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Abstract

We investigate the nature of an unusually faint member of the e Cha association (D ~ 100 pc, age ~5 Myr), the
nearest region of star formation of age <8 Myr. This object, 2MASS J11550336—7919147 (2M1155—79B), is a
wide-separation (~580 au), comoving companion to low-mass (M3) e¢ Cha association member 2MASS
J11550485-7919108 (2M1155—79A). We present near-infrared (NIR) spectra of both components, along with
analysis of photometry from Gaia Early Data Release 3, the Two Micron All Sky Survey, the Vista Hemisphere
Survey, and the Wide-field Infrared Survey Explorer (WISE). The NIR spectrum of 2M1155—79B displays strong
He 1 1.083 emission, a sign of active accretion and/or accretion-driven winds from a circumstellar disk. Analysis
of WISE archival data reveals that the mid-infrared excess previously associated with 2M1155—79A instead
originates from the disk surrounding 2M1155—79B. Based on these results, as well as radiative transfer modeling
of its optical /IR spectral energy distribution, we conclude that 2M1155—79B is most likely a young, late M star
that is partially obscured by, and actively accreting from, a nearly edge-on circumstellar disk. This would place
2M1155—79B among the rare group of nearby (D < 100 pc), young (age <10 Myr) mid-M stars that are orbited by
and accreting from highly inclined protoplanetary disks. Like these systems, the 2M1155—79B system is a

, Jacqueline Falherty8

particularly promising subject for studies of star and planet formation around low-mass stars.

Unified Astronomy Thesaurus concepts: Protoplanetary disks (1300); Pre-main sequence stars (1290)

Supporting material: data behind figure

1. Introduction

Nearby associations of young, comoving stars (generally
referred to as nearby young moving groups (NYMGs)) are prime
candidates for studies of the early evolution of low-mass pre-
main-sequence (pre-MS) stars, juvenile brown dwarfs, and newly
formed planets (Kastner et al. 2016; Gagné & Faherty 2018). In
recent years there have been a handful of identifications of very
wide (~100-1000 au projected separation) binaries consisting of
young stars and substellar objects in these NYMGs, as well as in
nearby star formation regions (HD 106906 b, 1RXS 160929.1
—210524 B, CT Cha B, and DENIS-P J1538317—103850; Wu
et al. 2015a, 2015b, 2016; Nguyen-Thanh et al. 2020).

The faint Two Micron All Sky Survey (2MASS) source
2MASS J11550336—79191147 (henceforth 2M1155—79B) is
a curious young, low-mass object that was discovered via a
Gaia Data Release 2 (DR2; Gaia Collaboration et al. 2016)
search for wide, comoving companions to known members of
the € Cha association (eCA; D ~ 100 pc, age ~5 Myr), which
represents the nearest region of star formation of age <8 Myr

Original content from this work may be used under the terms

BY of the Creative Commons Attribution 4.0 licence. Any further
distribution of this work must maintain attribution to the author(s) and the title
of the work, journal citation and DOI.

(Dickson-Vandervelde et al. 2020, 2021). 2M1155—79B is the
companion to 2MASS J11550486—7919108 (henceforth 2M 1155
—79A) with a projected separation of 5”75, equivalent to 582 au
at position angle (PA) 227°9 (Murphy et al. 2013; Dickson-
Vandervelde et al. 2020). Astrometry from Gaia Early Data
Release 3 (EDR3) confirms that 2M1155—79A and 2M1155
—79B are equidistant (D =101.4 +0.3 pc; Bailer-Jones et al.
2021) and comoving, to within the uncertainties (Table 1). The
M3-type star 2M1155—79A was previously known as T ChaB,
following its identification as an apparent very wide separation
comoving companion to T Cha, host to one of the nearest known
examples of a highly inclined protoplanetary disk (Kastner et al.
2012). However, Gaia DR2 subsequently revealed small but
statistically significant differences between the parallaxes and
proper motions of T Cha and 2M1155—79A (Kastner 2018).'
Using substellar object population properties, Dickson-
Vandervelde et al. (2020) found that the J magnitude and J—H
color of 2M1155—79B corresponded to a spectral type of M9/L0,
which would place it just below the boundary between brown
dwarfs and massive planets assuming that its age is 5 Myr. This
mass estimate would place 2M1155—79B in the interesting

12 Gaia EDR3 data appear to confirm that T Cha and 2M1155—79A are neither
equidistant nor comoving (within the uncertainties).
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Figure 1. NIR spectra obtained with the FIRE instrument on Magellan for 2M1155—79A (green) and 2M1155—79B (blue). The fluxes of both FIRE spectra have
been normalized and a constant offset applied to 2M1155—79B, for purposes of visualization. Five spectra from the Luhman et al. (2017) Young Star Spectral Library,
M4 (magenta), M5 (red), MS5.5 (black), M6 (brown), and M7 (purple), are also displayed, with intensities adjusted to match the FIRE spectra at 1.7 ym.

