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Abstract 

We have conducted a search for molecular clouds toward southern IRAS point sources at intermediate-
to-high galactic latitude (|6| > 10°) in 12CO (J = 1-0) emission with the NANTEN telescope. The main 
purpose of the survey was to find a new sample of star-forming clouds unknown to date. Of the 29 targets, 
we detected CO emission toward 5 IRAS sources, i.e., 04591-0856, 05044-0325, 05050-0614, 06345-3023, 
and 13543—3941. Among 5 detections, the molecular cloud associated with 06345—3023 (G 239.2—16.3) was 
detected for the first time. If we assume the distance as being 1.5 kpc, this source is ~ 430 pc away from the 
galactic plane. Three sources 04591-0856 (G 208.3-28.4), 05044-0325 (G 203.5-24.7), and 05050-0614 
(G 206.4-25.9) are located west to the Orion molecular clouds, and 13543-3941 (G 316.4+21.2) is located 
in the cometary globule CG 12. Four of the 5 clouds show a cometary shape with a "head-tail" distribution, 
and three of them have the IRAS source located at the edge opposite to the tail. We find that all of the CO 
clouds are associated with the optical nebulosities, which are likely to be reflection nebulae. A comparison 
of the present CO clouds with those in Ophiuchus, Taurus, Chamaeleon, and L 1333 indicates that star-
forming clouds tend to have a high column density, as well as a smaller ratio of the virial mass to the LTE 
mass. 
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1. Introduction initial survey of high-latitude molecular clouds by Blitz, 
Magnani, and Mundy (1984), more than 100 molecular 

Star formation occurs in interstellar molecular clouds, clouds have been identified until now (Magnani et al. 
Several extensive surveys using the emission lines of CO 1985; Keto, Myers 1986; see the up-to-date compilation 
and its isotopes were undertaken toward the galactic by Magnani et al. 1996) and a systematic survey for high-
plane to reveal the distribution of the molecular gas (see latitude molecular clouds is in progress by a few groups 
Combes 1991 for a review). However, most of them are (Hartmann et al. 1998; Onishi et al. 1999 in preparation). 
of small-latitude coverages, or of low angular resolutions, Most of the CO clouds at high latitude, however, show 
or of both. Two surveys with a moderate-to-high resolu- n o s i g n 0f s t a r formation, except for a few cases (e.g., 
tion and large latitude coverage are now underway. One Magnani et al. 1995). 
is the Nagoya survey (Fukui, Yonekura 1997; Dobashi The IRAS point source catalog is a useful database to 
et al. 1994; Dobashi et al. 1996; Yonekura et al. 1997; search for young stellar objects embedded in molecular 
Kawamura et al. 1998) with a moderate effective res- clouds. Sources selected by the infrared colors constitute 
olution of 8' in 13CO (J = 1-0), which covers up to a g o o d sample of young stellar objects (e.g., Emerson 
|6| - 10°-20°. The other is the FCRAO survey (Heyer 1 9 8 7 ) . j n o r d e r to obtain a sample of star-forming clouds 
et al. 1998) with a resolution of 1' in 12CO (J = 1-0). a t intermediate-to-high galactic latitude, most of which 
These two surveys are providing a fairly extensive sam- m a y h a ve never been studied in molecular emission, we 
pie for star-forming molecular clouds. At high galactic have conducted a search for molecular clouds toward the 
latitude (usually taken to mean |6| > 25-30°), after the IRAS point sources. We present the results of this search 
* Present address: Department of Earth and Life Sciences, Osaka toward 29 isolated IRAS point sources with cold infrared 

Prefecture University, Sakai, Osaka 599-8531. spectra. In section 2, we describe the selection criteria for 
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Fig. 1. Distribution of the target in galactic coordinates. The contours are taken from Dame et al. (1987). 

our target list as well as the observations. In section 3, 
the results of the search are presented, and physical pa
rameters of the detected molecular clouds are derived 
from the data. In section 4, we discuss the properties of 
these molecular clouds. The main results are summarized 
in section 5. 

2. Observational Procedure 

2.1. Source Selection 
In order to select candidates for recently formed stars 

among the IRAS point sources, we investigated the in
frared spectra of IRAS sources. IRAS sources embedded 
in molecular clouds tend to occupy fairly confined regions 
in an infrared color-color diagram (e.g., Emerson 1987). 
A large-scale survey for molecular clouds recently under
taken at Nagoya University reveals that IRAS sources 
inside 13CO clouds tend to have cold infrared spectra 
(Yonekura et al. 1997). 

We searched for sources having cold infrared spectra 
defined at 12, 25, and 60 /mi, i.e., log(Fi2/F25) < -0 .3 
and log(F25/F60) < 0.0, where FA is the flux density de
tected in IRAS A-/im band, with the data quality being 
better than or equal to 2 in 25 and 60 fim band. Since 
some galaxies and planetary nebulae have similar col
ors as young stellar objects (e.g., Pottasch 1992), we ex
cluded sources identified as extragalactic sources or plan
etary nebulae in the literature by using a database, such 
as NASA Extragalactic Database (NED) at IPAC. 

The main purpose of this work was to discover nearby 
star-forming clouds unknown to date. We thus restricted 
targets located at inter mediate-to-high latitude, i.e., |6| > 
10°. Sources located within or near to the well-known 
star-forming regions were also excluded. Finally, we se
lected sources with 5 < +30°, which are accessible from 
the NANTEN telescope at Las Campanas Observatory, 

Chile. 
The selection criteria described above produced a tar

get list of 29 IRAS point sources. The distribution of 
targets is shown in figure 1. 

2.2. Observations 
Observations were made with the NANTEN milli

meter-wave telescope of Nagoya University. The NAN
TEN telescope was installed in 1996 March at Las Cam
panas Observatory, Chile, under collaboration between 
Nagoya University and Carnegie Institution of Wash
ington. The main-dish diameter of the NANTEN tele
scope is 4-meter, providing a half-power beam width of 
2.'7 at 110 GHz. The 4 K cooled SIS mixer receiver 
provided a typical system temperature of 140 K (SSB) 
at 110 GHz and 200 K (SSB) at 115 GHz, including 
the atmosphere toward the zenith (Ogawa et al. 1990). 
The NANTEN telescope was equipped with two acousto-
optical spectrometers having 2048 channels. One is the 
high-resolution AOS (AOS-H) with a total bandwidth 
and a frequency resolution of 40 MHz and 40 kHz, respec
tively; the other is the wide-band AOS (AOS-W) with a 
total bandwidth and a frequency resolution of 250 MHz 
and 250 kHz, respectively. 

