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ABSTRACT
We present spatially resolved near- and mid-infrared (1È25 km) imaging of the WL 20 triple system in

the nearby (d \ 125 pc) o Ophiuchi star-forming cloud core. We Ðnd WL 20 to be a new addition to the
rare class of ““ infrared companion systems,ÏÏ with WL 20 E and WL 20 W displaying Class II (T Tauri
star) spectral energy distributions (SEDs) and total luminosities of 0.61 and 0.39 respectively, andL

_
,

WL 20 S, the infrared companion, having a Class I (embedded protostellar) SED and a luminosity of
1.0È1.8 WL 20 S is found to be highly variable over timescales of years, to be extended (40 AUL

_
.

diameter) at mid-IR wavelengths, and to be the source of the centimeter emission in the system. The
photospheric luminosities of 0.53 for WL 20 E and 0.35 for WL 20 W estimated from our data,L

_
L
_combined with existing, spatially resolved near-IR spectroscopy, allow us to compare and test current

preÈmain-sequence evolutionary tracks. The most plausible, nonaccreting tracks describing this system
are those of DÏAntona & Mazzitelli published in 1998. These tracks give an age of (2È2.5)] 106 yr and
masses of 0.62È0.68 for WL 20 E and 0.51È0.55 for WL 20 W. The age and mass of WL 20 SM

_
M

_cannot be well determined from the currently available data. WL 20 E and W fall into the region of the
H-R diagram in which sources may appear up to twice as old as they actually are using nonaccreting
tracks, a fact that may reconcile the coexistence of two T Tauri stars with an embedded protostar in a
triple system. The derived masses and observed projected separations of the components of the WL 20
triple system indicate that it is in an unstable dynamical conÐguration, and it may therefore provide an
example of dynamical evolution during the preÈmain-sequence phase.
Key words : binaries : close È stars : formation È stars : individual (WL 20) È stars : preÈmain-sequence

1. INTRODUCTION

The optically undetectable source WL 20 (also known as
BKLT J162715[243843 and GY 240 ; see Barsony et al.
1997 for other aliases) was discovered in a near-infrared
bolometer survey of a 10@] 10@ region of self-absorbed
13CO emission in the o Ophiuchi star-forming cloud
(Wilking & Lada 1983). Soon thereafter, WL 20 was
detected at 10 km from ground-based observations (Lada &
Wilking 1984) and at longer wavelengths in the pointed-
observations mode of the satellite IRAS, where it is referred
to as YLW 11 (Young, Lada, & Wilking 1986).

In the currently accepted classiÐcation scheme of young
stellar objects (YSOs) devised by Lada (1987), WL 20 was
one of the Ðrst sources to be identiÐed as a Class I source
(Wilking, Lada, & Young 1989). Empirically, Class I
sources have broader than blackbody spectral energy dis-
tributions (SEDs), with rising 2È10 km spectral slopes,
a [ 0.3 (where Theoretically, thea \ d log jFj/d log j).
SEDs of Class I sources are interpreted to correspond to a
remnant infalling dust-and-gas envelope surrounding a
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central protostar-plus-disk system (Adams, Lada, & Shu
1987). The more evolved Class II sources, with
[0.3[ a [ [1.6, are preÈmain-sequence (PMS) star-plus-
disk systems that have dispersed their remnant infall
envelopes.

With the advent of near-IR array detectors, WL 20 was
soon resolved into a binary system at 2.2 km using a pixel
scale of (Rieke, Ashok, & Boyle 1989) and Ðrst report-0A.85
ed to have an east-west separation of from obser-B2A.7
vations with a pixel scale of (Barsony et al. 1989). This0A.78
separation corresponds to B340 AU for an adopted dis-
tance to the cloud of 125 pc.

We note that some confusion still exists as to the distance
to the o Oph clouds, primarily because many authors cite
the distance to the adjacent Sco-Cen OB association
instead. The distance to the Sco-Cen OB association has
been determined to be 160^ 10 pc photometrically
(Whittet 1974) and 145 pc astrometrically (de Zeeuw et al.
1999). By contrast, the distance to the o Oph cloud itself has
been determined to be 125^ 25 pc from detailed kinematic
studies of the cloud gas (de Geus, de Zeeuw, & Lub 1989 ; de
Geus 1992) and, more recently, by a study of Hipparcos
parallaxes and Tycho B[V colors of stars of classes III and
V, which show an abrupt rise in reddening at d \ 120 pc, as
expected for a molecular cloud (Knude & 1998). WeHÔg
therefore adopt a distance of 125 pc to the cloud in this
paper.

