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Abstract

We carried out a large-scale survey for molecular clouds in 12CO (J = 1–0) emission toward the Chamaeleon
region with the NANTEN 4-meter radio telescope at Las Campanas Observatory in Chile. The survey covered
∼ 491 deg2 toward 284◦ � l � 320◦ and −34◦ � b � −6◦ at an 8′ grid spacing. The total molecular mass in
the observed area is estimated to be ∼ 8300M�. More than 60% of the total mass is concentrated in and around
the previously known Cha I, II, and III dark clouds. Two cloud complexes having molecular hydrogen masses of
∼ 430M� and ∼ 1300M�, respectively, have been found at ∼ 10◦ galactic-east of the Chamaeleon major clouds. We
have identified a prominent filament extending from Cha I to the galactic-east direction, which is remarkably long
(� 40 pc) compared with filamentary features found in other dark-cloud complexes. A correlation study between
the CO distribution and isolated X-ray emitting T Tauri stars (TTSs) indicates that � 65% of the TTSs are located
within 1 pc of the 12CO cloud boundaries. This suggests that low-density parental molecular gas still remains around
the isolated TTSs, although the dense parts with density greater than 103 cm−3 have almost dissipated. This provides
further support for the local formation of “isolated” T Tauri stars in small clouds.

Key words: ISM: clouds — ISM: individual (Chamaeleon–Musca dark-cloud complex) — ISM: molecules —
ISM: structure — stars: pre-main sequence

1. Introduction

The Chamaeleon–Musca dark-cloud complex is one of the
nearest (d ∼ 140–180pc) low-mass star forming regions in the
southern sky. This complex mainly consists of four clouds,
including Cha I, II, III, and the Musca dark lane, which is con-
sidered to be physically associated with the Southern Coalsack
cloud (Corradi et al. 1997), forming a very large system ex-
tended over 295◦ � l � 305◦, −25◦ � b � 0◦.

Extensive studies of interstellar matter of the Chamaeleon–
Musca region has been carried out also at various wave-
lengths. Many H I observations (e.g., Cleary et al. 1979;
Arnal et al. 2000) cover the whole region. Based on H I data,
de Geus (1992) has identified several shell-like structures that
are formed by the stellar wind from massive stars and/or super-
nova explosions in the Sco–Cen OB associations; the largest
shell, the UCL (Upper–Centaurus–Lupus) shell, according to
the notation in de Geus (1992), having a radius of ∼ 110 pc,
should be extended to the Chamaeleon–Musca region if the
suggestions of de Geus (1992) are correct. Also, some large-
scale catalogues of molecular-cloud candidates, such as a cat-
alogue of the southern dark clouds based on the ESO/SERC J
survey by Hartley et al. (1986) and a catalogue of far infrared
excess clouds compiled by Reach et al. (1998) based on the H I

and DIRBE, cover the whole Chamaeleon–Musca region.
In contrast, large-scale direct searches for molecular gas

in the mm-wave molecular lines are not so many for the
Chamaeleon–Musca region; Boulanger et al. (1998) has

reported 12CO covering 30 deg2 at an 8′ grid spacing with the
8′ beam. Mizuno et al. (1998) covered quite a large area,
180deg2, in 13CO at an 8′ grid spacing with the 2.′7 beam, but
the 13CO emission empirically traces dense gas whose density
is greater than ∼ 1000 cm−3. To compare the distribution and
physical properties of lower-density molecular gas with those
of the previous studies mentioned above, it is of vital impor-
tance to carry out large-scale observations in 12CO emission.

To study the star-formation activities in the Chamaeleon–
Musca region, systematic searches for young stellar objects
(YSOs) have been vigorously carried out at infrared and op-
tical wavelengths (e.g., Schwartz 1977; Gauvin, Strom 1992;
Cambrésy et al. 1998; Gómez, Kenyon 2001). In addition,
over 70 candidates of pre-main-sequence stars have been found
based on the ROSAT all-sky survey (e.g., Alcalá et al. 1995,
1997; Feigelson et al. 1993); 38 of them have been confirmed
as being bona-fide TTSs by Covino et al. (1997). Compared
with the distribution of previously known classical TTSs whose
extent are smaller than a few parsecs, those X-ray emitting
TTSs are widely distributed over ∼ 35pc×13pc (at 140 pc) de-
spite of their young geometric mean age, ∼ 7 × 105 yr (Alcalá
et al. 1997; Covino et al. 1997). More than 10 of the 38 TTSs
are located with separations of � 10 pc from the main clouds
of Cha I, II, and III, but 8 of the 10 TTSs are younger than
1.5 × 106 yr. Such large separations were not easily explained
by a typical proper motion around 1–2 km s−1 (e.g., Jones,
Herbig 1979). Thus, the origin of the isolated TTSs is one
of the big issues concerning the star-formation history in the
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Chamaeleon region. To explain the large separation, two mod-
els have been proposed. One is the “run-away TTS model”,
in which the TTSs are ejected from the main clouds with
higher velocity than normal proper motions as a result of mul-
tiple gravitational interactions (e.g., Sterzik, Durisen 1995).
The other is the “pre-existing” model, proposed by Feigelson
(1996), in which previously undetected small cloudlets may be
the origin of isolated TTSs.

