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ABSTRACT

We present low-resolution Keck I/LRIS spectra spanning from 3200 to 9000 A of nine young brown dwarfs and
three low-mass stars in the TW Hya Association and in Upper Sco. The optical spectral types of the brown dwarfs
range from M5.5 to M8.75, though two have near-IR spectral types of early L dwarfs. We report new accretion
rates derived from excess Balmer continuum emission for the low-mass stars TW Hya and Hen 3-600A and the
brown dwarfs 2MASS J12073347—-3932540, UScoCTIO 128, SSSPM J1102—3431, USco J160606.29—233513.3,
DENIS-P J160603.9—205644, and Oph J162225—-240515B, and upper limits on accretion for the low-mass star
Hen 3-600B and the brown dwarfs UScoCTIO 112, Oph J162225—240515A, and USco J160723.82—221102.0.
For the six brown dwarfs in our sample that are faintest at short wavelengths, the accretion luminosity or upper limit
is measurable only when the image is binned over large wavelength intervals. This method extends our sensitivity
to accretion rate down to ~10~'3 Mg yr~! for brown dwarfs. Since the ability to measure an accretion rate from
excess Balmer continuum emission depends on the contrast between excess continuum emission and the underlying
photosphere, for objects with earlier spectral types the upper limit on accretion rate is much higher. Absolute
uncertainties in our accretion rate measurements of ~3-5 include uncertainty in accretion models, brown dwarf
masses, and distance. The accretion rate of 2 x 107'2 My yr~! onto 2MASS J12073347—3932540 is within 15%
of two previous measurements, despite large changes in the Ho flux.
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1. INTRODUCTION

That young brown dwarfs share many characteristics with
T Tauri stars is strong evidence that the formation and early
evolution of stars and brown dwarfs is similar. However, the
smaller masses of brown dwarfs introduce physical differences
that alter the early evolution of the star+disk system, includ-
ing the prospects for planet formation. Protoplanetary disks
around very low mass stars and brown dwarfs survive longer
than around solar-mass stars (Carpenter et al. 2006; Dahm &
Hillenbrand 2007; Scholz et al. 2007), which may relate to the
M o< M? relationship that describes the average accretion rate
for a population of objects with a large range of masses (e.g.,
Muzerolle et al. 2005; Mohanty et al. 2005; Natta et al. 2006;
Alexander & Armitage 2006a; Hartmann et al. 2006; Tilling
et al. 2008). Since accretion requires the presence of a disk,
the identification of accretors contributes to estimating the frac-
tion of young stars and brown dwarfs with disks. Accretion rate
measurements lead to estimates for the timescale of viscous
dissipation of the protoplanetary disk. Accretion processes also
supply the far-ultraviolet emission (Johns-Krull et al. 2000) that
evaporates the outer disk (Gorti & Hollenbach 2008) and the
ionizing emission that could evaporate the inner disk as accre-
tion slows (Clarke et al. 2001; Alexander et al. 2006b).

The proximity and age of the ~10 Myr old TW Hya
Association (TWA, d = 30-100 pc; de la Reza et al. 1989;
Gregorio-Hetem et al. 1992; Webb et al. 1999; Mamajek 2005)
and the ~5 Myr old Upper Sco Association (USco, d = 145 pc;
de Geus et al. 1989; Walter et al. 1994; de Zeeuw et al. 1999;
Preibisch et al. 2002) make them important regions for studying
disk dissipation processes around stars and brown dwarfs.

' Current address: Max-Planck-Institut fur extraterrestriche Physik, Postfach
1312, 85741 Garching, Germany.
2 Spitzer Postdoctoral Fellow.

1589

Two of the five known brown dwarfs in the TWA, 2MASS
J12073347—-3932540 and SSSPM J1102—-3431, still retain their
disks, though of the two only 2MASS J12073347—-3932540 is
known as an accretor (Gizis 2002; Mohanty & Basri 2003;
Morrow et al. 2008; Riaz & Gizis 2008). In USco, Carpenter
et al. (2006) and Scholz et al. (2007) find that the fraction
of disks around M dwarfs is larger than that around G- and
K-type stars, indicating a possible mass dependence in disk
dissipation. Recently, Lodieu et al. (2007, 2008) used UKIDSS
(Lawrence et al. 2007) to identify 22 brown dwarfs in USco, with
17 classified as LO-L2 dwarfs based on low-resolution near-IR
spectroscopy. If the near-IR spectral types accurately reflect the
true mass of the object, an analysis of disks and accretion for
the UKIDSS sample would extend our understanding of disk
survival to the upper planetary—mass regime.

Accretion can be identified by line equivalent widths and
profile shapes (e.g., White & Basri 2003; Muzerolle et al. 2003;
Natta et al. 2004; Mohanty et al. 2005), but is most accurately
measured from excess Balmer continuum at <3646 A (Valenti
et al. 1993; Gullbring et al. 1998). For stars with masses 0.5-
1.0 M, accretion continuum measurements typically lead to
mass accretion rates M ~ 10~ — 1077 M, yr—'. Upper limits
are determined by the ability to measure the contrast between
the star and hot photospheric emission, with smaller upper limits
for cooler targets, which have weaker and redder photospheres.
Herczeg & Hillenbrand (2008) measured the Balmer continuum
emission from very low mass stars and brown dwarfs in Taurus
and from 2MASS J12073347—3932540 in the TWA, with
accretion rates as low as 2 x 1072 Mg yr~!'. Measuring even
lower mass accretion rates onto very late M dwarfs is limited
primarily by telescopic sensitivity.

In this paper, we develop a method to extract very low resolu-
tion spectra of the photospheric and accretion continuum from
Keck I/LRIS optical spectra of faint sources. This technique


http://dx.doi.org/10.1088/0004-637X/696/2/1589
mailto:gregoryh@mpe.mpg.de

1590 HERCZEG, CRUZ, & HILLENBRAND

Table 1
Observation Log

Star texp® (S)
USco J160723.82—221102.0 1200
USco J160603.75—221930.0 1800
SSSPM J1102—-3431 2700
2MASS J12073347—3932540 900
Oph J162225—-240515 900
DENIS-P J160603.9—205644 600
UScoCTIO 128 1200
TW Hya 20
Hen 3-600 210
LHS 3003° 360

Notes.
2 Exposure time for blue channel.
b Used as a spectral template.

is applied to a small sample of six brown dwarfs in the TWA
and USco to measure accretion rates down to 10713 Mg yr~!,
an order of magnitude lower than previous measurements. We
also use traditional spectral extraction techniques to measure
accretion or upper limits onto two other brown dwarfs and three
stars, and weak emission lines to measure an upper limit onto
another brown dwarf. Our observations and data reduction are
described in Section 2. In Section 3, we describe the physi-
cal properties of our sample, identify accretion based on excess
blue and UV continuum emission, and use the excess to measure
mass accretion rates. In Section 4, we discuss the implications
our accretion rates have for sensitivity to tiny accretion rates
and the differences in optical and near-IR spectral types for two
USco members.