The Ðrst indication that WL 20 is a triple system came
from a deep ProtoCAM survey to identify near-IR counter-
parts of centimeter continuum sources in the o Oph cloud
core (Strom, Kepner, & Strom 1995). The VLA source iden-
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tiÐed with WL 20 is known as LFAM 30 and was imaged at
6 cm with an 11A ] 5A beam (Leous et al. 1991). With the
sensitive ProtoCAM images acquired at a pixel scale of

a third and weakest 2.2 km component of the system0A.20,
was easily identiÐed and designated ““ 30S ÏÏ (for the southern
component of LFAM 30), whereas the components of the
previously known near-IR binary are referred to as ““ 30E ÏÏ
and ““ 30W ÏÏ by these authors (Strom et al. 1995). With 30E
as the positional reference, 30W is quoted at a separation of

at P.A. 269¡, and 30S at a separation of at P.A. 232¡.3A.3 3A.9
Near-IR spectra of the two brighter K components of the

WL 20 triple system, WL 20 E (K \ 10.13) and WL 20 W
(K \ 10.40), were presented as part of a spectroscopic
survey of YSOs with K \ 10.5 in o Oph (Greene & Lada
1996). The near-IR spectra of both WL 20 E and W were
found to be consistent with those of other Class II sources,
with a KÈM spectral type established for WL 20 E and a
more precise K7ÈM0 spectral type determination for WL
20 W, because of the less severe continuum veiling in its
spectrum (Greene & Meyer 1995). At their assumed dis-
tance of 160 pc, WL 20 E was determined to have a bolo-
metric luminosity throughL bol \ 0.4 L

_
A

V
\ 15.4,

whereas WL 20 W was determined to have L bol \ 1.7 L
_through Continuum veiling in the spectrum ofA

V
\ 18.1.

WL 20 E precluded its placement on the H-R diagram,
whereas the lesser veiling in the spectrum of WL 20 W
allowed a mass estimate of 0.3 from its location along aM

_3 ] 105 yr PMS isochrone (Greene & Meyer 1995).
A more recent spectroscopic survey of near-IR sources in

the o Oph core, including many sources as faint as K D 12,
was obtained at higher spectral resolution (R\ 1200) than
the previously published surveys (with R¹ 1000), allowing
for signiÐcantly improved classiÐcations for G through M
spectral types (Luhman & Rieke 1999). These authors
assigned a K6 spectral type to WL 20 E (GY 240B), with a
bolometric luminosity of 0.55 and an M0 spectral typeL

_
,

to WL 20 W (GY 240A) with (they alsoL bol \ 1.4 L
_assumed a distance of 160 pc). Both sources were found to

have a foreground extinction of WL 20 S, withA
V

\ 16.3.
K D 12.6, was excluded from this survey as well, because of
its relative dimness at near-IR wavelengths.

Interestingly, the discrepancy between the Class I SED
classiÐcation of WL 20, on the one hand, and its near-IR
Class II spectroscopic classiÐcations, on the other, has not
been remarked upon previously. This inconsistency can
only be addressed by producing spatially resolved SEDs of
the individual components of this triple system. Until now,
the highest spatial resolution photometry of WL 20 long-
ward of 4.8 km has been through a 6AÈ8A apertureÈ
confusing all three components (Lada & Wilking 1984). In
order to better constrain the properties of WL 20 S, and of
the triple system of which it is a member, we have obtained
new, unprecedentedly high (subarcsecond) spatial
resolution, ground-based mid-infrared images of the WL 20
system, at six separate wavelengths spanning the 8È25 km
atmospheric window. In addition, we present spatially re-
solved near-IR imaging of this triple system. Finally, we
have performed careful astrometry, allowing us to identify
the source of the centimeter continuum emission.

