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ABSTRACT

Aims. Using the speckle camera SHARP at the 3.5m ESO NTT, Kdhigcaliaborators found an objeet3.5 mag fainter in K only
1.3” north-east of the T Tauri star [MR81]d17 in the Corona Australis (CrA) star-forming region, whiatuld be either a brown
dwarf or a T Tauri star with an edge-on disk. We attempt toysthis faint object in detail.

Methods. We acquired deep VLT NACO near-infrared images at three flepte determine, whether [MR81]d47 and the nearby
faint object are comoving and to measure the infrared caibb®th objects. We obtained optical and infrared spectizotti objects
with the VLT using FORS and ISAAC, respectively, to deterengpectral types and temperatures as well as ages and masses.
Results. The T Tauri star [MR81] k417 and the faint nearby object have a projected separatib86¥.58 mas, i.e. 178 AU at 130 pc.
They share the same proper motien5o), so that they most certainly form a bound binary pair. Thagsagently fainter component
[MR81] Hal7 NE has a spectral type of M2e, while the apparently brigtdenponent [MR81] 417 SW, the previously known T
Tauri star, has a spectral type of M4-5e. We can identify alpealge-on disk around [MR81] &1L7 NE by visual inspection, which
has a diameter of at least 30 to 50 AU. We are able to detectgsemission lines in [MR81] H17 NE, which are almost certainly
due to ongoing accretion. The NE object is detectable onljmbgns of its scattered light.

Conclusions. If both objects are co-eval (2-3 Myr) and located at the saisiace ¢ 130 pc as CrA), then the apparently fainter
[MR81] Hal7 NE is more massive (primary) component with a nearly emfgdisk and the apparently brigther component [MR81]
Hal7 SW is less massive (companion). Both are low-mass T Targ with masses of 0.5 and 023+ 0.05 M,, respectively.

Key words. Astrometry — Stars: binaries: visual — Stars: formationarStindividual: [MR81] Hr 17 — Stars: pre-main sequence

1. Introduction: [MR81] Ha 17 in CrA vide a proper motion of B + 25.0 magyr in right ascension and
. . . —44.0+13.0 magyr in declination, while Ducourant et al. (2005
The star-forming region Corona Australis (R CrA or CrA) har- élicate a propgmotion of 1012 magyr in right ascensio(n and)

in
4+ 12 magyr in declination. We decided to use the weighted

bors dozens of young intermediate- to low-mass stars (an
brown dwarfs) from spectral types B8 down to M8.5. They ha‘fﬁean, i.e. & + 108 magyr in right ascension and33.2 + 8.8
?rpa's{yr in declination, which is consistent with kinematic mem-

an age of between one and a few Myrs and at a distance of
Ega({rp:\}ieelgv)mo pc (see Neuhauser & Forbrich (2008) for a rge shin 1 CrA (see e.g. Neuhauser et al. 2000).

The first few low-mass, pre-main sequence stars, so-called T Using the speckle camera SHARP at the ESO 3.5m NTT on
Tauri stars (TTS) in this star-forming region were found byl 6 July 2001, Kdhler et al. (2008) detected a faint objectelo
Ha and infrared (IR) imaging surveys by Knacke et al. (1973)¢ [MR81] He 17. The apparently fainter object is 3.5 mag
Glass & Penston (1975), and Marraco & Rydgren (1981). Thainter in K and located at a separation-0fL.3” NE from the
latter found an emission-line object, nowadays called [(MR8apparently brighter object [MR81] 17, which we now label
Ha 17 (MR81 for Marraco & Rydgren 1981, sometimes alspMR81] Ha 17 SW; the apparently fainter object is now refered
[MR81] HA 17). It is located atr = 19'10"43.4°% ands = toas[MR81]Hr 17 NE. Figure 3 of Kohler et al. (2008) displays
—36°5909” for J2000.0. The catalogs GSC, USNO, NOMADtheir SHARP K-band image of [MR81]4&117 NE & SW, which
DENIS, and 2MASS provide BVRIJHK magnitudes for the unhas lower angular resolution and a lower signal-to-noigilYS
resolved binary. ratio than our new VLT AO image (Fig. 1).