Mizuno et al. (1998, hereafter Paper I) found 25 small
cloudlets distributed around the Cha I, II, and III clouds based
on 13CO (J = 1–0) observations, supporting Feigelson’s pre-
existing hypothesis. However, some isolated TTSs are still
largely separated from the dense clouds detected in the 13CO
(J = 1–0) emission; especially, no significant molecular clouds
are found in the immediate vicinity of the young pre-main-
sequence stellar cluster η Chamaelentis (Mamajek et al. 1999,
2000). Proper motions and parallaxes to the isolated TTSs
have been directly measured based on the Hipparcos database
(e.g., Frink et al. 1998; Neuhäuser, Brandner 1998; Mamajek
et al. 1999; Terranegra et al. 1999). Although these measure-
ments deny the run-away hypothesis for the origin of the iso-
lated TTSs, they address a new question, i.e., some of the
isolated TTSs are located around 100 pc or closer, which is
much closer than the distances to Cha I (∼ 140pc) and Cha II
and III (∼ 180 pc). One of the motivations to carry out the
present 12CO observations is to investigate the correlation be-
tween low-density gas and the isolated TTSs and to search for
hints of molecular gas at a distance around 100 pc.

In this paper, we present new 12CO observations which cover
a large area of the Chamaeleon region.

2. Observations

All 12CO (J = 1–0) spectra were obtained with the NANTEN
4 m millimeter-wave telescope of Nagoya University at Las
Campanas Observatory. The observations were made during
two periods between 1999 July and September, and between
2000 October and December. The half-power beam size at
115 GHz was 2.′6, and the pointing accuracy was better than
20′′, as established by radio observations of planets and the
edge of the Sun, as well as optical observations of field stars
by a CCD camera attached onto the telescope. The receiver
front-end was a 4 K cooled Nb SIS mixer receiver providing a
system noise temperature of ∼ 250K in SSB including the typ-
ical atmosphere toward the zenith (Ogawa et al. 1990). The
backend was an acousto-optical spectrometer (AOS) with a
2048 channel linear CCD array. The frequency coverage and
resolution were 40 MHz and 40 kHz, respectively. The cor-
responding velocity coverage and resolution at 115 GHz were
100 km s−1 and 0.1 km s−1, respectively. An intensity calibra-
tion and a correction for atmospheric absorption were made us-
ing the chopper-wheel method. We observed ρ Ophiuchi-East
[R.A.(1950) = 16h29m20.s9, Dec.(1950) = −24◦22′13′′] every
2 or 3 hr to confirm the stability of the whole system, and the
absolute intensity scale was calibrated by assuming that T ∗

R of
ρ Oph-East is 15 K. The typical r.m.s. noise fluctuation of each
spectrum was � 0.4 K at 0.1 km s−1 velocity resolution. The
observing grid spacing was 8′ in the galactic coordinates, and
the total number of observed points were ∼ 27600.

3. Results

3.1. Global Properties

Figure 1 shows a total-intensity map of the 12CO (J = 1–0),
which consists of ∼ 27600 spectral data. The 12CO emis-
sion traces the distribution of molecular gas, whose density is
n � 100 cm−3, lower than that traced in previous 13CO obser-
vations (Paper I). The 3σ mass-detection limit of the present
survey is ∼ 0.6M� for a 8′ × 8′ grid unit. The survey has cov-
ered ∼ 491deg2 toward 284◦ � l � 320◦ and −34◦ � b � −6◦

at an 8′ grid spacing; there were no previous CO observations
for l � 306◦ and b � −20◦. We have newly identified two sig-
nificant molecular clouds at around (l, b) ∼ (314◦,−22◦) and
(314◦,−29◦); both of them are located at more than 10◦ from
Cha I, II, and III. Another remarkable finding is a filamen-
tary feature extending by more than 40 pc across Cha III and
I from (l, b) ∼ (312◦,−22◦) to ∼ (295◦,−16◦). In addition,
we have revealed several tens of small low-density clouds that
are widely distributed over an ∼ 40◦ × 30◦ area in addition to
massive clouds.