(The data used to create this figure are available.)

Table 1
2M1155—79AB: Gaia EDR3 Astronomy and Photometry
Name R.A. Decl. ™ PMRA PMDec G G—Ggp RUWE
(deg) (deg) (mas) (mas yr~") (mas yr~") (mag) (mag)
2M1155—-79A 178.769132 —79.319756 9.81 £0.03 —41.35 +0.03 —4.56 £ 0.031 14.803 1.333 1.196
2M1155—-79B 178.762736 —79.320829 9.49 +0.43 —41.59 £0.55 —4.63 £ 0.51 19.954 1.396 1.104

position of a planet orbiting its host (2M1155—79A) at a projected
semimajor axis of ~600 au—similar to the projected separations
of the aforementioned substellar-object-hosting systems HD
106906, 1RXS 160929.1-210524, CT Cha, and DENIS-P
J1538317—103850. The formation mechanisms of such wide-
orbit massive planets remain subject to debate; proposed methods
of formation range from dynamical interactions to standard star
formation mechanisms (e.g., Lagrange et al. 2016; Rodet et al.
2019; Lodieu et al. 2021).

In this paper, we present near-infrared (NIR) spectroscopy of the
2M1155—79AB system, along with analysis of available Gaia
EDR3, 2MASS, and Wide-field Infrared Survey Explorer (WISE)
photometry. The results suggest a different nature for 2M1155
—79B: namely, that it is a low-mass pre-MS star partially occulted
by, and actively accreting from, a highly inclined, dusty disk. In
Section 2, we describe the NIR spectroscopic observations. In
Section 3, we present the results of these observations, along with
analysis of archival photometry of the 2M1155—79AB system. In
Section 4, we discuss the evidence for a disk around 2M1155
—79B and compare the object to 2M1155—79A. We also compare
the 2M1155—79B star—disk system to a set of potentially
analogous very low mass star—disk systems: fellow eCA member
2MASS J12014343—7835472, member of the 8 Myr TW Hya
association TWA 30B, and the 1-5 Myr old DENIS-P J1538317
—103850.

2. Observations

NIR spectra were obtained on 2020 February 12 and 13
(hereafter Night 1 and Night 2, respectively) using the FIRE
instrument on the 6.5 m Magellan telescope. FIRE spectra were
obtained in prism mode, which has a resolving power of ~450
across the 0.8-2.5 um spectral range. Observations of 2M1155

—79B were obtained on both nights, and observations of
2M1155—79A were obtained on Night 2 (Figure 1).

The FIRE data were reduced using a custom version of the
FIREHOSE pipeline based on the MASE pipeline (Bochanski
et al. 2009) written in the Interactive Data Language (IDL).13
This modified version includes subroutines of the SpexTool
package (Vacca et al. 2003; Cushing et al. 2004) to facilitate the
rejection of bad pixels and detector hot spots with the 1D
extracted spectra of individual exposures. All raw exposures were
flat-fielded, then extracted using the optimal extraction algorithm
included in FIREHOSE, and finally combined using the default
Robust Weighted Mean option (Robust threshold = 8.0). We used
neon-argon lamp exposures to determine the wavelength calibra-
tion. The signal-to-noise ratlo (S/N) per resolution element is
approx1mately 180 (70 pixel ") for 2M1155—79B and about 260
(100 pixel ") for 2M1155—79A.

While the overall shape and features of the spectra for 2M1155
—79B did not change between Night 1 and Night 2, the spectrum
obtained on Night 1 displays lower S/N, especially in the ~2 um
region. Hence, the analysis and discussion in this paper refer to the
Night 2 spectrum, unless otherwise specified.

The majority of eCA members show no significant intervening
reddening (Murphy et al. 2013), consistent with the general lack of
extinction in the direction of the group (E(B — V) < 0.03) out to
distances of ~160 pc (Lallement et al. 2019). However, the
2M1155—79AB system (like neighboring T Cha) is seen projected
toward the middle of a small dust cloud (Murphy et al. 2013;
Sacco et al. 2014). Hence, the spectra of both components were
dereddened via the Python package dust_extinction using
the Fitzpatrick et al. (2019) reddening model. We adopted E(B —
V)=0.5 for 2M1155—79A (Murphy et al. 2013), which equates

13 Available at https://github.com/jgagneastro /FireHose_v2.
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Figure 2. NIR spectra of 2M1155—79A (green), 2M1155—79B (blue), and an M5.5 standard (dashed black), displayed with fluxes normalized to the value at
0.85 um. Aside from the 1.083 ym He I emission line seen in 2M1155—79B, no other emission lines are detected in either star. Notably, the two companions have

very similar morphologies with the exception of the He I emission line.

to A;~0.44, assuming the standard value of Ry=3.1 (e.g.,
Cardelli et al. 1989). Note that this dereddening process does not
account for other sources of spectral distortion, such as obscuration
or scattering by circumstellar disk material.

