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ABSTRACT 
Using the balloon-borne infrared telescope (BIRT) incorporated with a liquid-helium-cooled double-channel 

Fabry-Perot spectrometer, intensities and velocity profiles of [C n] 158 pm and [O i]63 pm fine-structure lines 
have been observed in the Galactic center region within | / | ^ 0?7. Intense [C n] line emission has been detected 
ubiquitously in almost all of the observed points. The distribution of the [C n] intensity shows a central peak at Sgr 
A West together with two prominent peaks at A1 = ±0?6, which correspond to Sgr B1 (not Sgr B2) and Sgr C, 
respectively. The intensity distribution resembles but is not identical to, that of far-infrared emission. 

The velocity profiles of the [C n] line are resolved and can be deconvolved into multiple components, many of 
which can be traced to the features observed by molecular lines. The [O i] 63 pm line has been detected at Sgr A 
West and at some other points. The [O i]63 ¿im/[C n] 158 ^m ratios are always less than 3 in the beam of 3.7. 

These observed results can be explained as the emission generated in photodissociation regions formed in the 
molecular clouds complexes illuminated by intense UV radiation field in the Galactic center regions. However, 
contribution from ELD region is possibly present and cannot be ruled out. 

Subject headings: Galaxy: center — infrared: ISM: lines and bands — ISM: kinematics and dynamics 

1. INTRODUCTION 

The central region of the Galaxy has long been one of the 
most intriguing objects. About 10% of the total far-infrared 
luminosity of the Galaxy is radiated within 250 pc from the 
center. The molecular gas in this region amounts to 10% of the 
neutral gas mass of the Galaxy (e.g., Cox & Mezger 1988; 
Güsten 1989; Cox & Laureijs 1989). The molecular clouds, 
strong radio sources, and far-infrared emission are concen- 
trated in a narrow ridge ( AZ> ~ 0?3 ) along the Galactic plane 
(e.g., Odenwald & Fazio 1984; Handa et al. 1987; Heiligman 
1987). The molecular gases in the Galactic center have pecu- 
liar characteristics, i.e., temperature of the gas is higher (>60 
K) than that of the dust, and the line widths are broader ( > 10- 
20 kms“1 ) than those expected from thermal broadening (e.g., 
Güsten 1989). Many intriguing features such as Sgr A (West 
and East), the Radio Arc, the arched filaments, and the ring 
structures of gases and dust have been found exclusively in the 
central region. A number of models of the central structures 
have been proposed but are not yet well understood (e.g., 
Brown & Listz 1984; Güsten 1989; Sofue 1989). 

In this paper, we present some new features observed by the 
fine-structure line of C+ at 157.7 pm and of that of 0° at 63.2 
pm in the central region within |/| ^ 0?7. These two fine- 
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structure lines are major coolants of UV-illuminated molecu- 
lar clouds, the so-called “photodissociation regions (PDRs)” 
(de Jong, Dalgamo, & Boland 1980; Tielens & Hollenbach 
1985). 

PDRs have been observed in a number of H n regions/mole- 
cular clouds complexes (e.g., Genzel, Harris, & Stutzki 1989) 
and have also been observed in the Galactic central region 
within 10 pc (Genzel et al. 1984, 1985, hereafter GWCT; Lug- 
ten et al. 1986, hereafter LGCT; Poglitsch et al. 1991 ). These 
observations are, however, limited in a small area close to the 
center. 

Recently, the PDRs have been found to be one of the major 
phases of interstellar gas from the observations of the [ C n] line 
in the Galactic disk (Stacey et al. 1985; Shibai et al. 1991 ) as 
well as in external galaxies (Crawford et al. 1985; Stacey et al. 
1991). 

Preliminary results of the observations have been reported 
previously (Okuda et al. 1989), but here we will present more 
detailed morphological comparisons with relevant observa- 
tions in other wavelengths together with discussion on emis- 
sion mechanisms based on more detailed analyses of the data. 
Hereafter, we assume the distance to the Galactic center is 8.5 
kpc, so that 1 ' corresponds to 2.5 pc in linear scale. 