The total molecular mass derived from the 12CO intensity
is ∼ 8300 M� based on the assumption that the distances to
all of the molecular clouds are 150 pc, except for the clouds
in Cha II and III, whose distance is estimated to be 180 pc
(e.g., Whittet et al. 1997). Here we use an empirical rela-
tionship between the molecular column density, N (H2), and
the CO luminosity, W (CO), as N (H2)/W (CO) = (1.3 ± 0.2) ×
1020 cm−2 (K km s−1)−1, for high-latitude clouds derived by
Reach et al. (1998). Based on the spatial distribution and ve-
locity, we divide the observed area into 10 regions (figure 2). In
table 1, we summarize the molecular mass of the clouds in each
region. We hereafter call the area l > 310◦ the “Chamaeleon-
East” region, and refer to the upper cloud (l,b) ∼ (314◦,−22◦)
and lower one (314◦,−29◦) as “Cha-East I” and “Cha-East II”,
respectively for convenience. The CO emission in the observed
area has a relatively large velocity dispersion, ranging from
−12 km s−1 to 8 km s−1, while the velocity dispersion in the
other nearby dark cloud complexes is typically smaller than
10kms−1 in Taurus (Mizuno et al. 1995), Ophiuchus (Nozawa
et al. 1991), and Lupus (Hara et al. 1999).

3.2. A Filamentary Network

A filamentary distribution of molecular clouds can be seen
in various dark cloud complexes (e.g., Taurus, Ophiuchus), and
also in giant molecular clouds (e.g., Orion A; Nagahama et al.
1998). For example, Mizuno et al. (1995) revealed ∼ 30 fila-
mentary components with a typical width and length of ∼0.5pc
and ∼ 3 pc, respectively, toward the Taurus molecular cloud
complex.

In the Chamaeleon region, there are many filamentary fea-
tures as well. As described in the former subsection, the most
prominent filament extends by more than 40 pc across Cha III
and I from (l,b) ∼ (312◦,−22◦) to ∼ (295◦,−16◦). We call this
filament the major filament. The major filament is a rather long
feature compared with those in Taurus, whose typical length is
∼ 3pc (Mizuno et al. 1995).

In addition to the major filament, we can recognize many
low-density filamentary features, some of which are elon-
gated parallel to the major filament, and others are elongated
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Fig. 1. Pseudo-color image of the total intensity of the 12CO (J = 1–0) of the Chamaeleon–Musca region.

vertically. We consider the parallel components first. Between
Cha II and G298−13 there is a weak bridge-like feature elon-
gated almost parallel to the major filament. The filamentary
cloud at (l,b)∼ (311◦,−22◦) to (318◦,−22◦) is slightly skewed
to the major filament by ∼ 30◦. This filamentary cloud appar-
ently connects the major filament at (l, b) ∼ (311◦,−22◦). It
has the same radial velocity as that of the major filament (see
details in the next subsection), but the CO intensity is quite dif-
ferent between the cloud and the major cloud. It is not clear
whether this filament physically connects the major filament or
not.

Vertical features to the major filament are as follows: the
dense gas in the Cha I ridge, Cha III, and Musca dark lane
are elongated almost vertically to the major filament. In ad-
dition, small low-density cloudlets form a filamentary chain-
like distribution, such as an arc-like filamentary feature with
a length of ∼ 20 pc; it is traceable from (l, b) ∼ (294◦,−20◦)
to (298◦,−12◦) on the right-hand side of Cha I. It is notable
that there is no significant CO emission further to the right-
hand side of the arc-like filament. A similar, but smaller, arc-
like feature is seen on the right-hand side of the Musca dark

Fig. 2. Sketch of the 10 regions listed in table 1. The contour level is
the 3σ detection limit, 1.8Kkms−1.
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Table 1. Summary of cloud properties.