3. Results
3.1. NIR Spectra

In Figure 1, we present the dereddened Magellan/FIRE
spectra for both 2M1155—79A and 2M1155—79B overlaid
with a range of NIR spectra of late M young star spectral
standards from Luhman et al. (2017, hereafter L17). Before
normalizing the two spectra, the 2M1155—79A spectrum is on
average 10.2x brighter than its companion. After accounting
for this factor of 10 difference in flux, the spectral shapes of
2M1155—79A and 2M1155—79B are very similar, with some
small differences in the depth of the 0.8 um absorption feature
that could be due to noise (see the two spectra overlaid in
Figure 2). The 1.4—1.8 ym region of the spectrum of 2M1155
—79B also potentially shows a larger bump than that of
2M1155—79A, and 2M1155—79B appears slightly redder than
2M1155—79B in the 0.8-1.1 pm region, indicative of a slightly
later spectral type. Notably, the spectrum of 2M1155—79B
displays a strong 1.083 um He I emission feature that is absent
from the spectrum of 2M1155—79A.

The overall strong similarity of the Magellan/FIRE spectrum of
2M1155—79B to that of 2M1155—79A indicates that the two
components are very similar in spectral type, notwithstanding the
factor ~10 smaller spectral flux from 2M1155—79B. As is
discussed in detail below, this is a surprising result, given that (as
noted) 2M1155—79A has been classified as M3 (Kastner et al.
2012; Murphy et al. 2013), whereas 2M1155—79B was initially
considered a candidate substellar object (Dickson-Vandervelde
et al. 2020). Additionally, while the comparison of the NIR spectra
of the 2M1155—79AB pair with the L17 standard spectra in
Figure 1 does leave some ambiguity as to the M spectral subtypes

of 2M1155—79A and 2M1155—79B, it is readily apparent that the
NIR spectral type of the former component is later than M3.

The comparison of the overall shapes of the FIRE spectra
with those of the L17 young star standard spectra demonstrates
that a spectral type of M7 or later can be ruled out; note in
particular the flatter slope of both 2M1155—79A and B in the
1.4-1.8 pym and 1.9-2.4 ym regions relative to the M7
standard. The 2.2 yum Na I absorption line is present in both
FIRE spectra, although it is not present in the standards, and the
line depth is in agreement with a mid- to late M spectral type.
The 0.8-0.9 um range of 2M1155—79B has a lower S/N than
other regions of the spectrum, and so the TiO feature matches
with a larger range of spectral types; 2M1155—79A is less
noisy in that range and more precisely matches to the M5-M6
standard. Again, the slope of the M7 standard is more
pronounced than either 2M1155—79A or B. Hence, a spectral
type in the range of M5-MG6 is the best match for both 2M1155
—79A and B.

3.1.1. The He I Feature

Both (Night 1 and 2) spectra of 2M1155—79B data show the
presence of a strong He I 1.083 um emission line (Figure 2). The
emission line is unresolved, placing an upper limit of ~670 km s~
on its velocity width. The equivalent widths (EWs) of the
1.083 um emissioQ line, as measured via Gaussian fitting,
were —11.9£0.6 A and —12.6 = 0.4 A for the Night 1 and 2
spectra, respectively.

3.1.2. Low-gravity Features

We analyzed the 2M1155—79B spectrum for potential
spectral features that are sensitive to stellar surface gravity
and useful for gravity indexing spectral types of M6 and later
(Allers & Liu 2013, and references therein). Both the 1.14 and
2.21 pm Na I absorption lines are visible, consistent with a
mid-/late M classification (see above); the Na I feature is not
present in lower-mass objects. The three FeH features (0.99,
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Figure 3. Four WISE archival log-scaled images of the 2M1155—79AB system, W1, W2, W3, and W4 (3.6, 4.5, 12, and 22 um) as labeled. Images are aligned in
R.A./decl. coordinates, (0,0) being the position of the W1 centroid, and are 60” x 60”. The white bar on each image represents the equivalent distance of ~600 au, the
green plus sign marks the center of the PSF as found via a Gaussian, the blue plus sign marks the center of the PSF as found via the peak pixel value, and the gray plus

sign in the W3 and W4 images marks the W1 (0,0) position.

1.20, and 1.55 pm) are not detected at the current S/N; this is
in agreement with the morphological spectral type of M5-M6
for 2M1155—79B indicated by Figure 1, as deeper FeH
spectral lines are indicative of later (late M to early L) spectral

types.