2. OBSERVATIONS 

The observations were made by the 50 cm Balloon-borne 
Infrared Telescope, BIRT, (Okuda et al. 1984; Shibai et al. 
1990). The telescope is mounted on an altazimuth pointing 
system and a spectrometer is set at its Nasmyth focus. By using 
an offset guiding system, an absolute pointing accuracy better 
than (p - p) and pointing stability of 30" (/? - /?) were 
achieved referring to a nearby bright star. 

The balloon flights were made on May 25 UT and June 5 
UT in 1988 from the National Scientific Balloon Facility 
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(NSBF) at Palestine, Texas. Due to a contingent balloon con- 
trol, the observing altitude level in the first flight was changed 
from 26 to 21 km, but in the second flight it was always kept at 
31 km. The total observation times used for the Galactic center 
were 1.5 hr in the first flight and 1 hr in the second flight. 

The spectrometer used in the observations is a double-chan- 
nel Fabry-Perot interferometers, one channel for [C n] 158 fim 
line and the other for [O i]63 iim line (Okuda et al. 1986; 
Nakagawa et al. 1990). Each is a two-stage tandem Fabry- 
Perot interferometers, composed of a fixed étalon used for 
sorting of the objective line and a scanable étalon to sweep the 
wavelength. A common beam from the telescope is introduced 
to the two interferometers by a beam splitter, and hence the 
two spectra were observed simultaneously. All optical ele- 
ments of the spectrometers, the mirrors, the étalons as well as 
the detectors were cooled by liquid helium to a temperature of 
1.8 K. 

The velocity resolutions of the spectrometer were 143 kms“1 

for the [C n]158 fim line channel and 176 kms-1 for the 
[O i]63 fim line channel, respectively. The sweeping spectral 
ranges were from —560 to +620 kms-1 in LSR velocity for the 
[C ii] 158 pm line channel, and from -670 to +710 kms-1 for 
the [O i]63 pm line channel. The sampling intervals were cho- 
sen to be 20 and 24 kms-1, respectively. The absolute sensitiv- 
ity was calibrated by referring to Mars, which was assumed to 
be a 237 K blackbody (Lowenstein et al. 1977). Uncertainty of 
the absolute flux was estimated to be 30% due to the calibra- 
tion errors and the inaccuracy of zero-level determination. The 
effective NEP of the system, including all losses of the optical 
system and the chopping efficiency, was 1 X 10-14 W Hz-1/2 

for [ C il] 15 8 ¿mi channel observations and 8xlO_14WHz“1/2 

for [O i] 63 pm channel observations. For the calibration of the 
wavelength, we used the atmospheric lines of 03 (157.61208 
pm) and H20 (158.28390 pm) in the [C n] channel and those 
of H20(63.456972 ^m, 63.322487 ^m) in the [O i] channel, 
which were incidentally present in the sweeping range. As a 
result, the velocity determination of better than 5 kms-1 was 
achieved. The common circular aperture corresponded to the 
beam diameters of 3!4 (FWHM) or 3Í7 (equivalent disk) for 
[C ii] 158 pm channel and 3!5 (FWHM) or 3Í6 (equivalent 
disk) for [O i]63 pm channel. 

The secondary mirror was wobbled at 8 Hz, and the refer- 
ence beam was offset in cross elevation direction by 15 Í6 ex- 
cept the position (/, b) = (-22Í0, -3!8), where 8' was used 
unintentionally. The reference beams were shifted to the south 
of the target positions. The observations were carried out at 
every 3 !6 along the ridge of the far-infrared continuum emis- 
sion. Additional observations were also made on both sides of 
the ridge in the central region. The observed points are shown 
in Figure 1, together with the reference points, superposed on 
the far-infrared continuum emission map (Odenwald & Fazio 
1984). 

3. RESULTS 

The spectral profiles of [C n] 158 pm line emission at all 
observed points are shown in Figure 2a for the central region, 
in Figure 3 for the extended wings from the central region and 
Figure 4 for several peripheral points. Due to a little poorer 
detectivity, [O i]63 pm line was detected or marginally de- 
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tected only at several positions, and their line profiles are 
shown in Figure 5. 