Region Name Mass I (12CO)∗ Area† VLSR
‡ ∆V ‡ I (12CO)/I (13CO)§

(M�) (Kkms−1 pc2) (pc2) (kms−1) (kms−1)

I G295-17¶ 460 160 41 4.6 2.2 60
30 10 3 –2.4 2.8 · · ·

II Musca 310 110 22 2.7 2.0 7.5
III Cha I 1030 350 47 4.6 2.0 7.5
IV G298-13 370 130 25 3.5 2.1 19
V G301-24¶ 150 50 8 –10.1 2.7 · · ·

70 20 4 –5.8 2.0 · · ·
VI Cha III‖ 1890 650 80 1.7 2.6 8.0
VII Cha II‖ 1860 640 69 2.9 2.8 11
VIII Major filament 450 160 39 3.3 2.8 · · ·
IX Cha-East II 1260 430 75 7.0 2.7 · · ·
X Cha-East I 430 150 28 0.5 3.7 · · ·

∗ CO emission integrated over the cloud whose intensity is greater than the 3σ detection limit, 1.8Kkms−1.
† Total area whose intensity is greater than 1.8Kkms−1 in each region.
‡ Average velocity and velocity width (FWHM) derived from the Gaussian fitting for the composite spectrum integrated over the area
whose intensity is greater than 1.8Kkms−1.
§ Intensity ratio between 12CO and 13CO integrated over the area observed in 13CO (Paper I).
¶ Two different velocity components are observed in the region.
‖ 180 pc is applied for the distance.

lane. Three other filamentary chain-like features are traceable
at (l, b) ∼ (297◦, −25◦) to (298◦, −21◦), at (305◦, −21◦) to
(308◦,−20◦), and at (309◦,−26◦) to (311◦,−20◦), with a typ-
ical length of ∼ 10pc.

3.3. Velocity Structure of Molecular Gas Distribution

The molecular clouds are roughly divided into four groups
by their radial velocities, VLSR, as Group A (−12 km s−1 ≤
VLSR < −4 km s−1), Group B (−4 km s−1 ≤ VLSR < 2 km s−1),
Group C (2kms−1 ≤VLSR <6kms−1), and Group D (6kms−1 ≤
VLSR < 10 km s−1). In figure 3, we show a set of velocity
channel maps corresponding to the four groups above. About
65% of the molecular clouds in mass belong to Group C with
a velocity channel of 2 km s−1 ≤ VLSR < 6 km s−1. Cha I, II,
the Musca dark lane, G298−13, and the major filament belong
to Group C; the other weak CO emission is widely distributed
over the whole area in this velocity range. Group A, the small-
est velocity group of −12kms−1 ≤ VLSR < −5kms−1, consists
of only two small clouds localized around (l,b)∼ (302◦,−24◦).
One of the two clouds was already identified by Keto and
Myers (1986) as a high-latitude cloud, 301.2−24.5. Group B,
with a velocity range of −4kms−1 ≤VLSR < 2kms−1, is mainly
located at l > 300◦ area, consisting of Cha III, the major fila-
ment and filamentary chains of small cloudlets, and Cha-East I.
It is noteworthy that there are a few tiny cloudlets in Group B
velocity around (l, b) ∼ (296◦, −17◦), where other velocity
clouds of Group C exist. These two velocity components are
clearly distinct with a velocity separation of � 6 km s−1; the
spatial distributions of the two components are apparently anti-
correlated to each other. The largest velocity group, Group D
(6 km s−1 ≤ VLSR < 10 km s−1), consists of the Cha-East II
clouds.

In figure 4, we present position–velocity diagrams. All CO
spectra were integrated over the Galactic longitude for the

Galactic latitude–velocity (b–V ) diagram, and vice versa for
the Galactic longitude–velocity (l–V ) diagram. Figure 5 shows
a specific longitude–velocity diagram produced from the data
along the major filament. In this figure, two areas correspond-
ing to the Cha I and Cha III clouds are masked in order to avoid
any velocity contamination due to Cha I and III. A velocity
gradient of ∼ 0.2 km s−1 pc−1 is clearly seen along the major
filament in the galactic-east side of the Cha III cloud. The
Chamaeleon-East clouds at (l, b) ∼ (314◦, −29◦), left-upper
condensation in the l–V diagram, have an opposite trend of
the velocity gradient to that of the major filament. In the b–V

diagram, the Musca dark lane also shows a velocity gradient of
∼ 0.2kms−1 pc−1.

3.4. Molecular Clouds in the Chamaeleon-East Region

Although there have been no previous observations in the
CO spectra toward the Chamaeleon-East region, Hartley et al.
(1986) catalogued several optical dark clouds there. The op-
tical dark clouds toward the Chamaeleon-East region appear
weakly concentrated in figure 2 of Hartley et al. (1986). Two
of Hartley et al.’s optical dark clouds are associated with up-
per filamentary CO clouds, and four are associated with lower
CO clouds. Four other Hartley et al.’s clouds are associated
with small cloudlets at the end of the major filament. As can
be seen in the previous subsection, the radial velocities are dif-
ferent between the upper and lower clouds as VLSR ∼ 0kms−1

and VLSR ∼ 8kms−1, respectively, suggesting that the distance
to the clouds may be different. We, however, have tentatively
adopted a distance of 140 pc, the same as the Cha I cloud, for
both of them to derive the physical parameters, since there has
been no distance estimation to these clouds.
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Fig. 3. Gray-scale image of the velocity channel map of the 12CO emission. The contour level is 1.8Kkm s−1, corresponding to the 3σ detection limit.
The velocity-integrated intervals are indicated in each channel map.