3.2. WISE Image Centroids

Mid-infrared 3.6, 4.5, 12, and 22 yum (W1, W2, W3, W4 band)
images of the 2M1155—79AB binary system obtained by WISE
are presented in Figure 3. The angular resolution of WISE is
comparable to the 2M1155—79AB system separation (~6");
however, it is apparent that the source centroid shifts from W1
(3.6 um) to W4 (22 um) by a displacement similar to this angular
offset. In order to determine which component dominates each
WISE band, we performed a centroid analysis on all four WISE
images and calculated the shift of center of the point-spread
function (PSF). We used two methods to determine the center of
the WISE emission: Gaussian PSF centroid fitting and peak pixel

position determination. The two methods yield the same results to
within the uncertainties (Figure 3). Analysis of unWISE data
(Schlafly et al. 2019) yields similar results. Considering the
spectral energy distribution (SED) morphologies of 2M1155
—79A and 2M1155—79B (see Section 3.3, Figure 4), the majority
of the flux in W1 is presumed to be from 2M1155—79A; thus, we
consider the photocenter found via our analysis of the W1 image
to be the position of 2M1155—79A.

The measured offsets with respect to W1 are 0703 (PA =
270°%), 1”744 (PA =242°), and 47 14 (PA = 229°) in the W2, W3,
and W4 band images, respectively. The W4 angular offset and PA,
relative to W1, are similar to the projected separation (5”75) and
PA (227°) of 2M1155—79B, relative to 2M1155—79A (Dickson-
Vandervelde et al. 2020). We conclude that 2M1155—79A
dominates the flux in the shorter WISE bands (W1 and W2),
while the contribution from 2M1155—79B becomes significant at
12 ym (W3) and dominates the flux at 22 ym (W4). Thus,
the mid-IR excess due to thermal emission from circumstellar
dust—originally attributed to 2M1155—79A (Kastner et al. 2012;
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Figure 4. The SED of 2M1155—79B (blue symbols) with two MCFOST models overplotted; the SED of 2M1155—79A (green symbols) is also plotted as a reference.
Circles represent fluxes from Gaia EDR3 (G and Ggp), squares represent fluxes from 2MASS (J, H, and K'), and triangles represent fluxes from WISE (W1, W2, W3,
and W4). The J and K fluxes for 2M1155—79B are from VHS. The WISE fluxes are partitioned according to which object clearly dominates in each band; the
downward-pointing arrow represents the upper limit on the W3 flux for 2M1155—79B, since it is not clear how much this source contributes to the emission in this
WISE band (see Section 3.2). The cyan line is the highly inclined model corresponding to a stellar luminosity of 0.010 L., and the red line is the highly inclined model
corresponding to 0.025 L. The dashed—dotted lines correspond to the respective pole-on models for 0.010 and 0.025 L.,

Murphy et al. 2013)—is in fact associated with 2M1155—79B
(see next).

3.3. SEDs

In addition to photometry from WISE (Wright et al. 2010),
archival photometry is available for both 2M1155—79B and
2M1155—79A from Gaia EDR3 (Gaia Collaboration et al.
2021), 2MASS (Skrutskie et al. 2006), and the Vista Hemi-
sphere Survey (VHS; McMahon et al. 2013). The visible and
NIR magnitudes were dereddened for 2M1155—79A and
2M1155—79B following the same procedure used for the FIRE
spectra (see Section 2). The resulting SEDs generated from
these archival data are presented in Figure 4. Throughout the
optical and mid-IR SED, there is a factor of ~100 luminosity
difference between A and B. This is discrepant with the NIR
flux ratio seen in the FIRE data (~10). Although the flux ratio
measured in the FIRE spectra may be unreliable, due to
possible chromatic effects from slit placement and possible
saturation in the J-band portions of the spectra of 2M1155
—79A and the (AO) flux calibration standard, the large
discrepancy between the 2MASS flux ratios and the FIRE
spectral ratio is indicative of possible variable obscuration of
2M1155—79B (see below).

The WI1-W2 color of 2M1155—79A (0.23 +£0.03) is
consistent with that expected from photospheric emission for
a star in its (mid-M) spectral type range (i.e., for M5 and M6,
W1-W2 = 0.21 and 0.27, respectively; Pecaut & Mamajek
2013). Additionally, the W4 (22 ym) flux arises primarily from
2M1155—79B (Section 3.2). Therefore, we find no evidence
for a warm circumstellar dust component associated with
2M1155-T79A.

