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ABSTRACT

Studying young accreting very low-mass objects (late-M and brown dwarfs) in nearby
associations will shed lights into their formation mechanism at different stages. Therefore, the
identification of these bona-fide accreting objects is the first important step for further studies. The
10% width of Ha emission profile with a value of about 200 km.s” has widely been used to detect
young accreting brown dwarfs in star-forming regions. However, there has not been any independent
criterion to verify the accreting and non-accreting nature of the detected objects, especially objects
detected in young nearby associations. Based on the Wide Infrared Survey Explorer data, a small
sample of previously identified accreting and non-accreting late-M and brown dwarfs in star-
forming regions and young nearby associations was collected to construct their spectral energy
distribution. The results of this study which were based on infrared excesses are aligned with the
previous works. It is suggested that the Ho. 10% velocity width at 200 km.s™” could be applied for
identifying accreting very low-mass objects in young associations.
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1. Introduction

One of the most important processes of star formation is accretion because the
accretion timescale and rate will determine the final mass of a star. For very low-mass objects
(brown dwarfs: masses below 0.075 Msun; late-M dwarfs: masses below 0.35 Msun) their
formation is expected to be similar to low-mass stars (e.g., | Msun). However, it is still
unclear how the accretion process occurs in these very low-mass objects at different stages
(i.e., different ages).

The accretion phase in young stars usually occurs at ages younger than 5 Myr
(Fedele et al., 2010). At 5 Myr, most of the stars have stopped accreting materials. However,
some M dwarfs in young nearby associations with ages greater than 10 Myr that are still
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accreting have been detected, e.g., WISE J0808—6443 (M5.0, 45 Myr, Silverberg et al., 2016,
Murphy et al., 2018), 2MASS 1239-5702 and 2MASS 1422-3623 (M5.0, ~10 Myr, Murphy
et al., 2015). These detections have implied that the accretion process in very low-mass
objects might last longer than that in higher mass stars. Therefore, the detection of accreting
young BDs and late-M dwarfs at different ages, especially in young nearby associations, is
important for better understanding their formation mechanism and the planet formation
around them.

In accreting objects, the accretion disk provides more significant energy, thus it
produces optical excess continuum emission (i.e., optical veiling) in optical spectra of these
objects (Hartman, & Kenyon, 1990; Basri, & Batalha, 1990). Therefore, optical spectra have
been used to distinguish between accreting and non-accreting objects. In an optical spectrum,
the Ha emission line has been used to study accreting objects because the Ho emission line
is prominent, and it is not affected by other absorption lines (Kirkpatrick et al., 1991). White
and Basri (2003) proposed that objects with the 10% width of Ha emission line (i.e., the
velocity full width at 10% of the peak flux) or vio [Ha] > 270 km.s™! are considered accreting
objects, independent of their spectral types. The authors then applied this criterion to classify
accreting late-M and brown dwarfs.

However, for the very low-mass regime, Jayawardhana et al. (2003) discussed that the
vio [Ho] cutoff criterion at 270 km.s™! as proposed by White and Basri (2003) might discard
some accreting late-M and brown dwarfs. This is due to the fact that the Stark broadening
effect that can increase the width of the Ha profile is not significant in very low-mass objects
that have very low accretion rates. Consequently, the authors have proposed the vio [Ha]
cutoff at 200 km.s™! for accreting very low-mass objects. This cutoff value was determined
based on some accreting very low-mass objects that show the typical broad O I and Ca II
emission lines as seen in accreting low-mass stars (see Jayawardhana et al., 2003).

As the accretion disk produces excess emission not only in optical but also in infrared,
therefore, the infrared excess could be used as an independent criterion to identify accreting
objects although not all of them produce significant excess emission to be detectable
(e.g., Boucher et al., 2016).

In this paper, we studied a sample of accreting and non-accreting late-M dwarfs in star-
forming regions (ages <~5 Myr) and nearby associations (ages >~5 Myr). These objects have
been classified based on the cutoff of the vio [Ha] at 200 km.s™'. We used the Wide Infrared
Survey Explorer (WISE) data available since 2011 to verify infrared excesses of the
accreting and non-accreting objects in the sample.

The sample will be presented in Section 2 and the detection of infrared excesses in
Section 3 followed by discussion and conclusion in Section 4.
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2. Sample
Twelve late-M dwarfs with spectral types from M4.0 to M9.0 and ages from 2 to 45
Myr were selected. They are young objects in star-forming regions and nearby associations
(see Table 1).
Table 1. The Ha equivalent widths and the velocity widths
at 10% of the Ha line of 12 young late-M dwarfs

. Spectral EW [Hg] vio [Ho] Age Accretor/ .

