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ABSTRACT

We present the results of a search for new circumstellasdistund low-mass stars and brown dwarfs with
spectral types >K5 that are confirmed or candidate membersarby young moving groups. Our search input
sample was drawn from the BANYAN surveys of Malo et al. and @agt al. Two-Micron All-Sky Survey
andWide-field Infrared Survey Exploretata were used to detect near- to mid-infrared excessesvthad
reveal the presence of circumstellar disks. A total of 1§dts with convincing excesses were identified:
four are new and nine were already known in the literaturee ew candidates are 2MASS J05010082—
4337102 (M4.5), J08561384-1342242 (M)8J12474428-3816464 (M9 and J02265658-5327032 (L))
and are candidate members of the TW Hyal(0+ 3Myr), Columba & 42$Myr) and Tucana-Horologium
(~ 45+ 4 Myr) associations, with masses of 120 and 13M}§, The M8-LO0 objects in Columba and Tucana-
Horologium are potentially among the first substellar digktems aged- 40Myr. Estimates of the new
candidates’ mean disk temperatures and fractional luritisssire in the ranges 135-520 K and 0021-0.15,
respectively. New optical spectroscopy of J0501-4337alestrong ki emission, possibly indicating ongoing
accretion, provides a detection of lithium absorption amddial velocity measurement that is consistent with
a membership to Columba. We also present a near-infraredrapeof J0226-5327 that reveals Pasclien
emission and shows signs of low surface gravity, consistéhtaccretion from a disk and a young age.
Subject headingsCircumstellar matter, Brown dwarfs, Stars: Low-mass, &planetary disks, Infrared: Stars

1. INTRODUCTION more amorphous (indicating a lesser amount of grain growth
The presence of debris disks is a signpost of a past plan-2nd thermal processing). Since debris disks are cotdd¢-

etary formationl(Zuckerman & Song 2004; Modr et al. 2011; 100K), their weaker excesses are mostly observable in the
Raymond et &l. 2011), whereas the presence of protoplgfnetarg'%"nf[jared ("\IM;)) 1aznd_ E_eyond|>(22;)1;2m,TRhee_ et CLL'.Z%)?_I'_
or transition disks can be a sign of ongoing planetary forma-=>cNNelder e(;‘." : a. wetfa. 014). Transition Isde\)ﬁ( "
tion (Espaillat et di. 2010; Kraus & Ireland 2011). Searghin are intermediate cases: they feature an inner region devoi
for circumstellar disks is thus an interesting way to idgnti  Warm dust, and an outer region that still contains a sigmifica
new exoplanets and study their formation. Disks are usuallyamoum of dust. Transition disks display an excess starting

initially detected from the presence of an excess of inttare &t @bout 1@im (Strom et al._1989; Espaillat etal. 2010), and
(IR) radiation compared to that expected from the star alone MaY Still contain some amount of gas. .

Such an excess is attributed to the thermal emission of the Circumstellar disks have been found and studied around
dust in the disk that is warmed up by its host star. The amount™any types of stars, spanning early spectral types (e.g., A

of excess emission can vary greatly from one system to an-St&'s _like the well-known Vega (AOV)jPictoris (A6V)

other, and reveals different types of disks or differengega  and Fomalhaut (A4 V)i Aumann 1985; Hobbs etial. 1985)

in their evolution. Primordial disks are massive {OMg;  © Iz?)t.e-type stars (e.g, K and M classes, Avenhausetal.
\Wyatt[2008), optically thick, rich in gas and accreting onto 2012;/Kraus et al. 2014; Theissen & West 2014), and down
their host star, and produce an important excess emission©_the substellar and planetary-mass regimes (Luhman et al.

from the near-infrared (NIR) and on-wards; they are found 2005é&,b] Bayo etal. 2012; Joergens etal. 2013). However,
around the youngest systems L0Myr: [Williams & Cieza the number of disks that are currently known around very low-

2011). Dusty debris disks are much more tenueud M ; mass stars and substellar objects remains relatively spaal

\Wyat:2008), colder and gas poor; they are thought to be theticularly for debris and transition disks. Improving the@nt

remnants of a planetary system formation and are constantl;é"?‘mpleh()f ﬁ“Ch Snyteth 5‘_’0"(“‘1 be valuatl)_llf flor mﬁny re?sons.
replenished by planetesimal or asteroid collisions, whith Ince the hosts of such disks are more likely to host planets

lows them to be sustained for much longer, up to 100 Myr and have alowerintrinsic luminosity, they would be impatta
(Zuckerman & Sonf 2004: Modr etlal. 2006). Another differ- targets for direct-imaging searches of exoplanets. Intasfli
ence between primordial and debris disks can be found intthe occurrence and properties of disks in these low-mass sys

their dust grain sizes: those of the former are smaller and!€MS ~ With masses near the lower limit of star formation —
would offer some unique insights into the star, planet asH di
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formation and evolution mechanisms. In order to determine whether or not a star had an infrared

In the last few years, there has been a lot of effort excess, we first fit synthetic spectra (BT-Settl; Allard et al
to identify new young low-mass stars and brown dwarfs [2013) to the observed photometric data points by using a
(BDs) in the solar neighborhood (e.g.l Rodriguez et al. least-squares approach over the following photometridban
2011; Malo et all 2013; Gagné et al. 2015), providing many | (when available from the DENIS™ release; 2005) and
good candidates for the search of new disks in the low-2MASS J,H & Ks. The 2MASS, DENIS (and WISE, for
mass regime. The proximity of these systems also makeshe analysis done later) magnitudes were converted to flux
it easier to spatially resolve and image their disks. We densities ) using the zero points given by Cohen et al.
have thus carried out a search for excess infrared emis{2003),[Fouqué et all (2000) and Jarrett ¢t al. 2011, respec-
sion around several newly identified very low-mass starstively, and synthetic flux densitiesf{moq) across the cor-
and BDs in nearby young moving groups (YMGs) and as- responding bandpasses were computed from the synthetic
sociations £ 250Myr; |Bell et al. 2015). The stars within spectra using the relative spectral response curves given i
a given group formed at the same time, most probably the same references. For a given object, the predicted pho-
from the same molecular cloud, and are found with similar tospheric flux densities were defined BSored = (@f\ mod),
galactic positions and space velocities (Zuckerman & Songwhere the mean is calculated over the synthetic flux densi-
tZhO(izl)- kThe y?ungetit a;nﬁl closeitéh(LOTO v?/CL aSSOCIatI_or:_S ties of all the models that produced a fit wit,, lower than

at we know ot are the tolowing. the ya associalion he 6894 confidence level limit according to theformalism,
(TWA;, 7—13Myride la Reza et &l. 1989. Kastner etal. 1997, ang wherea is a numerical factor explained below. When
Zuckerman & Song 2004; Weinberger et al. 201Bpictoris — there were fewer than 5 models that satisfied this criterion,
(BPMG; 21-27Myr; |Zuckerman et al. 2001a; Maloetal. o only kept the 5 models with the smallagt, values. We