4. Discussion
4.1. The Two Components of 2M1155—79

As noted in Section 3.1, the NIR SED revealed by the
FIRE spectra of 2M1155—79B is strikingly similar to—albeit
significantly fainter than—that of 2M1155—79A (Figure 1). In
addition to the large flux ratio, a glaring distinction between the
two spectra is the presence of the He I 1.083 pm emission line in
2M1155—79B. The WISE analysis reveals that the IR excess
originally associated with 2M1155—79A instead arises from
2M1155—79B (see Section 3.2). This, combined with the He I
emission, constitutes strong evidence for the presence of a disk
surrounding, and accreting onto, 2M1155—79B. Edge-on disks
appear unusually faint in optical and NIR bands compared to the
expected luminosities of a given spectral type, while still
presenting an IR excess at longer wavelengths. This is because
the stellar photosphere is occulted, such that photospheric
radiation that is scattered off of the disk surface dominates the
optical and NIR SED (accounting for the diminished flux in that
regime), while thermal IR emission from the disk dust still
emerges (e.g., D’Alessio et al. 2006; Furlan et al. 2011). The
very low apparent luminosity and red Gaia/2MASS colors of
2M1155—79B (Dickson-Vandervelde et al. 2020) hence could
be due to obscuration of the stellar photosphere by this orbiting,
dusty accretion disk.

As an initial investigation of this hypothesis, we used the
radiative transfer modeling code MCFOST (Pinte et al. 2006, 2009)
to generate two models for the combined star and disk system of
2M1155—79B that can reproduce its double-peaked optical through
mid-IR SED, as illustrated in Figure 4. These models represent two
extremes of stellar luminosity, 0.010 and 0.025 L., with the stellar
effective temperature fixed at 3000 K using the Baraffe et al. (2015)
stellar spectra models, corresponding to the expected range of stellar
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properties for ~5 Myr old M5/M6 pre-MS stars. For both
scenarios, we utilized a tapered-edge disk model composed of
astronomical silicates—separated into small (0.01-7 ym) and large
(7-3000 pm) grains—with a flaring exponent of 1.07 and a disk
scale height of 7 au at a reference radius of 100 au (Pinte et al.
2009). We fixed the large grain dust disk mass at 2.0 x 107> M,
and the small grain dust disk mass at 1.5 x 107 M. The small
dust grain component remained the same between both models
with an inner radius of 0.015 au and outer radius of 60 au. To
match the observed SED, we find that the 0.010 L., model requires
a disk inclination of 75° and an inner radius of 0.2 au for the large
dust grains, while the 0.025 L., model requires an inclination of 81°
and an inner radius of 0.45 au for the large dust grains. We also
display the corresponding models for an inclination of 0° (i.e., pole-
on) in Figure 4; these models support the conclusion that
obscuration by the disk is responsible for the observed weak stellar
photospheric emission signature in the 2M1155—79B SED. These
initial MCFOST modeling results (Figure 4) thus lend strong
support to the scenario wherein the observed SED of 2M1155
—79B results from a highly inclined circumstellar disk.

In contrast, given the WISE data (and lack of He I emission
from 2M1155—79A), we can now conclude that there is no
evidence for a circumstellar disk around 2M1155—79A. The NIR
spectra (Figure 1) indicate that both 2M1155—79A and B are
mid- to late M (M5/6) type stars, whereas optical spectroscopy of
2M1155—79A previously established the star as spectral type M3
(Kastner et al. 2012). The discrepancy between these NIR (M5/6)
and optical (M3) spectral classifications would not be without
precedent; it has been previously noted that the optical spectral
classifications of pre-MS stars can be three to five subclasses
earlier than their NIR-based classifications (Kastner et al. 2015;
Pecaut 2016). However, it is possible that the previous
determination of an earlier spectral type for 2M1155—79A could
reflect the relatively limited wavelength range of the spectrum
used for classification.

Furthermore, our MCFOST modeling demonstrates that the
occultation of 2M1155—79B by this disk—rather than a
difference in stellar mass (hence luminosity)—also most likely
accounts for much of the enormous flux difference between
2M1155—79B and 2M1155—79A throughout the optical and
NIR. The strong similarity of the FIRE spectra of 2M1155—79A
and 2M1155—79B, as well as their factor ~10 difference in flux
levels, should translate to very similar 2MASS colors and a
systematic difference of ~2.5 mag in the 2MASS photometry.
The redder 2MASS J — H color of 2M1155—79B, and the overall
~5 mag difference between the two components in the 2MASS
data, hence strongly suggests that, at the epoch of 2MASS (1998),
2M1155—79B was more heavily occulted by its disk than when
we observed in 2020. Such variable obscuration is frequently
observed in analogous highly inclined star/disk systems (see
Section 4.2). On the other hand, the fact that the Gaia EDR3
G — Ggp color of 2M1155—79B is not as red as in the DR2
photometry (G — Ggrp=1.40 and 1.74, respectively) is more
likely due to a spurious measurement of Ggp in DR2. Such Gaia
color variability would seem to be inconsistent with the very
highly inclined (i ~ 80°), optically thick disk invoked in our
models; the photospheric component in these models is dominated
by scattering, such that the optical/NIR colors should be saturated
and (hence) constant. Additional photometric monitoring of this
system, along the lines of that conducted for TWA 30AB (see
next), is clearly warranted.
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4.2. Comparison to Analogous Systems