3.1. Overall Behaviors of the [C n] Emission 

As seen in Figures 2a, 3, and 4, [C u] emission is strong and 
widely distributed in the Galactic central region. Longitudinal 
variation of the line intensities is plotted in Figure 6, where the 
158 pm continuum intensity estimated from the flat level of 
the [C ii] line spectra outside the line is also illustrated, to- 
gether with the 40-250 continuum flux reproduced from 
Odenwald & Fazio ( 1984) for comparison. Three conspicuous 
peaks coincided with Sgr A, Sgr Bl, and Sgr C are seen. The 
longitudinal dependence of the [C n] line intensity is similar to 
that of the far-infrared but different in detail. It is interesting 
that the peak at positive longitude is more correlated with Sgr 
Bl but not with Sgr B2, which is much stronger in the far-in- 
frared continuum as well as in radio emission. The peak at Sgr 
C is also conspicuous, even stronger than Sgr Bl and forms a 
counter object to the Sgr Bl peak. The overall distribution is 
rather symmetrical with respect to the Galactic center, while 
many components in the Galactic center region, far-infrared 
continuum emission (e.g., Odenwald & Fazio 1984), molecu- 
lar gases (e.g., Güsten 1989), and radio continuum (e.g., 
Handa et al. 1987) are distributed more or less biased to the 
positive longitudes. 

The observed spectral profiles show appreciably broader ve- 
locity dispersion than the instrumental resolution of the spec- 
trometer at most of the observed points. Particularly in the 
central region near Sgr A, the velocity dispersion is extremely 
wide, and some of the profiles are apparently split into multi- 
ple components. A longitude-velocity diagram of the [C n] 
emission line along the Galactic plane ridge is illustrated in 
Figure 7. The velocity structure basically follows the Galactic 
rotation, but, if looked in at detail, many spectral profiles show 
complicated structures with different velocity components. 
Some of the spectral profiles with sufficient S/N have been 
deconvolved by applying the MEM (Maximum Entropy 
Method) as proposed by Wilczek & Drapatz ( 1985 ). As shown 
in Figure 8, the intrinsic spectra around the Galactic center at 
(-2!9, -23) and (0!4, 1!0) thus obtained are clearly split into 
two distinct velocity components. The same procedure was 
applied to the Sgr C region, where the spectral profiles are also 
deconvolved into multiple components (Fig. 9). Even in the 
other spectra, the spectral profiles can be resolved into differ- 
ent velocity components by visual inspection, although the 
data qualities are not good enough to apply the MEM tech- 
nique. 

Using all these information, morphological data as well as 
the velocity data, the emission features can be identified to 
many known objects such as Sgr A, Sgr B1/B2, Sgr C, the 
arched filaments, the 50/20 kms-1 molecular clouds near Sgr 
A and some other features discovered by radio observations. 
Here we make a brief summary of the observed characteristics 
of each identified sources in relation to the other observations. 

3.2. Sagittarius A Region 

The strongest intensities of [C ii] emission and [O i] emis- 
sion are observed at the position of (/,&) = ( -2.'9, -23 ) which 
corresponds to Sgr A West. The beam encompasses the cir- 
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No. 2, 1994 OBSERVATIONS OF GALACTIC CENTER REGION 615 

Fig. 1.—Observed positions {bold circles, May 25; bold dashed circles, June 5 ) and corresponding reference positions (//zm circles, May 25; thin-dashed 
circles, June 5) on the 40-250 ¿an map by Odenwald & Fazio (1984). The contours are 1, 2, 4, 6, 8, 10, 20 and 40 times of 400 Jy per 1' X 1 '5 beam. The 
shaded area represents the radio continuum source G-0.31-0.25. 

cumnuclear disk (CND) surrounding the inner ionized region 
with a diameter of ^3 pc. The nature of the CND, a rotating 
neutral gas and dust disk, has been revealed by a variety of 
observations as [C n] 158 /¿m, [O i]63 /mi, [Si n]35 /mi, far-in- 
frared continuum, H i and several molecular lines (Güsten et 
al. 1987 and references therein). The deconvolved spectrum 
structure with two distinct velocity components of-70 kms-1 

and +65 kms-1 (Fig. 8) is consistent with those obtained in 
these high spatial resolution observations, although the posi- 
tive velocity component is relatively more intense than the 
negative one in our [C n] line spectrum. 