2014b;| Binks & Jeffries 2014), Tucana-Horologium (THA; 4afined the standard deviati f the flux densiti
41-49 Myr;|American & Society 2000; Zuckerman & Webb frgr!r?tehigAégi%??)esterrswc?(jr]elg.r eviation ot the flux densities

2000; [ Zuckerman etall 2001b; Krausetal. 2014), Ca- e onl ; -
- : - y considered the range of BT-Settl models that are
rina (CAR; 38-56Myr; [Torres etal.l 2008), Columba 45t appropriate to our target sample for the spectral fit-

(COL; 38-48Myr, [Torres etall 2008), Argus (ARG; 61 {ing of the photometry (late-type stars and brown dwarfs:
88 M){r, Makarov & prbaww 2000) and AB poradus (AB-  mid-K through early T), namelfiey < 5000K, logg > 3.5,
DMG; 130-200Myr; .Zuckerman et al. 2004; Luhmanetal. ang with solar metaliicity.  Furthermore, all of the tar-

2005c¢] Barenfeld et &l. 2013). gets from_Gagné et hl._(2015b) and frém Malo étfal. (2013,

_In this paper, we present the results of our search for new>474p) were already assigned a spectral type estimate. We
circumstellar disks around young low-mass stars and brown;, advantage of this and, based on those estimates, as-

dwarfs, which led to the identification of 4 systems with newl  gjgned an effective temperatur@sgyod to each star, using

detected significant excesses. In Secfibn 2, we present oUfhe spectral typefey relations ofl Stephens et al. (2009) for

target sample and our selection criteria. We detail our owth  1ha M6 to T1 types and those of Pecaut & Mamajek (2013)
to identify the infrared excesses in Sectign 3. In _Se¢1]0re4w for earlier-type stars (<M5). Then, only the models with

present follow-up and complementary observations, and theTeff within the range offsprype—500 to+100K were consid-

results of our search are presented in Sedfion 5. Lastly, Wegreq in the spectral fitting: this was useful to avoid any sec-
discuss these results and our current conclusions in $gtio ondary minima during the fitting. We went down 500K

because there are indications that young stars and brown
2. TARGET SAMPLE dwarfs (and also stars with lower surface gravity, which-usu

We used the BASS survey cataloglof Gagne et al. 2015bally indicates a young age) have cooler effective tempera-

(BANYAN AllI-Sky Survey; |Gagne et al. 2015), the candi- tures when compared to field stars and brown dwarfs with

date list from_Malo et al.| (2013) and the bona fide list from the same spectral types (Filippazzo ét al. 2015; Gagné et al.

Malo et al. (2014b) of nearby moving group members or can-2015bj Metchev & Hillenbrard 2006; Barman etlal. 20111a,b;

didate members (see the BANYAN article series) as a startingMales et al. 2014; Faherty et/al. 2012; Liu et al. 2013).

point to build our target sample. The BASS catalog includes We calculated the reduced for every model using the fol-

stars with spectral types M5 while the objectsin Malo etal.  Jowing equation:

(2013,,2014b) include earlier-type stars (K5V-M5V). Their

ages range from- 10-250 Myr, depending on the age of the , 1 (fa —afA_,mod)2
moving group they are in. We started with a totalefl600 Xred = K Z S R 1)
targets from all those lists, and required that the stare Hata bands A

both in 2MASS |(Cutri et &l. 2003) and WISE (Cutri& etal. \hereK is the number of degrees of freedom amis the
2012). When 2 sar coul ot be found n on of the ot e soid angle (<07 Ris the modeled sta adius anc

Ny , ) N its hypothetical distance), which minimizes th&and can
(2015). We also required our sample to have good detecnon%e fou%g analyticall Then) the best models thjgt mininyize
in theW3 andW4 bands (i.e., no upper limits) and not to be were selectedy Y. ' m

flagged by WISE as contaminated and/or extended from their . .
primary data set (profile-fit photometry). Lastly, we reqain. {/rcﬂ(l)rder to clzha}ratlc;[je_rtlze_the.f.excessl in tTe Vc\j”SE bngB d(th
signal-to-noise ratio (SNR} 3 in theW4 band. After apply- ~ ©©W4), we calculated its significance level and considered the

ing these selection criteria, 585 objects remained: 32dhfro Uncertainty that could come from the fititself, using:

the BASS catalog and 261 from the lists of Malo et al. . fa = fpred

3. METHOD \/ 7%+ 3 pred

3.1. Initial Excess Detection wheref, is the observed photometric flux density of a given

(2)
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fit. This method was useful to determine whether an excess
was real or if it could be explained to a large extent by a nor-

40 TTTTTTTT HHIHH‘HHHIH TTTTTTTTTTTTTTTITT malphotosphereW|thdlﬁerentvaluesmand|0wWhen

- ] these “multi-fits”, using all sets of bands, all convergedtoan

E Histogram S_W3 3 same model, it was interpreted as a sign that the excess ts mos
30 SIS = likely real and that the model represented the stellar splect

c l ! e ] energy distribution (SED) well enough. In these cases, the

initial fits (i.e. with (1,) J,H andKs only) were adopted.