Patten (1998) determined the spectral type M3-5 for the un-

resolved binary. The USNO B1.0 and NOMAD catalogs pro- | N€ apparently fainter object can be a young star with
(nearly) edge-on disk, a brown dwarf companion, or an unre-

* Based on observations collected at the European South@ﬁed_baCkgm_Und star, as speculated by Kohler et 3}'- Ozm
Observatory, Chile in runs 67.C-0213, 71.C-0206(D), 7a522(B), identify the fainter object as an early M-type T Tauri stathna
073.C-0164(A), 073.C-0167(B) and 081.C-0393(A). nearly edge-on disk and strong emission lines due to ongaing
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Table 1. Observations log

Telescopge observing filter and DIT NDIT NINT FWHM pixel scale detectatientation  remarks
instrument date obs. mode [s] [mas] [m=g [°1®

NTT/SHARP 6-July-2001 K imaging 0.5 250 2 671 .830.2 902+0.2 (b)
VLT/ISAAC  27-July-2002 Jimaging 1.8 33 7 652 1836+ 0.047 17996 + 0.01 (c)
VLT/ISAAC  27-July-2002 H imaging 1.8 33 7 801 1836+ 0.047 17996 + 0.01 (c)
VLT/ISAAC  27-July-2002 K imaging 1.8 33 7 717 1856+ 0.047 17996 + 0.01 (c)
VLT /FORS1 27-Mar-2003  red spectrum 790 (d) 3 - 200 0 (e)
VLT/NACO 4-Sept-2003 K imaging 1.7 40 10 83 .23+ 0.02 —-0.02+ 0.09 (9)
VLT/ISAAC 5-May-2004 K spectrum 0.11 9 26 - 71 0 (e)
VLT/NACO 25-June-2004 Kimaging 35 20 27 116 .23+ 0.05 014+ 0.25 ®
VLT/NACO 13-June-2008 Jimaging 20 3 22 391 248+ 0.056 Q73+ 0.40 (9)
VLT/NACO 13-June-2008 H imaging 15 4 30 285 283+ 0.056 Q73+ 0.40 (9)
VLT/NACO 13-June-2008 K imaging 10 6 30 231 .283+ 0.056 Q73+ 0.40 (9)

Remarks: Total exposure time are DIT (individual Detectdegration Times) times NDIT (number of DITs, together shiveone fits file) times
NINT (number of jitter positions and files). (a) Measurednfrdlorth over East to South. Positive detector orientatioramthat they are to be
added to values measured on raw frames. (b) Speckle imagjpugted in Kohler et al. (2008), 5000.5s on two detector positions each. For
astrometric calibration, see footnote 1. (¢) Astrometeabhration with 2MASS sources in the field-of-view. (d) Threpectra of 790s exposure
each. (e) Nominal pixel scale and detector orientation fiteerfits header. (f) Astrometric calibration from Neuh&weteal. (2005). (g) Astrometry
done as in Neuhauser et al. (2008) with Galactic Center@nég 2003 and images of the Hipparcos binary HIP 73357 f6820

cretion. We present the observations and data reductioadh Sthe background and to add up all frames in each filter for each
2 and the results in Sect. 3. observing run. The same procedure was performed for spectro
scopic (telluric) and imaging (photometric and astronegstan-
) ) dard stars. Spectra were wavelength calibrated with lampyar
2. Observations and Data Reduction posures, divided by the telluric standard, and multipliga sor-

The apparently fainter object next to [MR81pHL7 was dis- responding spectral template. For astrometric calibmaiothe
covered on the K-band speckle images taken with SHARPIH29Ing observations, we used astrometric standards wzser
(System for High Angular Resolution Pictures number 1) @ thi" the same night, such as stars close to the Galactic Center o
Max-Planck-Institut for Extraterrestrial Physics (Hofmeet al. Well-known Hipparcos binaries. Resulting pixel scales ded
1992) at the 3.5m New Technology Telescope (NTT) of tHECtOr orientations are given in Table 1; the errors inchindeef-

European Southern Observatory (ESO) on La Silla, Chile (si&&tS of Gaussian centering errors in the science targeftshen
Kohler et al. (2008) for details on the observations, datc- astrometric standards as well as possible motion in thelatds

tion, and the resulting imagé)To find out whether the appar- (se.e e.g. Neuhauser et al. (2008) forde.tails of typicmmtric
ently fainter object could be either a sub-stellar companioa  C@libration procedure). For data reduction, we used ESipsec|
star with an edge-on disk, follow-up observations were secénd MIDAS forimaging data, and IRAF for spectra.
sary.

Follow-up imaging in JHK was completed one year later
with the Infrared Array Camera and Spectrograph (ISAAC) ot- Results

the ESO Very Large Telescope (VLT) on Cerro Paranal, Ch"@ve present and discuss the results for our imaging (photome-

Images of higher angular resolution and highgN $n JHK ;
were taken with the Adaptive Optics imager NACO (for NAO rgtgnd astrometry) data and spectroscopy (physical paeas)e

CONICA for Nasmyth Adaptive Optics System, NAOS, with
COude NearlInfrared Camera and Array, CONICA; Rousset et
al. 2003) at the ESO VLT in 2003, 2004, and 2008, with thg.1. Imaging results: Photometry and astrometry
S13 camera, i.e. a 14x 14" field of view. Optical and near- . . o
infrared spectra of the apparently fainter object were iabgh N our NACO images (Fig. 1), the ellipsoidal shape of the NE
with the ESO VLT instruments FORS1 (FOcal Reductor arfgPmponentis visible with afamtd_ark lane across the ob]léhms_
Spectrograph number 1) and ISAAC, respectively (see tabldMage clearly resembles the typical appearence of a céskic
for the entire observations log). Tauri star with (nearly) edge-on disk. _ .