The observed [C n] emission is much brighter than those 
obtained by GWCT and LGCT; our value of 1.7 X IO“10 W 
cm-2 sr-1 in the 3.7 beam is comparable to the peak value of 
1.7 X 10-10 W cm-2 sr-1 in the map made with 55" beam by 
LGCT. This is obviously due to “self-chopping” effect un- 
avoided in the LGCT observations with narrower chopping 
throws of 4-6' than 15Í6 of our observations. This indicates 
that [C ii] emission is distributed extendedly. In this context, 
our results are also taken as lower limit. In fact, a finite inten- 
sity of [C ii] emission of 2 X 10-11 W cm-2 sr-1 is observed 
even at the point of (/, b) = (-0Í4, -18!4). 
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-400 0 400 
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2x104 Jy 
Fig. 2a 

-400 O 400 

VLSR(km s"1) 

Fig. 2.—(¿2), [C ii] 158 line spectra around the Galactic center. Positions are represented in arcminute of the Galactic cordinate (/, b). (b) The 
schematic 10 GHz radio continuum map (thin full lines) and NH3 map (dashed lines) in the center are rewritten from Pauls et al. ( 1976) and Glisten, 
Walmsley, & Pauls (1981), respectively. The beams of our observations are represented by circles. North is up and east is to the left in the map. The position 
of the Galactic center is shown by an asterisk. 
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OBSERVATIONS OF GALACTIC CENTER REGION 

On the other hand, the [O i] flux of 3 X 10-16 W cm-2 is 
consistent with the integrated flux of ~4.5 X 10-16 W cm-2 

inside the lowest contour ( ~3' diameter) of GWCT. The [O i] 
line emission should not be so much extended as the [C n] 
emission. 

3.3. Sagittarius B1 and B2 

[C n] emission shows a strong enhancement at the position 
of Sgr B1 (GO.5-0.0) and G0.6+0.0, but it is fairly weak at Sgr 
B2 (Fig. 10). The gradual increase of peak velocities of [C n] 
emission, from ~45 kms-1 at Sgr B1 to ~70 kms-1 at Sgr B2, 
agrees with those of radio recombination lines (Wilson et al. 
1970; Reifenstein et al. 1970; Downes et al. 1980; Ananthar- 
amaiah & Yusef-Zadeh 1989). The total luminosity of the 
[C il] emission in Sgr Bl region amounts to 3 X 103 L0, 
corresponding to 0.06% of the total far-infrared luminosity of 
5 X 106 L0 calculated from the map of Gatley et al. ( 1978). 
This [ C ii] / FIR ratio is higher than the other positive longitude 
part around Sgr B1 (see Fig. 6), but within the range of 0.2%- 
0.01% typically observed in Galactic H n regions (Crawford et 
al. 1985; Stacey et al. 1991). 

A comparable brightness of [C n] emission as Sgr B1 was 
observed at G0.6+0.0, where [O i] emission was marginally 
detected with an intensity of ~6 X 10“17 W cm-2. The 
[ O i] / [ C n] ratio is ~ 1. The total luminosity of [ O i] and [ C n] 
lines within 3!7 beam is ~0.1% of the far-infrared luminosity 
of 3 X 106Lo. 

The [C ii] intensity at Sgr B2 is unexpectedly small com- 
pared to Sgr Bl, although the former is one of the brightest 
sources in far-infrared as well as radio emission. The [C n]/ 
FIR ratio is ~0.01%, substantially smaller than the typical 
values of Galactic H n regions. 

617 

3.4. Sagittarius C 

Another prominent peak has been found at the position of 
Sgr C. Next to Sgr A, it has a stronger intensity than Sgr Bl 
peak. The peak position, (/, è) = (-363, -4Í9), is located a 
little south of the radio continuum peak (-33!7, -4.'9) (see 
Fig. 9 ). The spectral profiles deconvolved by the MEM process- 
ing are clearly split into two velocity components: low-velocity 
(roughly -60 km s-1) and high-velocity (roughly -170 km 
s-1 ) components. The low-velocity component is mainly asso- 
ciated with Sgr C, while the high-velocity component becomes 
dominant with decreasing longitude. It is important to note 
that the latter component is persistently present also toward 
positive longitude up to / = —14!7 with gradual decrease of 
velocities. 

In far-infrared continuum, Sgr C shows no noticeable con- 
centration (Gatley et al. 1978; Odenwald & Fazio 1984), and 
hence its boundary is not definitely determined. Therefore, 
only a rough comparison of the intensities of [C n] emission 
and far-infrared emission is possible. Using the flux of the low- 
velocity component at the position (/, b) = (-34!4, -6!0) as a 
representative to Sgr C, the [C n]/FIR ratio is estimated to be 
~0.08%, almost compatible to that of Sgr Bl. 

