorly collimated jets, or 
sheetlike motions are left as possible explanations. 

Recently, two interpretations of the high-velocity gas 
motions have been proposed. Serabyn and Lacy (1985) 
obtained spectra of the lower velocity ionized gas at distances 
of ~ 0.1-1.5 pc from 1RS 16/Sgr A*, which they interpret as 
material in orbit about and falling toward a massive object at 

or very near the position of 1RS 16. They and Crawford et al 
(1985) suggest that the high-velocity gas observed in the 
Brackett and helium lines may be bound to such an object. 
Note that for the case of gravitational infall (or rotation) the 
mass within 0.06 pc (1"5) of 1RS 16C, estimated by applying 
the virial theorem to the present data, is ~3 x 106 M0, a 
value which is similar to that in the model of Serabyn and 
Lacy. On the other hand, we and others have previously sug- 
gested that, in view of the relative lack of gas in the central 
1-2 pc and the existence of shocked molecular hydrogen at the 
edges of this cavity, a natural way to account for the high- 
velocity line emission at 1RS 16 is by a wind (Gatley et al 
1984; Paper I). In this case, the mass within 1RS 16 is indeter- 
minate, because velocities in a wind are not normally an accu- 
rate indicator of the mass of its source. 

b) Implications of the Observed Spatial Extent 
of the Broad-Line Region 

i) The High-Velocity Motions as a Primary Mass Flow 
We initially attempt to understand the broad-line region 

under the hypothesis that the observed spatially extended 
high-velocity emission is a single mass-loss or infall phenome- 
non occurring within 1RS 16. Previously because of the 
unknown angular extent of the high-velocity wings, the esti- 
mate of the mass-loss rate under the above hypothesis had an 
uncertainty of 2-3 orders of magnitude (Paper I). The present 
data allow the mass-loss rate to be constrained to a consider- 
ably higher degree and also imply a large inner surface from 
which the mass loss is occurring or onto which the infall is 
depositing material. 

We consider the case of a constant velocity and constant 
temperature ionized flow (for which ne& r~2) originating at a 
distance Rs from a central object, in which case half of the 
recombination line emission occurs within a distance Rs of that 
inner surface (see Wynn-Williams 1984). From Figure 4, Rs is 
~0'.'75, or 0.03 pc and, thus, in this simplest of models, the 
observed high-velocity ionized gas is quite remote from its source. 
Using the above value of Rs and the estimated broad-line flux 
the electron density at the inner surface is ne æ 2 x 104 cm-3. 
The mass-loss (or infall) rate from this surface is ~4 x 10“3 

M0 yr-1 for an outflow velocity of 700 km s-1. These values 
imply that if, for example, the high-velocity gas is an outflow 
from 1RS 16C, that outflow bears no resemblance to those 
observed in the vicinities of massive young stellar objects; in 
those objects the H i line-emission region is unresolved and 
electron densities are much higher (see, e.g., Simon et al 1983; 
Persson eí a/. 1984). 

Stated differently, the weakness of the high-velocity line 
emission at 1RS 16 together with its large spatial extent do not 
permit an interpretation of the line emission as originating in a 
constant velocity outflow from a single region of stellar, super- 
stellar, circumstellar, or black hole accretion disklike dimen- 
sions. Similarly, infall of the line-emitting gas toward such a 
pointlike object is not allowed. Because of the ne

2 dependence 
of the Bra emission, even if the restriction of constant velocity 
is relaxed considerably, a radial outflow from or infall toward a 
single pointlike source will produce a more pointlike broad- 
line emission region than we have observed. One should also 
consider if variation of temperature in a radial flow might 
prevent recombination line emission from appearing pointlike. 
Temperatures close to the source of such a flow might be 
typical of a corona, suppressing Bra line emission there. 
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However, it appears unlikely that high gas temperatures would 
persist beyond several radii of the start of the flow and over- 
come the ne

2 dependence of the line emission out to distances 
of ~0.03 pc. 

If two or more outflows (or infalls) are occurring simulta- 
neously within 1RS 16, the observed extent of the broad-line 
region could be understood in terms of pointlike sources, 
which are not spatially resolved in the present experiment. In 
this case the mass-loss rate from each source could be consider- 
ably lower. However, it would seem unlikely that two or more 
objects in the Galactic center are engaged simultaneously in 
this kind of activity. It is also questionable whether the more 
extended, lower level, high-velocity line emission in Figure 5 
can be understood on the basis of pointlike sources. Similarly, 
the possibility that the high-velocity line emission is due to a 
number of discrete flows through the central one-tenth parsec 
seems unlikely, because of the similarity of line profiles at dif- 
ferent positions near 1RS 16. However, Bra velocity-resolved 
spectroscopy at considerably higher spatial resolution is 
required to better test the multiple source and multiple flow 
hypotheses. 

ii) The Broad-Line Region as a Secondary Mass Flow 
From the above discussion, it appears that if only a single 

source is involved then the observed high-velocity ionized gas 
is remote from that object which is the ultimate cause of its 
motion. If so, then any successful explanation of the broad-line 
region must include a means of producing the extended emis- 
sion without an observed pointlike concentration of line- 
emitting ionized gas. Thus, in any such model the presently 
observed broad lines are a secondary effect of an active source 
in the Galactic center. 