2. OBSERVATIONS

We used LRIS (Oke et al. 1995; McCarthy et al. 1998) on
Keck I to obtain low-resolution optical spectra of nine brown
dwarfs in the TWA and Upper Sco and three low-mass stars
in the TWA on 2008 May 28 (see observation log in Table 1).
Conditions were clear and stable, with seeing ranging from
0”6 to 0”8. The light was split into separate red and blue beams
with the D560 dichroic. The 400/8500 grating disperses the
light in the red channel to yield spectra from 5500 to 9300 Aon
a 2048 x 2048 CCD with 0”21 pixels. The 400/3400 grism in
the blue channel disperses the light to yield spectra from 3000 to
5600 A on a 2048 x 4096 CCD with 0”135 pixels. Each target
was observed with a 175" x 170 slit. The spectral resolution is
~1400 on the red side and ~700 on the blue side.

The position angle of the slit was aligned to the parallac-
tic angle for most observations. During our observations of
the visual pairs USco J160723.82—221102.0, USco 160603.75-
221930.0, Oph J162225—240515, and Hen 3-600, the slit an-
gle was aligned to include both objects. The Atmospheric
Dispersion Corrector on LRIS (Phillips et al. 2006) corrects
the atmospheric dispersion to better than <0’1 for observa-
tions obtained within 60° of the zenith. The spectrophotomet-
ric standards LTT3864, EG 274, and LTT7987 were observed
throughout the night to provide flux calibration and extinction
correction. Absolute fluxes are accurate to ~15% and relative
fluxes across the 3200-9300 A region are accurate to ~5%.
Our observation of USco J160723.82—221102.0 was obtained
at ~2.4 airmasses at a position angle 55° from the paral-
lactic angle. The atmospheric dispersion for the observation
of USco J160723.82—221102.0 is expected to be larger than
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0”5 at <5000 A, which prevents us from placing meaningful
upper limits on the undetected blue emission from the brown
dwarf.

The data were bias- and dark-subtracted, and then flat-fielded
with a combination of dome flats and a halogen lamp. The counts
from the two components of the close binary Hen 3-600 were
extracted after fitting and subtracting the counts in the image
that are attributed to the other source, based on the line-spread
function at each spectral position on the detector.

The continuum emission at 32004500 A from USco
J160603.75-221930.0, SSSPM J1102—-3431, DENIS-P
J160603.9—-205644, UScoCTIO 112, Oph J162225—-240515A,
and Oph J162225—-240515B is too faint for simple long-slit ex-
traction. Very low resolution spectra of the continuum emission
are obtained for these sources by binning the image along the
dispersion direction. The counts are then extracted by fitting a
Gaussian profile to the counts profile in the cross-dispersion di-
rection. The 1o error bars are estimated from the uncertainty in
the background subtraction. This method significantly reduces
the noise introduced when calculating the background subtrac-
tion independently at each pixel in the dispersion direction.

The number and width of spectral bins is individually deter-
mined for each target and is informed by the expected shape of
the spectrum as seen from brighter accretors and nonaccretors
and by requiring detections or stringent upper limits in each bin.
The Balmer line blend region from 3646 to 3700 A is avoided
for SSSPM J1102—-3431, USco 160603.75—221930.0, DENIS-
P J160603.9—205644, and UScoCTIO 112 but is included for
Oph J162225—-240515A and Oph J162225—240515B to in-
crease the signal to noise. This inclusion is reasonable because
the flux in the 3646-3700 A region is very similar to that in
the 3600-3646 A region for all previously observed M dwarf
accretors and nonaccretors (Herczeg & Hillenbrand 2008). If
we restrict this data point to the 3500-3646 A region, the flux
is detected with only marginal significance.

The atmospheric transmission curve decreases the sensitivity
of our spectra toward shorter wavelengths, which can introduce a
color term in the binned spectra. An analysis of bright objects in
our sample indicates that the flux in the shortest wavelength
bin, from 3200 to 3400 A, is typically overestimated from
binning and is reduced by 4% in each spectrum. The relative
flux calibration in other bins is accurate to better than 3% and
the absolute flux calibration to 5%, when compared with the
average flux in the bin calculated from spectra extracted at the
full resolution of the instrument.

Figure 1 demonstrates this technique on 2MASS J12073347—
3932540. The highlighted regions are dominated by continuum
emission; other regions are dominated line emission, especially
the Balmer series and Ca 11 H and K. We binned the image
over these highlighted wavelength intervals to obtain accurate
measurements of the continuum while minimizing the contami-
nation by strong lines. The squares show the resulting spectrum.

For spectral templates, we use a spectrum of the M7 field
dwarf LHS 3003 observed here, a published spectrum of
the nonaccreting M5.5 dwarf MHO 7 in Taurus (Herczeg &
Hillenbrand 2008), and a Palomar Double Spectrograph spec-
trum of the young M4 star LkCa 1 in Taurus (G. J. Herczeg &
L. A. Hillenbrand 2009, in preparation). A scaled photospheric
template is subtracted from the spectrum before measuring emis-
sion in He 1, [O 1], and Ca 11 IR triplet lines. Emission in the
Balmer and Ca 11 H and K lines is measured directly from the
spectrum. The spectral templates are also used to estimate pho-
tospheric emission from stars with excess continuum emission.
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Figure 1. Blue spectrum of 2MASS J12073347—3932540 shows strong excess
continuum and line emission. The square points are fluxes measured over
continuum regions, which are shaded in yellow. The bars in the x-direction
describe the wavelength range covered by each point. Although several of these
ranges include emission lines in the unshaded regions, these regions are not
included in our continuum flux estimate. This method is applied to fainter
targets to measure the continuum flux (Figure 4), which is required for our
accretion rate estimates.

(A color version of this figure is available in the online journal.)

Emission lines were fitted with a Gaussian profile to mea-
sure line equivalent widths and fluxes. For the six faint targets
USco J160603.75—221930.0, SSSPM J1102—3431, DENIS-P
J160603.9—-205644, UScoCTIO 112, Oph J162225—-240515A,
and Oph J162225—-240515B, the equivalent width of lines at
<5500 A are calculated by using the very low resolution con-
tinuum measurements described above to estimate the correct
continuum level at the relevant wavelength.