3.5. Arched Filaments 

Another enhancement of the [C n] intensity is seen near Sgr 
A at positive latitude {b = 1 ') (see Fig. 2a). This corresponds 
to the radio features G — 0.01+0.02 and the arched filaments 
between Sgr A and the Radio Arc discovered by Pauls et al. 
( 1976) and later resolved into very fine filamentary structures 
through VLA observations (e.g., Morris & Yusef-Zadeh 
1989). The spectral profiles have two velocity components, 
-50 kms-1 and 50 kms"1 at (/, b) = (0!4,1 !0), as shown in the 
MEM deconvolved spectra in Figure 8. The negative velocity 
component is dominant and spreads to positive and negative 
longitudes, and the velocity changes from -70 kms-1 at / = 
-13'6 to -30 kms-1 at / = 7Í6. The kinematic structure of the 
negative velocity component agrees with the velocities ob- 
served by radio recombination lines of the H n regions (Pauls 
et al. 1976; Pauls & Mezger 1980; Anantharamaiah & Yusef- 
Zadeh 1989). The positive velocity component is relatively 
weak and shows a peak velocity of 50 kms-1 at / = 113 and 
continues to the component at velocity of ~60 kms-1 at / = 
-13 !6. These characteristics of the positive and negative veloc- 
ity components are clearly seen in the CS ( 1-0) observations 
by Tsuboi et al. (1989). 

3.6. 50 km s“1 and 20 km s-1 Clouds 

At the negative latitude side of the Galactic center region, 
there is also some enhancement in the [C n] intensity. The 
region is apparently overlapped with the 50 and 20 kms-1 mo- 
lecular clouds (see Fig. 2b). The velocity profiles of the [C n] 
emission contain the same velocity components and are con- 
sistent with those observed in the molecular clouds (Güsten & 
Downes 1980; Güsten, Walmsley, & Pauls 1981; Güsten & 
Henkel 1983; Armstrong & Barrett 1985; Sandqvist 1989; 
Okumura et al. 1989). This component is dominant at the 
positions of (/, b) = (LO, -62), (-2!7, -6.'1) and (-63, 
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Fig. 3.—Same as Fig. 2a 
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OBSERVATIONS OF GALACTIC CENTER REGION 619 

-6!4), south and east of the Galactic center region. The exis- 
tence of the 50 kms-1 component is evidently shown in the 
finer resolution observations of the Galactic center region by 
Genzel et al. ( 1990). The [C n] emission from the northern 
part of the 20 kms-1 cloud is also seen in the map by Poglitsch 
et al. (1991). 

. > i i i ..i. i. » i i j .i i i i » 

(-0.4,-18.4) 

i i A-twTxyhi/ij i 
-400 0 40 (J 

T 

VLSR(km s'1) 

2x1 Q4Jy 

Fig. 4.—Same as Fig. 2a 

3.7. General Diffuse Emission 

In addition to the [C n] emission attributed to individual 
sources, there apparently exist some more components. In 
fact, substantial emission is present at the gaps between the 
Galactic center and Sgr B1 peak as well as between the Center 
and Sgr C peak, where no noticeable H n regions or molecular 
clouds are found. A finite intensity of [C n] emission is also 
observed even at (/, b) = (-0!4, —18!4) only where we made 
an observation of a place far from the Galactic ridge. These 
results show that the difiuse [C n] emission spreads in a wide 
area over the Galactic center region. 

4. DISCUSSION 

Strong [C n] emission has been observed in the Galactic 
central region by a balloon-borne telescope. The longitudinal 
dependence of the intensity resembles with those of far-in- 
frared emission and radio continuum emission, but with some 
deviation in details. Morphologically, the emission is more or 
less associated either with H n regions or molecular clouds. 

Three intensity peaks correspond with Sgr A, Sgr Bl, and 

-400 0 400 

VLSR(km s'1) 

-400 0 400 

VLsR(km s'1) 

4x104 Jy 

-400 0 400 

VLSR(km s'1) 

Fig. 5.—The detected or marginally detected [O i]63 /¿m line spectra around the Galactic center 
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620 MIZUTANI ET AL. 

