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ABSTRACT

In this paper, we present our search for debris disks in a sample of nearby late-M dwarfs
based on infrared data of the Wide Infrared Survey Explorer. Using archival data, we constructed
spectral energy distributions of these targets to detect their infrared excess. We detected infrared
excess only in one target. This late-M dwarf is an excellent benchmark for further study of disks
around very low-mass objects.

Keywords: brown dwarfs, debris disks, infrared excess, planet formation, very low-mass
stars.
TOM TAT

Tim kiém dia tin dw xung quanh cdc sao liin kiéu phé M-tré
nam trong vang lan cgn Mat Troi

Trong bai bao ndy, ching tdi tim kiém dia tan dir ¢ mét mau gom céc sao lun ¢é kiéu phé M-
tré nam trong vang 1an cdn Mat Troi bang di liéu viing hong ngoai tir kinh vién vong khong gian
hong ngogi WISE. Si dung cac dir liéu ¢d san, ching tdi xay dung phé phan bé nang luong cia
C4c vdt thé trong mdu dé phéat hién cac ing cir vién cb biic xa hong ngogi du. Chiing téi phat hién
birc xa hong ngoai dw ¢ duy nhat tai mér sao lin M. Pdy sé la mdu sao lun tiéu biéu cho cac
nghién cizu tiép theo vé dia xung quanh cdc sao cé khoi lwong rat thap.

Tir khéa: sao lun ndu, dia tan du, buc xa hdng ngoai du, su hinh thanh hanh tinh, sao c6 khéi
lwong rat thap.

1. Introduction

Most stars are born with primordial gas and dust disks (i.e., protoplanetary disks)
where the process of planet formation occurs. The primordial disks around stars have
almost disappeared in 6 Myr [1]. Subsequently, the disks left over the process of planet
formation are so-called debris disks, which are made of planetesimals (e.g., asteroids and
comets). In these disks, dust is continuously generated by collisions and evaporation of
planetesimals. The study of circumstellar disks (i.e., primordial and debris disks) has
significantly improved our understanding of stellar and planetary evolution [1], [2].

Theoretical models have shown that planets can also form in the disks of young
brown dwarfs (BDs, 13-75 Mjupiter) and very low-mass (VLM, < 0.35 Msyn) stars [3]. The
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models suggest that BDs and VLM stars can harbor more rocky planets than giant planets.
Recent discoveries of planetary systems around VLM stars, such as Kepler-42 (M5, ~0.13
Msun) with three Earth-like planets [4] and TRAPPIST-1 (M8, ~ 0.08 Msun) with seven
Earth-like planets [5], [6], have strongly supported these models. Therefore, detecting and
studying circumstellar disks around VLM objects are important in understanding how
rocky planets form around these objects.

Debris disks have been found in many different types of stars, from early-type (e.g.,
A stars) and solar-type stars (e.g., FGK stars) to M dwarfs [7]-[9]. However, the number of
debris disks detected around M dwarfs, particularly late-M (later than M5-M6) dwarfs and
BDs, remains relatively small. Four early-M dwarfs with debris disks detected so far are:
GJ 182 (M0.5), Au Mic (M1), GJ 842.2 (M0.5) and GJ 581 (M3) [10]-[12]. Recently, five
circumstellar disks have also been detected around VLM stars and BDs [13], [14].

We could detect debris disks around stars through the excess in flux density at IR
wavelengths that is the so-called IR excess. Dust in debris disks absorbs radiation from
host stars and re-emits energy at IR wavelengths, resulting in an IR excess. The IR excess
has been used as a tool to detect debris disks [7]-[9]. We have therefore carried out a
search for infrared excess in a sample of 86 nearby late-M dwarfs. Using Deep Near
Infrared Survey (DENIS), Two Micro All Sky Survey (2MASS) and the Wide Infrared
Survey Explorer (WISE) photometry, we constructed spectral energy distributions (SEDs)
of our targets in order to identify candidates that show IR excesses at WISE wavelengths.
We then examined WISE images of these candidates to confirm their IR excess.

2. Sample

We selected 86 nearby late-M dwarfs with spectral types later than M5.0 (see Table
1). These late-M dwarfs have been identified by the DENIS survey (see [15], [16]-20]).
Their spectral types and distances have previously determined [15], [18]-[22], 23]. The
2MASS and WISE photometric data are available for all targets.

