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ABSTRACT 
The “50 km s“1” molecular cloud (M-0.02-0.07) near the Galactic center has been mapped in the 

CS J = 7-6 and 5-4 rotational transitions. In addition, mid-infrared fine-structure lines of [Ne n], [Ar m], 
and [S iv] have been observed toward the compact H n regions located near the cloud’s core. We find the 
following: (1) A dense molecular layer, with n ~ 1-2 x 106 cm-3, curves around the entire eastern half of the 
Sgr A East shell source, implying that Sgr A East is impacting upon and compressing this molecular cloud. 
No corresponding molecular layer is seen on the opposite side of Sgr A East. (2) Just inside of this curved 
ridge, highly red- and blueshifted gas is seen, which has likely been accelerated by the blast wave. (3) Just to 
the east of this compressed ridge lies the true molecular cloud core, as well as the string of compact H n 
regions Sgr A East-A through D. Since the compression wave has not yet reached either the cloud core or the 
compact H n regions, they must be due to an episode of collapse and star formation which occurred prior to 
the impact of Sgr A East. (4) The sources exciting the compact H n regions have spectra and luminosities 
corresponding approximately to 08-09 stars. These results suggest a two-component model for the dense gas 
in M-0.02-0.07: a normal, dense, star-forming cloud core, and a compression wave which has advanced into 
the cloud from the direction of Sgr A East. 
Subject headings: Galaxy: center — H n regions — ISM: individual (M-0.02-0.07) — ISM: molecules — 

supernovae remnants 

1. INTRODUCTION 

The “50 km s-1 cloud,” or M-0.02-0.07 (Güsten, Walmsley, 
& Pauls 1981; Brown & Liszt 1984; Liszt, Burton, & van der 
Hulst 1985; Güsten 1989), is a massive molecular cloud which 
lies, in projection, within 2-3' of the center of our Galaxy. 
Since this cloud harbors a string of compact H n regions near 
its center (Ekers et al. 1983; Goss et al. 1985; Yusef-Zadeh & 
Morris 1987), M-0.02-0.07 may be one of the nearest sites of 
star formation to the center of our Galaxy. As such, it can 
provide a unique window on the process of star formation in 
the vicinity of a galactic nucleus. 

Star formation in the vicinity of M-0.02-0.07 is also sug- 
gested by the proximity of Sgr A East, a nonthermal radio shell 
source (Ekers et al. 1983; Liszt et al. 1985; Ho et al. 1985; 
Sandqvist 1989; Goss et al. 1989; Pedlar et al. 1989), which 
shows some of the characteristics of a supernova remnant 
(SNR), but which on the other hand may be more energetic 
than a typical SNR (Mezger et al. 1989), and so may require 
multiple stellar winds and explosions (i.e., a “ superbubble ”), or 
some Seyfert-like activity. Regardless of its nature, the detec- 
tion of a ridge of dust and dense molecular gas to the east of 
the radio shell has provided good evidence for an interaction 
between the expanding shell and the molecular material 
(Mezger et al. 1989; Zylka, Mezger, & Wink 1990; Zylka 1990; 
Genzel et al. 1990; Ho et al. 1991). However, the extant molec- 
ular observations have not yet yielded a complete picture of 
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this interaction, primarily because the field involved is large, 
and the spectra of low-excitation transitions are complicated 
by additional features. 

To improve our understanding of the relationships between 
(1) the core of the 50 km s_ 1 cloud, (2) the compact H n regions 
A-D located near this cloud core, (3) the Sgr A East radio 
continuum shell, and (4) the molecular and dust ridge seen just 
outside of the Sgr A East shell, new molecular and ionic line 
observations were undertaken. Since compressed regions and 
cloud cores necessarily imply high densities, such regions are 
best studied with a density-sensitive molecule such as CS, 
which has already proven very useful in distinguishing gas 
components at the Galactic center from foreground material 
(e.g., Serabyn & Güsten 1987; Bally et al. 1988; Stark et al. 
1989; Tsuboi et al. 1989, 1991). M-0.02-0.07 was therefore 
mapped in the CS J = 5-4 and 7-6 rotational transitions at 
the Caltech Submillimeter Observatory (CSO). 