Fig. 6.—Top: the distributions of the velocity-integrated [C n] 158 
line, the 158 ¿un continuum, and the 40-250 pm continuum (Odenwald & 
Fazio 1984) on the ridge along the Galactic longitude. Bottom: [C n] 158 
pm to (40-250 pm) continuum ratios distribution. 

Sgr C. The two side peaks are distributed symmetrically with 
the Galactic center. 

The observed velocity field pattern (Fig. 7) is similar to that 
observed in the atomic recombination lines and molecular 
lines (e.g., Kesteven & Pedlar 1977; Gusten 1989). From the 
morphological correspondence and the velocity field pattern, 
we can identify some of the observed emission regions to previ- 
ously known objects. In addition to these individual sources, 
there is a general diffuse component seen between the emission 
peaks, where no identifiable sources are present. 

In the following, a few comments are added to each individ- 
ual sources. 

Fig. 7.—The velocity-position map of the [C n] 158 ¿un line along the 
ridge of the Galactic center. The contour levels are 0.1, 0.2,..., 0.9 of the 
peak value at Sgr A West. 

VisRÍkms“1) 

Fig. 8.—The observed [C n] 158 ¿un lines (solid line) and MEM de- 
convolved spectra (dashed line) at Sgr A West and (0!4, 1!0). The decon- 
volution is applied to the line component after subtracting the continuum. 

4.1. Sagittarius A region 

The [C ii] emission is the strongest at Sgr A West, but some 
additional components are extended to the north. The latter is 
apparently associated with the arched filaments (e.g., Morris & 
Yusef-Zadeh 1989). The correspondence is also seen in the 
velocity profile. In the south of Sgr A West, another source is 
identified as the 50 and 20 kms-1 molecular clouds from its 
common position and velocity profile. 

Detailed observations have been reported by Genzel et al. 
(1990), Poglitsch et al. (1991), and Erickson et al. (1991). 
Their observations were made with a smaller beam and a 
higher spectral resolution, and therefore some fine structures 
have been resolved. In general, the present observations agree 
with their results. 

4.2. Sagittarius Bl/B2 Region 

A conspicuous emission peak is located at the position of Sgr 
Bl, not at Sgr B2. This is an interesting results because Sgr B2 
excels Sgr Bl in almost every respect of various emissions and 
activities. Two possibilities are considered. One is that [C n] 
emission which has been emitted in the core of Sgr B2 is ab- 
sorbed by the thick dust clouds. In fact, an extremely large 
optical depth of r — 1 is observed in the far-infrared region 
( e.g., Thronson & Harper 1986 ) toward the hot core of Sgr B2. 
However, Sgr B2 extends widely, and therefore the average 
optical depth should be much less than that of the core. This 
means that either the generation of [C n] emission in Sgr B2 is 
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Fig. 9.—[C n] 158 /zm line spectra in Sgr C region after subtracting the continuum. The contour is a 10 GHz radio continuum map rewritten from 
Downes et al. (1979). The observed [C n] 158 /zm lines and MEM deconvolved spectra are shown by a solid line and a dashed line, respectively. 

-28“ 20’ 

o IO 0> 
- 28*25 ’w 

0) 
-28*30’ Q 

vLSR<km s'1) 

Fig. 10.—[C ii] 158 /zm lines spectra in Sgr B1 and B2 region. The contour is a 50 /zm continuum map (Gatley et al. 1978). 
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concentrated in the core region and thus invisible due to the 
absorption or the emission is intrinsically weak as a whole. 
Another possibility is that Sgr B1 is a neighbor (located at the 
edge of) to Sgr B2 and the surface of Sgr B2 cloud is illumi- 
nated in the Sgr B1 side. This idea is not inconsistent in terms 
of the common velocity pattern in Sgr B1 and Sgr B2. 

4.3. Sagittarius C Region 

This region’s strongest peak is next to Sgr A; however, SgrC 
is associated with neither H n region nor radio emission as 
prominent as Sgr A or Sgr B2. The velocity profile is clearly 
resolved into two components: low (-60 kms-1) and high 
(-170 kms-1 ) velocities. The former velocity component coin- 
cides with Sgr C (peaking at the maximum intensity point of 
the radio continuum), while the latter component has its max- 
imum at the negative longitude side of Sgr C. It is interesting to 
note that the velocity of the latter component is compatible to 
that of the expanding molecular ring (Scoville 1972; Kaifu, 
Kato, & Iguchi 1972). This might indicate that the high-velo- 
city component is associated with the expanding molecular 
ring. This velocity components is traced till / = -14.7 on the 
Galactic plane ridge. 