First, we made 5 x 5 mapping observations toward 
29 IRAS sources at a 2' grid spacing in the J = 1-0 line 
of 12CO. Observations were made from 1997 September 
to 1997 October. All of the data were obtained using 
a "multi-on-off" position-switching technique, i.e., more 
than two on positions were observed with a common off-
position measurement. We used the AOS-W spectrome
ter centered at VLSR = 0 km s_ 1 . The velocity covered 
by the observations was | VLSR I ~ 300 km s _ 1 , which was 
large enough to detect all of the emission from galactic 
sources. Each point was observed for a total integration 
time of ~ 30 s, and the typical rms noise of the data was 

© Astronomical Society of Japan • Provided by the NASA Astrophysics Data System 

D
ow

nloaded from
 https://academ

ic.oup.com
/pasj/article/51/6/837/1467747 by guest on 25 April 2024



No. 6] Search for Molecular Clouds 839 

AT r m s ~ 0.2 K at a velocity resolution of 0.65 km s l. 
Second, we mapped the IRAS sources detected in the 

first step in 12CO, 13CO, and C 1 8 0 . All of the observa
tions in this second step were made by using the AOS-H 
spectrometer. The 12CO data were obtained from 1997 
September to 1997 October. The central portion of the 
cloud was observed with a grid spacing of 2' by using a 
"multi-on-off" position-switching technique, and the rest 
with 4' grid using a frequency-switching technique with 
a switching interval of 13 MHz. The total integration 
time and the typical rms noise of the data at a velocity 
resolution of 0.1 km s"1 were ~ 20 s and AT rms ~ 0.45 K 
for the frequency-switching observations and ~ 40 s and 
~ 0.3 K for the position-switching observations. In 13CO, 
observations were made in 1998 February and in 1999 
March with 2' grid by using a frequency-switching tech
nique with a switching interval of 13 MHz. The total in
tegration time per point was ~ 20 s and the typical rms 
noise of the data was AT rms ~ 0.3 K at a velocity resolu
tion of 0.1 km s"1. C 1 8 0 observations were made in 1998 
March, July, August, and in 1999 March. The data were 
obtained with a grid spacing of 2' by using a frequency-
switching technique with a switching interval of 13 MHz. 
The total integration time per point was ~ 2 min. The 
typical rms noise of the data was AT rms ~ 0.1 K at a 
velocity resolution of 0.1 km s _ 1 . 

For the calibration of the spectral line intensity, a 
room-temperature chopper wheel was employed. The 
absolute intensity calibration was made by observing 
more than one of the following sources every 2 hours: 
Ori KL [a(1950) = 5h32m47f0, 5(1950) = -5°24'21"], 
p Oph East [a(1950) = 16h29m20.s9, 5(1950) = 
-24°22 /13 / /], and TMC 1 [a(1950) = 4h38m42.s0, 
5(1950) = 25°35/45"]. The peak radiation temperatures, 
Tp[, of Ori KL and p Oph East are taken to be 65 K and 
15 K for 12CO, and 10 K and 10 K for 13CO, respec
tively, and we assumed T£(C1 80, p Oph East) = 4.4 K 
and T£(C1 80, TMC 1) = 2 K. The pointing accuracy 
was measured to be better than 20", as checked by opti
cal observations of stars with a CCD camera attached to 
the telescope as well as by radio observations of Jupiter, 
Venus, and the edge of the Sun. 

3. Resul ts 

3.1. Results of the Search for Molecular Clouds 
Among 29 targets, 12CO emission was detected to

ward 5 IRAS sources, i.e., 04591-0856, 05044-0325, 
05050-0614, 06345-3023, and 13543-3941. Three of 
them are at 20° < \b\ < 30°, and the other two 
are at 10° < |6| < 20°. No CO emission was de
tected toward 3 sources at |6| > 30°. One of the 
5 detections, the molecular cloud associated with IRAS 
06345-3023 (G 239.2-16.3; we named molecular clouds 

according to the position of the IRAS sources in the 
galactic coordinates) was detected for the first time. 
Three sources 04591-0856 (G 208.3-28.4), 05044-0325 
(G 203.5-24.7), and 05050-0614 (G 206.4-25.9) were 
located west to the Orion complex and IRAS 13543—3941 
(G 316.4+21.2) is associated with the cometary globule 
CG 12. The results of the observations are summarized in 
table 1 as well as the infrared properties and the optical 
counterparts. Comments on the detections are presented 
in subsection 3.3. 

Here, we estimate the detection limit of the 12CO ob
servations. The noise level of the integrated intensity 
is estimated by measuring the dispersion of the CO in
tensity integrated over a velocity range of 5 km s _ 1 , 
about twice the typical value of the line width for high-
latitude clouds (Magnani et al. 1996). The result indi
cates that the 3<7 noise level in the integrated intensity 
is ~ 1.5 K km s - 1 . We assume the distance of targets as 
being 100 pc, and that the CO-to-H2 conversion factor 
as being N(R2)/W(CO) = 2x 1020 cm"2 (K km s" 1 )" 1 , 
where iV(H2) and W(CO) are the column density of H2 
and the CO integrated intensity, respectively (Magnani, 
Onello 1995). By taking the size of the cloud to be 
the same as the observing grid, 2', the detection limit 
of molecular clouds is estimated to be ~ 0.02 M®. 

3.2. Molecular Gas Distribution around the IRAS 
Sources 

In order to investigate the physical properties of the 
molecular clouds, we made 12CO, 13CO, and C 1 8 0 map
ping observations toward the detected 5 IRAS sources. 
The spatial distribution of the 12CO, 13CO, and C 1 8 0 in
tegrated intensity is shown in figures 2-6. Optical images 
taken from the Digitized Sky Survey are also presented. 
Distributions of the molecular clouds are fairly similar 
to those of the nebulosities. Four of the 5 clouds have a 
cometary shape with "head-tail" distribution, and three 
of them, G 203.5-24.7, G 206.4-25.9, and G 316.4+21.2, 
have the IRAS source located at the edge of the cloud op
posite to the tail. In order to see the velocity structure, 
we present position-velocity maps along the major axis 
in figure 7. Two clouds, G 208.3-28.4 and G 206.4-25.9, 
show a small velocity gradient around ~ 0.2 km s - 1 p c - 1 . 