4. Discussion

4.1. The Filamentary Clouds and the H I Shell

The present 12CO survey has revealed the distribution of a
low-density molecular gas whose density is n � 100cm−3 over
an ∼ 30◦ × 25◦ area. It is interesting to compare the CO data
with the H I and far infrared data to understand the large-scale
properties of interstellar matter.

The H I maps in Cleary et al. (1979) and Arnal et al. (2000)
cover a larger area of the southern sky, and are used for a com-
parison with the present 12CO data. Two filamentary struc-
tures are clearly recognizable in the H I maps in figure 7 of
Cleary et al. (1979) and figure 1 of Arnal et al. (2000). One
is extended from (l, b) ∼ (280◦,−10◦) to (310◦,−20◦); here-
after, we call it “H I filament A”. The other is elongated from
(l, b) ∼ (270◦,−10◦) to (315◦,−30◦), and we call it “H I fil-
ament B”. In the H I maps, filament B is more significant in
intensity and in size than filament A; de Geus (1992) claimed

that the H I filament B, the UCL shell according to his notation,
is an expanding shell with a radius of 110 pc, whose expand-
ing center is located at (l,b) ∼ (320◦,10◦) in the Sco–Cen OB
association.

It is noteworthy that the major filament in the present CO
map is just located on the H I filament A. According to H I ve-
locity channel maps of Colomb et al. (1976) and Bajaja et al.
(1980), H I emission corresponding to filament A is detected in
the velocity channel −2 km s−1 ≤ VLSR < 6 km s−1, similar to
the CO major filament. In addition, there is a trend of a veloc-
ity gradient along the filament that appears in a CO position–
velocity diagram, as shown in figure 5.

There is no significant filamentary feature in CO emission
corresponding to the H I filament B, although filament B is
more significant in the H I map than filament A. From velocity
channel maps by Colomb et al. (1976) and Bajaja et al. (1980),
the H I velocity ranges over −14 km s−1 � VLSR � −3 km s−1.
This is just the same as the two CO clouds having radial
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Fig. 4. Left panel: longitude–velocity diagram of the 12CO emission. The lowest contour level and the contour interval are 0.7 K deg and 2.1 K deg,
respectively. Right panel: latitude–velocity diagram of the 12CO emission. The contour levels are the same as the left panel.

velocities of −10 km s−1 and −6 km s−1 (see subsection 3.3);
these two CO clouds are located on the H I filament B. This
suggests that the two CO clouds and the H I filament B are of
the same origin, but no other CO emission is found correspond-
ing to the H I filament B.

In figure 6, we show a map of the 100 µm flux excess to
the 60 µm flux based on IRAS image data, where the 100 µm
excess in the present study is defined as F [100 µm] − 4.0 ×
F [60µm]. Such a 100 µm excess often shows a good spatial
correlation with the CO molecular clouds (e.g., Laurejis et al.
1991 for LDN 134; Abergel et al. 1994 for Taurus; Boulanger
et al. 1998 for Chamaeleon), although an appropriate value of
the coefficient to the 60 µm flux is different from region to re-
gion.

The filamentary network structure is also significant in the
IR-excess map. The most prominent filamentary feature in the
IR-excess map is seen at (l,b) ∼ (284◦,−20◦) to (296◦,−22◦),
which is related to H I filament B. At a lower intensity level, H I

filament B is traceable as a broad arc-like feature elongated in
the Galactic longitudinal direction with a width of 6◦–8◦ from
(l, b) ∼ (280◦,−20◦) to (320◦,−24◦). H I filament A, corre-
sponding the CO major filament, is also recognizable at a low
intensity level, but is not as significant as filament B.