In addition, infrared fine-structure line observations were 
used as probes of the ionized gas in the compact H n regions. 
Based on their radio emission measures and spectral indices, as 
well as the presence of emission lines of H and Ne+ (Ekers et al. 
1983; Serabyn 1984; Goss et al. 1985; Pedlar et al. 1989), it has 
generally been concluded that these H n regions are photoion- 
ized (see, however,Yusef-Zadeh & Morris 1987). In order to 
better characterize the spectra of the excitation sources, fine- 
structure lines of Ne+, Ar++, and S + 3 were observed at the 
IRTF. 

2. CS DISTRIBUTION AND KINEMATICS 

Maps in the CS J = 7-6 and 5-4 lines, as well as a single 
spectrum of the C34S 5-4 transition, were obtained using the 
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TABLE 1 
CS Observing Parameters 

167 

Frequency Observation Number of Grid Efficiency Trec Resolution 
Transition (GHz) Date Beam Positions Spacing r¡mh (K) (km s_1) 

CS (7-6)  342.882949 1991 Aug 20" 66 30" 0.6 300 0.48 
CS (5-4)  244.935 606 1990 Aug 29 151 30 0.7 400 0.60 
C34S(5-4)  241.016176 1990 Nov 29 1 ... 0.7 400 0.61 

facility SIS receivers and acousto-optical spectrometers of the 
CSO. The observing parameters are summarized in Table 1, 
and the positions measured are indicated in Figure 5. Posi- 
tional offsets are referred to Sgr A*, the radio point source at 
the center of Sgr A West (Lo 1989). The pointing, as verified on 
IRAS 16293 — 2422 and Saturn, was accurate to better than 5". 

Since the maps in both the CS 5-4 and 7-6 transitions were 
very similar in appearance, but the 5-4 map showed a substan- 
tially higher signal-to-noise ratio, we present these results first. 
Figure 1 shows a subset of the acquired 5-4 spectra encom- 
passing the center of the area mapped. At most positions on 
the grid, the observed lines consist primarily of a single strong 
velocity component. The strongest lines are centered at «45 
km s"1 LSR, but across the field the line-center velocity varies 

155 95 35 
R.A. offset (arcsec) 

Fig. 1.—Grid of CS J = 5-4 spectra observed toward the eastern half 
of Sgr A East. The grid spacing is 30", and the angular offsets are relative to 
Sgr A*. Velocity and temperature scales for all spectra are given in the lower 
left corner. 

over the range 25-65 km s- ^ The linewidth of this emission is 
« 20-30 km s “1 FWHM, which clearly places this cloud in the 
central few hundred parsec region of our Galaxy (Güsten 1989; 
Stark et al. 1989). 

In addition, a few localized areas in Figure 1 show a second, 
usually much weaker velocity component. First, in several 
positions toward the western edge of the spectral grid, the 
circumnuclear disk surrounding Sgr A West (Genzel & Townes 
1987) is weakly seen at high positive and negative velocities. 
Second, in a few positions toward the northern extremity of the 
map, a distinct velocity component near 0 km s “1 is present. 
This emission may be related to a gas feature which extends 
northward from the vicinity of Sgr A toward the arched fila- 
ments (Serabyn & Güsten 1987; Genzel et al. 1990). Finally, in 
a few spectra near the center of the map, weak blue- and red- 
shifted emission components can be seen to either side of the 
main 45 km s-1 emission (at Aa = 95", Aô = —30" to +60"). 
The latter emission is discussed in § 5. In general, compared to 
the strong emission near 45 km s-1, all of these secondary 
components are either very weak or localized, and thus there is 
no ambiguity in identifying the correct velocity feature with the 
50 km s-1 cloud. 

The observed 5-4 emission, integrated over two velocity 
intervals broad enough to encompass nearly all of the emission 
seen, is shown superposed on the radiograph of Sgr A present- 
ed by Pedlar et al. (1989) in Figure 2 (Plate 2). In this radio- 
graph, which is color coded by spectral index, the thermal 
Sgr A West H n region, and the Sgr A East compact H n 
regions A-D appear yellow to red, while the nonthermal Sgr A 
East shell appears in blue. The solid contours (20-80 km s-1) 
show mainly the CS emission from M-0.02-0.07, but near Sgr A 
West the northern half of the circumnuclear disk is also seen, as 
mentioned above. The dashed contours (—100 to —40 km s"x) 
show the opposite half of this disk. Although the northern half 
of the disk seems to be connected to M-0.02-0.07, this might 
also be the result of limited spatial resolution. 