Table 2 lists the observed properties of the molecular 
clouds. The peak temperatures, Tj£, the LSR velocities, 
^LSR5 and the line widths at half-maximum, AV, at the 
peak positions of the 12CO, 13CO, and C 1 8 0 integrated 
intensity maps were estimated using a single Gaussian 
fitting. The offsets of the peak positions of the C 1 8 0 
integrated intensity map from the IRAS point sources 
are also presented in the table. 

The physical properties of the molecular clouds are es
timated in the following manner: For the 12CO observa-

© Astronomical Society of Japan • Provided by the NASA Astrophysics Data System 

D
ow

nloaded from
 https://academ

ic.oup.com
/pasj/article/51/6/837/1467747 by guest on 25 April 2024



840 Y. Yonekura et al. [Vol. 51, 

Table 1. Properties of the observed IRAS point sources. 

IRAS name 

04591-0856 
05044-0325 
05050-0614 
06345-3023 
13543-3941 

04108+1005 
04259+0116 
05090-0226 
05222-0844 
05231-0701 
05460-5104 
10594-3426 
12272-3532 
12333-3935 
12456-4226 
12481-4903 
13458-0823 
13545-4645 
14163-7952 
15126-3658 
15373-4220 
15572-2234 
16178-3006 
16316-2749 
16399-6247 
18183-4827 
18454-3620 
19205-0746 
20124+1154 

/ 

(°) 

208.322 
203.531 
206.362 
239.226 
316.435 

182.692 
193.418 
203.202 
210.932 
209.376 
258.363 
278.678 
298.047 
299.722 
302.345 
302.852 
326.049 
314.504 
306.937 
332.394 
333.230 
350.010 
347.763 
351.595 
326.201 
345.983 
359.559 

29.644 
53.600 

Position 

b 

(°) 

-28.433 
-24.704 
-25.897 
-16.316 

21.203 

-28.409 
-30.569 
-23.219 
-23.224 
-22.263 
-30.613 

22.955 
26.841 
22.906 
20.160 
13.541 
51.657 
14.370 

-17.954 
17.323 
10.197 
22.446 
13.871 
13.185 

-11.111 
-15.428 
-15.159 
-10.550 
-12.386 

a (1950) 
/h m s\ 

4 59 6.6 
5 4 25.8 
5 5 2.6 
6 34 34.7 

13 54 23.8 

4 10 52.5 
4 25 56.2 
5 9 3.8 
5 22 13.4 
5 23 7.0 
5 46 5.4 

10 59 29.9 
12 27 16.1 
12 33 19.3 
12 45 40.0 
12 48 7.2 
13 45 50.9 
13 54 31.8 
14 16 18.1 
15 12 37.5 
15 37 22.5 
15 57 15.6 
16 17 50.8 
16 31 39.3 
16 39 58.8 
18 18 22.4 
18 45 24.6 
19 20 34.5 
20 12 28.9 

S (1950) 

(° ' ") 
F12 

(Jy) 

Detections 

- 8 56 32 
- 3 25 8 
- 6 14 20 

- 3 0 23 10 
- 3 9 41 21 

0.39 
13.10 
0.33: 
0.31 

<0.25 

Flux density 

F25 

(Jy) 

1.35 
38.57 

0.78 
1.04 
0.81 

Nondetections 

10 5 10 
1 16 10 

- 2 26 25 
- 8 44 39 
- 7 1 55 

- 5 1 4 55 
- 3 4 26 7 
- 3 5 33 0 
- 3 9 35 40 
- 4 2 26 10 
- 4 9 3 32 

- 8 23 14 
- 4 6 45 54 
- 7 9 52 54 
- 3 6 58 15 
- 4 2 20 14 
- 2 2 34 10 
- 3 0 6 37 
- 2 7 49 20 
- 6 2 47 54 
- 4 8 27 42 
- 3 6 20 23 
- 7 46 46 
11 54 37 

1.15 
0.35 
0.25 
0.67 

<0.25 
3.46 
0.70 

<0.25 
<0.43 
<0.25 
<0.25 
<0.25 
<0.25 

0.31 
1.59 
4.11 

<0.43 
<0.25 
<0.25 
<0.25 
<0.25 
<0.27 
<0.25 
<0.25 

6.43 
1.06 
1.20 
2.05 
0.70 
9.05 
2.44 
0.60 
3.38: 
1.02 
1.18 
1.03 
0.71 
0.70 
6.71 

18.14 
1.45 
0.70 
0.69: 
1.28 
0.52 
0.57 
0.55 
0.86 

F6o 
(Jy) 

2.55 
232.4 
3.22: 
3.49 
8.38: 

26.32 
2.61 
1.79 
3.05 
0.80 

19.90 
3.92 
0.78 
7.36: 
2.70 
1.46 

16.78: 
1.95 
6.05 

25.61 
19.30 
4.05 
0.92 
0.99 
1.94 
0.67 
1.46 
2.88 
0.97 

-F100 

(Jy) 

17.76 
381.8 

<32.31 
10.87 

<201.9 

37.21 
3.49 

<1.22 
3.55 

<1.08 
11.28 
5.04 

<1.00 
3.81 
1.43: 

<1.95 
57.42 

<1.45 
10.04: 
25.69 
13.94 

<10.21 
<3.40 

<12.91 
<2.18 
<2.60 

1.80 
3.05 

<1.29 

Correlation L* 
coefficient 

CAAG 
FBBB 
FCCA 
CAAA 
-BBG 

BBDD 
CBDC 
DAAF 
BAAA 
FBB-

AAAA 
BAAA 
-BC-

FAAA 
HAAB 
-AAG 
-CFB 
-BAI 
ADIE 
AAAA 
AAAA 
GGGF 
IBBG 
-DCI 

FAAD 
GBCF 
IBAC 
-BAB 
DABG 

Optical 
(L@) counterpart 

0.28 
8.84 

<0.42 
0.20 

<2.28 

0.96 
0.12 

<0.08 
0.17 

<0.05 
0.80 
0.20 

<0.05 
<0.24 
<0.09 
<0.08 
<0.87 
<0.07 

0.22 
0.87 
1.07 

<0.22 
<0.08 
<0.18 
<0.09 
<0.06 
<0.07 
<0.10 
<0.06 

yf 

?f 

?t 

yf 

nt 

~ 
y 
n 

y 
y 
y 
y 
y 
y 
y 
y 
n 

y 
y 
y* 
y 
n 

y 
n 

y 
y 
n 

y 
n 

*The luminosities are calculated following Myers et al. 
* Associated with nebulosities. 
*An object like a galaxy exists near the IRAS position. 