In Table 1, some of our targets also show the lithium absorption line at 6708 A in
their optical spectra as presented in our earlier works [20]: targets 11, 20, 26, 67 and 71.
The presence of lithium in late-M dwarfs can be briefly interpreted as follows: According
to theory of VLM objects [24], BDs with masses below 60 M ypiter are not massive enough
to burn lithium in their cores by the reaction ” Li + p — 2 *He. Thus, all BDs with masses
in the range of 13 - 60 Myypiter Will preserve primordial lithium. Because BDs are fully
convective, the lithium can be detected in their atmosphere. One should note that at young
ages, some early-M dwarfs still have lithium because there is not enough time for
completely depleting lithium in these stars. However, late-M dwarfs with temperature
below 2790 K (M6 or later) that show the lithium absorption line at wavelength 6708 A in
their spectrum should be BDs [25].
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Since all the targets in our sample have spectral types later than M5.0, and five of
them (targets 11, 20, 26, 67 and 71) with detected lithium, they therefore have masses
below the hydrogen-burning limit (i.e., BD masses) or very close to the substellar
boundary (i.e., VLM stars).

Table 1. Physical parameters of 86 nearby late-M dwarfs

Target Distance (parsecs) SpT References
(1) (2) 3) (4)
1 21.0 M6.5 [19]
2 15.9 M5.5 [15]
3 26.3 M5.5 [15]
4 16.6 M6.0 [15]
5 26.8 M5.5 [15]
6 23.2 M6.0 [19]
7 17.0 M7.5 [19]
8 29.5 M6.0 [15]
9 24.3 M5.5 [19]
10 23.8 M8.0 [19]
11 23.3 M5.5 [19]
12 20.5 M7.5 [19]
13 27.1 M7.0 [19]
14 25.5 M5.5 [19]
15 17.2 M5.5 [19]
16 11.3 M8.5 [15]
17 25.7 M5.5 [19]
18 23.1 M5.5 [19]
19 19.7 M6.0 [19]
20 12.8 M7.0 [15]
21 18.1 M5.5 [18]
22 24.4 M6.0 [19]
23 24.7 M8.0 [15]
24 8.9 M7.5 [15]
25 12.1 M8.0 [19]
26 19.5 M6.5 [15]
27 23.4 M5.0 [19]
28 18.9 M5.0 [19]
29 9.1 M6.5 [20]
30 11.3 M6.0 [20]
31 27.9 M6.5 [22]
32 12.7 M6.5 [15]
33 21.1 M7.0 [23]
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34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73

17.9
20.8
25.9
4.5
20.5
25.7
17.2
234
20.1
9.7
24.7
29.2
22.0
19.4
19.3
14.6
13.9
24.7
19.3
10.1
234
10.0
16.3
22.8
31.7
26.7
5.4
10.5
215
17.7
14.6
24.9
10.5
10.4
11.0
221
17.5
22.9
19.4
27.0
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M7.0
M8.0
M6.0
M7.0
M6.0
M6.0
M8.0
M5.0
M5.0
M7.5
M5.5
M5.5
M6.0
M5.5
M6.0
M6.5
M6.0
M7.5
M5.0
M5.5
M5.0
M5.0
M7.5
M8.0
M5.0
M5.0
M8.0
M6.0
M5.0
M5.5
M6.0
M5.5
M6.0
M5.0
M6.0
M5.5
M6.0
M5.5
M6.0
M5.5

[15]
[19]
[19]
[15]
[19]
[19]
[19]
[19]
[19]
[15]
[19]
[19]
[19]
[19]
[15]
[15]
[19]
[19]
[19]
[20]
[19]
[20]
[21]
[19]
[15]
[19]
[20]
[15]
[15]
[15]
[19]
[19]
[20]
[20]
[20]
[15]
[19]
[15]
[15]
[15]
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74 185 M5.5 [19]
75 14.1 M5.5 [15]
76 18.7 M5.0 [19]
77 25.8 M6.5 [15]
78 18.2 M5.5 [19]
79 18.2 M8.0 [15]
80 16.1 M5.0 [15]
81 16.5 M8.5 [15]
82 12.5 M5.5 [20]
83 11.6 M8.5 [15]
84 24.1 M5.0 [15]
85 19.2 M5.5 [15]
86 19.1 M8.5 [19]

Column 1: Target identification.