In Figure 2, the emission from M-0.02-0.07 is seen to consist 
primarily of a molecular ridge which curves around the eastern 
side of the Sgr A East radio continuum shell, as well as an 
emission maximum located just eastward of this ridge, at about 
(Aa, Aô) « (180", 90"). Since the CS ridge curves around nearly 
half of the Sgr A East shell, this juxtaposition indicates clearly 
that Sgr A East is interacting with the 50 km s-1 cloud. The 
best explanation, as discussed previously by many authors, is 
that Sgr A East is impacting upon, and compressing, the 
M-0.02-0.07 cloud. 

The relationship between this CS ridge and the peak just to 
its east is not clear from Figure 2 alone, but is clarified with the 
aid of kinematic information. To this end, Figure 3 presents the 
CS 5-4 emission in 10 km s-1 wide channels, and Figure 4 
presents a series of parallel declination-velocity (<5-i?) plots 
across the map. In the channel maps, the peak and ridge are 
distinguishable in that the peak is present in nearly the same 
location in the five channel maps in which it is seen (25-65 km 
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PLATE 2 

Fig. 2—Overlay of the CS J = 5-4 emission contours from M-0.02-0.07 and the circumnuclear disk on the radiograph of Sgr A of Pedlar et al. (1989). Except for 
small areas in the two lower corners (see Fig. 5), the entire field has been mapped in CS 5-4. The solid (dashed) contours are for 20 < u < 80 km s 
(-100 < v < -40 km s“1), with levels (in units of T^) of 24 to 108 K km s-1 by 12 K km s"1. One a equals 4 K km s_1. The color radiograph has intensities 
proportional to the 6 cm flux, and colors dependent on the radio spectral index (Pedlar et al.). Thus, the nonthermal Sgr A East shell source appears in blue, the 
thermal Sgr A West region {toward the right) appears yellow/red, and the four Sgr A East compact H n regions (on the left) are red/orange (from north to south, A, B, 
C, and D, with A and B partially blended; see Goss et al. 1985 for details). 

Serabyn, Lacy & Achtermann (see 395, 167) 
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R.A. Offset (arcsec) 
Fig. 3.—Contour maps of the CS J = 5-4 emission integrated over 10 km s-1 wide channels, centered on —35 to 75 km s"1. The contour levels, in units of T% 

are 8,12,16... K km s~l, and <7 = 1.4 K km s-1. The cross in each panel at (185", 80") is a reference mark near the cloud peak. 

s“1), while the ridgelike component advances steadily across 
the field from south to north in the same five channels. The 0-v 
cuts show the same «40 km s-1 velocity shift along the main 
CS ridge (a offsets of 65"-125"), but not further east. Thus, 
while a velocity gradient of 5-6 km s_1 arcmin-1 is present 
along the main CS ridge, only a rather constant velocity is seen 
near the cloud peak. Of course, the latter may simply be due to 
the peak’s localized nature. Note that the full velocity shift seen 
across the cloud is only somewhat larger than the 30 km s_1 

line width at the cloud peak. 
Returning to Figure 2, several additional aspects of the 

M-0.02-0.07 cloud are also evident. First, the compact H n 
regions A-D are located just outside of the dense CS ridge 
(opposite to the side of Sgr A East), and just south of the CS 
emission maximum. Second, the eastern edge of M-0.02-0.07 is 

seen to be approximately aligned with the galactic plane, poss- 
ibly reflecting the cloud’s initial (predisturbance) orientation. 
Third, in the lower Galactic longitude direction of the neigh- 
boring “20 km s“1 cloud,” or M-0.13-0.08 (Güsten 1989; 
Sandqvist 1989; Okumura et al. 1989, 1991; Zylka 1990), the 
CS emission becomes very weak, but does not fade away com- 
pletely. Finally, since the compressed 50 km s-1 material is 
seen only in a narrow band to the east of Sgr A East, the areal 
covering factor of the radio shell by molecular material is very 
low, <0.2. Thus, either the shell has broken out of the molecu- 
lar cloud to a large extent, or it originated outside of the cloud. 
In this regard, note that the halo of nonthermal emission sur- 
rounding parts of the Sgr A East shell (Yusef-Zadeh & Morris 
1987; Pedlar et al. 1989) lies, in large part, to the west of Sgr A 
East, just the direction where the molecular CS emission is 