The CO intensity distribution shows a basically good corre-
lation with the 100 µm excess. However, it is notable excep-
tion that there is no significant CO emission toward filament B
at (l,b) ∼ (284◦,−20◦) to (296◦,−22◦), although the IR-excess
is large enough to detect CO emission if we make a compari-
son with the other area in the present survey. Boulanger et al.
(1998) examined the correlation between the far-infrared and
CO emission around the Cha I, II, and III regions. They re-
vealed that 100 µm emission, characterizing cold IRAS color

Fig. 5. Longitude–velocity diagram along the major filament. The ar-
eas corresponding to Cha I and III clouds are masked so as to avoid
contamination of the strong emission from these clouds. The arrows
indicate the velocity component apparently related to Cha III.

[I (12µm)/I (100µm)�0.02], shows a good spatial correlation
with CO, but that the correlation becomes worse as the color
becomes warmer. They suggest that this trend between the
IRAS color and the CO detection may be related to the effect of
far-UV extinction of dust on the CO abundance. In the case of
H I filaments A and B, IRAS colors of I (12µm)/I (100µm) are
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Fig. 6. Gray-scale image of the IRAS 100 µm excess map. The value of the 100 µm excess is calculated as F [100µm] − 4.0 ×F [60µm].

greater than 0.1 for both, and warmer than those of the Cha I,
II, and III clouds. However, there is no significant difference
between the two filaments, although CO emission is detected
toward H I filament A. Thus, the difference in CO detection
between H I filaments A and B is not simply explained by the
picture suggested by Boulanger et al. (1998). It is notewor-
thy that there are many small local enhancements of IR-excess
with a size scale of several arcmin to a few tens of arcmin
along H I filament A, while there is no such small-scale fea-
ture of IR excess in H I filament B. Such local enhancements
show good spatial correlations with the small CO clumps in
the major CO filament and other CO cloudlet chains. Since the
small clumps and cloudlets are far from being bound by grav-
ity, i.e., the molecular mass derived from the CO intensity is
by more than one order of magnitude smaller than the virial
mass, some instability may cause such small fragmentation in
H I filament A. H I filaments A and B may be at different evolu-
tionary stages of H I gas fragmentation, condensation, and CO
molecule formation.

4.2. Star-Formation Activity and the Origin of Isolated TTSs

The present 12CO observation reveals that the low-density
molecular gas is widely distributed in this area, but the ac-
tive present star-forming regions are localized in the Cha I and
Cha II clouds. Outside of the Cha I, II, and III area, only
three candidates of young stellar objects (YSOs) selected from
the IRAS Point Source Catalog (Joint IRAS Working Group,
1988) are associated with the 12CO clouds at an intensity level
of 1.8 K km s−1. The YSO candidates are IRAS 12322−7023
in Muska dark lane, IRAS 14077−8047 in the major fila-
ment, and IRAS 17260−7622 in the filamentary cloud in the
Chamaeleon-East region. The selection criteria of the YSO
candidates are as follows: (1) the IRAS data quality flags are
better than or equal to 2 in 25 µm and 60 µm bands, (2) the
flux densities at 60 µm are greater than that at 25 µm, and (3)
the identification flags as galaxies, planetary nebulae, and other
evolved stars are not marked in the IRAS database.

More evolved young stars, such as weak-line TTSs and zero-
age main sequence stars (ZAMSs), have been identified by the
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Fig. 7. (a) Isolated TTSs (red circles) and non-TTSs (crosses) superposed on the pseudo-color total intensity map of the 12CO (J = 1–0) around Cha I, II,
and III region. (b) Pseudo-color velocity channel map of a velocity interval for 4kms−1 ≤ VLSR ≤ 5kms−1 around Cha I, II, and III region.

X-ray observations, rather than by far-infrared ones. More than
70 X-ray emitting stars have been observed to be widely dis-
tributed around Cha I, II, and III (Alcalá et al. 1995, 1997); 38
of them have been identified as being bona-fide TTSs based on
the lithium line-width criteria (see Covino et al. 1997 for de-
tails). Most of the bona-fide TTSs are “isolated”, i.e., located
too far from the major Cha I, II, and III clouds to be explained
by the normal proper motions, and the origin of the isolated
TTSs has been in question. In Paper I, we identified 25 small
dense clouds and presented a good spatial correlation between
the dense molecular gas and isolated TTSs, i.e., 67% of the
isolated TTSs are located within 4 pc from the nearest 13CO
cloud boundaries. We suggested in Paper I that the small dense
clouds are likely to be remnants of parental molecular clouds,
most of which have already dissipated.