We applied this method to two data sets of WISE photome-
try: theinstrumental profile-fit photometry magnituded the
instrumental standard aperture magnitude with aperture co
rection applieddata sets. We observed that ivd band (and
sometimedN3) often had a good detection in tlpeofile-fit
set while only an upper limit or a contaminated measurement
was available in thaperturephotometry. We have thus used
both sets and applied the same selection criteria in bo#tscas

If 3 or 4 out of the 4 criteria mentioned above were satisfied
220 -10 0 10 20 30 for a given fit, then the target was identified as a disk candi-

Significance date. If only 2/4 criteria were satisfied, the target was ftahg
as “ambiguous” and we kept it for further examination. When
FiG. 1.— Histogram of the significance distribution of the exsesin the one or none of the criteria were satisfied, the target was com-
WISEWS3 (red) andV4 bands (blue), as well as their associated Gaussian fit pletely rejected. Since this was done on two WISE data sets,
(in orange and light blue, respectively). we required that a given target be selected as a good or am-
_ biguous disk candidate in both sets for it to be preserved in
band ¢, is the error offy). the final sample.

The distributions oB5(W3) andS(W4) for our full target list

is shown in Figur&ll. The bulk of both distributions are well ~ 3.2. Detailed Verification of Candidate Stars with Excess

fit by a Gaussian, as expected, with characteristic widths ( Once the targets with the most significant infrared excesses
of 1.2 inW3 and 1.5 inW4, respectively, indicating that our ere identified, additional in-depth verifications were mad
estimates for the uncertainty of the expected model fluxes ar 1o confirm that the detections were due to a real excess and
reasonable. The distribution 8W4) is centered close to 0,  not to false-positives and/or contaminated data. Firsis@aay
as expec;ed_ if the models qorre;ctly_match the observed ﬂUX:inspection of thaV1 to W4 WISE images was done. It was
but the distribution olS\W3) is significantly shifted towards  yerified that a signal was present in the image, that it looked
negative valuesy{ —2.9), indicating that the models systemat- djstinct from the noise at the source position and that there
ically over-predict th&V3 flux. The reason for this systematic \yas no other source within the largest WISE aperturex(1,6
is unclear, but it has no significant bearing on our studytapa associated with the/4 channel). Secondly, the point-spread
from possibly missing some sources with smaller excesses. fynction (PSF) shape was inspected to ensure that it wasliroun
We identified candidates by selecting those with a signifi- and did not display an extended shape or a surrounding haze.

cantinfrared excess when compared to the flux expected fromy pSF shape that is not round or that is extended could in-
the best model fits in at least thi¢3 orW4 WISE bands. We  dicate some kind of artefact affecting the photometry of the

Number

then applied the two following selection criteria: source. When no clear point-like signal was present in any
(A) The excess must have a significance level of atleast 3 gne of the 2 bands, the target was discarded: we required a
S>3 3) visual detection irbothchannels. The same verification was
=7 done with the 2MASS and the Digitized Sky-Survey (DSS)
as defined in Equatiofl(2). images. The smaller angular resolution of 2MASS and DSS
(B) The observed flux must be larger than the synthetic flux (~ 2”7 and~ 1", respectively) allowed for a better rejection
by 60% inW3 and by a factor of 3 to 10 W4: of contaminants due to background stars. Any target that dis
f played signs of contamination or an extended shape was dis-
Pw3 = w3 > 1.5, (4) carded. This step removed most of the contaminants after the
fwa pred initial excess detection.
fwa On a few occasions during the verification mentioned
Pwe =+ - >3-10. (5) above, it was noticed that a star with an apparently sigmifica

W4 excess (in either photometry sets) seemed to contain no
The values for those thresholds have been determined subjedlux at the source position in the image except for noise. For
tively by looking at the typical values gbyz and pw4 for a this reason, the WISE magnitudes were re-calculated for all
sample of non-excess sources and comparing them to a sanof the disk candidates to verify that their reported magtet
ple of what seemed to be significant excesses. If there was avere not similarly affected by this apparent problem. Stan-
30 detection in th&V3 band, therpy4 could go as low as 3. dard aperture photometry was used with an aperture radius se
If not, thenpw4 had to be at least equal to 10 or higher to be to the median full-width half-max (FWHM) of a sample of 20
considered any further. bright and isolated WISE stars with SNR >10 in ¥d band.
Multiple fits were then performed on each target: the model The appropriate aperture correction factor and its unicayta
spectra were first fitted to thkH, Ks (andl, when available)  were calculated from the same set of stars. In order to esti-
bands (to only fit the star) and then the WISE bands (wheremate the uncertainty on these measurements, the flux density
an excess can be expected) were progressively added to theas measured using multiple circular apertures at randem po
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sitions around the target. It was required that the rand@nap to higher temperature to compensate for small differentes a
tures do not overlap and do not contain any real source. Theshort wavelengths, not capturing well the excesg/atand
standard deviation of the fluxes that were measured in thes&V4. Because of this, the exceBs= f) — f) preq Was directly
random apertures was taken as the flux measurements uncefitted over theN'1 toW4 bands only. The error on the excess
tainty, and was translated to an uncertainty on its magaitud : - [ 2., 2 2 : ; )
Atygood agreement was obtained byetween thgese re_vyas defined asg = VX -‘_-U/\,Pred' The_X as defined in Equa
calculations and the cataloged WISE magnitudes for thetion () was then minimized, but usir(Tais) — the Planck
disk candidates that respected all selection criteriaimeati ~ €mission function of a blackbody at a temperaftiyig — in-
above. In most cases, the differences were smaller than 1 stead offy moq. The outputs of this method weee the flux
while the worst cases differed by up to2Thus, even when  scaling factor, andyisi, the estimated mean disk temperature.
considering these disparities, all excess detectionsinema A Monte Carlo approach was used to estimate errors on the
significant at more than thes3level. For the remainder of ~ bestfitting parameters. Random Gaussian noise was added to
this work, only theprofile-fit data set from the WISE catalog the data according teg in E andTgisk anda were evaluated
is considered. for every synthetic data set. The 68% confidence interval of
the resulting distribution was taken as the error on a given
parameter, and the peak of the distribution was taken as the
3.3. Blackbody Fit measurement.