Various young, low-mass star/disk systems, some of them
also binaries, provide useful points of comparison with the
2M1155—79AB system. Two particularly interesting objects
for purposes of comparison are two nearby, low-mass pre-MS
systems that also display evidence for highly inclined disks:
2MASS J12014343—-7835472 (henceforth 2M1201—78) and
TWA 30B. 2M1201—-78 is an early M-type star (~M2.25) that
is also a member of the ~5 Myr ¢CA (Luhman 2004; Dickson-
Vandervelde et al. 2021). As well as hosting a highly inclined
disk (i ~ 84°), optical spectroscopy showed some signs of
ongoing accretion in the form of emission from lines of He I, [S
1], and the Ca 1I triplet, although other signatures were not
detected. Modeling by Fang et al. (2013) attributes the lack of
some accretion signatures to a sparse inner disk.

A known member of the TW Hya association (~8 Myr),
TWA 30B is an M-type (M3/M4) pre-MS star that is a wide-
separation (~3400 au) companion to TWA 30A (Looper et al.
2010). Like the 2M1155—79AB system, TWA 30B is fainter
than its companion TWA 30A in the optical and NIR; it is 5
mag fainter than TWA 30A despite having a slighter earlier
spectral type. The TWA 30B disk has been detected via its
WISE excess emission and ALMA submillimeter continuum
emission (Schneider et al. 2012; Rodriguez et al. 2015). Optical
and NIR spectra of TWA 30B show not only He I emission
lines but also multiple forbidden lines (such as [O 1], [O 1I], and
[C 1)), indicating that the system is actively accreting and likely
drives jets (Looper et al. 2010).

In Figure 5, we compare the SEDs of 2M1155—79B,
2M1201—-78, and TWA 30B, as compiled from data from Gaia
EDR3, 2MASS, VHS, and WISE. The SEDs are overlaid with
composite blackbody curves approximating the stars’ photo-
spheric and disk emission (dashed lines). Only the photometric
data for 2M1155—79B have been dereddened; the eCA region
toward 2M1201—78 appears to show minimal interstellar
reddening (Murphy et al. 2013), while the TWA 30B system
displays variable reddening due to its dusty circumstellar disk
(Looper et al. 2010; Principe et al. 2016).

While the three objects are similar in nature—i.e., low-mass
stars with large IR excesses—the comparison of their SEDs
indicates that there are important differences in either disk
structure or disk inclination. TWA 30B has a flat SED,
indicative of a “full” disk with no significant inner cavity, while
2M1201 appears to have a clear break between its photospheric
and disk emission, indicative of an inner disk cavity, as
hypothesized by Fang et al. (2013). This is consistent with the
accretion signatures from the two objects: 2M 1201 has weaker
accretion signatures than TWA 30B (Looper et al. 2010; Fang
et al. 2013). However, small differences in disk inclination
could also explain these differences in SEDs. Because of
WISE’s inability to cleanly resolve 2M1155—79B from A, we
are unable to establish which of these contrasting SED shapes
might best characterize 2M1155—79B.

Figure 6 compares the NIR spectra of 2M1155—79B and TWA
30B (previously classified as M4; Looper et al. 2010; Principe
et al. 2016), including the strengths of the He I 1.083 p:m emission
lines. The TWA 30B IRTF-SpeX spectrum (obtained on 2011
June 8) was among the NIR spectra presented in Principe et al.
(2016) least affected by the variable reddening of TWA 30B. The
comparison supports our determination of a mid- to late M
spectral type for 2M1155—79B (Section 3.1). The 1.083 um He I
line EWs of the two systems are similar: we measure ~—20 A for
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Figure 5. The SEDs of 2M1155—79B (in blue), TWA 30B (in orange), and 2M1201—78 (in red) displayed on a log—log scale. The data markers are indicative of the
same photometric bands as listed in the caption of Figure 4. The fluxes of all three systems have been normalized to a uniform distance of 10 pc. The dashed lines
indicate the combined blackbody model for each system. The stellar photospheres are modeled as simple blackbodies and are not indicative of the actual stellar
effective temperatures. The photospheric blackbodies for each system, scaled to the H-band flux, are 2750 K for 2M1155—79B, 2500 K for TWA 30B, and 2650 K for
2M1201—78. The remaining excesses (corresponding to the disks) are modeled using two blackbodies for 2M1201—78 (7 = 200, 750 K) and TWA 30B (T = 150,
620 K; Rodriguez et al. 2015) and a single blackbody for 2M1155—79B (T = 170 K).
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taken with the FIRE instrument) and TWA 30B (orange, taken with the SPeX

instrument). In the left panel, the 2M1155—79B spectrum has been normalized for visualization with the TWA 30B spectrum by the entire spectrum being multiplied
by a constant of 6 and shows the full wavelength coverage. The right panel is centered on the He I 1.083 emission line, and both fluxes have had the continuum flux

subtracted and normalized to 0.