3. ANALYSIS
3.1. Spectral and Physical Properties of Sample

Figure 2 shows the 5600-9000 A spectra of each of our tar-
gets. Optical spectral types were estimated by direct comparison
of the red optical spectra of our targets to the young M dwarf
spectral standards provided by K. Luhman. We adopted the
spectral type of the standard that provided the best match to the
entire optical spectral shape of our targets, which is determined
primarily by the depth of VO and TiO absorption features. This
method results in uncertainties of ~0.25-0.5 subclasses.

The relative gravity of M dwarfs can be characterized by the
absorption depth in the Na 1 A8183, 8195 and K 1 L7665, 7699
lines. Slesnick et al. (2006) developed a gravity-sensitive index
comparing the Na 1 doublet absorption depth to the nearby
continuum. Shallow absorption is seen in these features, with
Na 1-8189 indices that range from 0.87 to 0.95, which is
consistent with the intermediate gravities typical for M dwarfs
in USco and the TWA. The older M7 template, LHS 3003, has
much deeper absorption, with an Na 1-8189 index of 0.75 that
is typical of main-sequence dwarfs.

2MASS J12073347—3932540 and SSSPM J1102—3431 are
confirmed members of the nearby TWA, which at an age of
~10 Myr is no longer associated with molecular material (Gizis
2002; Scholz et al. 2005; Mamajek 2005). Relative to spectral
standards, both of our TWA targets have Ay ~ 0.0 based on the
optical extinction law from Cardelli et al. (1989) and a selective-
to-total extinction parameter Ry = 3.1. The other brown dwarfs
belong to the 5 Myr old USco, which suffers from moderate
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extinction of Ay < 2 (de Bruijne 1999; Preibisch et al. 2002).
The extinctions to USco J160723.82—221102.0 and USco
160603.75-221930.0 are Ay ~ 0.3 £ 0.3 and Ay ~ 0.0£0.3,
respectively.

Table 3 lists the physical properties of our sample, derived
from the effective temperature based on the optical spectral type
(Luhman et al. 2003), extinction, J-band photometry (Webb
et al. 1999; Ardila et al. 2000; Gizis 2002; Martin et al. 2004,
Scholz et al. 2005; Luhman et al. 2007; Lodieu et al. 2008), the
near-IR extinction law from Rieke & Lobofsky (1985), and pre-
main-sequence evolutionary tracks from Baraffe et al. (1998)
and Chabrier et al. (2000). Parallax distances are used for TW
Hya, 2MASS J12073347—-3932540, and SSSPM J1102—3431
(Wichmann et al. 1998; Ducourant et al. 2008; Teixeira et al.
2008). A kinematic distance of 34 pc is used for Hen 3-600
(Mamajek 2005). For USco stars, we assume the cluster distance
of 145 pc (de Zeeuw et al. 1999). The luminosity of Upper Sco
brown dwarfs are generally lower than predicted for 5 Myr
old objects from pre-main-sequence evolutionary tracks but are
consistent with the luminosities of other very low mass members
of Upper Sco (see discussion in Luhman et al. 2007).

3.2. Identifying Accretion

The spectrum from 3200 to 9000 A of a young brown
dwarf consists of a red photospheric continuum and weak
chromospheric emission in the Balmer and Ca 11 H and K lines.
The presence of accretion alters the spectrum by producing
excess line and continuum emission, and is typically identified
by the strength or shape of line emission (some prominent lines
are listed in Table 2) or by the veiling of the photospheric
continuum by the accretion continuum (e.g., White & Basri
2003; Muzerolle et al. 2003; Natta et al. 2004; Mohanty
et al. 2005). The accretion continuum studied here consists of
the bright Balmer continuum at <3646 A, the fainter Paschen
continuum emission at <8200 A, and an H™ continuum that
spans our entire wavelength region. The excess continuum
emission is easiest to detect at <3646 A, where the contrast
between the bright Balmer plus Paschen continuum and the
faint photospheric continuum from the brown dwarf is high.
The fainter Paschen continuum emission is easiest to detect at
4000 A, where the photospheric continuum is weaker relative
to that at longer wavelengths and the flux is not contaminated
by line emission.

The Balmer jump at 3646 A (shifted to 3700 A in low-
resolution spectra because high Balmer lines blend together)
is characteristic of accretors (Kuhi 1966; Valenti et al. 1993;
Gullbring et al. 1998; Calvet & Gullbring 1998; Herczeg &
Hillenbrand 2008). The size of the observed Balmer jump (BJops
in Table 3) is defined here as the ratio of observed emission (pho-
tospheric plus accretion) at 3600 A divided by that at 4000 A.
For the faint stars in our sample, the ratio is calculated using the
binned data at the points closest in wavelength to the nominal
values.

Figure 3 shows the blue spectra of three low-mass stars and
the eight of our nine brown dwarfs in our sample which have blue
spectra. The spectra of the brighter targets reveal that the Balmer
jump is detected from 2MASS J12073347—-3932540, USco
CTIO 128, TW Hya, and Hen 3-600A but is not detected from
Hen 3-600B. The spectra of the six fainter targets is too noisy
at R ~ 700 to determine whether the Balmer jump is present.
Figure 4 shows the binned spectra of those six faint targets
compared with a photospheric template. For UScoCTIO 112 we
use the young M5.5 dwarf MHO 7 as a template. For the M7-
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Figure 2. Keck I/LRIS red spectra of nine brown dwarfs and three stars in USco and TWA, in order of earliest to latest spectral type in our sample. The region of
telluric absorption at 7600 A is not shown. The Ha emission line from several targets is plotted as a dotted line so that it does not cover the above spectrum.