All science and flat field frames acquired were dark/and _ The first young stellar object displaying this pattern, HH
bias corrected, then the science frames were divided by-a ngf IRS in Taurus, was imaged by the Hubble Space Telescope

malized flat field. A shiftadd procedure was applied to subtradBurrows et al. 1996). Edge-on disks are also observable wit
ground-based near-IR imaging observations both with A@, e.

! The SHARP data were reduced independently by Kohler et &K Tauc (Stapelfeldt et al. 1998, Koresko 1998), HV Tau C
(2008) with the speckle interferometry technique and barier (2008) (Monin & Bouvier 2000), and Lkt 263 C (Jayawardhana et
with a simple shiftadd technique; they determined and used twg|. 2002) and seeing-limited, e.g. 2MASSI J1628137243139
slightly different pixel scales and detector orientations (Kramer us@§rosso et al. 2003). Hence, this object is most probablyago
50.44 + 0.64 magpixel for right ascension, 482 + 0.64 magpixel for star with a nearly edge-on disk. The faint red object alsermres
declination, and a detector orientation of.®@ 0.5° obtained by T. bles the appearance of so-caliedrared companions, see e.g

Ott (priv. comm.) from the Galactic Center images of the sagét; . - L
see Table 1 for the astrometric solution of Kohler et alo@owith Koresko & Leinert (2001), a typical example of which is T Tau

slightly different calibrations, the results on separation and PA afso dp@ (Koresko et al. 2000). . _
fer slightly; in this paper, we use the mean of their resudts[MR81] Astrometric and photometric data for NE are obtained after
Ha 17, listed in Table 2. subtraction of the Point Spread Function (PSF) of the beight
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~ MR81HA 17 SW

0.5 arcsec

Fig. 1. VLT NACO K-band image of [MR81] K 17 SW (brighter ob- :

ject, K=9.60 mag) and NE (top left, ¥13.24 mag) obtained in June .-

2004 with the nearly edge-on disk. This disk is seen as dam éx- =

tended by about 200 to 450 mas (26 to 57 AU at 130 pc) along tic ' ’ ' : -
NE-SW direction. The dark lane thickness~is100 mas, i.e. 15 AU Fig.3. VLT NACO K-band image of [MR81] k 17 (obtained in June
(possibly flared disk). The SE surface of the disk reflectsrfare star 2004 after subtraction of the PSF of the brighter object (S@¢ated
light than the NW surface; hence, the disk is not exactly esigebut here in the center of the image, the remaining speckles areasenoise.
|nC||ned by about 20fr0m edge'on. Angular resolut|0n and\&re In- One can see the fainter object NE (top |eft_—11324 mag, edge_on d|sk
suficient for determining the disk properties accurately. Tiatfdark not seen here due to cuts selected to see cc2) and also amothler
lane of the edge-on disk can be seen better on a computensehe®  fainter object towards to WNW (to the right 448.56 mag), called cc2
using the original fits file (www.astro.uni-jena/tisergrne/cra-disk). here. This is a companion candidate, which would have orflyJaipiter
See Fig. 2 for a 3D contour plot. See Fig. 13 in the online agpefor  masses, if bound. However, we have only one epoch availableais
a color-composite JHK image. faint object, because it is not detected in the other images.

the PA between the SW and NE sources. However, as seen in Fig.

4 &5, a more pole-on orbit of SW around NE is more likely than

a more edge-on orbital inclination, so that disk and binahjto

were not coplanar.

The NACO image after subtraction of the PSF of SW is

shown in Fig. 3. We detect an additional faint objec®” NW

of [MR81] Ha 17 SW. This object is detected only in our highest

quality image, the NACO image of June 2004, not in any other

image. This faint object close to a bright star, for whichyonl

one epoch of data is available, must be regarded as a conmpanio

candidate (cc); we call it [MR81] b 17 SWcc2 (ccl was what

is now [MR81] Hx 17 NE). This new object is 198814+ 6.97

mas west of SW and 420098+ 7.80 north of SW, corresponding

to ~ 264 AU projected separation at 130 pc. This separation is

close to the separation between the stars [MR&iL]LFA SW and

NE; such an non-hierarchical triple would probably be uipista

Fig.2. Three-dimensional contour plot (log stretch) of the K-banyVith K=1856+ 0.1 mag (and using B.g. = 3.3 mag as for

brightness of [MR81] k4 17 NE obtained from Fig. 1. The nearly edge-substellar L- and T-type objects), it would have a bolonedtri

on disk, hardly visible as a dark lane in Fig. 1, is visibleehas a step. minosity (at 130 pc) of lodinol/Le = —4.7+0.1 and, hence, only