2. OBSERVATIONS

All mid-IR images were obtained with MIRLIN, JPLÏs
128 ] 128 pixel Si :As camera. Di†raction-limited images
were obtained on the nights of 1996 April 24 at the Palomar

5 m telescope, 1998 March 13È14 on the 10 m Keck II
Telescope, and 2000 June 16 at NASAÏs 3 m Infrared Tele-
scope Facility (IRTF). Pixel scales of MIRLIN were at0A.15
Palomar, at Keck II, and at the IRTF. Obser-0A.138 0A.475
vations at Palomar and the IRTF were made with the
broadband N Ðlter (j \ 10.8 km, *j\ 5.7 km). For refer-
ence, the full-width at half maximum (FWHM) of a
di†raction-limited image at N band is at Palomar and0A.47

at the IRTF. Observations at the Keck II Telescope0A.78
were made with narrower Ðlters, with central wavelengths
(bandwidths) of 7.9 km (0.76 km), 10.3 km (1.01 km), 12.5
km (1.16 km), 17.9 km (2.00 km), 20.8 km (1.65 km), and 24.5
km (0.76 km); corresponding FWHMs range from at0A.17
7.9 km to at 24.5 km.0A.53

The Ñux of WL 20 at each wavelength was determined by
comparison with a Sco at Palomar and at Keck II with a
combination of a Boo, a CMa, a CrB, a Hya, b Leo, and p
Sco, the last of which proved to be an easily resolved 0A.45
binary. The weather at the IRTF was sufficiently poor that
no Ñux standards were observed. Data were obtained with
traditional mid-IR chopping and nodding techniques. The
raw images were background-subtracted, shifted, and co-
added with our in-house IDL routine ““MAC ÏÏ (match and
combine). Photometry for the standard stars was performed
in and diameter apertures for the Palomar and2A.5 2A.3
Keck II data, respectively, when the separation between
components was adequate (as determined by the intensity
contours falling to zero between the sources) and by a com-
bination of aperture summation and point-spread function
(PSF) Ðtting when the separation between WL 20 W and S
was not clean. Typically, the Ñux ratio of a given com-
ponent with respect to WL 20 E was measured via PSF
Ðtting, and then WL 20 E was calibrated with respect to the
standards. The photometric consistency between all the
standards at Keck II was found to be 5%È10% at all wave-
lengths. Though a Sco was the only standard observed at
Palomar, multiple observations of it over the course of the
night are consistent to 5%, and observations of most other
WL sources (Wilking & Lada 1983) observed on that night
agree with published values to that level.

Although the IRTF data were taken under extremely
nonphotometric conditions, special care was used during
the course of the observations to acquire accurate astrom-
etry, in order to establish which of the three components of
the WL 20 system is responsible for the observed radio
continuum emission (Leous et al. 1991). We imaged three
additional nearby Class I radio emittersÈLFAM 23 (WL
22), LFAM 27 (WL 15), and LFAM 33 (YLW 15)Èin turn
with LFAM 30 (WL 20), with as little delay between images
as possible, so that registration of the mid-IR source loca-
tion with respect to the radio coordinates could be made as
accurately as possible. If each VLA source were exactly
positionally coincident with its respective mid-IR counter-
part, then each mid-IR source would fall on exactly the
same pixel in each MIRLIN image. In order to reduce our
astrometric errors, seven images were obtained of WL 15,
Ðve of WL 20, three of WL 22, and two of YLW 15. The
resulting scatter in the source positions for WL 22 and
YLW 15 was only allowing relative astrometric deter-0A.5,
minations to this accuracy.

Near-IR images of WL 20 were acquired with Proto-
CAM, a 58] 62 InSb array on the IRTF, atop Mauna Kea,
on the night of 1990 August 3, at 1.29, 1.67, 2.23, 3.55, and
3.82 km. The pixel scale of these observations was The0A.35.
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data were not photometric : thin cirrus clouds were present
throughout the observations. Software aperture photom-
etry apertures) was performed on the standards (HD(4A.5
147889 and BD ]65¡1637), and the Ñuxes were found to be
consistent only at the 30%È50% level over a fairly wide
range of air masses. Nevertheless, even under such condi-
tions, the intensity ratios between the components of WL 20
(i.e., the Ñux ratio of WL 20 W/E and of WL 20 S/E) should
be una†ected by weather because the sources all fall within
the instantaneous Ðeld of view.