Table 2
List of Selected Prominent Lines®
Object Ha Hp Hy Hs H-6 CanK He1A5876 He1i6678 [O 1] 26300
TW Hya 280 64 37 30 30 19 3.1b 1.05 <0.9
-10.26 —1133 —11.74 —11.93 —12.08 —12.27 —12.38° —12.80 <—12.8
Hen 3-600A 37 20 25 23 25 16 0.77 <0.6 0.54
—11.67 —1232 —1245 —12.54 —12.70 —12.91 —13.20 <—13.7 —13.77
Hen 3-600B 34 49 34 3.5 4.5 18.2 <1.3 <0.7 <0.3
—1291 -13.16 —-1349 -—-13.61 —13.8 —13.19 <-13.7 <—13.7 <—14.2
UScoCTIO 112 21 16 17 14 14 25 <I.1 <0.2 0.5
—1441 —1522 —15.53 —1573 —-1598 —1571 <-—16.2 <16.6 16.34
UScoCTIO 128 102 160 230 200 120 54 24 6.0 <1.3
—1427 —14.64 —1476 —14.87 —15.08 —1552 —14.37 —15.72 <—16.52
2MASS J12073347—3932540 126 194 260 230 130 32 29 5.9 3.7
—14.03 —1452 —14.68 —14.79 —1497 —-15.64 —15.26 —15.61 —15.99
SSSPM J1102—3431 50 95 150 130 120 100 7.5 1.7 4.3
—14.62 —1527 —-1553 —1570 —15.86 —15.91 —16.12 —16.32 —16.13
USco J160603.75—221930.0 760 330 270 170 83 25 46 8.2 <15
—14.56 —1548 —15.75 —1589 —16.10 —16.61 —16.32 —16.76 <—16.6
USco J160723.82—221102.0 11.5 e e e e e <0.6 <04 <20
16.15 <—17.0 <169 <—16.4
Oph J162225—-240515A 20 11 38 19 3 40 <3.8 <1.3 <24
—1549 —-1626 —16.62 —16.92° —18.1° —16.80 <—16.7 <—16.7 <—16.6
Oph J162225—-240515B 270 360 410 320 160 190 <40 <5 <20
—15.02 —-15.66 —16.08 —1624 —1653 —-1646 <—16.3 <—17 <—16.6
DENIS-P J160603.9—205644 131 93 110 70 63 170 4.5 24 <2
—14.08 —15.01 —1543 —1564 —1580 —1536 —16.07 —16.06 <—16.3
Notes.

2 Top line for each object is the line equivalent width in A bottom line for each object is the line fluxes in log erg cm™2 s—2
b Blended with Na 1 absorption.

¢ Measured by summing the flux across the line.
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Table 3
Spectral Properties
Star SpT Ay d T M, logL, R, Bl gps Blawe  10g Lycc log M
(mag.) (pc) (K) (Mp) (oglo) (Ro) (log Lo) (log M) (yr™")

TW Hya K7 0.0 56 4060 0.77 —-0.77 0.83 1.85+0.10 3.3+£05 —-1.7 -9.1

Hen 3-600A M3 0.0 34 3415 037 —-1.10 081 0.86+0.06 32+12 =25 -9.6

Hen 3-600B M35 0.0 34 3342 029 —-127 0.69 0.35+0.06 <—4.1 <—11.1

UScoCTIO 112 M5.5 0.0 145 3058 0.090 —-197 0.37 0.43+0.03 e <—5.4 <—12.2

UScoCTIO 128 M7 0.0 145 2880 0.060 —-238 026 2.8+0.2 344+03 —46 —11.4

DENIS-P J160603.9—-205644 M7.25 0.0 145 2838 0.050 —-2.03 041 21405 34+£15 5.1 —11.6

Oph J162225—-240515A M7.25 0.0 145 2838 0.054 —-2.43 0.25 <04 <—6.6 <—13.3

2MASS J12073347—-3932540 MS8.25 0.0 524 2632 0.035 -—-2.72 021 37£04 4.6+0.7 -53 —11.9

SSSPM J1102—-3431 M8.5 0.0 552 2550 0.026 —-271 023 144+02 29+09 -63 —12.8

USco J160723.82—221102.0 M8.5 0.3 145 2550 0.027 =274 0.22 <—4.8 <—11.3

USco J160603.75—221930.0 MS8.75 0.0 145 2478 0.033 -3.02 0.17 38+06 4.0+08 -—56 —12.3

Oph J162225—-240515B M8.75 0.0 145 2478 0.021 -—-2.76 0.23 >1.9 >2.2 —-6.2 —12.6

Note.  Based on upper limit on the He 1 A5876 lines.
MS8.75 brown dwarfs, we use the active M7 star LHS 3003 as a S I R N B L S R U R U B
template. We roughly corrected for the temperature difference 1622-2405A

between M7 and M9 objects by multiplying the observed
spectrum by relative strength of blackbody spectra of 2650 K
for an M7 dwarf (Luhman et al. 2003) and the photospheric
temperature of each object. The blue continuum from SSSPM
J1102—-3431, DENIS-P J160603.9—205644, UScoCTIO 112,
Oph J162225-240515B, and Oph J162225—-240515A falls
rapidly toward shorter wavelengths, similar to the photospheric
template. Any veiling due to accretion is undetected at >4000 A
in these objects. In contrast, USco J160603.75—221930.0 has
a relatively flat spectrum from 4000 to 5000 A, consistent with
high veiling.

SSSPM J1102—-3431, Oph J162225-240515B, DENIS-P
J160603.9—-205644, and USco J160603.75—221930.0 have ex-
cess emission at <3700 A, which is attributed to the Balmer
continuum. The observed Balmer jump for these targets are
larger than the observed Balmer jump of 0.35-0.45 for chro-
mospherically active M dwarfs (Herczeg & Hillenbrand 2008).
We classify these four stars as accretors based on excess Balmer
continuum emission. The Balmer jumps of ~0.4 and <0.4 for
UScoCTIO 112 and USco J160723.82—221102.0, respectively,
are lower than expected from a late-M brown dwarf photosphere
and suggest that they are not accreting.

3.3. Measuring Accretion

The excess accretion continuum emission described above
is produced near where the accreting gas shocks at the brown
dwarf surface (Hartigan et al. 1991; Valenti et al. 1993; Calvet &
Gullbring 1998). With a bolometric correction, the observed
excess flux over a narrow wavelength range can be converted
into a total accretion continuum luminosity, L., which is
roughly the amount of energy released by gas that accretes onto
the star. We can then calculate the accretion rate, M, from L.
by

M= 1.25R*Lacc’
GM,

for a star of radius R,, mass M,, and disk truncation radius of
5 R, (Gullbring et al. 1998). The shape of the accretion con-
tinuum is calculated by modeling a pure hydrogen, isothermal,
plane-parallel slab (Valenti et al. 1993; Herczeg & Hillenbrand
2008). The excess Balmer continuum flux from 3200 to 3600 A
is then converted to a total accretion luminosity by scaling the
model spectrum to the measured excess emission. These models

ey
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Figure 3. Keck/LRIS blue spectra of three young stars and eight brown dwarfs,
extracted at the full R ~ 700 resolution of the data. At this resolution
the Balmer continuum is detected from TW Hya, Hen 3-600A, 2MASS
J12073347—-3932540, UScoCTIO 128, and undetected from Hen 3-600B.
For the fainter targets, the continuum emission at <4500 A is only detected
after binning the continuum regions (shaded regions of Figure 1). Results
from that low-resolution continuum extraction are shown in Figure 4. USco
J160723.82—221102.0 is not shown here because no blue emission was detected
from that target.

are simplistic and less physical than the shock models developed
by Calvet & Gullbring (1998) but provide similar bolometric
corrections and consistency with most previous similar accre-
tion rate measurements.