Since the 12CO emission traces a low-density gas distribu-
tion whose density is � 100 cm−3, which is by an order of
magnitude lower than that empirically traced by 13CO emis-
sion, it is useful to compare the distribution of 12CO emission
with that of the isolated TTSs. The mass and column-density
detection limit of the present 12CO survey are ∼ 0.6M� and
∼ 2×1020 cm−2, respectively, while those in the previous 13CO
survey discussed in Paper I were ∼ 2M� and ∼ 7×1020 cm−2,
respectively. Figure 7 shows a close-up view of the 12CO inten-
sity map of a 19◦×14◦ area around Cha I, II, and III, where iso-
lated X-ray emitting TTSs (Covino et al. 1997) are distributed.
The isolated bona-fide TTSs (Covino et al. 1997) and non-TTS
X-ray emitting sources in Alcalá et al. (1997) are indicated as
filled circles and crosses, respectively, in figure 7a. It is obvi-
ous that the isolated TTSs show a better correlation with the
12CO intensity distribution than do non-TTS sources. More
than 65% of the TTSs are located within 1 pc from the 12CO

cloud boundaries (figure 8). It is noteworthy that one of the
isolated TTSs, RXJ 1005.3−7745, is located just in a deple-
tion or hole of 12CO intensity, suggesting that the parental gas
is currently dissipating around the TTS. The present result in-
dicates that low-density molecular gas remains around the iso-
lated TTSs, although most of the dense cores, whose density
is greater than ∼ 103 cm−3 have dissipated. This supports the
scenario given in Paper I that the isolated TTSs were formed in
pre-existing small local clouds. It is, however, noteworthy that
some TTSs are still “isolated” far from the 12CO emitting area.
Especially, no significant CO emission has been detected to-
ward the remarkable isolated pre-main-sequence stellar cluster,
η Chamaeleontis, located at (l,b) ∼ (292.◦5,−21.◦5) (Mamajek
et al. 1999, 2000). The parental molecular gas may be com-
pletely dissipated around them, as Mamajek et al. (2000) sug-
gested.

It should be mentioned that the proper motions of many
isolated TTSs were derived based on the Hipparcos database
(e.g., Frink et al. 1998; Neuhäuser, Brandner 1998; Mamajek
et al. 1999; Terranegra et al. 1999). Neuhäuser and Brandner
(1998) and Frink et al. (1998) derived the distances of 5 TTSs,
5 ZAMSs, and 2 late-B type stars, and Mamajek et al. (1999)
estimated the distance of the η Chamaeleontis cluster. For more
than half of the stars, the distances are estimated equal to or
smaller than ∼ 100pc, which is less than the conventional dis-
tances to the Cha I, II, and III clouds. We cannot clearly dis-
tinguish molecular gas at � 100 pc in the velocity field, since
most of the CO emission lies in the same velocity range, i.e.,
0 km s−1 � VLSR � 6 km s−1 in this area, However, the possi-
bility of molecular gas around TTSs located at � 100pc is not
denied. In the next subsection we discuss the 3-dimensional
gas distribution.
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Fig. 8. Histogram of the projected distances between the bona-fide
TTSs (Covino et al. 1997) and the nearest 12CO cloud boundaries.

4.3. Three-Dimensional Distribution of Interstellar Matter

It must be meaningful to summarize the present information
about the interstellar matter and discuss its 3-dimensional con-
figuration, although the discussion may be somewhat specula-
tive.

In subsection 4.1, we discussed that there are two H I fila-
ments, A and B, and that the filamentary CO gas is associated
with only H I filament A. On the other hand, de Geus (1992)
presented a schematic drawing of H I shells formed by massive
stars in the Sco–Cen OB associations. However, only H I fil-
ament B is drawn in figure 1b in a paper by de Geus (1992).
de Geus refers to H I filament B as a “UCL (Upper–Centaurus–
Lupus) shell”. If H I filament A is another part of the same
UCL shell, H I filament A is considered to be located at the far
side and filament B is at the near side, because of their radial
velocities, i.e., VLSR ∼ 0–3km s−1 and VLSR ∼ −10km s−1 for
H I filaments A and B, respectively. If we apply the shell pa-
rameters quoted by de Geus (1992) to H I filament B, i.e., the
shell radius is 110 pc and the expanding center is located at
(l, b) = (320◦,10◦) and at d = 140 pc, then the distance to fila-
ment A is calculated to be more than 200 pc. This means that
H I filament A is located behind the Cha I, II, and III clouds,
which are located at 140–180 pc.