The mean temperatures of the circumstellar disks causing € disk fractional luminosityfgisk = Lir /L. was calcu-
the IR excesses detected in Secfion 3.1 can be estimated by fifat€d from the best-fit blackbody curve and stellar atmosphe
ting a blackbody spectrum to the IR photometry. This was first M0del. This quantity can be used to determine the expected
performed using the best-fit model spectra previously ident disk type (debris, transition or primordial disk; see Sei).
fied and all available photometry. However, it was observed I
that the 2MASS data points pulled the blackbody spectrum fit 3.4. Tests and Validations

TABLE 1
TWA MEMBERS WITH AN EXCESS REPORTED INSCHNEIDER ET ALl (20124 JE)

Name Spectral Tyfe  Tetsit ° Swa/wa Pwa/wa W3/W4 Taisk faisk

(K) (o) excess? (K) (LiryL,)
TWA 1 K8 IVe 4000+50 442/385  9.7/1846 YIY 167+5  010Z25%
TWA3AB  M4IVe 3000460 392/396  67/518 YIY 21645  00907%5%
TWA4AB  K4+K6IVe 3900450 473/431  112/1912 Y/IY 173+5 0143900
TWA 7 M3 Ve 3300+180 -3.5/3.8 0.8/15 N/N 55320 o
TWA11B? M2Ve 36004170 562/460  157/4550 YIY 148+5 0457092
TWA27A  M8Ve 2400+50  201/7.5 37/149 YIY 30058 o,064i§;§§§
TWA 28 M8.5+ 2000+130  105/5.3 26/9.5 YIY 2000%°  0.128005
TWA30A® M5Ve 3000£70 167/276  22/139 Y/Y 20348  002240.001
TWA30B® M4 3300450 457/306 3229/28628  Y/Y  475%5 41209
TWA31®  M4.2 2800+50  146/7.7 32/237 \2h% 20022 0.04770 558
TWA32®  M6.3 26004170 126/231  24/161 Y/Y 200410 00364 0.002
TwA 33 Ma4.7 2900+50 189/223  27/126 Y/Y 240410 0026+ 0.001
TWA 34 M4.9 2700450  152/12.2 21/8.0 YIY 250420 00207353

Notes- @ Spectral types are taken frém Schneider ef al. (2012a,dPandut & Mamajeék (2013).
b SED fits with models from the BT-Settl grid of Allard et dl. (2%).
¢ Excess ilW3/W4 band, as found in this work, yes (Y) or no (N).

d AIIWISE photometry was used for this target, as the WISE datms to correspond to TWA 11 A instead.
€[Schneider et all (2012a) find disk temperatures of 210;+B8D (two blackbodies were fit), 200 and 200K for TWA 30 A, 30 B,&d 32, respectively.
f[Schneider ef all {201kb) find disk temperatures ofA8E0 and 218 900K for TWA 33 and 34, respectively. (See Tdble 3 for congmariwith our results)

The method presented here was validated by analyzingrectly imaged for the first time by Choquet et al. (2015). This
all members of TWA cooler than 5000 K with known disks. demonstrates that our method may miss fainter/colder disks
The results were then compared to those of Schneider et albut is efficient at identifying brighter/warmer disks. Mere
(2012a) and Schneider et al. (2012b). We considered all ob-over, we did not flag any other TWA star as a disk candi-
jects that have 83 andwW4 excess value- 5 (see the fourth  date, which is consistent with the findings of Schneider et al
to last and the last columns of their Table 2; Schneiderlet al.(20124a,b).
2012a) as displaying a significant excess. Using the method
presented in Sectidn 3.1, we were able to retrieve all 13 star 4. OBSERVATIONS AND DATA REDUCTION
as significant excess candidates: TWA 1, 3AB, 4AB, 11B,  New follow-up observations were obtained for two of the

27,28,30A,30B, 31, 32, 33 and 34), except for one, TWA 7. new disk candidates identified here. These observations are
This last object was rejected by our method because itssalue gescribed in the remainder of this section.

of pws and py4 were too low, respectively 0.8 and 1.5, even
though itsW4 excess level is present aB3. The results of 4.1. Optical spectroscopy with ESPaDONnS
this analysis are listed in Tadlé 1. TWA 7 is known to have a High-resolution optical spectroscopy was obtained for

debris disk with an inner disk at 66 K and a colder outer disk at : ; ;
> . € S 2MASS J05010082-4337102 in queue service observin
20K (Riviere-Marichalar et al. 2013), which was recently di (QSO) mode with ESPaDONS (Do(r:]]ati etlal. 2006) at CFHTg
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on 2016 March 3. ESPaDONS was used in the Spectro’20158; se€ Gagné et Al. 2015b for more detail on this reduc-

Polarimetric mode combined with the “slow” CCD readout tion package. The Firehose package automatically corrects
mode, yielding a resolving power of R 68000 in the range  the wavelength solution to vacuum wavelengths in a helio-

3700-10500A. A total integration time of 90 minutes was centric frame of reference.

used. The data were reduced by the QSO team using the

CFHT pipeline UPENAL1.0. This pipeline uses J-F. Donati’s 5. RESULTS

software Libre-ESpRIT.(Donati et al. 1997). 5.1. Candidates with excess

The analysis described above was applied on the bona fide
. . and candidates targets lof Malo et al. (2013) and Malolet al.
4.2. Near-infrared spectroscopy with FIRE (2014b), which mainly contain earlier-type stars (K5V—M5V
A high-resolution near-infrared spectrum was obtained for than those of Gagne et/al. (2015b). From the total sample of
2MASS J02265658-5327032 with the Folded-port InfraRed 369 (with 261 objects following the quality criteria), onfy
Echellette (FIRE;_Simcoe etlal. 2008, 2013) spectrograph atwent through the inital excess detection phase. One of them
the Magellan Baade telescope on 2015 September 24. Thevas contaminated in every WISE images. The other 5 dis-
06 slit was used, yielding a resolving power Rf~ 6000 played convincing excesses, but were already known in the
over 0.8-2.4%m. Two 650s exposures were obtained, re- literature : (1) Fk Ser, a binary T Tauri star in the Argus
sulting in a signal-to-noise ratio of 43.8 per pixel at 1.51-  association with a known T Tauri disk (Jensen et al. 1996),
1.55um. The standard AO-type star HD 25986 was ob- (2) TWA 3 and (3) TWA 30 A, (4) DZ Cha, a member of
served immediately before the science target<(40s) to the ~ 6 Myr old ¢ Cha associatiorl_(Torres et al. 2008) with
achieve telluric correction. A wavelength calibration ThA a known debris disk (Wahhaj etlal. 2010; Simon et al. 2012),
lamp exposure was also obtained immediately before the sci-and (5) V4046 Sgr, a pre-main-sequence spectroscopighbinar
ence target, and standard flat field calibrations were obtain (T Tauri star) with a circumbinary disk (Jensen et al. 1996;
at the beginning of the night. The data were reduced usingJensen & Mathieu 1997). No new disk candidates were thus
the Firehose v2.0 package Bochanski €t al. 2009; Gagné et afound in the_Malo et al. (2013, 2014b) sample.