The bolometric correction depends on the size of the Balmer
jump of the accretion continuum. This Balmer jump is larger
than the observed Balmer jump, which is reduced in size
by the photospheric emission. The observed Balmer jump is
determined by the combination of photospheric emission, which
has a ratio of flux at 3600-4000 A of 0.35-0.45, and by the
accretion continuum, which has that flux ratio typically >2.
The Balmer jump of the accretion continuum can be tuned in
the models by changing the temperature and density of the slab.
We assume a slab temperature of 9000 K and a length for the
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Figure 4. Continuum flux measurements for six faint young brown dwarfs (red squares). The dashed green line shows the spectrum of the photospheric template
LHS 3003, scaled to the photospheric emission of the brown dwarf. The solid blue line shows the spectrum of LHS3003 plus the accretion continuum, calculated as
described in Valenti et al. (1993) and Herczeg & Hillenbrand (2008). Excess emission is detected from SSSPM J1102—3431, USco J160603.75—221930.0, DENIS-P
J160603.9—205644, and Oph J162225—240515B but not from UScoCTIO 112 or Oph J162225—-240515A.

(A color version of this figure is available in the online journal.)

slab of 2 x 107 cm.? The density of the slab then determines
the opacity and thereby the Balmer jump. The Balmer jump of
the accretion continuum (BJ,.. in Table 3) can be constrained
for most accretors and is used to determine the bolometric
correction. Uncertainty in the size of the Balmer jump of
the accretion continuum introduces an ~25% uncertainty in
accretion luminosity.

Table 3 lists the accretion luminosity and rate (or upper
limit) for each source. The luminosity in Balmer lines is
equivalent to that in the accretion continuum but is excluded in
measurements of the total accretion luminosity for consistency
with previous accretion rate estimates. A total uncertainty of
3-5 dex is adopted for accretion rate measurements calculated
in this paper, which incorporates uncertainties in distance and
extinction and systematic uncertainties in pre-main-sequence
tracks, bolometric corrections, and the exclusion of emission
lines. Herczeg & Hillenbrand (2008) discuss more thoroughly
how these uncertainties affect the mass accretion rate.

3 These values are approximately consistent with those calculated by
Herczeg & Hillenbrand (2008) and Valenti et al. (1993), with a temperature
slightly lower than the 10* K used by Gullbring et al. (1998). These
assumptions introduce small differences in the bolometric correction and
therefore the accretion luminosity.

3.4. Comments on Individual Sources
3.4.1. 2MASS J12073347—3932540

Gizis (2002) identified 2MASS J12073347—-3932540 as a
brown-dwarf member of the TWA. The strength and shape of
Balmer and He 1 lines indicate that accretion is ongoing (e.g.,
Gizis 2002; Mohanty & Basri 2003). We use our spectra to
adopt a spectral type of M8.25. The excess Balmer continuum
emission is consistent with the classification as an accretor and
leads to an accretion rate of 1.3 x 10™'2 M yr~!. We also detect
strong emission in the Balmer lines, Ca 11 H and K, and several
He 1 lines. The Ca 11 IR triplet is marginally detected, with an
equivalent width of 0.5 A in each of the three lines.

The accretion luminosity measured here is similar to that
measured in November 2006 and February 2007 by Herczeg &
Hillenbrand (2008) using the same method. For comparison, the
accretion rates from Herczeg & Hillenbrand (2008) should be
multiplied by 0.6 to account for a change in the adopted stellar
parameters. The flux in higher Balmer lines and He 1 16678 are
also similar in all three observations. However, the Ho line flux
is three times smaller than that observed in February 2007. The
He 1 15876 line luminosity changes by a factor of 2 over the
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three observations and is correlated with the ~30% difference
in accretion rate. We also detect [O 1] emission, an outflow
diagnostic, with a flux larger than that detected in two previous
observations (Herczeg & Hillenbrand 2008). We infer that the
changes in the strength in He and [O 1] emission do not always
correlate with changes in accretion rate.

That the UV-excess measure of accretion onto 2MASS
J12073347—-3932540 is similar in three epochs could indi-
cate that the accretion may be relatively steady. However, the
V-band magnitude of 2MASS J12073347—3932540 reported
in the literature varies between 19.5 and 20.5, despite that the
I-band magnitude is relatively stable (Gizis 2002; Ducourant
et al. 2008; Koen 2008). Such variability is likely directly at-
tributable to accretion variability and implies that the accre-
tion rate can range from 1072 to 107! My yr~! if we as-
sume some photospheric contribution to the V-band magnitude.
Changes in emission line fluxes and profile shapes from 2MASS
J12073347—-3932540 have been commonly detected, with at
least some of the differences attributable to a varying accretion
rate (Scholz & Jayawardhana 2006; Stelzer et al. 2007). With
only three observations, we may not be sensitive to such accre-
tion variability. This explanation and the magnitude of accretion
rate changes should be tested with photometric or spectroscopic
monitoring of U-band emission.

3.4.2. SSSPM J1102—3431

Scholz et al. (2005) identified SSSPM J1102—3431 as a
brown-dwarf member of the TWA. We adopt a spectral type
of M8.5. The excess Balmer continuum emission detected here
leads to an accretion rate of 1.6 x 10713 My yr~!, the lowest
accretion rate measured to date. The Ho equivalent width of
50 A measured here and our detection of He I line emission
also indicate ongoing accretion, as does the 64 A equivalent
width measured by Looper et al. (2007). This brown dwarf had
not been previously classified as an accretor because the Ho
10% width of 194 km s~! (Stelzer et al. 2007) is intermediate
between accretors and nonaccretors for late M dwarfs (White &
Basri 2003; Muzerolle et al. 2005; Mohanty et al. 2005).
Ongoing accretion is consistent with the presence of a disk
(Morrow et al. 2008; Riaz & Gizis 2008). Emission in the [O 1]
A6300 line indicates the presence of an outflow.