(1987). The distances are assumed to be 100 pc. 

tions, we calculate iV(H2) from 

N(R2)/W(12CO) = 2 x l O ^ c m - ^ K k m s " 1 ) " 1 , (1) 

where W(12CO) is the integrated intensity (Magnani, 
Onello 1995). For 13CO and C 1 8 0, we assume the lo
cal t her mo dynamical equilibrium. The excitation tem
perature, Tex, was estimated from X£(12CO) at the peak 
position of the 12CO integrated intensity map by using 

5.53 

In {1 + 5.53/[T£(12CO)(K) + 0.819]} 

We assumed that Tex is uniform within the cloud. In 
order to derive the 13CO and C l s O column densities, 
we divide a spectrum into 0.1 km s _ 1 bin, calculate the 
column density within each bin, and sum them up within 
a velocity range in which the intensity is larger than 3 a. 
The optical depth of 13CO and C 1 8 0 line in each bin, 
7"i3(y) a n d TI$(V), respectively, is calculated by using 
the following equations: 

(3) 
n n , (, T13(V) 

(K). (2) r 1 3 (y) = - l n ^ l - 5 2 9 { J i 3 [ r e x ( K ) ] - 0.164}, 
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Fig. 2. (a) Optical image around IRAS 04591-0856 (G 208.3-28.4) taken from the Digitized Sky Survey, (b) Integrated 
intensity map of 1 2 CO. The contours are every 2.0 K km s _ 1 (5 a), starting from 2.0 K km s _ 1 (5<r). The solid line 
shows the observed area, (c) Integrated intensity map of 1 3CO. The contours are every 0.6 K km s - 1 (5 a) , starting from 
0.6 K km s _ 1 (5cr). (d) Integrated intensity map of C 1 8 0 . The contours are every 0.12 K km s _ 1 (3cr), starting from 
0.12 K k m s " 1 (3a) . 

Table 2. Observed propert ies of the molecular clouds. 

Cloud name 

G 208.3-28.4-East 

G 208.3-28.4-Center 

G 203.5-24.7 

G 206.4-25.9 

G 239.2-16.3 

G 316.4+21.2 

Associated 

IRAS source 

04591-0856 

04591-0856 

05044-0325 

05050-0614 

06345-3023 

13543-3941 

12 

TR 

(K) 

13.1 

8.5 

17.8 

13.0 

5.4 

16.8 

CO ( J = 

VLSR 
(k ins" 1 

4.9 

4.7 

7.9 

-2 .0 

17.2 

-6 .4 

= 1-0) 

AV 
) (km s~ 

1.1 

1.1 

3.0 

1.9 

1.6 

1.9 

13CO (J 

TK VisR 
l) (K) (km s"1 

4.5 

4.0 

7.9 

6.0 

2.2 

6.7 

4.9 

4.6 

7.6 

-2 .1 

17.4 

-6 .2 

= 1-0) 

AV 
i (km s~ 

0.8 

0.7 

1.9 

1.1 

0.9 

1.6 

c 1 8 o ( j 

T£ VLSR 
J) (K) ( k m s - 1 ; 

1.1 5.0 

0.9 4.7 

1.7 7.6 

1.9 -2 .2 

0.5 17.5 

1.6 -5 .9 

= 1-0) 

AV 
(km s~ 

0.4 

0.4 

1.6 

0.6 

0.5 

1.4 

Offset* 
l) 

(4', - 2 ' ) 
(0,0) 

( -4 , 0) 

("2, 0) 

("2, 0) 
(2,0) 

* Offset of t h e peak posit ions of t h e C l s O ( J = 1-0) in tegra ted intensity m a p from the IRAS point sources in (a, 5). 

and 

r18(y) = -In 1 -
Ti8(V) 

5.27-{J18[Tex(K) ] -0 .166} 
,(4) 

where T\^{V) and Tig(V) are the average temperatures 

of the 13CO and C 1 8 0 spectrum in each bin in units of 

Kelvin, respectively, J13[T(K)] = l/{exp[5.29/T(K)] -

1}, andJ i 8 [T(K)] = l /{exp[5 .27/T(K)]- l} . The 13CO 

and C 1 8 0 column densities, 7Vi3 and iVi8, respectively, 

are estimated from the following equations: 

AT13 = 2.42 x 1014 

^ / O . ^ k m s - ^ n a ^ T e ^ K ) 

v 
{ l - exp[ -5 .29 /T e x (K) ] / ( C m } ( 5 ) 
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Fig. 3. Same as figure 2, but for IRAS 05044-0325 (G 203.5-24.7). The contour levels are every 4.83 K km s _ 1 (10a), 
starting from 4.83 K km s - 1 (10 a) in 1 2 CO, every 1.8 K km s _ 1 (15 a), starting from 1.8 K km s _ 1 (15 a) in 1 3 CO, and 
every 0.28 K km s - 1 (5 a) , starting from 0.28 K km s _ 1 (5a) in C 1 8 Q. 

and 

Nl8 
-U4 2.42 x 101 

' 0 .1(kms-Vi8( tOTex(K) ' 

V 
l - e x p [ - 5 . 2 7 / r e x ( K ) ] 

(cm-2). (6) 

The ratio N(H2)/iV(13CO) is assumed to be 5 x 105 

(Dickman 1978), and we assume N(H2) = [iV(C180)/ 
(1.7 x 1014) + 1.3] x 1021 (Prerking et al. 1982). 

The mass of each cloud is estimated by using 

M = 2 . 8 m H ^ [ D 2 H i V ( H 2 ) ] , (7) 

where D is the distance of the cloud, Q is the solid angle 
subtended by the effective beam size (4' x 4' for 12CO ob
servations, and 2' x 2' for 13CO and C 1 8 0 observations), 
mn is the proton mass, and the factor of 2.8 is the mean 
molecular weight per H2 molecule. The summation is 
performed over the observed points within the cloud. In 
order to derive the total mass of the cloud, we define a 
cloud at a 3 cr contour in the integrated intensity map. 