3. RESULTS

3.1. Imaging, Photometry, and SEDs
We present di†raction-limited resolution at(D0A.25

10 km) mid-IR images of the WL 20 triple system acquired
with MIRLIN at the Keck II Telescope, along with repre-
sentative shorter wavelength images acquired with Proto-
CAM at the IRTF, in Figure 1. We list the source
separations and position angles derived from mean posi-
tions obtained from the 7.9, 10.3, and 12.5 km images in

TABLE 1

RELATIVE POSITIONS OF THE THREE COMPONENTS

Separation Separation Position Angle
Pair (arcsec) (AU) (deg)

W with respect to E . . . . . . 3.17^ 0.01 400 270.1^ 0.3
S with respect to E . . . . . . . 3.66^ 0.03 460 232.2^ 0.2
S with respect to W . . . . . . 2.26^ 0.02 280 173.0^ 0.3

Table 1. The individual components of the WL 20 triple
system are labeled in Figure 1e (the 10.3 km image). It is
evident from inspection of Figure 1 that whereas WL 20 S is
the weakest source of the system at the shortest wave-
lengths, it gradually brightens toward the longer wave-
lengths, just as its companions to the north are dimming.
Eventually, WL 20 S dominates the system luminosity at
the longest wavelengths (17.9, 20.8, and 24.5 km).

We have used a combination of software aperture sum-
mation and PSF Ðtting to obtain photometric information
for each component of the WL 20 system individually.

FIG. 1.ÈImages of the WL 20 triple system at near- and mid-IR wavelengths. (aÈc) Images of the WL 20 system acquired with ProtoCAM at the IRTF
pixel~1, resampled to pixel~1) ; (dÈi) MIRLIN Keck II images pixel scale). Contours in each panel represent the Ñux density in Jy arcsec~2(0A.35 0A.138 (0A.138

and are spaced by 1 mag. The lowest contour in (a) is 400 kJy ; in (b) it is 4 mJy ; in (c)È( f ), 40 mJy ; and in (g)È(i), 160 mJy. The individual system components,
WL 20 E, W, and S, are identiÐed in (e). The Ðeld of view of each panel is East is to the left, and north is up for all of the images presented in this6A.6 ] 6A.6.
paper. Source separations are between WL 20 E and W and between WL 20 W and S.3A.17^ 0A.01 2A.26^ 0A.02
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Fluxes derived from the new data presented here, as well as
all known previously published values, are listed in Table 2.

The resulting SEDs are presented in Figures 2 and 3. The
SEDs for WL 20 E and W (Fig. 2a) are consistent with their
being reddened Class II sources with modest excesses at

long wavelengths, in agreement with the near-IR spectro-
scopic results. The spectral slopes, a \ [0.79 for WL 20 E,
and a \ [0.91 for WL 20 W, are as expected for Class II
sources. In fact, the shape of the SED of WL 20 W is quite
close to a reddened blackbody in the near-IR (i.e., a small

TABLE 2

FLUXES FOR THE WL 20 COMPONENTS

THIS WORK (mJy) SKSa (mJy)
WAVELENGTH THIS WORK TOTAL SKS TOTALa OTHER TOTAL

(km) E W S E W S (mJy) (mJy) (mJy)