The [C ii]/FIR ratios around Sgr C show high values. The 
ratio at (-363, -4!9) is estimated to be 0.14% by a compari- 
son of velocity-integrated [C n] emission and far-infrared lumi- 
nosity derived from Galactic plane images of IRAS, which is 
compatible to an upper bound of the typical values of the Ga- 
lactic sources. 

The peak positions of the two components almost coincide 
with large molecular clouds seen in the map of integrated CO 
intensity map made by Stark et al. ( 1989 ). The location of the 
maximum intensity of [C n] emission is, however, shifted 
slightly toward the Galactic center, as if they are emitted at the 
surface of the molecular clouds facing to the Galactic center. If 
this is really the case, it may means that a substantial part of 
UV radiation is supplied by the Sgr A complex. 

4.4. Diffuse Component 

Besides the bright individual sources, there remains some 
component which is not attributed to discrete sources. In the 
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intensity minimum, but finite, between the three peaks, no 
noticeable sources of far-infrared or radio continuum are 
found. The emission may come from many unresolved com- 
pact sources or diffusely distributed ELD region. 

Physical characteristics of each component are summarized 
in Table 1. 

4.5. Overall Characteristics of the Emission 

Although the [C n] emission is strongly observed in the Ga- 
lactic central region, the relative intensities are weak compared 
to the typical Galactic sources. In fact, the average [C n]/FIR 
ratio is 0.06%, which almost corresponds to the minimum val- 
ues ever observed in the Galactic and extragalactic sources 
(Stacey et al. 1991 ). Only in the Sgr C region are higher ratios 
observed. 

As for the observable points of [O i] emission, the [O i]/ 
[C ii] ratio is less than 3, a typical value of the normal Galactic 
sources. This indicates that the emission is favorably supplied 
from photodissociation regions and shock-induced emission 
should be negligible. A larger ratio of ~ 10 has been observed 
in the circumnuclear disk (CND) of the Sgr A by Genzel et al. 
( 1985), but it should have been smeared out in our observa- 
tions by the ambient regions with lower ratios. 

The total flux of [C n] emission in the observed area [25 
beams on the Galactic plane ridge and 2 X (8 beams) of the 
side band in the central region] is 2.1 X 10-15 W cm-2. With 
assumptions of a density of 5 X 103 cm-3, a temperature of 200 
K, and the C+ ion abundance ratio of 3 X 10-4, the total gas 
mass associated with C+ region turns to be 4 X 104 M0. On the 
other hand, referring to the optical depth of the far-infrared 
continuum, the total gas mass is estimated to be as large as 1 X 
106 A/© according to Hildebrand (1983) and on an assumption 
of a gas-to-dust mass ratio of 100. Hence, ~4% of the gas mass 
in the Galactic central region is shared by the photodissocia- 
tion region. The derived fraction is compatible with the 5% 
estimated in the Sgr A region by Poglitsch et al. ( 1991 ), but 
substantially smaller than the values of 30%-50% estimated for 
the diffuse component in the Galactic plane by Shibai et al. 
(1991). 

As for the UV sources to ionize and energize the emission 
region, the contribution of young and high-temperature stars 
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TABLE 1 
Observed Data and Derived Parameters in Typical Sources 

Position ilb) 
[C ii] 158 fim 

(10-17 W cm-2) 
[O i] 63 ¿¿m 

[C ii] 158 /urn 
[C ii] 158 ¡im 

FIR 
rf 

(cm- 
T3 

(K) 
N[C+] 
(cm 2) 

Gas mass (M0) 
in the C+ 

Region References0 

Galactic center . . (-2Í9, -23) 
G0.01-0.12  (1.0,-6.2) 
Arched filaments  
SgrBl 
Sgr B2 

(4.0, 1.1) 
(28.8, -2.4) 
(39.7, -1.7) 

SgrC   (-34.4,-6.0) 

Total observed 
area  

(21.3, -2.5) 
(-14.7, -3.0) 