A higher resolution image may be taken in the future with ne@iA-  apout 1 to 2 Jupiter masses (according to either Burrows et al

struments or larger telescopes. 1997 or Bar#fe et al. 1998), for 2-3 Myrs of age. However, not
only are these models with evolutionary tracks uncertagsuah
very young ages, we also should note that this object is more

star SW. Our astrometric results for the objects [MR8%] ¥ likely to be a background object then another bound companio

SW & NE are listed in Table 2. The brighter object (SW) has A 2nd epoch image should be taken to check for common proper

FWHM of 116+4 mas. The position angle (PA) of the disk majomotion. In addition to NE and cc2, there are no other objeets d

axis is 470 = 0.2°, where the extension along the disk lane axi®cted within 8 around SW down to K19 mag; faint objects

is maximal, namely 247 mas, while the extension perpenaicutithin 0.5” of SW cannot be excluded.

to the disk lane is only 181 mas (both measured in the June 2004In Figs. 4 & 5, we show the evolution in the separation and

NACO image); this disk angle is closely aligned (withit) &ith PA with time to investigate whether the NE and SW compo-
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Table 2. Astrometric results

T T T T
1f background \

Date separation PA Remark R \ b
[mas] [] I TR N

6-July-2001 1313 32 4515+ 20 @ - TTheel T Y

27-July-2002 1384 39 45+ 1.9 (b) a Tl ]

4-Sept-2003 1368+ 7.3 4507+0.32 (b) F Tl
25-June-2004 1368+39 454+0.25 (b) [
13-June-2008 1378+ 7.2 4588+0.40 (b)
Remarks: (a) Means from data in Kramer (2008) and Kohlealet
(2008) using slightly dterent SHARP pixel scales. (b) this work.

=r K 7

PA (degree)

44 - -

1 L L L 1 L L L 1 L L
1400 - __ bl 2002 2004 2006 2008
—_———— 4 epach (year)

[ocommoving | %% rrrrrrr e % 1 Fig. 5. Position angle (in degrees) versus observing epoch (irsyé&ar
r S data listed in Table 2. The dotted lines (starting from the®@atapoint
13501 / 7 and opening to the past) indicate maximum PA change due ftabrb
r / ) motion in the case of a pole-on orbit. The dashed lines inelitae
/ | background hypothesis, if the brighter object (SW) has mdaecord-
Y | ing to its (poorly) known proper motion, while the fainterjett (NE)
1200 1 £ background /7 | would be a non-moving object; again, we use the weighted rottre

J i USNO and NOMAD proper motions for the SW object. The datajsoin
/ i from 2003 and 2004 are inconsistent with the background tgsis by
L A ‘ ~ 50 (together), so that in this case we can reject the backgrboynd

1 1 1
2002 2004 2006 2008 H H . -
epoch (Lgar) ?othess. The datapoints are fully consistent with commapgr mo-
ion.

separation (mas)
~

Fig.4. Separation (in mas) versus observing epoch (in years) far da

listed in table 2. The dotted lines (starting from the 2008 daoint . .

opening to the past) indicate maximum possible separatiange due and DENIS magnitudes for the unresolved object [MR8%] H
to orbital motion in case of edge-on orbit. The dashed limesar the 17, we obtain K = 13.24+ 0.05 mag, H= 14.4 + 0.05 mag, and
background hypothesis, if the brighter object (SW) wouldehamoved J = 15.96 + 0.05 mag for the object NE, andsk 9.60 + 0.02

according to its (poorly) known proper motion, while therfgr object mag, H= 10.13 + 0.03 mag, and & 10.96 + 0.01 mag for the
(NE) would be a non-moving object; we use the weighted medheof gpject SW.

USNO and NOMAD values for the proper motion of the SW object, " |, the ISAAC JHK images, we observe a filament in addi-

namelymu, = 8.5+ 10.8 magyr andmus = —33.2+ 8.8 magyr; the two tion to [MR81] Ha 17 SW and NE (see Fig. 6), that is most

dashed lines also start in 2008 and open to the past, theyrtakac- ; 0 S
count the error in proper motion. The last three data ponots NACO pronounced in the J and H-bands, but also visible éniKis

with smallest error bars are consistent with (nearly) camsteparation, &S0 marginally visible in the 2MASS JHK images (lower sen-
the average being 1369.58 mas. sitivity). Given the visual appearence, one is tempted trap

late that the filament originates in [MR81]HL7; we observe a
helix- or spiral-like structure going first towards SW ferl4”,

nents form a common proper motion pair. For the epoch 208N appears to curve to the SE (detected in our ISAAC images
(ISAAC), we use only the K-band data, because the fainter ofy2til ~ 37" separation from [MR81] K 17, or~ 5000 AU at
ject is hardly detected in J and H. 130 pc); it is detected even outtol70” separation towards SE