TABLE 2
CANDIDATE PROPERTIES

2MASS designation  J05010082-4337102  J08561384-13422412474428-3816464 J02265658-5327032  Ref.

RA (deg) 75253587 1345750 19193441 36736258 1
DEC (deg) -43619529 -13706796 -38.279607 -53.450924 1
Spectral Type M4.5 M M9~ LOS 2
Association CcoL TWA TWA THA 2
Age (Myr) 428 1043 10+3 4544 3
I (mag) 13440.03 179402 4
J (mag) 1161+0.03 1360+ 0.03 1478+ 0.03 1540+ 0.05 1
H (mag) 1106+ 0.02 1298+ 0.03 1410+ 0.04 1435+0.05 1
Ks (mag) 1075+0.02 1249+ 0.02 1357+0.04 1375+0.05 1
W1 (mag) 1054+ 0.02 1215+0.02 1311+0.02 132240.02 5
W2 (mag) 1029+ 0.02 1162+ 0.02 1252+ 0.02 1278+40.03 5
W3 (mag) 93240.02 988+ 0.05 1095+ 0.08 116401 5
W4 (mag) 7124007 84+03 88403 86+0.3 5
W1-W4 (mag) 34240.08 38+03 43403 46403 9
Stat. Distance (pc) 4372 358+4.4 766157 434728 2
Estim. M. (Mayp) 2 1197 144198 174158 137403 2
Toptype(K) 3125 2550 2400 2260 ,8°
Teanvanwii (K) © . 2300+ 200 2100+ 300 1700+ 100 8
Tettsic (K) ¢ 2900+ 50 2100450 2000+ 50 1800+ 50 9
loggri ¢ 4.0040.60 4004030 5004 0.60 450+ 0.60 9
Taisk (K) 170+ 10 52025, 190ﬁ§§ 135420 9
faisk 0.021:3552 0.08973 912 0.087:35% 0.15'9.9 9
Swawa () 9.7/135 141/37 80/35 22/4.0 9
Pwa/wa 17/141 36/15.0 28/203 15/226 9

Notes- @ The estimated masses were calculated by comparing the 2M&8WISE photometry with the AMES-Cond isochrones fiom Baret al.
(20038), assuming the YMG age and the trigonomic or statististance of BANYAN Il (Gagné et &l. 2014b).

b Tt estimated from th@.—Spectral type relation from Stephens et[al. (2009) andiR&Mamajek (2013).

¢ Ter estimated by Gagné etldl. (2015b).

d Models from the BT-Settl grid of Allard et al. (2013).
References- (1) 2MASS catalog. Cutri et 8l. 2003; (2) BASS catalog Gaenal. 2015; (3) Bell et al. 2015; (4) DENIS catalog. FougquélgP000; (5)
WISE All-Sky Source catalog. Cutri & etial. 2012; (6) Stephe all 2009; (7) Pecaut & Mamajek 2013;[(8) Gaané ket al. 20Bpithis work.

The same analysis was performed on the initial 1228 ob-visual inspection of th&v4 channel images. After inspecting
jects from Gagne et al. (2015), with only 324 satisfying the the 2MASS images, 4 other targets were eliminated, leaving
quality requirements. This number was reduced to 53 aftera total of 10 circumstellar disk candidates. Among these ob-
the first initial excess detection, then to 35 after a visnal i  jects, 6 were already known to have a disk in the literature:
spection of th&V3 channel images, and then to only 14 aftera 2MASS J02590146-4232204 (Rodriguez et al. 2013), TWA

27, TWA 28, TWA 32 (Schneider etgl. 2012a) as well as
1 Available ahtt ps: /7 gi t hub. conf | gagneastr o/ Fi reHose v2/tree/vZ2.0
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TWA 33 and TWA 34|(Schneider etlal. 2012b). These targetsresponding to 1.42-1.09 mm). The results from these ob-
were thus set aside for the rest of this work. The final sam- servations were analyzed and presented in Rodriguez et al.
ple contains 4 new circumstellar disk candidates; theippro (2015). There was no detection at the position of our target
erties are listed in Tab[g 2. It should be noted that the exces at these wavelengths, with a corresponding continuum flux
of J1247-3816 was previously identifiedlin Rodriguez et al. upper limit of 0.15mJy, suggesting an absence of small cold
(2015), but had not been explicitly characterized by them.  dust grains in this system.

The four new disk candidates identified in this work have In Figure[2, we display the observed and modeled spec-
mid-M to early-L type host stars, which are also candidates o tral energy distributions (SEDs) of our 4 candidates froeirth
YMGs. Two of them (J0856-1342 and J1247-3816) are can-best single-backbody fit. Representative SEDs from claksic
didate members of TWA (18 3Myr). It is not surprisingto  and weak T Tauri, pre-transition, classical and weak TD have
find TWA candidates with IR-excess and circumstellar disks been added for comparison. The comparison SEDs have been
since almost half of the stars in this association displajRan  scaled to theH band flux density. All four disk candidates
excess. In fact, the 22m excess fraction of this young asso- have SEDs that differ significantly from those of T Tauri¢yp
ciation has been revised at4®s bylSchneider et al. (2012a) objects. The SED of J0501-4337 has a behavior similar to
from the previous work of Looper etlal. (2010), Rebull et al. that of a classical TD, but with a lower 22n flux. The fact
(2008) and_Low etal.[(2005). The other two disk candi- that this target does not display a T Tauri SED is consistent
dates (J0501-4337 and J0226-5327) are candidate membevgth the fact that its i EW is weaker than the T Tauri cri-
of COL (42"$Myr) and THA (45 4 Myr), respectively. terion ofi Barrado y Navascues & Maitin (2003). The SED of