15.7 
7.7 
8.4 
5.9 
1.5 
8.4 

~6.5 
1.5 
3.6 

210 

1.8 
<1 
~1 
<1.5 
<6 
<1 
<1.5 
<6 
<3 

<2 

5 X 10"4 

7 X 10-4 

4 X 10"4 

7 X 10-4 

9 X 10-5 

11 X 10"4 

8 X 10-4 

2 X 10-4 

5 X 10-4 

6 X 10-4 

1 X 104 

5 X 103 

1 X 104 

5 X 103 

5 X 103 

5 X 103 

5 X 103 

5 X 103 

5 X 103 

250 
200 
200 
200 
200 
200 
200 
200 
200 

1.5 X 1018 

8 X 1017 

8 X 1017 

6 X 1017 

1.6 X 1017 

9 X 1017 

7 X 1017 

1.6 X 1017 

4 X 1017 

5 X 103 200 6 X 1017 

2700 
1500 
1500 
1100 
300 

1600 
1300 
300 
700 

40000 

a Assumed hydrogen density and kinematic temperature to deduce column density of C+ and gas mass of C+ region in our 37 beam. 
b References for FIR: (1) Dent et al. 1982; (2) Gatley et al. 1978; (3) Thronson & Harper 1986; (4) IRAS Survey. 
c The expected Sgr C component after subtracting the high-velocity component. 
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should be substantial. If the UV sources were supplied mostly 
by early O stars, they should be luminous enough to be ob- 
served as discrete sources in previous far-infrared surveys. But 
this was not the case. In fact, Odenwald & Fazio ( 1984) have 
claimed that most of the energy source to the far-infrared con- 
tinuum is supplied by stars later than 08. This indicates that 
the UV radiation is supplied not by a small number of high-lu- 
minosity sources but by many moderately luminous sources 
such as late O and B stars. Poglitsch et al. ( 1991 ) have pro- 
posed that there is in the SgrA region a substantial contribution 
of strong UV radiation from the central core, based on the fact 
that much enhanced [C n] emission is found at the surface of 
molecular clouds facing toward the nuclear core. Mezger & 
Pauls (1979) have proposed the presence of ELD component 
in the Galactic center region extending to 110 X 70 pc. Difíuse 
UV radiation in this field would also contribute to the [C n] 
emission. 

5. CONCLUSION 

We have presented balloon-borne observations of the far-in- 
frared fine structure lines of [C n] 158 /¿m and [O i]63 fim in 
the Galactic center region of j/| ^ 0?7. Intense [C n] emission 
has been detected at almost all of the observed positions and 
[O i] emission at several positions. Spectral profiles are re- 
solved and kinematical characteristics of the [C n] emission 
gas in the Galactic central region have been also revealed. The 
intensity distribution shows three distinct peaks at Sgr A, Sgr 
Bl, and Sgr C. These features, as well as some other less con- 
spicuous ones, can be identified morphologically and kinemati- 
cally to the H n regions or molecular clouds ever known from 
radio and far-infrared observations. Detailed comparison, how- 
ever, show some discrepancies and deviation from simple rela- 
tionships between the emissions, e.g., the reverse contrast be- 
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tween [C n] emission and far-infrared/radio continuum 
emissions in Sgr Bl and Sgr B2. 

The total luminosity of the [C n] emission in the observed 
area is 5 X 104 L©, and the average [C n]/FIR ratio is 0.06%, 
which corresponds to almost the lowest limit ever observed in 
the Galactic and extragalactic sources (Stacey et al. 1991). 
This may be due to the excessive UV radiation, as seen in the 
midst of the active H n regions. 

So far as the observable points are concerned, [O i]/[C n] 
ratios are less than 3 (see Table 1 ); thus, the emission can be 
generated in photodissociation regions, the UV sources of 
which are supplied by more extendedly distributed O and B 
stars, but the contribution of the luminous UV object of the 
Galactic nucleus may noticeable in the Sgr A region. 

The fractional mass contribution of the [C n] region is ^4% 
of the total gas mass, relatively smaller than the diffuse compo- 
nent observed in the general Galactic plane (Shibai et al. 
1991). 

The high-velocity component (-170 kms-1) observed near 
and around Sgr C should correspond to that observed in the 
expanding molecular ring. It may suggest their physical con- 
nection. 
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