To test the background and companion hypotheses, we 53—22360 AU at 130 pc) in the 2MASS images. Strong (forbid-

timate the maximum possible orbital motion for edge-on torb en) emission lines, as detected in [MR8X E7 NE, are often

(separation change) and pole-on orbit (PA change). We assJﬁ\'ated to outflows, so that a physical connection is posshlt

a circular orbit. The most reliably measured separatiop4ps  Uncertain. The curvature could be produced by rotationg/ioan
13658 + 3.9 mas, i.e~ 178 AU at 130 pc, yielding a 3000 orbital revolution. However, the proper motion of the bina
yr long orbit (for 0.6 M, total mass). When Using all data availdirected towards the south, i.e. not away from the filament in
able, common proper motion appears possible; only the SHAI!E\WKplane of g?el sky, b‘i)t. It l's,)Of C(l)ur_se p;)sl\s/llglselth;t IQEN%S y
data point regarding separation appears to be deviant bg & to unknown) radia (.or orbital '.) velocity o [ ] h
When using only the NACO data, which provide the most acc§Sures that the filament trails behind. It would be impartan
rate measurements, the smallest errors, and are all takiethei COMPIEte a narrow-band imaging surbey of this feature and to
same instrument and same set-up (high angular resolution apyonitor its possible variability.
both objects clearly exhibit common proper motion, i.e.racest
certainly bound and orbiting each other. 3.2. Spectroscopy results

Photometric results are as follows. By comparing aperture ) _ )
photometry for the apparently brighter object SW and the aphe optical spectrum was aqquired on 27 Mar 2003 with
parently fainter object NE (after subtraction of the PSF\f)S VLT/FORSLI (three exposures of 790s each at airmass 1.2 to 1.3)
we derive magnitude ferences as followsA J ~ 5.01 mag with the Q7” slit and the Order—sortlng filter OG590 and grism
(i.e. a factor of 101)A H ~ 4.27 mag, and\Ks ~ 3.64 mag. 300l, i.e. covering 6000A to Liinwith a dispersion of 2.5A re-
Using in addition the error-weighted averages of the 2MASSulting in a spectral resolution of between 6.4 and 11A. Hivet f
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Fig. 6. Our VLT/ISAAC image of [MR81] Hr 17 (central bright star)
with the filamentary structure towards the south. The birarynre- wavelength [nm]

solved in the main image due to cuts selected to see the fitammen ) )

seen when displayed with other cuts (lower right box with®” field ~ Fig. 7. Optical VLT/FORS1 spectrum of [MR81] & 17 NE with nor-
of view). The main image field size is 126 126’, north is up, east is Malized flux versus wavelength (in nm). Several strong domsines
to the left. See Fig. 14 in the online appendix for a JHK colampos- are indicative of ongoing accretion.

ite; the image shown above is a contrast-enhanced B&W versithe

JHK color composite. Table 3. Lines detected in [MR81] W 17 NE
Line Ao A equ. width
object NE was located directly on the slit, and the brighter o [Allab [A] obs (Al

ject SW was also close to the slit, so that we could also extradO!l ~ 6300 63010 -205:
its spectrum. The optical spectra are shown in Figs. 7 & 8. [o1] 6364  6365.0 —69:

. .. INlI] 6548 65486 -11

In the optical spectrum, we observe remarkable emissiop, , 6563  6564.1  —330 -
lines with Hx being clearly the strongest of all. The remainderof ;6583  6584.3 _36
the spectrum is dominated by strong emission of forbiddessli g 6678  6679.7 )
such as [Ol], [NIl], and [SIl]. These forbidden lines are usu [S]I] 6716  6716.7 -21:
ally signs of shocked low-density regions of young starhsag  [SlI] 6730 6731.1 -47 :
outflows, winds, and jets (see e.g. Cabrit et al. (1990), Hama Hel 7066  7067.2 -2
(1994), Hartigan et al. (1995), Hirth et al. (1997), Dougaeb [Felll 7155  7156.3 -13
al. (2000), and Fernandez & Comerdn (2001)). Outflow ismft {EE:H ;g?; ;gig-g —g
seen as both an indication and result of ongoing accretion. [Fel] 8892 8893 8 S