RA off = 215 185 155 125 95 65 

Fig. 4.—Declination-velocity plots of the CS J = 5-4 emission along cuts spaced by 30" in right ascension. Contour levels are 0.5, 1.0, 1.5 ... K. The three 
rightmost panels cross Sgr A East, but the three leftmost panels do not. 
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No. 1, 1992 COMPRESSION 

Fig. 5.—CS J = 7-6 and J = 5-4 spectra toward (Aa, A<5) = (155", 90"), 
close to the cloud peak. Both spectra are binned to the same resolution of 2.4 
kms-1. 

weak (compare our Fig. 2 to Fig. 5 of Pedlar et al.). Thus, the 
halo may be related to regions of more rapid breakout from 
the confining molecular gas. 

Comparing to previous observations, the observed com- 
bination of a basically N-S ridge along the eastern side of Sgr A 
East, with another peak to its east, reproduces very well the 
main features of the dust distribution seen to the east of the Sgr 
A East shell (Mezger et al. 1989). However, no corresponding 
CS counterpart is seen on the opposite, western, side of Sgr A 
East. Since dust continuum emission does not contain kine- 
matic information, the proposed nearly-complete “ring” of 
dust around Sgr A East (Mezger et al.) may thus be due to a 
superposition of a number of different molecular features, 
including M-0.13-0.08 in the south (e.g., Okumura et al. 1991), 

OF M-0.02-0.07 169 

the Sgr A West circumnuclear disk in the southwest, and the 
— 20 km s_1 cloud (Serabyn & Güsten 1987; Genzel et al. 
1990) in the north. Alternatively, the swept-up gas could be 
more tenuous, and perhaps even atomic, on the western side of 
the shell, and so not detectable in these highly excited CS lines. 

The dense ridge east of Sgr A East has also been seen in 
other molecular lines (Zylka et al. 1990; Zylka 1990; Genzel et 
al. 1990; Ho et al. 1991), and the more spatially extended 13CO 
data of Zylka et al. also show the eastern peak situated beyond 
this ridge. A molecular feature with orientation and kinematics 
very similar to those of our CS ridge was seen in 13CO by 
Zylka et al. (their “ streamer ”). Because of the multiple velocity 
features seen in 13CO, a unique identification of the 
“streamer” was difficult, but Zylka et al. suggested that, 
because of its larger than average velocity gradient, the 
“streamer” is separate from the 50 km s_1 cloud/Sgr A East 
complex, being instead an extension of the more southerly 20 
km s-1 cloud across the field of Sgr A East. In contrast, since 
in our CS data the corresponding CS ridge (1) wraps directly 
around Sgr A East, (2) is the only feature present in the vicinity 
of the 50 km s_ 1 cloud, and (3) fades away toward the southern 
cloud, we conclude instead that the ridge/streamer is associ- 
ated both with the 50 km s-1 cloud and Sgr A East, but not 
with the 20 km s~1 cloud. Since there is good evidence that Sgr 
A East is behind the Sgr A West H n region at the center of our 
Galaxy (e.g., Pedlar et al. 1989), the 50 km s -1 cloud must then 
also be located behind the center. 