Object -1 Region Ref

type A) (km.s')  (Myr) Non-accretor
2MASS

M4. 0;27. 148; 34 . h 5
0801-8058 5 [60,27.0]  [148;346] 6  Non-accretor  n Cha

WISE

MS. 0,125.0]  [298;41 4 Accret AR 4
0808-6443 >0 [65.0,125.0]  [298; 419] 5 ccretor C
2MASS M4.5 15.0;40.0]  [210; 425 6 Accret Cha 2
0820-8003 : [15.0;40.0]  [210; 425] ccretor 1 Cha
RECX 5 M4.0 [8.6; 35.0] [194; 330] 6 Accretor nCha 4,5
RECX9  M45  [10.0;11.7]  [300;389] 6 Accretor  mCha 4,5
2MASS
1058-2346 >0 3 5 8 Non-Accretor W 3
2MASS
1101-7718 M3.0 [12.0; 126.0]  [122;232] 2 Non-Accretor  Chal 6
TWA 26 M9.0 7.3 111 8 Non-Accretor TWA 1
2MASS
1202-3328 MS5.0 9.5 169 8 Non-Accretor TWA 3
TWA 27 M38.0 [64.0; 387.0] [209; 308] 8 Accretor TWA 1,6
2MASS Sco —
1239-5702 30 [27.0;63.0] ~ [238;331] 0 ceretor Con 3
2MASS Sco -

M5, 0;91. 236; 341 1 A
1422-3623 50 3309101 [236:341] 10 ccretor Cen °

In Table 1, we list the values of the 10% width of Ha line (vio [Ha]) available in the
literature, which are used to classify accretors and non-accretors. All vio [Ha] values of
WISE 0808-6443, RECX 5, RECX 9, 2MASS 0820-8003, TWA 27, 2MASS 1239-5702 and
2MASS 1422-3623 are well above the cutoff of 200 km.s™! as proposed by Jayawardhana et
al. (2003). So, they are accretors (see Table 1). For 2MASS 0801-8058, 2MASS 1101-7718,
these late-M dwarfs are at the boundary between accretors and non-accretors. Their vio[Ha]
values were generally below the cutoff of 200 km.s™!, they could be classified as non-
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accretors. However, at some epochs, their vio[Ho] values increased significantly and
exceeded 200 km.s™! to be classified as accretors. It is unclear that the significant increase in the
width of the Ha line originates from accretion or flaring activity (Scholz & Jayawardhana,
2006). Its origin will be discussed in Section 4. For the three remaining late-M dwarfs, 2MASS
1058-2346, TWA 26 and 2MASS 1202-3328, they have previously been classified as non-
accreting objects as their vio [Ha] values well below the cutoff of 200 km.s™.

Figure 1 shows the vio [Ha] versus spectral type diagram for the 12 late-M dwarfs.

3.  Verifying the accreting and non-accreting nature of the late-M dwarfs in the
sample using the WISE data

In this section, we constructed the spectral energy distribution (SED) of all 12 targets
in our sample to detect infrared excesses. We used Deep Near Infrared Survey (DENIS),
Two Micro All Sky Survey (2MASS) and the WISE photometry as well as NextGen model
atmospheres for very low-mass stars and brown dwarfs (Chabrier, & Baraffe, 2000).

The best fitting of these models is found by the method of determining the minimum
deviation. We then identified candidates with infrared excesses at WISE bands, especially
for 12 pm and 22 pm. An examination of all WISE images for all candidates was carried out
to confirm their real IR excess. The resulting SEDs of our targets are shown in Figure 2.

The infrared excess was detected in seven young late-M dwarfs that include WISE
0808-6443, RECX 5, RECX 9, 2MASS 0820-8003, TWA 27, 2MASS 1239-5702, and
2MASS 1422-3623. These objects show strong infrared excesses with detection levels above
30 (1o is the error bar) at 12 um and 100 at 22 um. For some of these late-M dwarfs, WISE
0808-6443, RECX 5, RECX 9, 2MASS 1239-5702, and 2MASS 1422-3623 whose infrared
excesses have previously been recognized (Murphy et al., 2015, 2018; Riviere-Marichalar
et al., 2015). For 2MASS 0801-8058 and 2MASS 1058-2346, their SEDs likely show
infrared excesses at 22 um. However, our examination of their WISE images indicated that
these excesses are false-detection. For the three remaining non-accreting objects, we did not
find any infrared excesses.