The optical spectrum with these strong emission lines IOGthe: Colons indicate uncertain limits due to saturation.
generally similar to young, low-mass objects like HBC 617 in
Lupus (Krautter et al. 1984), LS-RCrA 1 in CrA (Fernandez &
Comer6n 2001; Comerobn & Fernandez 2001), as wellas Sz 1
Sz 106, and Par-Lup3-4 in Lupus (Comeron et al. 2003), e

our object [MR81] Hr 17 NE has an K equivalent width of

P&e represent uncertain limits. There even appear Fake-emi
on lines even appear at these wavelengths in the other ob-

iect [MR81] H 17 SW, which was | ide the slit.
~ 330 A (but may be slightly saturated), while LS-RCrA 1 halSt [MR81] H' 17 SW, which was located outside the sit

) 4 herefore, it is also diicult to measure the &equivalent width
360 A. Fernandez & Comeron (2001) conclud_ed that_ LS-RCr4¥ the object SW (whose upper limit should be16 A), and
1is surrounded and extincted by an edge-on disk, which was :

o ; 2 are unable to classify unambiguously the SW object agibein

resolve by their imaging data. _ either a classical or weak-line T Tauri star. For the BVRIJHK

We list all emission lines for which we care able to measugg;t of the spectral energy distribution, the SW object mese
reliable equivalent widths in Table 3. Between 7319 and 732% 5 blackbody; the IRAS 12 to 60n data are fiset above
A, the noise is too strong, afat possible lines to weak, afat  the blackbody (see Fig. 10), but it is unclear, whether théRa
spectral resolution too poor to unambiguously identifytéea(s) emission originates in the immediate surroundings of tae(is
either as [Call] line at 7324A or as a [Oll] doublet at 7319 andisk) or its more distant surroundings (the star-formingud).
7329 A. The Call triplet at 8498 to 8662 A is detected. The object [MR81] Hk 17 NE can clearly be classified as a clas-

The five strongest emission lines in [MR81]eHL7 NE sical T Tauri star because of its strong Emission and edge-on
are saturated, and their equivalent width measurements-thalisk.



650

700

750

wavelength [nm]

800

850 900

6 Neuhauser et al.: Edge-on disk around the T Tauri star [MRi 17 NE in CrA
I I I I I I
K7V o
W e
. MoV mEr ]
OZ) H7O) 02) HZO) HZO) Br gamma
= = - 3 M1V 1+ HA 17 NE —
Vo Vo TiO é ’
Ti Tio o 3 To™X™ [—3
:”:w/\%?/’\/:l/\w M2V 0.5 HA 17 (m1d-M) i
NE ok \J ]
telluric
1.‘8 ‘ ‘ ‘ 2‘ ‘ ‘ ‘ 2.‘2 ‘ ‘ ‘ 2.‘4 ‘ ‘ ‘ 2.‘6
M3V vavelength (micro meter)
W Fig.9. Infrared VLT/ISAAC K-band spectra of [MR81] bl 17 NE (top)
7 M4V and SW (bottom), flux versus wavelength fim), with H2 and Bry
5 emission lines in the object NE that indicate the accretion.
f: W
£
B W sw results of Patten (1998), who assigned M3-5e to the unredolv
= system.
= We display the K-band spectra of both objects in Fig. 9, both
"""~ |M4.5V  of which exhibit the CO lines typical of late-type objectherl
- spectra of [MR81] Kk 17 NE also exhibit emission lines of,H
and Bry. As in LS-RCrA 1 (Fernandez & Comeron 2001), the
H, lines are stronger than the Biline, but in the data of our ob-
M5V ject, the Bry line is clearly detected and there are mogsdrhis-
sion lines detected than in LS-RCrA 1. Thesgéthnission lines
are also observed in other young low-mass objects surraunde
MeV by dense circumstellar material such as GY 11 (Greene & Lada
1996; Wilking et al. 1999). Our VLT ISAAC H-band spectra of
both objects are basically feature-less and triangulapst, as
is typical of young M-type objects. According to both the Hda
K-band spectra, the NE component is slightly earlier (ed)y
M7V in spectral type than the SW component (mid-M), as also ob-
served in the optical spectra.
Since we detect indications of youth in both objects, such as
emission lines and Lithium absorption, both objects arengou
| | | | | | and most probably CrA members; the proper motions of both

objects are also consistent with CrA membership. If botlecis;
are at the same distance and age, then the earlier-type eompo
nent should be more massive and intrinsically brighter tien

Fig.8. Spectra of standard stars and [MR81yH7 NE and SW |ater-type object. Obviously, a large amount of flux from ME
(marked NE and SW), normalized flux (shifted in y-axes to s&#a component is absorbed by its edge-on disk, and the forbidden

spectra) versus wavelength (in nm). We obtain spectralstypebe o mjssion lines and the strongiiemission are a clear character-
M2e for the apparently fainter object NE and M4-5e for theaapptly istic of accretion

brighter object SW. We indicate the location of telluric eaand oxy-
gen lines in the top row (between MO and M2) and the locatiodesf

tected molecular TiO and VO bands in the 2nd row (between MiL an . .
M2). 4. Discussion