3.4.3. UScoCTIO 112

Ardila et al. (2000) identified UScoCTIO 112 as an M5.5
in Upper Sco. According to evolutionary tracks mass of
UScoCTIO 112 is slightly more massive than the stellar/
subtellar boundary, though we group it with the brown dwarfs
for ease of terminology. The emission at <3700 A is consistent
with the photospheric emission from a nonaccreting young M5.5
dwarf. An upper limit on the veiling of ~0.4 leads to an upper
limit on accretion rate of 6 x 10™13 Mg yr~!. The Ha equivalent
with of 22 A is intermediate between accretors and nonaccretors
for late M dwarfs and cannot be used to infer the presence or ab-
sence of accretion. However, our nondetection of accretion onto
UScoCTIO 112 is consistent with the narrow Ho 10% width
of ~110 km s~! (Muzerolle et al. 2003; Mohanty et al. 2005).
The lack of accretion is also consistent with nondetections of
emission in the He 1 and Ca 11 IR triplet lines. However, we
find some weak emission in the [O 1] A6300 line, which could
indicate the presence of an outflow.

A disk around UScoCTIO 112 has been identified from the
presence of an L-band and mid-IR excesses (Jayawardhana
et al. 2003; Scholz et al. 2007). Our stringent upper limit on
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the accretion rate indicates that despite the presence of a disk,
little or no material is accreting onto the star.

3.4.4. UScoCTIO 128

Ardila et al. (2000) identified UScoCTIO 128 as an M7
brown-dwarf member of Upper Sco. The excess Balmer contin-
uum emission leads to an accretion rate of 4 x 10712 My yr~!.
UScoCTIO 128 had been identified as an accretor by Ardila
et al. (2000) based on an Ho equivalent width of 130.5 A. How-
ever, Muzerolle et al. (2003) classified UScoCTIO 128 as a
nonaccretor based on the Ho 10% width of 193 A, though noted
that the emission in He 1 and Ca 11 triplet lines may indicate
some accretion. Their measurement of an Ho equivalent width
of 60 A is sufficient to identify UScoCTIO 128 as an accretor.
Mohanty et al. (2005) detected an IR excess but also classified
UScoCTIO 128 as a nonaccretor based on an Ho equivalent
width of 15.9 A and 10% width of 121 km s~'. The He 1 16678
line was detected, but with an equivalent width of 0.3 A.

Our detections of strong emission in the Balmer lines,
including an Ho equivalent width of 105 A, He 1 lines, and
the Ca 11 IR triplet (equivalent widths of 1.2 A, or fluxes of
2.8 x 107'% erg cm™? s7') all indicate accretion at a level
similar to that when the target was observed by Ardila et al.
(2000) and Muzerolle et al. (2003). On the other hand, Mohanty
etal. (2005) must have observed UScoCTIO 128 during a period
of weak accretion, though their detection of He 1 line emission
suggests that some accretion was ongoing.

3.4.5. USco J160603.75—221930.0

Lodieu et al. (2008) identified USco J160603.75—221930.0
as a brown-dwarf member of Upper Sco. This brown dwarf was
selected for our study because it has a near-IR spectral type of
L2, the latest BD in the Lodieu et al. (2008) sample. We find an
optical spectral type of M8.75. The excess Balmer continuum
emission leads to an accretion rate of 5x 10~1* M, yr~!. The Ha
equivalent width of ~750 = 80 A is one of the largest detected
for a young star and is at least partially explained by the high
contrast against the weak photospheric emission of an M8.75
brown dwarf. No Ca 11 IR triplet or [O 1] emission is detected
from USco J160603.75—221930.0.

3.4.6. USco J160723.82—221102.0

USco J160723.82—221102.0 was identified by Lodieu et al.
(2008) as a brown-dwarf member of Upper Sco and was se-
lected for our study because it was the brightest target that
was classified as a young L1 in their sample. The optical spec-
tral type of USco J160723.82—221102.0 is M8.5, about three
spectral types earlier than the near-IR spectral type. Our obser-
vation of USco 160723.82-221102.0 is not sensitive to either
photospheric emission at <5500 A or excess Balmer continuum
emission. The Ha equivalent width of 23 A is indeterminant for
assessing the presence or absence of accretion. The equivalent
width is comparable to the most chromospherically active of M8
stars (Mohanty & Basri 2003), which is consistent with youth.
No other emission lines are detected. We therefore suggest that
UScoJ160723.82—221102.0 is not accreting. Based on the non-
detections of the He 1 15876 and A6678 lines,* the upper limit
on accretion rate is 5 x 10712 Mg yr=!.

4 Using the formulae log Lacc = 6.7 + 1.39log Lee7g and

log Lace = 5.3+ 1.26log Lsg76, Where Lycc and Liipe are in units of L. These
two relationships are calculated from line and accretion luminosities presented
here and in Herczeg & Hillenbrand (2008).
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3.4.7. Oph J162225—240515A

Oph J162225—240515A was identified as the primary com-
ponent of a 179 binary in USco by Allers (2005). Luhman
et al. (2007) classified the primary as M740.25, which is
adopted here. As with USco J160723.82—221102.0, the Ho
equivalent width from Oph J162225—240515A of 19 km s~!
(Jayawardhana & Ivanov 2006) is indeterminant between ac-
cretion and nonaccretion. The Spitzer IRAC colors obtained
by Close et al. (2007) are consistent with a slight IR excess
above photospheric emission when compared with relative to
photospheric colors of young brown dwarfs in ¢ Ori (Luhman
et al. 2008), though the excess may not be significant because
extracting IRAC photometry of close binaries is difficult.

Some photospheric emission is detected at 4000 A but
undetected at <3700 A. This nondetection leads to an upper
limit on the observed Balmer jump of 0.4 A, which is consistent
with the absence of accretion. The upper limit on accretion rate
of M < 5 x 107'* My yr~! is calculated from the upper flux
limit at 3600 A by assuming a veiling at 3600 A of <1.

3.4.8. Oph J162225—-240515B

Oph J162225—-240515B is the secondary component of Oph
J162225—-240515A. Luhman et al. (2007) classified the primary
as M8.75+0.25, which is adopted here. The Ho equivalent width
of 65A (J ayawardhana & Ivanov 2006) and the excess emission
in the Spitzer IRAC imaging (Close et al. 2007) indicate that
this component is accreting from a circumstellar disk.