4.  Discussion and conclusion

All seven late-M dwarfs that have been classified as accreting objects based on the vio
[Ha] criterion of 200 km.s™! show strong infrared excesses at 12 pm and 22 um. For 2MASS
0801-8058 and 2MASS 1101-7718, the upper values of the Ha 10% velocity width of these
dwarfs are 324 km.s™! and 232 km.s! (see Table 1), well above the cutoff of 200 km.s™.
However, our SEDs and the examination of their WISE images as discussed in Section 3
indicate that they are non-accreting objects. We conclude that the high values of vio [Ha]
(>200 km.s™!) at some epochs in these objects were probably from strong flares and not from
accretion. For 2MASS 1058-2346, TWA 26 and 2MASS 1202-3328, our non-detection of
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infrared excesses is consistent with the previous classification based on the Ha 10% velocity
width criterion.

In this paper, we used the infrared excess as an independent criterion to verify the
presence of accretion disks in late-M dwarfs that have been classified based on the cutoff of
the Ha 10% velocity width at 200 km.s! for young late-M dwarfs in star-forming regions
and nearby associations. Our results are aligned with the results of previous studies.

We therefore concluded that this criterion is also applicable for detecting accreting
very-low mass objects in nearby associations.
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Figure 1. The Ha velocity width at 10% peak intensity (vio) versus spectral type diagram for
young late-M dwarfs. For objects with an upper value and a lower vio [Ha] value available
in the literature, we use the same symbols. The vio [Ha] cutoff at 270 km.s™! and 200 km.s™
are also plotted (White, & Basri, 2003; Jayawardhana et al., 2003)
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Figure 2. SEDs of the 12 young late-M dwarfs. The grey curve represents the best-fit
model to the observed data points from DENIS, 2MASS and WISE (solid circles). The
infrared excesses at 12 um and 22 um are found in WISE 0808-6443, RECX 5, RECX 9,
2MASS 0820-8003, TWA 27, 2MASS 1239-5702 and 2MASS 1422-3623. 2MASS 0801-8058
and 2MASS 1058-2346 likely show an infrared excess at 22 um but they are false-detection
(see Sect. 3). 2MASS 1101-7718, TWA 26 and 2MASS 1202-3328 show no IR excess.
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XAC PINH TIEU CHI HUT VAT CHAT CHO CAC SAO LUN TRE CO KIEU PHO M TRE
O NHUNG PAM SAO LAN CAN MAT TROI
Nguyén Thanh Pat"?, Phan Bio Ngoc'*
IBG mén Vit li — Truong Pai hoc Quéc té — PHOG TPHCM
’Khoa Vat li va Vat Ii Ki thudt — Truong Pai hoc Khoa hoc Tu nhién — PHOG TPHCM
*Tdc gia lién hé: Phan Bao Ngoc — Email: pbngoc@hcmiu.edu.vn
Ngay nhan bai: 03-8-2019; ngay nhdn bai sva: 12-9-2019; ngay duyét dang: 30-10-2019

TOM TAT

Nghién ciru vé cdc vit thé cé khoi lwong rat thdp (sao lin c6 kiéu phé M tré va sao lin néiu)
dang trong giai doan it vdt chit & nhitng dam sao tré lan can Mat Troi givp ching ta hiéu ré hon
Vé co ché hinh thanh ciia ching trong nhitng giai doan khéc nhau. Do dé, viéc dinh dang cdc vit thé
dang & giai doan it vét chat la burde quan trong dau tién cho nhitng nghién ciru sau hon. Tiéu chi
10% dé rong vach Ha véi gid tri twong dwong vin toc 200 km.s™ thuong dwoc ding dé phat hién cdc
sao lun ndu & giai doan hiit vdt chat & nhitng viing hinh thanh sao. Tuy nhién, chwa c¢6 mét tiéu chi
déc ldp nao khac dé xdc nhdn hién tirong hut vat chat va khong hut vat chdt ¢ cdc vt thé duoc phat
hién, déc biét la véi cac vt thé dwoc phat hién o cdac dam sao tré lan can Mat Troi. Dua trén dit liéu
ciia WISE, chiing t6i da lya chon mét mdau nhé gom cdc sao lin ¢é kiéu phé M tré va sao lin ndu da
diege xde nhdn ¢é hodc khéng cé hién twong hit vdt chdt tir trude ¢ nhitng vimg hinh thanh sao va
ddam sao tré lan cdn Mdt Troi, sau d6 xdy dung mé hinh phdn bé phé ndng heong ciia ching. Két qua
nghién ciru ciia chiing téi dwa trén hién tiwong bire xa hong ngoai duw phit hop véi cdc két qud nghién
cibu trweGe d6. Do dé, chiing ti dé nghi rang tiéu chi 10% do réng vach Ho c6 thé dwoc dp dung dé
xdc nhdn cdc vt thé cé khéi lwong rat thap dang trong giai doan hit vét chdt & nhitng dam sao lan
can Mat Troi.

Tir khoa: sao lun nau; qua trinh hat vat chét; bic xa héng ngoai du; sy hinh thanh sao;
sao c6 khéi lugng rat thip
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