A distance of further than 200 pc for H I filament A is, how-
ever, unlikely if we consider the following matters. First,
T Cha, one of the isolated TTSs, is apparently associated with
a small, but dense, molecular cloud, DC 300−17, which is lo-
cated on, and considered to be associated with, H I filament A,
whereas the distance to T Cha is determined to be 66+19

−12 pc from
the Hipparcos parallax (Frink et al. 1998), suggesting that H I

filament A is located closer than Cha I. In addition, there is
other indirect evidence supporting the hypothesis that H I fila-
ment A is closer than Cha I. Figure 7b is one of the 12CO veloc-
ity channel maps with a velocity interval of between 4 km s−1

and 5kms−1. This velocity range corresponds to that of H I fila-
ment A or the CO major filament. A dense cloud, DC 300−17,
associated with T Cha is seen at (l, b) ∼ (300◦,−17◦) in this
velocity channel. Toward the Cha I cloud, CO intensity deple-
tion is seen as if it is swept horizontally with a single stroke
of a brush, although the basic structure of Cha I, a dense gas
ridge, is elongated vertically to H I filament A. Since the 12CO

spectral shapes are flat-top, anti-symmetric, or self-reversed to-
ward this CO intensity depletion, it is likely that this depletion
is caused by absorption due to cold foreground CO gas in H I

filament A. If this is the case, H I filament A is located closer
than Cha I. Then, the origins of the two H I filaments are proba-
bly different. Another expanding shell may be a possible origin
of the filament, and impact of high velocity cloud infalling on
the galactic plane proposed by Lépine and Duvert (1994) may
be another possibility. The relationship between the magnetic
fields and the filamentary structure has often been discussed
in terms of the formation mechanism of the filamentary struc-
ture, but general consensus concerning the role of the magnetic
field has not yet been reached (e.g., Goodman et al. 1990).
We briefly mention here that the H I filaments are oriented al-
most parallel to the global magnetic fields in the present case
(Mathewson, Ford 1970; Whittet et al. 1994).

The above discussion concerning the 3-dimensional config-
uration of interstellar matter in the Chamaeleon region is not
strongly conclusive, and some direct measurement of the dis-
tances to the H I and CO clouds by star count or high-resolution
spectroscopy of Na I D lines combining the Hipparcos parallax
measurement (e.g., Hearty et al. 2000) in the future are ex-
pected to conclude this matter.

5. Summary

We have made a large-scale survey of low-density molecular
gas toward the Chamaeleon–Musca dark-cloud complex. The
present work was based on 12CO (J = 1–0) observations with
the NANTEN 4-meter radio telescope. The main results of the
present study are summarized as follows:

(1) About 491 deg2 were covered by the present 12CO sur-
vey. The total mass of molecular gas in the ob-
served area is estimated to be ∼ 8300 M�. We have
newly identified two molecular cloud complexes at
(l,b) ∼ (314◦,−22◦) and ∼ (314◦,−29◦), whose molec-
ular masses are 430 M� and 1300 M�, respectively.
The radial velocity of the molecular gas ranges over
−10kms−1 � VLSR � 8kms−1 in the observed area.

(2) The filamentary distribution of low-density molecular
gas is significant. The most prominent CO filament is
extended by more than 40 pc across the Cha I and III
clouds from (l, b) ∼ (295◦,−16◦) and ∼ (312◦,−22◦).
Two large-scale H I filaments lie in the observed area.
One of the H I filaments is an expanding shell (the UCL
shell) in de Geus (1992). Although the CO major fila-
ment corresponds to the other H I filament, not the UCL
shell, there is no significant filamentary CO feature asso-
ciated with the UCL shell.

(3) The low-density molecular gas around the Cha I, II, and
III clouds shows a good correlation with the distribution
of isolated T Tauri stars. More than 65% of the TTSs
are located within 1 pc from the 12CO cloud boundaries.
This suggests that most of the isolated TTSs are formed
in small local clouds, and that the parental molecular gas
still remains around the TTSs.

(4) We have discussed the 3-dimensional configuration of
the H I and CO clouds, and suggest that the major CO
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filament is located closer than the Cha I cloud. Also,
the two filamentary H I structures have different origins.
To obtain a firmer conclusion concerning the 3-D con-
figuration, direct optical measurements to determine the
distances to H I and CO clouds are desirable.
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Gómez, M., & Kenyon, S. J. 2001, AJ, 121, 974
Goodman, A. A., Bastien, P., Myers, P.C., & Ménard, F. 1990, ApJ,

359, 363
Hara, A., Tachihara, K., Mizuno, A., Onishi, T., Kawamura, A.,

Obayashi, A., & Fukui, Y. 1999, PASJ, 51, 895
Hartley, M., Manchester, R. N., Smith, R. M., Tritton, S. B., & Goss,

W. M. 1986, A&AS, 63, 27
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