Given the spectral type and JHK colérsve can estimate the
. xtinction towards the SW object and obtaig A 1 mag for

Due to poor spectral resolution, strong (saturated) neargyy. the extinction towards the NE objects cannot be deterdgin
[SH] emission lines, and strong veiling in the NE objectdanyacause we unablt to detect photospheric light.
low S/N data of the SW object), the Lithium 6708A line is de- | the JHK color-color diagram, both objects lie on or close
tected only marginally in both the SW and NE components. g the reddening vector, which has its origin at a mid-M dwarf

We determine the spectral types of both objects by compagdee Fig. 10). The object SW is located at the intersection of
son with M dwarfs of known spectral types from Kirkpatrick ethe reddening vector for dwarfs and the loci of classical TiriTa
al. (1991) (see Fig. 8). Surprisingly, the spectral typehef ap-
parently fainter component (NE) is earlier (M2e) than tfahe 2 3150 optical colors BVRI for the unresolved object from USNO
apparently brighter component (SW), which is M4-5e accortdfOMAD, GSC, and DENIS, which are almost identical to the colof
ing to our spectra. These spectral types are consistenttiagth the apparently brighter object [MR81]JaHL7 SW
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Fig. 10. JHK color-color diagram for [MR81] K 17 SW and NE (plot- effective temperaturé, [K]

ting J-H versus H-K, both in mag). The full curved line indiesithe loci
of unreddened M dwarfs down to M6 (Bessell & Brett 1988); thaed

line is the reddening vector for 10 mag of extinction; anddashed line
indicates the loci of classical T Tauri stars (Meyer et aB7)9 Objects
located to the right of the reddening vector are surroundecifoum-

stellar material producing near-IR excess emission. OjgcblSW is
slightly extincted, but does not exhibit a near-IR excedse Tainter
object NE, however, appears strongly extincted and alswstsome
near-IR excess, which is typical of T Tauri stars with disks.

Fig.12. H-R diagram with the location of [MR81] & 17 SW, bolo-
metric luminosity versusfective temperature, compared to theoretical
tracks (full lines with masses given in solar masses) anthismes (as
dashed lines with age given in Myrs) from Bfimaet al. (1998), ver-
sion with Helium content ¥0.275, metallicity [MH]=0, and mixing
lengthe = 1.0. We conclude that SW has an age of 2-3 Myrs and a
mass of~ 0.23 My. NE cannot be plotted here, because we see it only
in reflected light, so that we cannot measure its luminosity.

i 1 We then calculate their bolometric luminosities (at 130, pc)
r 1 obtaining log {po/Ls) =~ —0.9 + 0.1 for the apparently brighter

I | SW (M4-5e, hence & ~ 3220 K) and log (pol/Le) = —1.8 £

0.2 for the apparently fainter NE (M2e, hencezT~ 3560

3 1 K), using a temperature scale for young M-type objects that i
-8 1 intermediate between dwarfs and giants from Luhman (1999).
I 1 However, since the faint NE object is detectable only intecatl
light due to the edge-on disk, we are unable to study theastell

L 1 photosphere, so that the aforementioned luminosity foothe
19 1 ject NE is not the luminosity of the star. This luminosity weal

I 1 appears strongly under-luminous, which it is typical ofeuitg
with edge-on disks, (see e.g. Watson & Stapelfeldt (2007)).

log_f lux (W/cm/cm/micron)
b

I ] The SW object (M4-5¢) lies on the 2-3 Myr isochrone of
S the Bardfe et al. (1998) models (see Fig. 12) and on the 3 Myr
' log_uavelength (micran) ' isochrone on both the Burrows et al. (1997) and D’Antona &

Mazzitelli (1997) models. According to those models, i Ikee-
Fig. 11. Spectral energy distribution of [MR81]d117 SW with data tween the (interpolated) 0.15 to 0.3Q,Nracks. Hence, we ob-
from GSC, USNO, NOMAD, and this paper (error bars include megain an age of 2-3 Myrs and a mass 028+ 0.05 M, for this
surement errors, when available, and variability) as welIRAS to- object (SW). Given its temperature, the NE object lies on the
gether with M4 and M5 standard stars. We plot log of fluifen?/um . 03 t0 0.5 M, tracks, according to Bafie et al. (1998) and
versus log of wavelength jam. The brighter object SW shows no nearp'antona & Mazzitelli (1997), almost independently of lumi
IR excess. There is strong far-IR excess at the IRAS datd9piotted nosity, which cannot be meaS,lJred. Hence, the apparentiefai

here, but the spatial resolution of IRAS is noffitient to conclude that . t V-M) i ive than th tv benht
Ha 17 SW has IRAS excess emission; the IRAS data plotted here glgec (early-M) is more massive than the apparently beig

for IRAS source F19073-3704 (Moshir et al. 1989). object (mid-M),~ 0.5 Mo, if coeval with the SW object.