3. CS 7-6 EMISSION AND THE MOLECULAR DENSITY AND 
MASS 

Figure 5 shows the CS 5-4 and 7-6 spectra observed toward 
(Aa, A<5) = (155", 90"), just between the main cloud peak and 
the ridge seen in Figure 2. In Figure 6 the 7-6 and 5-4 inten- 
sities integrated over most of the line, 20-60 km s-1, are com- 
pared side by side. Also shown are both observing grids. This 
velocity interval is somewhat smaller than that of Figure 2, in 
order to exclude, as much as possible, the emission from the 
circumnuclear disk. The spatial distributions of both lines are 
very similar, each showing the dense ridge curving down the 
center of the regions mapped, and also the peak just east of the 

CS J=5—4 CS J=7-6 

200 100 0 -100 200 100 0 -100 
R.A. offset (arcsec) 

Fig. 6.—Contour maps of the CS J = 5-4 and J = 7-6 lines integrated over the range 20-60 km s~ ^ The contour levels are 20, 30 to 102 by 12 K km s~1 for CS 
J = 5-4, and 12-36 by 6 K km s_ 1 for CS J = 7-6 (in units of T*¡). The small crosses show the observing grid, and the five small stars show the Sgr A East compact H 
ii regions (A, B, Cl, C2, and D, from north to south). The field within the borders corresponds exactly to the boxed field presented in Fig. 5. 
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ridge at (Aa, A<5) « (180", 90"). The 7-6 map differs from the 
5-4 map mainly by a scaling factor of roughly 0.4 in TJ. 

As a check on the CS line opacities, the C34S 5-4 line was 
also observed toward (Aa, A<5) = (155, 90). It was not detected, 
to a limit of ~0.2 K, implying that the CS lines are optically 
thin (t5_4 < 0.6). This allows straightforward density and mass 
estimates. For such extended sources the observed 7-6/5-4 
line ratio can be corrected to the intrinsic source ratio by 
multiplying by the main-beam efficiency ratio (Table 1), yield- 
ing a corrected line ratio of 0.47. Assuming a kinetic tem- 
perature of 70 K for the molecular material (Glisten 1989), the 
optically thin case implies a density of « 1.5 ± 0.5 x 106 cm-3. 
For a CS abundance of 3 x 10“9 (Blake et al. 1987), this yields 
an H2 column density through the cloud peak of ~2 x 1023 

cm“2, corresponding to Av ~ 200. The ridge itself has values 
lower than these by up to a factor of ~2. The total cloud mass 
in the dense component is then 1.5 x 105 M0. These param- 
eters are very similar to those estimated for the streamer/ridge 
by Zylka et al. (1990) and Genzel et al. (1990). 

With the column density given, and a typical scale size of 
about 1', or 2.5 pc, the volume-averaged density is about 
3 x 104 cm“3, a factor of about 50 lower than the measured 
local density. Near the cloud peak, this is likely due to the 
usual causes of small-scale clumping and consequent beam 
dilution, but for the compressed ridge adjacent to Sgr A East, a 
sheetlike geometry surrounding the expanding shell provides a 
very natural explanation. 

4. INFRARED FINE-STRUCTURE LINES AND THE COMPACT 
H II REGIONS 

Infrared fine-structure lines of [Ne n], [S iv] and [Ar m] at 
12.8, 10.5, and 9.0 fim were observed toward the Sgr A East 
compact H n regions (A-D in north to south order, using the 
nomenclature of Goss et al. 1985) in July 1989 with Irshell, a 
mid-infrared cryogenic echelle spectrograph (Lacy et al. 1989b) 
on the NASA IRTF. Irshell uses a detector array to measure a 
64 point spectrum of each of 10 positions spaced by 1" on the 
sky (in an East-West orientation for these observations). The 
spectral dispersions per pixel for the three lines were 0.043, 
0.048, and 0.051 cm“1, respectively. The spectral and spatial 
resolutions were both 2 pixels FWHM, and the pointing uncer- 
tainty ~1". The sky background was subtracted with the 
IRTF chopping secondary, and calibration was on a dome- 
temperature blackbody. 

[Ne ii] and [Ar m] were observed toward all four compact 
H ii regions, but [S iv] was observed only toward the strongest 
source, A, where it was not detected. Spectra obtained by 
summing along the observing slits are shown in Figure 7. Line 
fluxes, determined from peak brightnesses and observed source 
sizes, assuming Gaussian source profiles, are given in Table 2. 
In addition to the uncertainty in estimating the source shapes, 
pointing errors could result in underestimates of the line fluxes. 

Velocity (km s'1) 
Fig. 7.—[Ne n], [Ar m], and [S iv] spectra toward the Sgr A East compact 

H ii regions, averaged along the 1" x 10" east-west slit. 