For 13CO and C 1 8 0 observations, we also define a 
"core" at a 50% level of the integrated intensity at the 
peak position. The mass of the core is derived by using 
equation (7). The radius of the core, R, is calculated 

u s i n g 

V 7T 
(8) 

where S is the area inside the core. We also calculated 
the virial mass, Mvir, 

^ ) = 209 ( * ) ( * % (9) 

with AKomp defined as the FWHM line width of the 
composite profile derived by using a single Gaussian fit
ting, where the composite profile is obtained by averaging 
all the spectra within the core. The average H2 density, 
n(H2), in the core was derived by dividing M by the 
volume of the core on the assumption that the core is 
spherical with radius R. 

Table 3 summarizes the mass of each cloud derived for 
various molecular emissions. The physical properties of 
the 13CO cores and the C 1 8 0 cores are listed in table 4 
and table 5, respectively. 

3.3. Comments on Individual Objects 
In this subsection, detailed descriptions of the detec

tions are presented. 
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Fig. 4. Same as figure 2, but for IRAS 05050-0614 (G 206.4-25.9). The contour levels are every 2.83 K km s _ 1 (10a), 
starting from 2.83 K km s _ 1 (10cr) in 1 2CO, every 0.75 K km s _ 1 (7a), starting from 0.75 K km s _ 1 (7 a) in 1 3 CO, and 
every 0.16 K km s _ 1 (3a), starting from 0.16 K km s _ 1 (3 a) in C 1 8 0 . 

Table 3. Masses of t h e molecular clouds. 

Cloud name 

G 208.3-28.4 
G 203.5-24.7 
G 206.4-25.9 
G 239.2-16.3 
G 316.4+21.2 

12 CO mass 

(Mm) 

95 
530 
540 

1400 
940 

13 CO mass 
(M#) 

54 
350 
230 
160 
470 

C 1 8 0 mass 

(M%) 

85 
440 
250 
43 

580 

3.3.1. 04 591 - 0856 (G 208.3- 28.4) 
This source is located ~ 10° west to the Orion A molec

ular cloud. A reflection nebula, DG 49 (= LBN 968), is 
associated with the source. The nebulosity is located at 
the tail of a huge structure of roughly cometary shape, 
Cometary Complex-A (Ogura, Sugitani 1998). This 
source is thought to be influenced by the Ori OBI as
sociation (Bally et al. 1991; Ogura, Sugitani 1998), and 
the distance is thus assumed to be the same as that of 
the Orion molecular clouds, 460 pc. CO emission was 
detected only at one position with 20' resolution, which 
made the source catalogued as a high-latitude cloud, 

MBM 21 (Magnani et al. 1985). Further mapping obser
vations in 12CO and NH3 were made (Stacy et al. 1989). 

Our observation revealed that there are two intensity 
peaks in 13CO and C 1 8 0. One is at (Aa, AS) = (4', -2 ' ) 
from the IRAS source and the other is at the IRAS posi
tion (figure 2). The emission from the eastern component 
is slightly stronger than the central one. In 12CO, the 
cloud has a cometary shape with the head pointing to
ward east, the direction to the Ori OBI association, sug
gesting dynamical influence by the Ori OBI association. 
If such a cometary structure is formed by photoevapora-
tion from nearby OB stars, we may also find a velocity 
gradient in the sense that the "head" is moving more 
slowly than the tail with respect to the ionizing stars 
(Bertoldi 1989; Bertoldi, McKee 1990). In order to see 
whether such a velocity gradient is present, we checked 
the velocity structure of the cloud (figure 7a). As a result, 
we found a small velocity gradient of ~ 0.3 km s - 1 p c - 1 

in 13CO, which may be the result of an interaction. To 
summarize, the shape and the geometry of the cloud sug
gest that the cloud is likely to be physically associated 
with Ori OBI. 
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Table 4. Physical properties of the 13CO cores. 

[Vol. 51, 

Cloud name 

G 208.3-28.4 
G 203.5-24.7 
G 206.4-25.9 
G 239.2-16.3 
G 316.4+21.2 

Distance 
(pc) 

460 
460 
460 

1500 
630 

z 
(pc) 

230 
200 
210 
430 
230 

J- ex 

(K) 

16 
21 
16 
9 

20 

T l 3 * 

0.47 
0.62 
0.66 
0.67 
0.52 

Nl3*i 

5.3 
27.0 

9.7 
2.5 

17.5 

(iV(H2))t 

1.7 
9.1 
3.5 
0.9 
7.1 

n(H2)t 

0.8 
4.6 
1.3 
0.2 
3.0 

Mass 
(M®) 

31 
146 
100 
75 

172 

R 

(pc) 

0.50 
0.48 
0.64 
1.10 
0.59 

^ ' c o m p 

(kms" 1 ) 

0.82 
1.93 
1.01 
0.96 
1.51 

Mv i r 

(M#) 

71 
372 
137 
212 
279 

L 

(U) 

6 
187 

9 
46 
91 

*The optical depth and column density are for the peak position of each 13CO core. 
f Units for N13, (N(H2)), and n(H2) are 1015 c m - 2 , 1021 ci and 103 cm 3 , respectively. 

Table 5. Physical properties of the C l s O cores. 

Cloud name Distance z T e x r18* Ni8*
t ( iV(H 2 ) ) t n ( H 2 ) t 

(pc) (pc) (K) 

G 208 .3-28 .4-Eas t 460 230 16 0.12 4.6 3.3 2.0 
G 208.3-28.4-Center 460 230 16 0.11 4.9 3.6 3.3 
G 203 .5 -24 .7 460 200 21 0.10 38.1 16.7 11.0 
G 206 .4-25 .9 460 210 16 0.16 14.1 7.5 3.8 
G 239 .2 -16 .3 1500 430 9 0.10 2.1 2.5 1.3 
G 316.4+21.2 630 230 20 0.10 29.4 14.9 7.1 

*The optical dep th and column density are for the peak position of each C l s O core. 
f Uni t s for iV18, ( iV(H2)) , and n ( H 2 ) are 101 4 c m - 2 , 10 2 1 c m - 2 , and 103 c m - 3 , respectively. 