TWA 30B, versus ~—12 A for 2M1155—79B (Section 3.1). The
line is unresolved in both spectra, so we are unable to compare the
line widths.

As noted in Section 4.1, the apparent optical/NIR photo-
metric and color variability of 2M1155—79B suggests that it
experiences variable obscuration by its highly inclined disk;
curiously, this behavior more closely resembles that of TWA
30B’s wide-separation companion, TWA 30A, than TWA 30B
itself (Looper et al. 2010; Principe et al. 2016). The disk
surrounding TWA 30A is most likely less highly inclined than
its companion, as TWA 30A is brighter in the optical /NIR and,
unlike TWA 30B, has been detected in X-rays (Looper et al.
2010; Principe et al. 2016).

Another recently discovered low-mass pre-MS star pair in
which (like 2M1155—79AB) one component harbors a disk and
one is diskless is the potential wide binary DENIS-P J1538316
—103900 (DENIS1538—1039) and DENIS-P J1538317—103850
(DENIS1538—1038). DENIS1538—1038 is a ~1 Myr old brown
dwarf (spectral type M5.5) with an IR excess indicative of a disk
(Nguyen-Thanh et al. 2020). The M3 star DENIS1538—1039
is seen at 10" projected separation from DENIS1538—1038.
Nguyen-Thanh et al. (2020) conclude that the two stars are
potential members of the Upper Scorpius association, although (as
noted by Nguyen-Thanh et al. 2020), at an estimated age of
~1-5 Myr, they are much younger than the average age of the
association (~10 Myr; Luhman & Esplin 2020); they are also far
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from the main Upper Scorpius association complex, further
casting their membership in doubt. On the basis of Gaia DR2 data,
Nguyen-Thanh et al. (2020) concluded that the pair represent a
chance line-of-sight alignment of two members of the same
NYMG. However, in Gaia EDR3, the two components have the
same proper motions and parallaxes within the uncertainties,
indicating that the two stars are in fact a wide binary analogous to
2M1155—79AB, i.e., a wide-separation pair of young M stars
near the stellar/substellar boundary, one with a disk and one
without.

Two other systems merit mention here, as potential younger
analogs to the 2M1155—79AB wide binary. Like 2M1155
—79B, the companion to the 1-2 Myr old 2MASS J19005804
—3645048 was initially thought to be a planet-mass object
before follow-up spectroscopy instead suggested that the star
was a young late M dwarf (Christiaens et al. 2021). Christiaens
et al. (2021) discuss the implication that the companion is an
obscured low-mass star for which only a small fraction of its
light emerges owing to an edge-on disk, as well as the
possibility that the companion is an accreting protoplanet that is
being heated by accretion shocks. It is unlikely that 2M1155
—79B falls into this second category, given the lack of WISE
detection of warm dust around 2M1155—79A (Section 3.2).
The second system, HK Tau AB, is a low-mass, wide binary in
the Taurus star-forming region that, like 2M1155—79AB,
consists of two stars of similar (in this case, early M) spectral
type, but with B many magnitudes fainter than A (Monin et al.
1998). NIR imaging of the system revealed that HK Tau B is
occulted by an edge-on disk (Stapelfeldt et al. 1998).
Subsequent scattered light and submillimeter observations
demonstrate that both components possess extensive gas and
dust disks, but with sharply contrasting inclinations (i ~ 43°
and i ~ 85°, respectively; McCabe et al. 2011; Jensen &
Akeson 2014).

It is also worth considering whether 2M1155—79AB and
some of the aforementioned systems constitute examples of
young, hierarchical multiples wherein at least one component
harbors a relatively long-lived, dusty disk (Kastner 2018, and
references therein). There are multiple instances of circumbinary
disks in such systems, as well as young hierarchical multiple
systems showing the presence of disks around some components
and not others; the HD 104237 system within eCA is an example
of a particularly complex system with both of these character-
istics (Murphy et al. 2013; Dickson-Vandervelde et al. 2021).
Thus far, however, there is no evidence that 2M1155—79AB is
such a (hierarchical) multiple system (in particular, DR2
photometry is consistent with 2M1155—79A being a single
star; Dickson-Vandervelde et al. 2021).