Column 2: Spectroscopic distances.

Column 3: Spectral types.

Column 4: References for distances and spectral types.

3. Method
3.1. Spectral Energy Distributions of Targets

In order to detect IR excess, we constructed SEDs of all targets over a wide range of
wavelengths, from optical, near-IR, and IR to mid-IR. We used DENIS (I-band: 0.79 pum)
for optical, 2MASS for near-IR (J-band: 1.25 pm, H-band: 1.65 um, and Ks-band: 2.17
um) and WISE for IR and mid-IR (bands W1: 3.4 pum, W2: 4.6 pm, W3: 12 um, and W4:
22 pum). The magnitudes in these bands were converted to flux densities using the
relationships given in [26], [27], and [28].

We then fitted these photometric data with NextGen model atmospheres of VLM
stars and BDs [29] with effective temperature Tess below 4000 K, surface gravity log(g)
ranging from 3.5 to 5.5, and metallicity [M/H] = 0.0. To find the best fitting of these
models, we computed their averaged deviation using the following equation:

2 1 . i i 2
c :WZ(FA _Fz,mod)
i=1
where N is the number of photometric bands, F, is the observed flux at wavelength A of

each band, F, ., is the theoretical flux at wavelength A of each band. The best fit from the

models that minimizes the averaged deviation is selected.
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3.2. Detection of infrared excess

Based on the constructed SED of each object, we then searched for IR excesses at the
WISE bands. We first compared the observed flux with the theoretical flux from the best-
fit model in the WISE bands. Candidates with IR excess are identified if their observed
flux is significantly larger than their theoretical flux at least in one band.

We then further examined WISE images of all candidates to confirm their real IR
excess. We used DS9 (SAOImage, http://ds9.si.edu) to examine the WISE images in order
to discard false-positive IR-excess candidates [9], [13]. A clear detection of IR excess
should show a distinct source from the background.

4.  Results and discussion
4.1. Candidates with infrared excess

Using the steps as described above, we detected 7 candidates that show IR excess:
targets 29, 32, 34, 41, 42, 49 and 58. However, the IR excesses at 22 pum in targets 29, 32,
34, 41, 42 and 49 are marginal (see Fig. 1) because the detection levels of IR excess in
these six sources are below 36 (1o is the error bar). Only target 58 shows strong IR excess
at 4.6 pm (a detection level of ~156), 12 um (~270c) and 22 pum (~90).

Our further examination with WISE images shows that the IR excesses at 22 um in
the six candidates (targets 29, 32, 34, 41, 42 and 49) are false-detections (see Sec. 3.2). We
therefore conclude that there is no IR excess in these targets with the current data. For the
case of target 58, the images in three bands W2, W3 and W4 show a clear detection of the
source in all the three bands. Therefore, we confirm its IR excess.

4.2. A new circumstellar disk around an M dwarf

From our sample of 86 nearby late-M dwarfs, we have identified a unique candidate
that shows strong IR excesses at 4.6 pm, 12 pm and 22 pm. The IR excess can stem from
dust in a primordial disk or a debris disk that surrounds the star. While protoplanetary disks
mostly emit their excesses from the IR and onward, the excesses of debris disks are mainly
in the mid-IR and beyond [5]. Since target 58 exhibits the excesses at both IR (4.6 um) and
mid-IR (12 pm and 22 pm) wavelengths, its disk therefore could be either a protoplanetary
disk or a debris disk.

5. Summary

In this paper, we present our preliminary result of a search for IR excesses around
nearby late-M dwarfs using WISE data. Based on our SEDs and WISE images, we
detected IR excess only in one target. The detection of IR excess in the source implies the
presence of a disk around the target. In a forthcoming paper, we will present our further
study of the target to confirm the nature of the disk.
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Figure 1. SEDs of 6 late-M dwarfs with the IR excess marginally detected at 22 ym.
The grey curve represents the best-fit model to the observed data points from DENIS, 2MASS
and WISE (solid circles).
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Figure 2. SED of target 58. The IR excesses are detected at 4.6 um, 12 um
and 22 um (solid circles)
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