Mass 

(M§>) 
R AVcomp 

(pc) (km s - 1 ) 
M v i r 

(M$) 
L 

37 
17 

161 
120 
43 

268 

0.40 
0.26 
0.37 
0.48 
0.49 
0.51 

0.48 
0.51 
1.25 
0.65 
0.49 
1.46 

19 
14 

121 
42 
25 

226 

6 
187 

9 
46 
91 

3.3.2. 05044-0325 (G 203.5-24.7) 

This IRAS source is also located west to the Orion 
molecular clouds. The source is located within the 
dark cloud L 1615/1616, and is associated with a re
flection nebula, NGC 1788(= DG 51, vdB 33, RNO 35, 
LBN 916), illuminated by a star cluster. The source 
is also listed in the catalogue of remnant clouds in the 
Ori OBI association (no. 3; Ogura, Sugitani 1998) and we 
thus assumed the distance to be 460 pc. Observations in 
1 2 CO and 1 3 CO toward the reflection nebula were made 
by Knapp et al. (1977). The molecular cloud associated 
with this source was also observed in a CO survey in 
Orion and Monoceros (no. 13; Maddalena et al. 1986). 
Mapping observations in 1 2 CO and 1 3 CO were made by 
Ramesh (1995). He found t ha t the cloud has a cometary 
shape with a dense "head" pointing toward the Ori OBI 
association, and tha t the reflection nebula is located at 
the edge of the molecular cloud facing the association. 

Our observations confirmed the cometary shape and 
the geometry of the cloud. However, we found no clear 
velocity gradient along the major axis although the tail 
seems to have a little more positive velocity than the 
head (figure 7b). The absence of a velocity gradient can 
be understood if the cloud is moving perpendicular to 
the line of sight, but we only suggest t ha t the cloud may 
be physically associated to the Ori OBI association. 

3.3.3. 05050- 0614 (G 206.4- 25.9) 

This source is located at the head of the Cometary 
Complex-A, - 3° north of G 208.3-28.4 described in sub
section 3.3.1. A reflection nebula RNO 37(= DG 52) is 
associated with the source. This molecular cloud was ob
served in 1 3 CO by Bally et al. (1991); they found tha t the 
cloud has a cometary shape with a dense "head" point
ing toward the Ori OBI association. Our observations 
confirmed the cometary shape of the cloud, and showed 
tha t the peak intensity position of the cloud is 2' west of 
the IRAS position, i.e., the IRAS source is located at the 
edge of the molecular cloud facing the Ori O B I associa
tion, a situation similar to G 203.5—24.7. We also found 
a small velocity gradient of ~ 0.13 km s _ 1 p c - 1 in 1 3 CO 
(figure 7c). We suggest from the shape and the geom
etry tha t the cloud is likely influenced by the Ori OBI 
association. 

3.3.4. 06345-3023 (G 239.2-16.3) 

The optical appearance of the source consists of more 
than 2 stars surrounded by diffuse nebulosity. The 
nebulosity is listed in Gyulbudaghian, Rodriguez, and 
Villanueva (1993). The structure in the IRAS 100 /zm 
image put the source in the catalog of comet-like IRAS 
sources (G 239—15; Odenwald, Rickard 1987). However, 
little is known about the source. About 3° north-east of 
the source, reflection nebulae vdB 83 and vdB 84 exist, 
but it is not clear whether these objects are related to 
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Fig. 5. Same as figure 2, but for IRAS 06345-3023 (G 239.2-16.3). The contour levels are every 0.85 K km s _ 1 {3a), 
starting from 0.85 K km s " 1 (3 a) in 1 2 CO, every 0.36 K km s _ 1 (3 a) , starting from 0.36 K km s _ 1 (3 a) in 1 3 CO, and 
every 0.045 K km s _ 1 ( l a ) , starting from 0.135 K km s _ 1 (3a) in C 1 8 Q. 

the IRAS source, and again little is known about these 
nebulae. 

At a larger scale, a Wolf-Rayet star WR 6 exists about 
7° north-east of the source. WR 6 is thought to be the ex
citing star of the HII regions S 303, S 304, and S 308 (Chu 
1981; Chu et al. 1982). An open cluster Collinder 121 
exists at the same line of sight, but it is still unclear 
whether WR 6 is a member of the cluster. WR 6 and/or 
Collinder 121 are candidate objects which are physically 
associated with the IRAS source. The distance of WR 6 
is controversial; probably in the range 600-3000 pc (see 
e.g., Arnal, Cappa 1996; de Zeeuw et al. 1999). 

Our observations have revealed dense gas around the 
IRAS source, suggesting that the cloud is a site of recent 
star formation. We estimated the distance from a galactic 
rotation curve (Wouterloot et al. 1990) and adopted the 
kinematic distance of 1.5 kpc as the cloud distance. At 
the distance, the source is away from the galactic plane 
by ~ 430 pc, which is about 5-times larger than the half 
thickness at half maximum of the CO gas (Dame et al. 
1987). The origin of the isolated star-forming cloud at 
such a large distance from the galactic plane deserves 
future study. 

3.3.5. 13543-3941 (G 316.4+21.2) 
This source is located in the cometary globule CG 12. 

The head is at the north-west and the tail is at the south
east. A reflection nebula NGC 5367 is located at the 
head of the cloud. The origin of the cometary shape is 
not known. A supernova explosion near (/, b) — (320°, 
30°) about 107 yr ago may have formed the present shape 
(Williams et al. 1977). The distance of the cloud was esti
mated to be 630 pc (Williams et al. 1977). Observations 
in 12CO and 13CO were made by van Till, Loren, and 
Davis (1975). High-resolution CO and C 1 8 0 (J = 2-
1) observations were made and a molecular outflow was 
found (White 1993). We found that the cloud has a 
cometary shape with the head at NW and the peak in
tensity position of the cloud is located at ~ 2' E from 
the IRAS source, i.e., the IRAS source is located at the 
edge of the molecular cloud opposite to the tail, though 
no clear velocity gradient is seen in the present map (fig
ure 7d). 
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Fig. 6. Same as figure 2, but for IRAS 13543-3941 
(G 316.4+21.2). The contour levels are every 
3.17 K km s _ 1 (10cr), starting from 3.17 K km s _ 1 

(10cr) in 1 2CO, every 1.3 K km s - 1 (10cr), start
ing from 1.3 K km s _ 1 (10a) in 1 3 CO, and every 
0 . 4 K k m s - 1 (5 a) , starting from 0.4 K km s _ 1 (5 a) 
in C l s O . 
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Fig. 7. (a) A position-velocity map of G 208.3-28.4 
in 1 3 CO. The map was made by integrating all ob
served points along the minor axis (declination). 
The contours are every 0.05 K deg, starting from 
0.05 K deg. (b) Same as (a) but for G 203.5-24.7. 
The contours are every 0.1 K deg, starting from 
0.1 K deg. (c) Same as (a) but for G 206.4-25.9. 
The contours are every 0.1 K deg, starting from 
0.1 K deg. (d) Same as (a) but for G 316.4+21.2 
in 1 2 CO. Integration was made along the minor axis 
(right ascension). The contours are every 0.3 K deg, 
starting from 0.3 K deg. 