The excess Balmer continuum emission is calculated from
the flux measurement at 3600 10\, which is significant to 3.70.
The accretion rate of ~2.5 x 10712 Mg yr~' is uncertain
because the Paschen continuum emission is weaker than our
detection limit, so the size of the Balmer jump is uncertain. Oph
J162225—240515B also has an Ha equivalent width of 260 A
and several He 1 lines seen in emission, which are consistent
with accretion. The Ca 11 18542 and 18662 lines have tentative
detections with fluxes of 7 x 107! erg cm™2 s~!, or equivalent
widths of ~2 A.

3.4.9. DENIS-P J160603.9—205644

DENIS-P J160603.9—-205644 was identified as a brown-
dwarf member of USco by Martin et al. (2004). We classify
DENIS-P J160603.9—205644 as an M7.25 brown dwarf. Martin
et al. (2004) and Mohanty et al. (2005) identified accretion
onto DENIS-P J160603.9—205644 by the large Ho equivalent
width of 70-105 A and a 10% width of 306 km s~'. From
the excess UV emission we measure an accretion rate of
2.5 x 1072 M, yr~!. The spectrum also shows emission in
the higher H Balmer lines, several He 1 lines. All three Ca 11 IR
triplet lines are detected with fluxes ~7.5 x 107!® erg cm=2 57!,
or equivalent widths of 2.0 A. No emission is detected in the
[O 1] 46300 line.

3.4.10. Hen 3-600A

Hen 3-600A is the M3 primary component of the 1744
binary of Hen 3-600, which was identified as a member of
the TWA by de la Reza et al. (1989). Both accretion and a
disk have been detected from Hen 3-600A (Muzerolle et al.
2000; Jayawardhana et al. 1999; Metchev et al. 2004). The
excess Balmer continuum emission indicates accretion at a rate
of 2.5 x 1079 My yr~!, larger than the rate of 5 x 107! as
determined from modeling the He line profile (Muzerolle et al.
2000). The [O 1] emission indicates the presence of an outflow.
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The upper flux limit on the He 1 A6678 line is consistent with
the small accretion luminosity.

3.4.11. Hen 3-600B

Hen 3-600B is the M3.5 secondary component of Hen 3-600.
Neither accretion nor a disk has been previously detected from
Hen 3-600B. We do not detect any excess Balmer continuum
emission from Hen 3-600B. An upper limit of 0.3 on the
veiling at 3600 A leads to an upper limit on accretion of
<8 x 107'2 M yr~!. Hen 3-600B exhibits weak H Balmer and
Ca 1 H and K line emission, but no other emission lines are
detected.

3.4.12. TW Hya

TW Hya was first identified as a K7 classical T Tauri star by
Rucinski & Krautter (1983) based on excess Balmer continuum
emission, strong line emission, and excess IR emission. de la
Reza et al. (1989) found that TW Hya is associated with other
nearby stars, which became the TWA. We measure an accretion
rate of 8 x 1071 Mg, yr~!, which is about a factor of 2 smaller
than previous UV-excess measures of accretion (Herczeg et al.
2004; Herczeg & Hillenbrand 2008), and closer to that measured
by Muzerolle et al. (2000) from He line modeling. In contrast,
the Balmer line emission detected here is stronger than during
the two larger accretion rate measurements.

4. DISCUSSION
4.1. Sensitivity to Tiny Accretion Rates

Accretion signatures are detected from 2MASS J12073347—
3932540, SSSPM J1102—3431, USco J160603.75—221930.0,
OphJ162225—-240515B, UScoCTIO 128, DENIS-P J160603.9—
205644, TW Hya, and Hen 3-600A and is absent from
USco J160723.82—221102.0, Oph J162225—-240515A, US-
coCTIO 112, and Hen 3-600B. With the exception of USco
J160723.82—221102.0, the accretion rates and upper limits are
measured from the excess Balmer continuum emission short-
ward of 3600 A. For UScoCTIO 112, SSSPM J1102—3431,
DENIS-P J160603.9—-205644, USco J160603.75—221930.0,
Oph J162225—240515B, and Oph J162225—-240515A, the blue
and U-band continuum emission is faint and measured only after
binning the image in the dispersion direction and subsequently
measuring the counts. Extracting very low resolution contin-
uum spectra increases our sensitivity to low continuum fluxes
by reducing the uncertainty in background subtraction.

The sensitivity of UV-excess measurements to small accretion
luminosities relies on the ability to detect the Balmer continuum
in excess of the photospheric emission. At earlier spectral types,
this limit is determined by the strength of the photospheric
emission and an upper limit on the veiling, typically ~0.1-0.3.
The upper limits on accretion rate for the M3.5 star Hen 3-600B
and the M5.5 brown dwarf UScoCTIO 112 are ~8 x 10~'2 M
yr~! and 6 x 10713 Mg yr~!, respectively. Since these limits
depend on the contrast ratio to the photospheric continuum,
which is proportional to R?, and since M o R, for two
nonaccreting stars with the same mass, one with twice the
radius will have an upper limit on accretion rate that is eight
times larger. This sensitivity also depends on the strength of
any Bolmer continuum emission produced in the chromosphere.
Although such emission has not been reported during flares on
M-dwarfs (Hawley & Pettersen 1991; Eason et al. 1992; Schmitt
et al. 2008), a more complete census of U-band emission from
M-dwarfs is needed.
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Toward later spectral types, the fainter and redder photo-
spheric emission becomes undetectable at short wavelengths.
The telescopic sensitivity then sets the limit on a detectable ac-
cretion luminosity. Our very low resolution continuum spectra
from the binned data are sensitive to 26.3 mag at 3600 A in a
900 s integration. This sensitivity limit corresponds to an ac-
cretion rate of ~10713 Mg yr~! for a 0.02 M, 0.2 R brown
dwarf at 140 pc with Ay = 0.

The faint excess Balmer continuum emission detected here
demonstrates that UBVRI spectrophotometry can also be used
to measure small accretion rates onto brown dwarfs. Gullbring
et al. (1998) derived a relationship between dereddened excess
U-band emission and accretion luminosity, which is especially
useful to measure accretion onto targets in crowded fields or
faint targets (e.g., White & Ghez 2001; Robberto et al. 2004;
Romaniello et al. 2004). When this relationship is ap-
plied to brown dwarfs, the excess U-band emission needs
to be corrected for strong Balmer line emission. For
2MASS J12073347—-3932540, USco J160603.75—221930.0,
and SSSPM J1102—-3431 the Balmer lines contribute
~40%—-60% of the U-band photons. The photospheric colors
should be obtained from VIJHK bands, since continuum emis-
sion in the B and R bands may be significantly contaminated by
emission in Balmer lines. No significant adjustment is needed
for low-mass stars because the Balmer and Ca 11 H and K line
luminosities are weak relative to the total accretion continuum
luminosity, contributing only 10% of the U-band photons from
TW Hya. The stronger emission in the Balmer lines relative to
the continuum luminosity is consistent with the lower optical
depth in the accretion flow that Gatti et al. (2006) inferred for
small accretion rates, based on Pag to Bry ratios.