1.29 . . . . . . . . . . 3.8* 3.0* 0.03* 4.2 3.2 \0.1 6.8* 7.5 6.9b
1.67 . . . . . . . . . . 32.7* 25.6* 0.79* 30.7 23.3 1.7 59.1* 55.8 50.6b
2.23 . . . . . . . . . . 87.1* 61.0* 5.9* 57.1 44.6 6.0 154 108 125b
3.55 . . . . . . . . . . 123.2* 69.7* 15.3* . . . . . . . . . 208* . . . 158b
3.82 . . . . . . . . . . 137.7* 70.3* 18.6* 85.1 49.4 7.1 227* 142 . . .
4.78 . . . . . . . . . . . . . . . . . . . 92.6 28.0 7.2 . . . 128 . . .
6.7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 160, 240, 290c
7.9 . . . . . . . . . . . . 121.0 38.4 123.0 . . . . . . . . . 282 . . . . . .
10.2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 180d
10.3 . . . . . . . . . . 72.6 49.6 345.0 . . . . . . . . . 467 . . . . . .
10.8 . . . . . . . . . . 79.0 51.5 281.0 . . . . . . . . . 412 . . . . . .
11.5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 630c
12 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1200e
12.5 . . . . . . . . . . 86.8 44.3 610.0 . . . . . . . . . 741 . . . . . .
17.9 . . . . . . . . . . 78.0 93.9 2720.0 . . . . . . . . . 2900 . . . . . .
20.8 . . . . . . . . . . 109.0 117.0 3700.0 . . . . . . . . . 3930 . . . . . .
24.5 . . . . . . . . . . \155.0 \155.0 6600.0 . . . . . . . . . 6910 . . . . . .
25 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11200e
60 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55600e
850 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 300f
1300 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 95g

NOTE.ÈValues with an asterisk are nonphotometric.
a Strom et al. 1995.
b Wilking & Lada 1983.
c Wilking et al. 2001.
d Lada & Wilking 1984.
e Young et al. 1986 ; data have been color-corrected as described in the text.
f Ward-Thompson & Kirk 2001.

& Montmerle 1994.g Andre�

FIG. 2.ÈSpatially resolved SEDs of the three components of the WL 20 system. (a) Spectral energy distributions of the east and west components of WL
20. Filled symbols represent photometry for WL 20 E, and open symbols show photometry for WL 20 W. Squares are ProtoCAM data from Strom, Kepner,
& Strom (1995), circles are ProtoCAM data from 1990 August, stars indicate our N-band MIRLIN photometry from 1996 April Palomar 5 m observations,
and triangles indicate mid-IR MIRLIN photometry from 1998 March Keck II observations. The negative 2È10 km spectral slopes characteristic of Class II
objects are evident for each of these two sources. (b) Spectral energy distribution of WL 20 S plotted on the same scale as (a). Symbols are as in (a), except that
Ðlled symbols now represent WL 20 S and the total N-band system Ñux from Lada & Wilking (1984) has been added (downward-pointing triangle). The SED
of WL 20 S is of a completely di†erent character from that of either WL 20 E or W and is similar to that of younger Class I sources.
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FIG. 3.ÈThe SED of WL 20 S from 1 km to 1.3 mm: the full spectral
energy distribution of the southern component of WL 20 including IRAS,
SCUBA, and millimeter data. (There is no IRAS 100 km point because of
the severe confusion in this region.)

near-IR excess, though the excess at mid-IR wavelengths is
substantially larger). Thus it is possible that the circumstel-
lar material around WL 20 W may be optically thin enough
for silicate emission to be present. Comparison of the 10.3
km Ñuxes (near the center of the silicate feature) with the
““ continuum ÏÏ Ñuxes at 7.9 and 12.5 km suggests a factor of
D2 excess at 10.3 km in WL 20 W with respect to that
anticipated from the shape of WL 20 EÏs SED. Our single
data point is not sufficiently compelling (though it is robust)
to warrant a large discussion of silicate emission here, but
future spatially resolved mid-IR spectroscopy should
address in Ðne detail the nature of the dust emission and
absorption in these Class II sources.

The SED of WL 20 S (Fig. 2b), however, is that of a Class
I source, with a \ ]1.44. Given that there is a generally
continuous slope between our ground-based mid-IR data
for WL 20 S and the far-infrared and millimeter Ñuxes for
the entire WL 20 system, we have attributed all the longer
wavelength Ñux observed in this system to WL 20 S (Fig. 3).
For the case of the millimeter emission, this assumption
may be tested by future interferometric observations.