The Canadian Astronomy Data Center (CADC; which in- J0856-1342 is similar to those of pre-transition or weak-T
cludes the Hubble Space Telescope (HST), the Gemini Ob-Tauri disks, while that of J1247-3816 definitely seems like a
servatory and the Canada-France-Hawaii Telescope (CFHT)re-transition disk. The SED of J0226-5327 could be caused
data) were parsed for additional information on the four new by either a classical or pre-transition disk. The additién o
disk candidates presented here. A similar search was perdata points betweew?2 andW3 as well as redwards a¥/4
formed in the ESO, Keck and Subaru astronomical archives.would be helpful to further determine the nature of these
Only SOFI images for J0856-1342 and J1247-3816 weredisks.
found. We verified whether contamination could be detected The SEDs of J0501-4337 and J0226-5327 are well repro-
around the targets within an aperture of 16.50 such con-  duced across the whole spectral range, while those of J0856—
tamination was found. Additional, ALMAAtacama Large 1342 and J1247-3816 do not simultaneously agree with the
Millimeter/submillimeter Array data were found for J1247— W2 andW4 data points. The same behavior has been ob-
3816 (with the ALMA band number 6, at 211-275GHz; cor- served with the validation performed on the TWA members.

TABLE 3
TWO-TEMPERATURE FITS PROPERTIES

Name Swz w2 Taisk Taisk 1 Taisk2 2 faiskirdiskze  Taisk 1 Taisk2 °
(o) (K) (this work) (Schneider et al. 2012b)

J08561384-1342242 A 13 5302, 510-700 50-220 Q11-140

J12474428-3816464 .4 13 1853° 510-600 50-60 072-565
TWA 33 32 12 2403, 580-940 70-210 (Q047-0.16 850 190
TWA 34 62 15 25010 840-930 50-80 011-046 900 210

Notes- @ Disk temperatures obtained from a two-temperature fit, filisiwork.
b Disk temperatures obtained from a two-temperature fit frafmgider et al[(2012b).

This behavior may indicate that there is both a hot and a30mA, measured using the method described by Malol et al.
cold disk component, requiring a fit with two blackbodies at (2014b). The spectrum also displays strong Emission,
different temperatures; this was thus performed on these obwith EW,y,, = 7.56+ 0.20 A.
jects. The results from these fits are listed in Table 3, ab wel The full width at 10% intensity of the & emission line
as the results from_Schneider et al. (2012b) for comparison(Ha1g) can be used as a tracer of accretibn (Nattalet al.
and validation of our method. . 2004); it was measured on two separate orders of the ES-

An alternative explanation for the poor fit of tNé2AW4 ~ paDONS spectrum. A running smoothing filter of 10 pix-
data points for J0856—1342 and J1247-3816 could be that the|s was applied first to mitigate the effect of bad pixels,
predicted spectral model fluxes\&® are less accurate in this  gnqg Hui00 Was calculated in a f0steps of a Monte Carlo
age and temperature range (botharg0 Myr and~ 2000K).  sjmulation where the spectral flux density varied according
For this reason, the excess were also fitted using@#yand {0 its measurement errors. The two-parameters relation of
W4. Mean disk temperatures of 289 and 2002°K were  |Natta et al. [(2004) was used to calculate the corresponding
obtained for J0856-1342 and J1247-3816, respectively.  accretion rate at each Monte Carlo step. Since Nattd et al.
. (2004) provide error bars on theirdHgy—accretion rate re-

5.2. New spectroscopy of candidates lation parameters, they were also made to vary according

A heliocentric radial velocity of 13+0.5kms*and apro-  to their error bars. Individual probability density furanis
jected rotational velocity of 11 kmswere measured fromthe  (PDFs) were created for both measurements in each order. Fi-
ESPaDONS spectrum of J0501-4337, using the method denal measurement PDFs were obtained from a multiplication
scribed by Malo et al! (2014a). J0501-4337 displays lithium of the per-order PDFs.
absorption with equivalent width (EW) of EW= 230+
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FIG. 2.— Observed and modeled spectral energy distributioB®€$ of J0501-4337, J0856-1342, J1247-3816 and J0226-5BBSED of different types
of disks have been added to see how these systems compaopertigs with one another. The classical TD is from the CoKu/# star (pink), the pre-TDs
are UX Tau and LkCa 15 (lilac), and the weak-TD is FQ Tau (ligimk); all SEDs were taken from Najita et &l. (2007). The upged lower quartiles of the
median T Tauri SEDs (grey) are frdm Najita et &l. (2007), Whace originally froni D’Alessio et &l (1999). The median SEor weak-T Tauri in Taurus and
Chamaeleon | (light pink) were taken from a presentatiormiby Elise Furlan, for the 2011 Hubble Fellows SympoBiuithe model spectra correspond to
those yielding the Iowesgrzed values over thelf, J, H & Ks bands. The orange curve represents the flux density fronyttibetic spectrum, the magenta curve
is the flux density from the blackbody spectrum and the indige is the total flux. Their respectiie are given in the legend. Each point on these curves
represents the synthetic flux associated with each photnbaind pass for comparison with the observed photomelng (foints).

entt ps:// webcast . st sci. edu/ webcast/ detail.xhtnl;|sessioni d=201F62F7409A2DA45E9387E3E524CC72?t al ki d=2482&par ent =1

This analysis has yielded ddgy, = 2107'2Skms? and a
corresponding accretion rate of:

Settl models|(Baraffe et al. 2003; Allard et al. 2012). The
best-fitting model was selected by minimizing over sev-
eral high-S/N orders, and was then Doppler-shifted (1 feee p
(6) rameter), convolved with a Gaussian instrumental lineagre
function (1 free parameter for the Gaussian width) and mul-

