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ABSTRACT

We have observed ∼60 Weak-line T Tauri stars (WTTSs) toward the Chamaeleon star forming region

using the AKARI Far-Infrared Surveyor (FIS) All-Sky maps. We could not detect any significant emission

from each source even at the most sensitive WIDE-S band. Then, we have performed stacking analysis of

these WTTSs using the WIDE-S band images to improve the sensitivity. However, we could not detect

any significant emission in the resultant image with a noise level of 0.05 MJy sr−1, or 3 mJy for a point

source. The three-sigma upper limit of 9 mJy leads to the disk dust mass of 0.01 M⊕. This result suggests

that the disks around Chamaeleon WTTSs are already evolved to debris disks.
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1. CIRCUMSTELLAR DISKS

T Tauri stars (TTSs) are low-mass pre-main sequence

stars, and inevitably own circumstellar disks. The disks

are thought to be the birthplaces of planets. The pres-

ence of circumstellar disks is usually detected by infrared

excess emission which is originated from thermal emis-

sion of disk dust.

Classical T Tauri stars (CTTSs; ∼1 Myr) are usu-

ally located near/inside the natal molecular clouds, and

most CTTSs have massive (dust mass of ∼100 M⊕)

disks. At the next Weak-line T Tauri star (WTTS) stage

(∼10 Myr), many WTTSs are found outside the clouds,

and few WTTSs have detectable massive disks. On

the other hand, some main sequence stars (>100 Myr)

are known to have debris disks with mass of <1 M⊕.

These previous study of disks are limited by sensitivity,

i.e., ∼100 M⊕ dust mass at the distance of ∼100 pc or

∼1 M⊕ at ∼10 pc. Thus WTTS disks could be detected

by sensitive survey. Here, we surveyed WTTSs using

http://pkas.kas.org

AKARI Far-Infrared Surveyor (FIS) All-Sky.

2. TARGET SOURCES

In this preliminary study, we used 77 WTTSs in

the Chamaeleon region, which were discovered by the

ROSAT survey (Alcala et al., 1995). The Chamaeleon

region is one of the well-known low-mass star forming

regions at the distance of ∼160 pc. Most of these sources

are located far away from the well-known molecular

clouds, such as Cha I, II, and III. These sources have

spectral types of F–M, and the ages of 0.1–70 Myr.

Murphy et al. (2013) have analyzed the membership of

ε Chamaeleontis association, whose age is 3–5 Myr with

distance of ∼100 pc. Since they concluded that 15 out of

77 ROSAT WTTSs are not the Chamaeleon members,

we excluded them from the list, and our target contains

62 WTTSs. Figure 1 shows the spatial distribution of

our target sources.
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Figure 1. Spatial distribution of target sources in the Chamaeleon region. The background image is AKARI FIS All-Sky

map (WIDE-S band). Units of the colour bar are in MJy sr−1.

3. Results

3.1. Individual Sources

We have observed 62 WTTSs using the WIDE-S (90 µm)

band image of the FIS All-Sky survey, which is the most

sensitive band of FIS, and found two sources have faint

emission around the target position. One is RXJ 1111.7-

7620, which is located near the north Cha I core Ced 112.

The flux density is estimated to be ∼200 mJy at the

WIDE-S band, which is consistent with the Spitzer’s

results (224 mJy at the MIPS 70 µm band). However,

there is another source, XX Cha, within 45′′ separation.

It is observed by the Herschel and the flux density is

200 mJy at the PACS 70 µm band. Thus, this FIS

source may be XX Cha, considering the full width at

half maximum of the point spread function of FIS (78′′).

The other source is RXJ 1346.4-7409, which is located

far east of the Cha II cloud. The flux density is esti-

mated to be ∼140 mJy at the WIDE-S band and there

are no other observations at the FIR wavelengths. How-

ever, the position of the FIS emission is separated about

40′′ from input one. Furthermore, the central star is too

faint (0.1 L�) for a G4 pre-main sequence star at the

distance of 160 pc. Therefore, this source may not be a

Chamaeleon TTS.

3.2. Stacking Analysis

Since we could not detect any significant FIR emission

from remaining 60 sources, we stacked the FIS images of

these sources to improve the sensitivity. Furthermore,

since some sources are located near molecular clouds, (1)

we removed 8 sources whose background rms is larger

0.15

0.1

0.05

0

-0.05

-0.1

-0.15

Figure 2. Stacked image of 52 sources. Units of the colour

bar are in MJy sr−1.

than 0.5 MJy sr−1, and (2) we applied high-pass fil-

tering by subtracting a smoothed image convolved with

16-pix-sigma Gaussian to clean the background struc-

ture. We then stacked the image patches centered at

target sources, and the noise level was improved to

0.05 MJy sr−1. Figure 2 shows the resultant image, but

we could not see any significant emission from the pos-

sible disk at the center of the image. The three-sigma

upper limit flux density of a point source (90′′ radius

aperture, 15′′ pix−1) is estimated to be 9 mJy. Con-

sidering a typical optically thin disk with temperature

of 50 K, the dust opacity of 0.67 cm2 g−1 at 90 µm,

and the distance to the source of 160 pc, the disk dust

mass is estimated to be 0.01 M⊕, which is comparable

to those of previously known debris disks. This result

suggests that the disks around Chamaeleon WTTSs are

thought to be evolved to debris disks.
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4. SUMMARY AND FUTURE WORKS

We have observed 62 WTTSs in the Chamaeleon region

using AKARI FIS All-Sky images, but we could not see

any significant emission. We then performed stacking

analysis with 52 sources, whose background rms is less

than 0.5 MJy sr−1, but we could not detect any signif-

icant emission in the stacked image. The three-sigma

upper limit flux density of a point source is estimated

to be 9 mJy, which is corresponding to dust mass of

0.01 M⊕ at the distance of 160 pc. Since the typical

dust mass of debris disks is .0.01 M⊕, the disks around

Chamaeleon WTTSs are thought to be evolved to debris

disks.

We will perform this kind of stacking analysis of

WTTSs in other star-forming regions, such as the Tau-

rus, Lupus, and so on. We will discuss the differences of

disk parameters between these regions.
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