We color-correct the IRAS Ñuxes for this source in order
to make the best luminosity estimate possible. We use our
narrowband observations with MIRLIN at 12.5 and 24.5
km along with othersÏ 850 km and 1.3 mm observations to
constrain the shape of the far-IR SED so that the color
correction terms may be estimated. The spectral slope
implied by all the narrowband mid-IR data follows a FlPl~3 power law over this range, so we deredden the 12 and
25 km Ñuxes according to that rule from the IRAS Explana-
tory Supplement (Beichman et al. 1988), dividing them by
factors of 0.91 and 0.89, respectively. The SED clearly peaks
in the vicinity of 60 km (or at least does not rise signiÐcantly
throughout the entire 45È80 km passband). We therefore
Ðtted the 60, 850, and 1300 km data with a D80 K gray-
body. In fact, the 60 km color correction at this temperature
is quite small (divide by 0.97) and is not very sensitive to
modest excursions in temperature (60È120 K), so even using
the uncorrected Ñux would be adequate. The resulting data
show the usual factor of 2È3 excess of the IRAS measured

Ñux versus the ground-based data (see, e.g., Lada & Wilking
1984).

3.2. L uminosities of the Individual Components of W L 20
We compute the luminosity of each Class II component

of the WL 20 system (E and W) by integrating under the
curves displayed in Figure 4. The data points from 1.2 to 18
km have been dereddened using a Draine & Lee (1984)
extinction curve assuming (Luhman & RiekeA

V
\ 16.3

1999). Though we assume we can rule outA
V

\ 16.3, A
V

[
18 from our data since the near-IR data then have a slope
steeper than a blackbody, and can be ruled out asA

V
\ 15

the near-IR data would then be too red to be consistent
with the Ñux from a D4000 K photosphere. We use a
power-law extrapolation from 18 through 1300 km consis-
tent with the spectral slope from 3 to 18 km to(Fl P l0.45)
estimate the source Ñuxes at far-IR through millimeter
wavelengths. Other extrapolations for the Ñuxes from 18 km
to longer wavelengths may be used (e.g., no Ñux at all past
18 km, or even a constant Ñux between 18 and 1300 km),
but none change the estimated luminosity more than 2%,
since the majority of the energy is emitted at shorter wave-
lengths.

A strict lower limit to the source luminosities, the
““ infrared ÏÏ luminosities, is arrived at by integrating under
the dereddened 1È18 km data points and the long-
wavelength extrapolation described above using simple
trapezoidal integration. We Ðnd an infrared luminosity of
0.26 for WL 20 E, and 0.17 for WL 20 W. We haveL

_
L
_used our near-IR photometry to compute the luminosity

rather than that of Strom et al. (1995) since this provides

FIG. 4.ÈLuminosity determinations for the three components of the
WL 20 system. The data for the three components, along with the curves
used to obtain the best luminosity estimates, are plotted. The data for WL
20 W have been divided by 2 for clarity. The data for all three components
have been dereddened by assuming an foreground screen and aA

V
\ 16.3

Draine & Lee (1984) extinction curve (solid lines). A non-dereddened
curve for WL 20 S (dashed line) is also plotted for the case in which all the
extinction is local to the source and dereddening is not appropriate. The
““model ÏÏ curves for WL 20 E and W are represented directly by the data
from 1 to 18 km, a blackbody of the appropriate e†ective temperature (see
text) from 0.1 to 1.2 km, and a power law beyond 18 km. The curves for
WL 20 S are composites of several blackbodies modiÐed for extinction and
dust emissivity. The curves for WL 20 S assume that all far-IR and milli-
meter Ñux originates from WL 20 S; in the case that only 50% does (see
text), the 60 km and millimeter points are reduced by a factor of 2 and the
model curves above 40 km are correspondingly reduced.
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better continuity with the mid-IR data. However, use of the
Strom et al. near-IR data reduces our luminosity estimates
by only 0.03 for each component.L

_To obtain a more accurate value of the total luminosity
of each component, however, we scale a blackbody spec-
trum from 0.1 to 1.2 km at the e†ective temperatures found
by Luhman & Rieke (1999) to match the observed infrared
data values. Luhman & Rieke (1999) found temperatures of
4205 K for WL 20 E and 3850 K for WL 20 W. We then
integrate under this blackbody curve in addition to the
infrared data points (Fig. 4, solid lines). This technique
yields total luminosities of 0.61 for WL 20 E and 0.39L

_for WL 20 W. Integration of only the blackbody (overL
_all wavelengths), which should approximate the emission of

the photosphere without luminosity from the disk, yields
0.53 and 0.35 respectively. These values are appropriateL

_
,

for comparison with the PMS evolutionary models dis-
cussed in ° 4.2.