One possible set of models involves a means of transporting 
ambient gaseous material to within a distance of ~0.03 pc 
from this object (e.g., 1RS 16C) and some mechanism, presum- 
ably not yet directly observed, which interacts with this 
material, causing the observed high-velocity flow. At a distance 
of 0.03 pc, radiation pressure would be capable only of acceler- 
ating ionized gas to 1% of the observed velocity, even if the 
luminosity of 1RS 16C is that of the entire Galactic center 
(3 x 107 Lq) and if gravity is neglected. Thus another mecha- 
nism for momentum transfer must be sought. We suggest that 
an ultrahigh velocity mass-loss wind could be the transfer 
agent. The postulated wind must carry off momentum at the 
same rate as does the observed wind but must have escaped 
detection. In view of the difficulty of detecting the emission at 
700 km s“1, the present nondetection of a higher velocity wind 
is not a serious observational constraint. Clearly, if such a wind 
had a velocity even 5 times higher than the observed gas, it 
would not have been detected in the present experiment or by 
any previous observation. 

In this picture ionized gas in Sgr A which approaches the 
wind source would be deflected from the source. The type of 
interaction would depend on the densities of the wind and the 
ambient gas at their interface. If the ambient gas has roughly 
the same density as the wind, as seems likely, much of the 
observed high-velocity line emission would occur in an inter- 
action zone where the ultrahigh velocity wind is shocked and 
strongly decelerated. Equating ram pressures in the case of a 
3000 km s-1 wind, a mass-loss rate of 4 x 10“3 M0 yr-1, and 
approaching ambient gas of density 3 x 104 cm-3 and velocity 
100 km s“1 results in an interaction zone with a characteristic 
dimension of a few arc seconds, consistent with the observed 

size of the broad-line region. Morris and Yusef-Zadeh (1987) 
have proposed that a small hole in the radio emission close to 
1RS 16/Sgr A* is a cavity swept out by an energetic wind, a 
scenario similar to the one proposed here. 

The above model, possibly to its detriment, postulates the 
existence of a highly unusual phenomenon, an ultrahigh veloc- 
ity wind. The model does not account in a natural way for the 
spatial coincidence of the broad-line region and the bright 
compact infrared sources within 1RS 16, unless these sources 
are related to the generation of the high-velocity wind or to the 
zone of interaction. However, in terms of the morphology and 
dynamics of the central few parsecs of the Galaxy the model 
appears to have several attractive aspects. Indeed, it fits well 
with current suggestions that the bulk of the ionized gas in 
Sgr A exists in streams passing near to, and possibly falling 
into, the Galactic central few tenths of a parsec (Lo and Clauss- 
en 1983; van Gorkom, Schwartz, and Bregman 1985; Serabyn 
and Lacy 1985). Because it requires only proximity of the wind 
source to a plentiful supply of gas, the model naturally 
accounts for the “peculiar” location of 1RS 16 on the edge of 
the ionized gas “bar.” A gradient in the density of the bar 
could account for the difference in the red and blue velocity 
extrema of the Bra line, which we may have observed. The 
interaction of the wind and the bar material might also 
account for the high electron temperature which is found in the 
central several arc seconds by the radio recombination line 
observations of Brown and Liszt (1984) and by van Gorkom, 
Schwarz, and Bregman. 

Although 1RS 16C could well be the source of the proposed 
wind, the wind source is not constrained to be coincident with 
the peak of the broad-line emission, unless the low-velocity 
ionized gas with which it interacts is distributed uniformly 
about the source. This is definitely not the situation at 1RS 16 
(see Fig. 6). Therefore, other objects, most notably Sgr A*, are 
plausible candidates for the wind source. We emphasize that 
the proximity of such unusual phenomena as the broad-line 
region and Sgr A*, together with their location on the same 
edge of the ionized gas bar, is circumstantial evidence that the 
two phenomena are related. Indeed, without such an associ- 
ation the role played by Sgr A* in the activity of the Galactic 
center is unclear, and possibly superfluous. It may be signifi- 
cant that in the most recent 1" resolution Bra image of Forrest 
et al (1987) Sgr A* appears to be situated in a cavity in the 
ionized gas, as would be expected in this model. 

In summary, we propose that the observed broad-line region 
may mark the zone of interaction of a fast wind from one of the 
compact objects (possibly Sgr A*) within the 1RS 16 complex 
with ionized gas whose trajectory brings it within ~G.03 pc of 
the wind source. The interaction results in the observed ejec- 
tion of gas from the 1RS 16/Sgr A* complex at ~700 km s“1 

and at rate of ~4 x 10-3 M0 yr-1. 

v. CONCLUSION 

The broad-line region of ionized gas at the Galactic center 
has a characteristic radius of about 0.06 pc and is centered at 
1RS 16C, not at Sgr A*. The high-velocity (700 km s-1) gas 
motions are not dominated by a rotational component and are 
not narrow jets. The large size of the broad-line region implies 
that the motion of the gas is not outflow directly from or infall 
directly onto a single compact object. Instead the broad-line 
emission may delineate ionized gas flows, possibly originating 
from several compact objects, or the interaction of ionized gas 
passing through the Galactic center with an as yet undetected 
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ultrahigh velocity wind emitted by Sgr A* or one of the observations. We acknowledge useful discussions with A. 
compact objects in the 1RS 16 complex. Königl and W. J. Forrest and helpful comments by J. H. Lacy. 

We also thank Media Services of the University of Hawaii at 
We wish to thank the staff of UKIRT for its support of these Hilo for assistance with the figures. 
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