Also listed in Table 2 are the observed velocities. The veloc- 
ities range between 43 and 49 km s“1, and are consistent with 
the H 76a velocities of Goss et al. (1985). As pointed out by 
Goss et al., the agreement between these velocities and the 
velocity of the molecular emission in this direction (~45 km 
s“1) argues that the compact H n regions are associated with 
M-0.02-0.07. An East-West velocity gradient of about 1.5 km 
s“1 arcsec“1 (red to the east) was seen toward sources A and B, 
and a velocity-right ascension diagram for source A is shown 
in Figure 8. No significant gradients were seen toward sources 
Cl, C2 and D. 

The 5 GHz VLA maps of Yusef-Zadeh & Morris (1987) 
show sources A and B to be asymmetric shell sources, which 
may be an indication that the H ii regions have broken out of 
the molecular clouds on the western side. Our observed veloc- 
ity gradients are consistent with this picture if the sources are 
near the front surface of M-0.02-0.07. From their morphologies 
and lack of velocity shifts, sources Cl and C2 appear to be 
parts of a single slightly irregular shell, and source D appears 
to be at an earlier stage of evolution, still contained in the 
molecular cloud. The CS peak in Figure 2 could be another 
element in this chain, at a still earlier stage of evolution. 

TABLE 2 
IR Fine-Structure Line Observations of the Compact H ii Regions 

Flux [Ne ii] Flux [Ar m] Flux [S iv] VlsrŒNc n]) 
Source Size (ergs s-1 cm-2) (ergs s-1 cm-2) (ergs s-1 cm-2) (km s-1) 

A  10" 9.0( — 11) 1.7 (-12) <2 (-13) 43 
B  8 2.6 (-11) 5.5 (-13) ... 46 
C  10 3.0 (-11) 1.0 (-12) ... 46 
D  3.5 2.3 (-12) <3.0 (-14) ... 45 
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-50 0 50 100 150 
Velocity (km s'1) 

Fig. 8.—[Ne n] R.A.-velocity diagram across the compact H n region A. 
The contour levels are in steps of 10% of the peak. The resolutions are 2" 
spatial and 33 km s -1 spectral. 

Ionic abundance ratios, Ne+/H+, Ar++/H+, and S+3/FI+, 
for each of the compact H n regions, calculated using the colli- 
sion strengths in Osterbrock (1989) and the 15 GHz free-free 
fluxes of Goss et al. (1985), but neglecting extinction, are given 
in Table 3, columns (3)-(5). Fractional ionic abundances, 
Ne+/Ne, Ar++/Ar, and S + 3/S, assuming total Ne, Ar, and S 
abundances twice (Lester et al. 1981; Lacy et al. 1989a) those 
found in Orion (Rubin 1985), are given in columns (6)-(8). The 
resultant Ne+/Ne ratios are ~0.35 toward sources A-C and 
~ 0.05 toward D. Since neon is predominantly singly ionized in 
H ii regions for a wide range in stellar temperatures (Rubin), we 
attribute the apparent reduction in Ne+/Ne to an extinction of 
~ 1 mag toward sources A-C (Table 3, col. [9]), about equal to 
that seen toward Sgr A West (Becklin et al. 1978; Rieke & 
Lebofsky 1985). An additional ~2 mag of extinction is 
required toward source D. The fact that the extinction toward 
sources A-C are consistent with that from interstellar material 
along the line of sight to the Galactic center, with no additional 
extinction from M-0.02-0.07, implies that the H n regions must 
indeed by close to the front surface of the molecular cloud. 
Similarly, the additional extinction seen toward source D con- 
firms its location within M-0.02-0.07. 

Assuming the extinction curve of Rieke & Lebofsky (1985), 
we expect both A90/Ai2^ and Ai0 5/Ai2,s 1° be 2.7. The 
extinction corrected Ar++ and S + 3 abundances are then as 
given in Table 3, columns (10)-(11). The low fractional abun- 
dances of Ar++ indicate stellar temperatures «34,500-36,500 
K (Rubin 1985), or spectral types 08-09 (Panagia 1973). This 

conclusion is entirely consistent with the spectral types derived 
from the required ionizing luminosities (Goss et al. 1985), and 
the IR to radio flux density ratio of source A (Yusef-Zadeh, 
Telasco, & Decher 1989), assuming each source is ionized by a 
single O star, although the substantial sensitivity of [Ar m] to 
extinction makes our result somewhat uncertain. Indeed, the 
S+3 upper limit for source A suggests a slightly cooler stellar 
temperature, T < 32,500 K. 