5. Summary and conclusion

stars (Meyer et al. 1997), i.e. there is no evidence of nRaxt Based on imaging and spectroscopic observations in thepred o
cess emission from the SW component. The NE object lies fi€al and near-infrared, we conclude that the object [MR84]

mag of extinction away from the unabsorbed mid-M dwarf anti7 NE is surrounded (and absorbed) by a disk seen nearly edge-
also about one tenth of a magnitude to the right (red) of tbe reon. The NE object appears fainter and has a spectral type M2e,
dening vector, which indicates strong near-IR excess émnmisswhile the object SW appears brighter, but has spectral type M
typical of circumstellar material (and a disk). See also. Hiy 5e. Both objects exhibit indicatons of youth such as emissio
for the spectral energy distribution of [MR81hHL7 SW, which lines and common proper motion with known CrA members,
again shows its spectral type to be M4-5, but no near-IR exce®. they are both low-mass T Tauri stars (both exhibit girdn
emission. emission).
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The astrometric data from SHARP 2001 to NACO 2008 irvarraco H.G. & Rydgren A.E., 1981, AJ 86, 62 (MR81)
dicate that the two objects separated-b$.3” exhibit common Meyer M.R., Calvet N., Hillenbrandt L.A., 1997, AJ 114, 288

; ; ; onin F.J. & Bouvier J., 2000, A&A 356, L75
g;?ﬁ:rhrln?]tg;? Whlen u_smlg onIIy AOddata fIrC:_m NACdO’ €. dat%oshir M., 1989, IRAS Faint Source Survey Catalog and exitany supple-
g quality pixel scale and resolution, and asLiby ment, IPAC

an identical instrument, then we have strong evidence for-Coneuhauser R. & Forbrich J., 200Be Corona-Australis star forming region. In:
mon proper motion. Even with similar proper motion, theyldou  Reipurth B. (Ed.) Handbook of Low Mass Star Forming Regiokstyon.
be independent members of the young CrA star-forming regign Soc. Pacific (Invited Review), in press, astrgq808.3374

Neuhauser R., Walter F.M., Covino E., Alcala J.M., Wolld.SErink S., Guillout
In both cases, they have an age of 2-3 Myrs 4130 pc. P.. Sterzik M.F., Comeron F., 2000, AGA 146, 323

A more detailed investigation of the emission lines is bej/orheunauser R., Guenther EW, Wuchterl G., Mugrauer M., dnd A.
the scope of this paper, and should be completed togetheawit  Hauschildt P.H., 2005, A&A 435, L13
study of their expected variability and higher-resolutipectra. Neuhauser R., Mugrauer M., Seifahrt A., Schmidt T., Vogt2008, A&A 484,

Our spectral resolution is inflicient to resolve the line shape,patten B.M., 1998, In: ASP Conf. Ser. 154, The Tenth Cambridiprkshop

€.g. o_f_an inve_rse P Cyg prOﬁIe’ O!’ to measure _accuratelm'“tﬂ on Cool Stars, Stellar Systems and the Sun, Ed. R.A. DonahueA&
velocities. Using data of even higher resolution /andieeper Bookbinder, p. 1755

studies in the future, which cover a wider wavelength rapge, Rousset etal. 2003, SPIE 4839, 14 _
from space, one can investigate in detail the density Histidn, Stapelfeldt K., Krist J.E., Menard F., Bouvier J., Padgett.PBurrows C.J.,

) . P 1998, ApJ 502, L65
scale height, and the gas and dust population, possiblyipala Watson A.M. & Stapelfeldt K.R., 2007, AJ 133, 845

tion, accretion, outflow, variability, and ongoing planetrha-  wilking B.A., Greene T.P., Meyer M.R., 1999, AJ 117, 469
tion in the disk.
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Neuhauser et al.: Edge-on disk around the T Tauri star [MRB417 NE in CrA

Fig. 13. JHK color composite of our VLJNACO images of [MR81] K 17 SW (brighter object, K9.60 mag) and NE (top left, ¥13.24 mag,
separated~ 1.3”) using the J- and H-band images obtained in June 2008 and-then# image obtained in June 2004 under better seeing
conditions (than in June 2008). This nearly edge-on diskénss dark lane in front of the fainter object along the NE-Bi&ttion. See Fig. 3

for a 3D contour plot.
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Fig. 14. JHK color composite of our VLISAAC images of [MR81] kv 17 (central bright star) with the filamentary structure toygathe south.
The binary is unresolved in the main image due to cuts seleoteee the filament, but seen when displayed with other low®( right box with
57 x 5” field of view). The main image field size is 12& 126’, north is up, east to the left.