4. Discussion 

4-1- Characteristics of the Detections and Nondetec-
tions 

In this subsection, we first discuss the characteristics of 
the detections and nondetections. By inspecting optical 
images, we found sources associated with nebulosities, 
which are likely to be reflection nebulae, tend to have 
associated molecular clouds; 5 of 6 IRAS sources with 
nebulosities have associated molecular clouds. We also 
compared the infrared colors of the detections and nonde
tections in figure 8. No significant differences were found 
in the infrared colors. The results indicate that the as
sociation of the optical nebulosities to IRAS sources can 
be used to choose young stellar objects effectively among 
IRAS sources. 

Here we consider the nature of nondetections. Since 
the detection limit is ~ 0.02 M® at a distance of 
100 pc, we examined whether a molecular cloud with 
M<0.02M® could be a parent molecular cloud of an 
IRAS source with L ~ 0.1 L®, a typical value of the 

present target. A computation of pre-main-sequence 
evolutionary tracks (D'antona, Mazzitelli 1994) showed 
that even at the earliest stage of evolution (~ 104 yr), 
a star with M<0.02M® cannot have a luminosity of 
~ 0.1 L®. Moreover, if the source comprises a star 
with M = 0.02 M®, the star-formation efficiency reaches 
~ 50%, extremely higher compared to the typical value of 
a few percent. Although it is possible that parent molec
ular gas has been dissipated after star formation, dissi
pating most of the material in such a short time must be 
quite difficult for such a low-mass star. Thus, it is most 
likely that nondetections do not represent young stellar 
objects, but indicate extragalactic sources or planetary 
nebulae. Indeed, the infrared colors of the nondetections 
are similar to those of planetary nebulae (figure 9). Fur
ther observations, such as deep imaging, spectroscopy, 
and Hi observations, are needed to reveal the nature of 
the nondetections and to better establish selection crite
ria for young stellar objects. 

The fact that 4 of the 5 detections have a cometary 
shape should be given attention. These clouds may have 
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Fig. 8. Two-color diagram for 29 IRAS point sources. 
The open circles and crosses represent CO detec
tions and nondetections, respectively. 
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Fig. 9. Two-color diagram for the detections (open 
circles), nondetections (crosses), sources identified 
as extragalactic objects (small dots), and planetary 
nebulae (filled circles). The colors of the nondetec
tions are similar to those of planetary nebulae. 

been ejected from nearby molecular clouds where OB as
sociations were formed, or condensed from the expand
ing HI shells surrounding OB associations. In either case, 
cometary clouds can be located far away from the OB as
sociations, i.e., active star-forming regions. Our selection 
criteria to exclude sources near well-known star-forming 
regions may preferably choose such a cometary cloud as 
a target, and thus the high ratio of cometary cloud in the 
detections might be due to the selection effect. 

4.2. Star Formation at High Latitude 

In this subsection we discuss the distribution of star-
forming clouds at high latitude. We searched for molec
ular clouds toward IRAS point sources having infrared 
spectra typical of young stellar objects. At \b\ > 30°, 
3 sources match our selection criteria, and no molecular 
clouds were found. In the intermediate latitude, we found 
molecular clouds toward 3 out of 13 sources at 20° < \b\ < 

Fig. 10. Virial mass (Mv-ir) plotted against the LTE 
mass (M) of the 1 3 CO cores (open circles) and C l s O 
cores (filled circles). The values connected by the 
solid lines were calculated for the same core. The 
dashed line represents MV1T = M. All 1 3 CO cores 
have M v i r / M > 1, whereas all C l s O cores have 
M v i r / M < 1, i.e., C l s O cores are gravitationally 
bound. 

30°, and 2 out of 13 at 10° < |b| < 20°. Although we 
found a new sample of star-forming clouds unknown to 
date at intermediate latitude (10° < |6| < 30°), no sign 
of star formation is found at high latitude (\b\ > 30°), 
which appears consistent with the previous studies. How
ever, some possibilities of star formation in high-latitude 
clouds still remain; e.g., the presence of a low-mass pro-
tost ar below the detection limit (L < 0.1 L®), which is in
visible at the far-infrared wavelength. One of the ways to 
answer this question is to search for high-latitude clouds 
which are capable of star formation. Our observations 
show that IRAS sources with nebulosities tend to have as
sociated molecular clouds. However, searches for molec
ular clouds toward optical nebulosities alone may not be 
sufficient, since clouds without optical counterpart are 
indeed found by unbiased CO surveys at high latitudes 
(Magnani et al. 1986; Hartmann et al. 1998). Unbiased 
surveys for high-latitude cloud and/or sensitive infrared 
observations for detected clouds may better answer the 
question whether high-latitude clouds are potential sites 
of star formation. 

4-3. Properties of Molecular Clouds 
The mass of the detected clouds estimated from the 

13CO observations ranges over 50-500M®. The fraction 
of the 13CO mass to the 12CO mass ranges over 40-70% 
with the exception of G 239.2-16.3 (11%). The C 1 8 0 
masses are nearly the same as those of 13CO, except for 
G 239.2-16.3; the C 1 8 0 mass amounts only to ~ 27% of 
the 13CO mass. The large fraction of dense gas to diffuse 
gas could be explained as a result of interactions. Diffuse 
gas might have disappeared as a result of interactions, 
whereas dense gas is effectively produced by compres-
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Table 6. Average physical properties of C 1 8 0 cores in ILCs and other star-forming regions. 