4.3. The Nature of 2M1155—79B

While the original evidence in Dickson-Vandervelde et al.
(2020) pointed toward 2M1155—79B being a nascent, 10 M;
planet, the spectral type determined here, M5/6, is inconsistent
with this picture. Nonetheless, 2M1155—79B is potentially still
near the hydrogen-burning limit; pre-MS model evolutionary
tracks place the stellar versus brown dwarf boundary around a
spectral type of M6 at 3—5 Myr (Baraffe et al. 2015). A firm
conclusion as to the fate of 2M1155—79B—Ilow-mass star or
brown dwarf—will require optical spectroscopy to confirm the
spectral type of this enigmatic system.

To our knowledge, 2M1155—79B is the latest M-type pre-
MS star in which the He 1 1.083 sm emission line has yet been
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detected. In higher-mass pre-MS (T Tauri) stars, this line is a
sensitive probe of accretion shocks and accretion-driven winds
(Kwan et al. 2007), manifested in the form of red- and
blueshifted absorption features that are a consequence of the
high 1.083 ym line opacity (Edwards et al. 2006; Kwan &
Fischer 2011; Sousa et al. 2021). For a high-inclination star
—disk system with stellar and/or disk winds, the He 1 1.083 pm
emission has a narrow, blueshifted absorption feature owing to
the emission passing through the slow disk wind component
(Kwan et al. 2007). Given the resolution of our spectra, we
cannot retrieve any information about potential blueshifted
absorption; however, the EW of the emission line from
2M1155—79B is similar to that of mid-K classical T Tauri
star disks (Edwards et al. 2003), and our initial modeling
supports the presence of a nearly edge-on circumstellar disk in
the system (Figure 4). Modeling by Kwan & Fischer (2011)
indicates that He I emission could be arising from the accretion
flow close to a stellar impact shock, resulting in UV
photoionization and temperatures of at least 10* K. However,
since 2M1155—79B has a much lower mass and therefore
should have a lower shock temperature than in the Kwan &
Fischer (2011) models, the He I 1.083 pm could be indicative
of the presence of a large-scale wind or jet. NIR imaging of this
object might reveal a jet origin for the He I 1.083 pm emission,
while higher-resolution spectroscopy of the He I 1.083 ym
emission will allow for analysis of intervening kinematic
structures through the study of potential absorption components
within the line profile. The large EW of this line in the
spectrum of 2M1155—79B makes this object a strong
candidate for the use of both of these methods.

5. Conclusions

The object 2M1155—79B is a low-mass member of the ~5
Myr moving group e¢CA and a wide-separation companion
(5775, 580 au) to another e€CA member, 2M1155—79A. The
SED of 2M1155—79B is ~10-100 times fainter than 2M1155
—79A throughout the optical and NIR (Figures 1 and 4). The
extreme faintness and redness of 2M1155—79B in Gaia DR2
and archival 2MASS photometry presented the scenario that
2M1155—-79B was a planet-mass object (M ~ 10 Mjy). How-
ever, we have obtained NIR spectroscopy with Magellan/FIRE
demonstrating that the object is best matched by a young star
standard spectra in the range M5-M6 (Figure 1). The fact that
2M1155—79B is much fainter in the optical and NIR than
expected of a star of this spectral type is hence most likely due
to partial occultation of the stellar photosphere by a highly
inclined circmstellar disk. Furthermore, a strong He 1 1.083 ym
emission line is observed in the FIRE spectra of 2M1155—79B,
indicative of ongoing accretion and accretion-driven winds
and/or jets (see Section 4.3). Nevertheless, the FIRE spectra of
2M1155—79B and 2M1155—79A are very similar in shape,
revealing that the two stars may be nearly twins, both with
spectral types in the range M5-M6. The spectral type we infer
for 2M1155—79A from its FIRE spectrum is somewhat later
than that previously determined from its optical spectrum.
Follow-up optical spectroscopy of 2M1155—79B is needed to
clarify the photospheric properties of 2M1155—79B and verify
that the two components of the 2M1155—79AB binary are
indeed nearly twins. Analysis of the WISE photometry for the
2M1155—79AB system (Section 3.2, Figure 3) demonstrates
that the infrared excess originally associated with 2M1155
—79A instead originates from 2M1155—79B, supporting the
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interpretation that the secondary is orbited and occulted by a
dusty disk. Modeling of the SED of the 2M1155—79B star
—disk system (Figure 4) shows that a highly inclined disk
(i ~75°-81°) can account for the flux difference between
primary and secondary.

As discussed in Section 4.2, these results place 2M1155
—79B among a small subset of pre-MS, low-mass stars that
both are highly obscured by edge-on disks and show signs of
active accretion. Like these other, analogous systems, the
2M1155—79B system is a particularly promising subject for
studies of star and planet formation around low-mass stars.
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