Natta et al. [(2004) use a threshold ofiide, > 200km st tiplied with a linear slope (2 free parameters) to account fo
to determine whether a substellar or low-mass object is ac-instrumental effects. The Interactive Data Language (IDL)
creting; 99.3% of the Monte Carlo steps described above re-implementation of the amoeba Nelder-Mead downhill sim-
spected this criterion. In the present case, it cannot emirul plex algorithm|(Nelder & Mead 1965) was used to minimize
out with certainty that the b emission is due to chromo- the y? difference between the forward model and the data in
spheric activity rather than accretion. fifteen 0.02um-wide windows regularly distributed between

A radial velocity measurement was obtained from the FIRE 1.5100-1.553mm in theH band, where there is a large S/N
spectrum of J0226-5327, using a forward modeling methodand a good radial velocity information content. This method
based on the zero-velocity, solar metallicity CIFIST201: B

l0g;0Mac = -10.80°33 Mg yr ™.
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is based on A. J. Burgasser et al. (in preparation; see also
Gagne et al. 2015; Kellogg etlal. 2016) and ensures that the - R R A L R T
results are robust against bad pixels and other instruenta
systematics. The median and standard deviations of these 15
measurements yielded a radial velocity o7 4 1.4kms?,

to which a==3km s systematic error (calculated from com-
parison with radial velocity standards; Kellogg et al. 2pik6
added in quadrature to obtain a final radial velocity measure
ment of 474+ 3.3kms™. Moreover, the spectrum of J0226—
5327 displays clear signs of Paschamission (Figurgl4).

6. DISCUSSION

6.1. Evidence for youth and membership in young
associations

2MASS J05010082-4337102: Using the newly ob-
tained radial velocity measurement of .6 0.5kms? in
BANYAN II, this M4.5 star is a candidate member of COL oL, ..
(59%), THA (10%) orPMG (28%). The first two YMGs
have similar ages (42Myr for COL and 45+ 4Myr for 6556 6558 6560 6562 6564 6566 6568
THA) while SPMG is slightly younger (243 Myr;Bell et al.
2015%). The presence of lithium absorption in its opticalspe VWeuBlangth (Ang)
trunt is a sign of youth (see Figufé 3). Kraus et al. (2014)
determine the location of the LDB at SpT=Np4t 0.3 for
THA (45 4 4Myr), while [Binks & Jeffries |(2014) put the
LDB at SpT=M4475+ 0.525 for SPMG (244 3Myr). At

232+ 28mA, the Li EW of J0501-4337 is consistent with
a partial depletion (undepleted sources at this SpT tylpical

have> 500mA), and given its M4.5 spectral type it is thus
compatible with being on/near the LDB of THA or BPMG per
the above results. Indeed, the Li EW of this source is in ex-
cellent agreement with those of other M4.5 members of THA.
There are currently only two BPMG members at M4.5, and

both have an EW of- 500mA, higher than for J0501-4337;
this could indicate an older age for the latter, but the stiati
cal significance is low given the small numbers. According f
to/Barrado y Navascues et al. (2004), the LDB for the slightly 06¢ ]
older association IC 2391(50Myr) is atM,, ~ 10.2mag, f
while for our targetM,. = 10.03mag. The presence of Li in E
J0501-4337 may thus indicate that it is slightly youngentha 0.5¢t ‘ - !
50 Myr.

2MASS J08561384—1342242:This M8+ was proposed bres  arle  BI8 @0 B7e
as a low-probability candidate member of TWA with a Wavelength (Ang)
4.9% membership probability and <0.1% Field Contamina-
ton Probabily (FCP). Even though e By esian e et o i b ADIOo05- 2357205 oo e
ship probability is low, there are clear indications thasth e e :
object is young, it has a very low surface gravity guf- with a young age. See Section6.1 for more details.
fix). According ta Kirkpatrick et al.[(2006), Cruz etlal. (2€)0 ) L , . .
and Allers & Liu (2013), all members of associations younger . There are some discrepancies in the kinematics of this star
than 200 Myr display signs of low gravity, while older object  from that of TWA, explaining its modest membership prob-
do not. Given the youth of this star and its low probability ability. This brown dwarf could also be a member of a
in TWA, it is possible that it is a member of another young YOung association not yet included in the spatial and kirtema
association that is not yet included in the BANYAN Il tool. ~ ics models from BANYAN II, such as the Lower Centaurus

2MASS J12474428-3816464: This M9~ brown dwarf ~ Crux (LCC) association (Gagnée et al. 2088bmitteg. LCC
has been proposed as a candidate member of TWA (46.6%jnembers have similar UVW kinematics to those of TWA,
with <0.1% FCP[(Gagné etal. 2014a). This target was shownPut are a little further away from the Sun (with distances of
to have a lower-than-normal equivalent width of atomic ~ 85-150pcfor LCC, compared t& 35-70pc for TWA).
species in its visible and NIR spectra, a triangular-shaped It has been suggested that TWA and LCC could be two

H-band continuum, and redder-than-normal NIR colors for parts of the same group (Song ef al. 2004; Zuckerman &/Song
its spectral type, all of which indicate that it is young 2004;Schneider et al. 2012a,b). While the kinematics f thi

(Allers & Liul2013;/Cruz et all. 2009). target are a good match to LCC, if placed at such a large dis-
tance it would be abnormally bright even for a young dwarf.

2 Lithium depletion boundary available|at this IInk. Figurerh J. Gagné, A trigonometric distance measurement will be needed to re-
based o Basri et al. (1998) and the model(s of Baraffel et GD.AR solve this.

Normalized flux

10 T T

Normalized flux
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2MASS J02265658-5327032: Including the new ra- 18 ' ' ' T :
dial velocity measurement to previous observables in the I !
BANYAN Il tool yields a probability of 99.96% that J0226— > 16 ]
5327 is a member of the Tucana-Horologium association & i
(THA) with a most probable statistical distance of438 pc § 141 j ]
(assuming THA membership). Only a trigonometric distance 3 i : ]
measurement is needed to confirm this target as a bona fide s 1.2 i .
member of THA. This very late-type object (kDis also one ] i . .
of the very low-surface gravityy] objects from the BASS sur- & 10f !
vey (Faherty et al. 2016). ® [ '

The presence of Paemission is a sign of ongoing accre- 5 5| :
tion, which means that there is still gas in the disk, andent £ [ :
indicates that this brown dwarf is young. This target hdg¢da 2 06 i :
upper limit flag in the WISEperture photometrglata set, but ' !
not in theprofile-fitone. . . Kb Pafy ,

In addition to the above considerations, the presence of 04 520 1.22 1.24 1.26 1.28 1.30
excess infrared emission in these four objects provides fur Wavelength (um)

ther evidence for their youth [Zuckerman & Song (2004) o o
3 . FIG. 4.— K | absorption lines and Paemission for J02265658-5327032.