[Vol. 51, 

Region (7V(H2)) Mass R AKomp Distance References* 
(10 2 1 cm- 2 ) (M®) (pc) ( k m s - 1 ) (pc) 

p Oph 
Cha I 
ILCs 
Tau 
Oph-north . 
Cha II 
Cha I I I . . . . 
L 1333 

17.6 
11.3 
8.1 
6.9 
5.4 
5.1 
3.6 
4.3 

90 
32 
107 
23 
14 
20 
13 
9 

0.24 
0.22 
0.42 
0.23 
0.19 
0.22 
0.23 
0.16 

0.87 
0.81 
0.81 
0.49* 
0.72 
0.78 
0.88 
0.92 

160 
140 

460-1500 
140 
160 
180 
180 
180 

1 
2 
3 
4 
1 
2 
2 
5 

*Line width at the peak intensity position. 
f ( l ) Tachihara et al. 1999; (2) Mizuno et al. 1999; (3) this work; (4) Onishi et al. 1996, 1998; (5) Obayashi et al. 1998. 

sion, and thus the fraction of the dense gas has become 
large. The fact tha t only G 239.2—16.3 shows a small 
fraction of dense gas may be caused by beam dilution; 
since the source is located ~ 3 times farther than the 
rest, N(R2) may be underest imated in the 1 3 CO and 
C 1 8 0 observations and thus the 1 3 CO and C 1 8 0 mass 
may be underest imated, whereas 1 2 CO does not suffer 
from beam dilution so much as in 1 3 CO and C 1 8 0 . The 
fact tha t the size of the cloud is ~ 2 times larger than 
the rest of the cloud also supports this. 

In the following we discuss the gravitational stability of 
the cores using the virial theorem. The ratio Mvir/MirrE 
ranges over 1.4-2.9 in the 1 3 CO cores and 0.4-0.8 in the 
C 1 8 0 cores (figure 10). All of the cores are gravitation-
ally bound when observed in C 1 8 0 , whereas they are 
not gravitationally bound in 1 3 C O . This indicates tha t 
gravitationally-bound cores may exist, and thus stars 
can be formed within a gravitationally unbound system, 
such as 1 3 CO cores. The fact t ha t 1 3 CO cores are not 
gravitationally bound is consistent with the results of 
the extensive 1 3 CO survey for molecular clouds (Fukui, 
Yonekura 1997; Dobashi et al. 1996; Yonekura et al. 1997; 
Kawamura et al. 1998). These authors find tha t most of 
1 3 CO clouds are not gravitationally bound, even if stars 
are formed within the cloud. If we consider the possi
ble existence of gravitationally-bound cores within 1 3 CO 
clouds, the nature of the star-forming 1 3 CO clouds with 
Mvir /M > 1 could be understood. Thus, it is quite im
portant to see the physical properties of dense cores, such 
as C 1 8 0 cores, in order to reveal whether star formation 
is occurring within the cores. 

Here we compare the properties of C 1 8 0 cores detected 
in the present survey (hereafter referred to as ILCs, the 
intermediate-lati tude clouds) with C 1 8 0 cores in Taurus 
(Onishi et al. 1996, 1998), Ophiuchus (Tachihara et al. 
1999), Chamaeleon (Mizuno et al. 1999), and L 1333 
molecular cloud (Obayashi et al. 1998) observed with 

the same telescope. The cores in p Oph, Taurus, and 
Chamaeleon I can be regarded as being samples of active 
star-forming regions, whereas those in Ophiuchus north, 
Chamaeleon III, and L 1333 are samples of less active 
regions. Table 6 gives the average properties of C 1 8 0 
cores in ILCs and other star-forming regions. The sizes 
of the ILCs are ~ 2 times larger and the masses are ~ 3 
times larger than the cores in the other regions on av
erage, whereas no clear differences are found in the line 
widths and the H2 column densities. It is to be noted 
tha t the sizes of ILCs might be overestimated and tha t 
the column density might be underestimated, since the 
distances of ILCs are 3-10 times larger than those in the 
other regions. If we consider this effect, we will find tha t 
H2 column densities of the C 1 8 0 cores in the active star-
forming regions including ILCs are larger than those in 
less active region, whereas no clear differences will be 
find in AV, M , and R. This result is consistent with the 
previous studies, and thus a high column density is the 
general t rend for star-forming cores. 

We also investigate the ratio of the virial mass, M v i r , 
to the LTE mass, M L T E . For all C 1 8 0 cores in ILCs, 
MyiT/MuYE is smaller than 1. This is consistent with 
previous studies. In L 1333, the cloud associated with 
the youngest IRAS source has the smallest MVIT/MUTE 
ratio of ~ 1. They suggested tha t star formation may 
occur preferentially in a cloud whose internal kinetic en
ergy is the smallest compared with the self-gravitational 
energy. In Ophiuchus, all star-forming C l s O cores are 
distributed in a range of MvlT/M < 1. In Chamaeleon, 
star-forming cores are almost in virial equilibrium. Con
sidering tha t ILCs are sites of star formation, the present 
results support tha t star formation tends to occur in a 
cloud with a small MV\T/M\JY^ ratio. 

In summary, we can conclude tha t star-forming clouds 
tend to have a high column density, as well as a smaller 
MVIT/MUYE ratio. 
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order to find a sample star-forming cloud unknown 
date at intermediate-to-high galactic lati tude, we 

made a search for molecular clouds toward 29 IRAS 
sources in 1 2 CO ( J = 1-0). Targets were selected mainly 
from the infrared properties of the sources. The main 
results can be summarized as follows: 

(1) Five sources among 29 have associated molecu
lar cloud, i.e., 04591-0856, 05044-0325, 05050-0614, 
06345-3023, and 13543-3941. Among 5 detections, 
the molecular cloud associated with 06345—3023 
(G 239.2—16.3) was detected for the first t ime. If we 
assume a distance of 1.5 kpc, this source is ~ 430 pc 
away from the galactic plane. Three sources 04591—0856 
(G 208.3-28.4) , 05044-0325 (G 203.5-24.7) , and 
05050-0614 (G 206.4-25.9)) are located west to the 
Orion molecular clouds, and 13543-3941 (G 316.4+21.2) 
is located in the cometary globule CG 12. Four of the 
5 detections show a cometary shape with a "head-tail" 
distribution, and three of them have the IRAS source 
located at the edge opposite to the tail. 

(2) We found tha t all of the detections are associated 
with optical nebulosities, which are likely to be reflection 
nebulae. 

(3) We compared the properties of the clouds detected 
in the present survey to those in Ophiuchus, Taurus, 
Chamaeleon, and L 1333. We found tha t star-forming 
clouds tend to have a high column density, as well as a 
smaller Mvi r/MLTE ratio. 
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