In the absence of spectra below 3700 A, emission line
luminosities can be used to measure accretion rates (Muzerolle
et al. 1998; Natta et al. 2004; Mohanty et al. 2005; Herczeg &
Hillenbrand 2008). The most prominent diagnostic of accretion
is He emission. Figure 5 shows that the Hoe equivalent width
is correlated with accretion rate, though with large scatter
in the L,..—Ly, relationship is large. Very large equivalent
widths are commonly produced by accretion onto cooler objects
because the photospheric continuum is both weaker and redder
compared with hotter objects. The width of the He line is also a
useful indicator for accretion, although it can be indeterminant
for intermediate values, such as those measured from both
UScoCTIO 128 and SSSPM J1102—3431. For these two brown
dwarfs, the Ho equivalent widths of ~50—100 A are sufficient
to categorize them as accretors.

Instead of using Her, the luminosity in higher Balmer lines and
He 1lines provide more accurate estimates of accretion luminos-
ity (Herczeg & Hillenbrand 2008). For Oph J162225—-240515A,
the detected Hy flux, which is likely chromospheric, yields
log Ly < —6.6, which is comparable to our upper limit from
the Balmer continuum. Since we lack a blue spectrum for USco
J160723.82—221102.0, we rely on He 1 A5876 and A6678 to
arrive at log L. < —5.1, which is substantially less sensitive
than upper limits that could be calculated by measuring the
flux in the Balmer continuum or high Balmer lines. The upper
limit on accretion rate obtained from the Ca 11 IR triplet is even
higher, atlog L,.. < —4, because He 1 is detected from a higher
percentage of low-mass accretors than is Ca 11 emission.

The observations described in this paper provide an instan-
taneous snapshot of the accretion properties of our sample but
do not necessarily represent the time-averaged accretion rates.
Variability is a fundamental aspect of accretion, with changes
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Figure 5. Ha equivalent width vs. spectral type. The size of the filled circles are
determined by Lacc/Lbol. Empty circles are objects that show no indication of

excess Balmer continuum emission and are classified as nonaccretors. The line
connects three observations of 2MASS J1207—-3932.

in continuum flux or line fluxes seen on timescales of hours to
years (e.g., Herbst et al. 1994; Johns & Basri 1995; Alencar &
Batalha 2002; Scholz & Jayawardhana 2006; Stelzer et al. 2007;
Grosso etal. 2007; Koen 2008). However, as seen in our three ob-
servations of 2MASS J12073347—-3932540, optically thick line
fluxes may sometimes change without corresponding changes
in accretion rate. In monitoring of several CTTSs at high spec-
tral resolution, Gahm et al. (2008) found significant changes
in line fluxes without corresponding changes in accretion rate.
Long-term photometric monitoring of young stars is required to
understand accretion variability across the range of masses and
mass accretion rates.

4.2. Optical Spectral Types of Two USco Objects

The optical spectral types of the USco J160723.82—221102.0
(M8.5) and USco J160603.75—221930.0 (M8.75) are several
subclasses earlier than the near-IR classification of L1 and L2,
respectively (Lodieu et al. 2008). That two brown dwarfs from
the Lodieu et al. (2008) sample, including the latest L dwarf,
have optical spectral types consistent with late M dwarfs may
indicate that the other 15 LO-L1 dwarfs in their sample also have
optical spectral types of late-M. The mass of an object is usually
calculated by comparing the temperature, here obtained from the
temperature—spectral type relation of Luhman et al. (2003), and
luminosity to pre-main-sequence evolutionary tracks (Baraffe
et al. 1998; Chabrier et al. 2000). Relative to an L1 spectral
type, the hotter temperature inferred from an M8.75 spectral
type would increase the lower mass range sampled from the
initial mass function (IMF) in Upper Sco to ~0.02-0.03 My
from 0.008 M. On the other hand, several candidate L dwarfs
in Lodieu et al. (2008) are fainter and redder in JHK than the
two targets selected here and may indeed be early L dwarfs.

In a study of the 2-3 Myr old cluster 1C348, Luhman
etal. (2003) similarly found that spectral classifications obtained
from low-resolution near-IR spectra are systematically 1-2
subclasses later than those measured from optical spectra, and
attributed some of the discrepancy to different strengths of
steam band absorption for low-gravity young objects and high-
gravity dwarfs. The Luhman et al. (2003) relationship between
temperature and spectral type applies to optical spectral types,
but no similar relation has been derived for near-IR spectral
types. Near-IR spectra are not well correlated with photospheric
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temperature for field late M—L dwarfs because the shape of near-
IR spectra are more sensitive than optical spectra to differences
in gravity, dust opacities, metallicities, and binarity (Knapp
et al. 2004; Burgasser et al. 2008). We caution against the use
of near-IR spectral types to obtain temperatures and masses of
young brown dwarfs until these effects are better characterized.
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APPENDIX
BACKGROUND VISUAL COMPANIONS

Our observations with the guider revealed close vi-
sual companions to USco J160723.82—221102.0 and USco
J160603.75—221930.0. In both cases the intended brown
dwarf target was brighter in the near-IR but fainted in
the optical. USco J160723.82—221102.0B is located at 272
from USco J160723.82—221102.0 at a P.A. of 90°. USco
J160723.82—221102.0B is an M3 star with an Ha equiva-
lent width of <1.5 A, which is consistent with a field star.
The extinction is Ay ~ 0.5 to USco J160723.82—221102.0B.
For USco J160723.82—221102.0B to be associated with USco
J160723.82—221102.0 would require gray extinction of Ay ~
8.5. USco J160723.82—221102.0B is likely a background star.
USco J160603.75—221930.0B is located 3”3 from the brown
dwarf USco J160603.75—221930.0A at a P.A. of ~105°. USco
J160603.75—221930.0B is a background A-star.

2MASS J1207B has a planetary—mass companion located
0”7 from the primary. The companion is much fainter than the
primary and not resolvable. Hen 3-600 and Oph 162225-240515
are both binary systems with components that are physically
associated with each other and are discussed in detail in our

paper.
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