5. MOLECULAR CLOUD MODEL 

Since the observed CS transitions sample only the denser 
parts of a molecular cloud, and since lower excitation tran- 
sitions of various molecules show a cloud of even greater 
extent than is seen in CS (e.g., Liszt et al. 1985; Armstrong & 
Barrett 1985; Sandqvist 1989; Zylka 1990), a substantial 
amount of lower density gas must surround the structures seen 
in CS. With this inclusion the two dense CS features (the com- 
pressed shell around Sgr A East, and the peak to its east) can 
be interpreted respectively as (1) a compression wave moving 
into a more extensive cloud, and (2) an embedded dense core. 
(If this core is associated with the nearby compact H n regions, 
it may actually lie close to the front surface of the cloud—§ 4). 
The dense CS core, and the more extensive 40-50 km s-1 

emission seen in CO (Liszt et al. 1985; Zylka et al. 1990; Zylka 
1990), is then likely due to the undisturbed bulk of the cloud. 
Thus, in contrast to the model of Zylka et al., which superposes 
several clouds, it is possible to ascribe all of the «50 km s-1 

emission from the vicinity of M-0.02-0.07 to only one cloud, 
part of which has been disturbed by Sgr A East. 

As discussed earlier, the 50 km s ~1 molecular cloud exhibits 
a velocity gradient of about 5-6 km s -1 arcmin-1 in the decli- 
nation direction. This gradient extends beyond the edge of the 
expanding Sgr A East shell (Fig. 4), making it clear that the 
gradient across the cloud is intrinsic to the cloud, and not 
related to the shell-cloud interaction. If interpreted as due to 
the cloud’s rotation about the center, and extrapolated to a 
rotational speed of 110-180 km s-1 (Genzel & Townes 1987), 
the observed velocity gradient implies a galactocentric distance 
for M-0.02-0.07 of about 45-90 pc. Of course the cloud’s orbit 
is likely not circular (Bally et al. 1988), implying that this dis- 
tance estimate is very crude. Tidal stability arguments also 
place the cloud at greater than 30 pc from the center (Güsten & 
Henkel 1983). However, other distance estimates have tended 
to be smaller, for example, Mezger et al. (1989) and Genzel et 
al. (1990). 

Since the observed CS shell is presumably compressed by 
the piston-like action of Sgr A East, this interaction should 
have left a kinematic signature on the molecular gas in the shell 
(e.g., Genzel et al. 1990; Ho et al. 1991). As Figure 9 shows (see 

Source 
(1) 

TABLE 3 
Ionic Ratios for the Sgr A East Compact H ii Regions 

15 GHz Flux 
(mJy) 

(2) 

Ne+ 

IF 
(3) 

Ar+ 

H+ 

(4) 

S + 3 

H + 

(5) 

Ne+ 

IF 
(6) 

Ar+ 

Ar 
(7) 

S + 3 
s 

(8) 

^12.8 
(mag) 

(9) 

Ar 
Ar - (corr) 

(10) 

S+3 

- (corr) 

V) 
A. 
B. 
C. 
D. 

570 
173 
245 

95 

6.2 (-5) 
5.8 (-5) 
4.7 (-5) 
0.9 (-5) 

1.1 (-7) 
1.2 (-7) 
1.5 (-7) 

<1 ( — 8) 

<3 (-9) 0.39 
0.36 
0.30 
0.05 

0.012 
0.013 
0.016 

<0.001 

<5 (-5) 1.0 
1.1 
1.3 
3.3 

0.14 
0.20 
0.41 

<3.6 

<6 (-4) 
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Fig. 9.—Four CSJ = 5-4 spectra showing high-velocity emission. In addi- 
tion to the main 40-50 km s-1 emission component, the bottom two spectra 
show redshifted emission peaking at 80-85 km s-1, and the top two spectra 
show blueshifted emission out to —100 km s-1. The spatial offsets (in arsec) 
are indicated in parentheses. The right ascension offset for all of the spectra is 
95", placing this emission just inside (west) of the compressed CS shell (see Fig. 
2). 