7 - 3
and/Moor et al.[(2006) argue that stars witfy > 107 are The Pas3 emission line is consistent with the presence of a circuiiastisk
younger than 100 Myr. and a young age. See Section] 6.1 for more details.

6.2. Excess and disk characteristics J0226-5327 has the largest fractional luminosity value in

Table[2 reports the value of the fractional luminosif our sample,fgisk = 0.15, which is in the typical primordial
for each target; they range between 0.021 and 0.151. Ob-disk range, although its estimated age ot4&Myr is well
jects with fgisk < 0.01 are typically considered debris disks above the expected upper limit for primordial disks around
(Lagrange et al. 2000; Artymowicz 1996), those witBD< M-dwarfs (e.g. 20Myr/ Binks 2016). The presence of a
faisk < 0.1 as either primordial or transitional disks and those Pascherg emission line in its NIR spectrum, shown in Fig-
with fgisk > 0.1 as primordial disks (Binks 2016). Thus, our ure[4, also indicates that this disk indeed contains gas and
candidates are most likely primordial or transitional disk is consequently primordial or transitional. This is cotesis
based on the fact that their fractional luminositfgsc are too with the overall SED comparison that we obtained. Binks ar-
high compared to what is usually accepted for debris disks. gue that they found no primordial or transitional disks olde

In our sample, only J0501-4337 comes close to this 0.01than 20 Myr in their survey. However, the circumstellar disk
debris disk limit, with f4i = 0.021. Its estimated disk tem-  dissipation time is known to be smaller for high-mass stars
peraturéelyisx = 170+ 10K is on the warmer end of the debris than for solar mass stars (Williams & Cieza 2011), and they
disk temperature range/(30-200K;/Chen et al. 2006, 2014; could thus survive even longer for late-type stars and brown
Zuckerman et al. 2011), but the presence of &mission in dwarfs (Currie et al. 2007; Riaz etlal. 2012). Given the very
its visible spectrum is consistent with the presence of gas i low mass of J0226-532%(14M,,,) it may be reasonable for
the disk, and its overall SED (see above) brings it closenéot it to still possess a primordial disk for up to 45 Myr.
transitional disk status. In addition, the WISE banw/3 andW4 data indicate that

J0856-1342 and J1247-3816 have intermedigig val- there may be a central clearing in the three disks with cooler
ues, both at 0.088, which could indicate either a transition  dust temperatures, or at least the two that did not need a two-
a primordial disk, in agreement with the overall shape oirthe temperature fit. However, the WISE data may just be show-

SED. Given their estimated age of aboutt1®Myr, it is pos- ing the inner edge of the disk, e.g. the dust could be in an
sible for these disks to still be in a primordial state, oreatsit extended disk with a central clearing rather than in a rinng. |
in a (pre-)transitional state. Generally, stars can retijnifi- will be difficult to understand the spatial distribution dfet

cant amounts of primordial dust up t010Myr, even though  dust without either additional far-IR photometry or spliia
they become rarer in the- 8- 10Myr range [(Rhee etal. resolved images.

2007). In fact, their incidence is observed to $65% in The estimated masses of three of our objects are very low,
TWA and other similar star associations_(Williams & Cieza roughly 13-17My,, at the lower end of the brown dwarf
2011; Hernandez et al. 2007; Sicilia-Aguilar etlal. 2006). | regime. Other very low-mass substellar objects of similar
primordial, or pre-transitional, these disks should alstb s masses have been previously found to host a disk, for example
harbor some gas, which could feed ongoing accretion. In-LOri 156 (~ 23M,y, Bayo etall 2012), OTS 44(12Myyp,
deed| Artymowicz|(1996) proposed that sources with higherlLuhman et al. 2005b; Joergens et al. 2013) and Cha 110913-
fractional luminosities {isk > 0.01), as observed here, prob- 773444 ¢ 8M;,p, ILuhman et al. 2005a), but those have been
ably contain a significant amount of gas. The presence offound in the young\ Orionis (~ 5Myr;|Bayo et al. 2012) and

a very close-in disk component could explain their highx. Chamaeleon I{ 3 to 6 Myr, depending on the sub-cluster;

In fact, the SED for J0856-1342 especially stands out ae quit |Luhman| 2007) star-forming regions, while our targets are
different from the 3 other excess sources as its disk teraperaprobable members of slightly older kinematic associatmis
ture is much warmer. Given the difficulty that we faced in young stars (18 50 Myr).

fitting the excess data for this source and the lack of data be- On a similar note, the brown dwarf TWA 27 (M8)
tween the WISE bands 2 and 3, it is difficult at this moment is particularly known for its planetary-mass companion
to determine whether the dust is located in an extended diskkKMASS J12073347-393254 b (Glzis 2002; Chauvin et al.
rather than in one with a central clearing. 2004). |Gizis ((2002) has shown that the primary brown
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dwarf features strong dd emission from a near edge-on ac- disks. This would allow verification of multiple-component
cretion disk, which was further supported by work from disks are a better match to the data. Moreover, additional
Mohanty et al.|(2003) and Gizis & Bharat (2004). It also dis- high-resolution spectroscopy for J0856-1342 and J1247-
plays resolved bipolar jets (Whelan etial. 2007). Our two new 3816 could reveal signs of accretion. These four new disk
detections in TWA, J0856-1342 and J1247-3816, could behosts will be prime targets for polarization studies, high-
analogous to this object, minus the companion. resolution imaging with ALMA and direct-imaging searches
J0501-4337 and J0226-5327 are most likely the hosts offor exoplanets.

primordial or (pre-) transitional disks, which would be the
first ones at their older age-(45Myr, assuming membership
to COL and THA, respectively). If J0501-4337 is a member
of SPMG (24-+ 3 Myr) it would be more consistent with the
presence of primordial gas. These targets could be an indica
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