also Fig. 1), the CS 5-4 spectra confirm the presence of both 
highly blue- and redshifted emission components just inside of 
the Sgr A East shell. In the subset of spectra presented in 
Figure 9, all of which are located at Aa = 95", a highly blue- 
shifted emission component is seen toward A<5 = 30" and 60", 
the emission at the former location extending to —100 km s_ 1. 
This position is in good agreement with the location of the 
strongest blueshifted wing emission seen in C180 spectra 
toward Sgr A East (Genzel et al. 1990). Furthermore, redshifted 
gas is seen in the two spectra immediately south of this loca- 
tion (Fig. 9), just where emission at redshifted velocities has 
been detected in NH3 (Ho et al. 1991). However, the velocity of 
the redshifted component seen in these two CS spectra (80-85 
km s-1) is significantly larger than is seen in NH3 (»60 km 
s-1). Finally, note that the blueshifts seen are significantly 
larger than the redshifts (from line center, the shifts are about 
— 140kms_1vs. +40kms_1). 

The blueshifted emission region is also seen on Figure 2, as 
the small dashed contour near the center of the map. The 
redshifted region, which cannot be discerned on this map 
because of the vastly stronger 50 km s~1 emission, is just south 
of the location of this dashed contour. Both high-velocity emis- 
sion components thus lie just inside of the compressed CS 

ridge. (There are hints in the CS data that both emission 
regions extend somewhat further than the few spectra dis- 
cussed indicate; however, the remainder of this emission is too 
weak, and too sparsely sampled, to draw any firm conclusions 
yet). 

Since this high-velocity gas lies just inside of the compressed 
CS shell, it is possible to conclude that at least some of the 
molecular gas in the 50 km s-1 cloud has been accelerated to 
very high velocities by the impact of Sgr A East. Indeed, much 
of the dense CS ridge must have been accelerated to some 
extent, and thus its observed mundane velocity pattern (its 
aforementioned velocity gradient) implies that the compressed 
CS ridge lies, to a large extent, to the side of the expanding 
shell. This is consistent with its observed low covering factor 
(§ 2), and implies that the interaction region between the shell 
and the molecular cloud is narrow in projection. However, 
since both blue- and redshifted velocity components are 
present, some molecular gas must evidently be present on both 
the front and back sides of the expanding radio shell. Given the 
low shell covering factor, the observed asymmetric velocity 
shifts could then be due to asymmetric gas distributions on the 
front and back sides of the shell. Future more sensitive obser- 
vations of this evidently narrow (in projection) interaction 
region should be able to reconstruct at least part of the velocity 
field, and so provide more reliable estimates of the energy in 
the Sgr A East shell (e.g., Mezger et al. 1989; Genzel et al. 
1990). 

6. SUMMARY 

We have detected a dense swept-up CS shell in the M-0.02- 
0.07 molecular cloud. The projected shell follows the edge of 
Sgr A East for almost half its circumference, giving a convinc- 
ing picture of the compression of the 50 km s -1 cloud by Sgr A 
East. Highly Doppler-shifted emission is found just inside of 
this shell, giving kinematic evidence for the acceleration of the 
molecular gas by the blast wave. The dense core of M-0.02- 
0.07, located just beyond the advancing compression wave, is 
as yet unaffected. Also beyond the reach of the compression 
wave are the compact H n regions A-D. They must thus 
predate the supernova explosion, and so Sgr A East cannot 
have been the “trigger” for their collapse into the star- 
formation phase. As was pointed out earlier, the short time 
scales involved also argue against Sgr A East as a triggering 
mechanism for star formation (e.g., Ekers et al. 1983, Mezger et 
al. 1989). Rather, the compact H n regions must be the result of 
an earlier episode of massive star formation. Observations of 
IR fine-structure lines indicate that the excitation of the ionized 
regions is consistent with the presence of a single 08-09 star 
in each of the compact H n regions, and IR extinction argu- 
ments suggest that these star formation sites are located close 
to the front surface of the molecular cloud. 
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