For WL 20 S, computing the luminosity is complicated
by two issues : if and how to deredden the data, and how to
partition the Ñux at far-IR and millimeter wavelengths,
where the sources are not resolved. With regard to dered-
dening, since no photospheric measurements are available
we can assume either that all the extinction is local and
most of the near-IR photons are absorbed and reradiated in
the far-IR, where the extinction is much smaller, or that the
same foreground screen is present as for theA

V
\ 16.3

other two components (and there is a correspondingly
lower local extinction). Dereddening the data in the Ðrst
case would ““ double count ÏÏ the near-IR photons, while
dereddening in the second is the correct procedure.
However, since most of the energy is radiated in the mid-IR
through millimeter regime, where the extinction is small, the
Ðnal luminosity estimate changes only 10% after deredden-
ing.

As for the far-IR and millimeter Ñuxes, we can establish
an upper bound on the luminosity by assuming that all the
60 km IRAS Ñux from Young et al. (1986), the 850 km Ñux
from SCUBA (Ward-Thompson & Kirk 2001), and the 1.3
mm measurement from & Montmerle (1994) orig-Andre�
inate from WL 20 S. As a lower bound, we assume that 50%
of the Ñux originates from WL 20 S; this is consistent with
the ground-based 12 and 25 km pointsÏ being roughly half
the IRAS points. In either case, this necessarily implies that
most of the dust in the WL 20 system surrounds WL 20 S.
Also, the IRAS data presumably contain some contami-
nating Ñux from the nearby source WL 19; however, we
know that WL 19 is quite faint with respect to WL 20 at
10.8 km (a factor of 5.6 fainter ; Barsony, Ressler, & Case-
ment 2001) ; therefore, its e†ect on our luminosity estimate
will be very small.

With all the above factors in mind, a simple trapezoidal
integration of the WL 20 S Ñuxes yield a bolometric lumi-
nosity of 1.28 if all the extinction is local, and 1.40 ifL

_
L
_the data points are Ðrst dereddened for an fore-A

V
\ 16.3

ground screen. In both these instances, all the observed
far-IR and millimeter Ñuxes were assigned to WL 20 S. If,
instead, we assign only half the observed far-IR and milli-
meter Ñux to WL 20 S, the corresponding values for the
luminosity become 0.84 and 0.95 respectively. Use ofL

_
,

the Strom et al. (1995) near-IR data, instead of our near-IR
data, increases these values by only 0.04 L

_
.

To improve the above luminosity estimates for WL 20 S,
given the coarseness of the trapezoidal integration algo-

rithm and the sparseness of the data between 25 and 850
km, where the SED peaks, we have constructed a smooth
model curve that passes through all of the data points under
which to integrate. This curve is constructed by assuming a

K photosphere, two blackbodies at T \ 300 KTeff \ 4000
and T \ 150 K to represent the disk emission, and a
modiÐed T \ 65 K blackbody dust envelope with a j~1
emissivity law. This model was created only to obtain
a smooth curve that represents the SED of WL 20 S
adequately for integration ; it is not intended to be a physi-
cal description of the object. The corresponding derived
luminosities for WL 20 S then become 1.71 for the curveL

_passing through the data points, 1.82 for the curveL
_dereddened by assuming all of the far-IR andA

V
\ 16.3,

millimeter Ñux to originate from WL 20 S, and 1.04 and 1.14
respectively, for the case in which only half theL

_
,

observed far-IR and millimeter Ñuxes are attributed to WL
20 S. Therefore, the true luminosity of WL 20 S lies some-
where between 1.0 and 1.8 making this source the mostL

_
,

luminous member of the system by a factor of D2.

3.3. Variability of the Class I Source, W L 20 S
The slight discrepancy of the measured Ñux in the broad-

band N (10.8 km) Ðlter for WL 20 S in the 1996 April
Palomar data with respect to the Ñux measured for this
source with the 10.3 km silicate Ðlter in the 1998 March
Keck II data led us to examine the relative photometry of
the components of the WL 20 system as a function of time
(see Table 2). For this purpose, we replot the spatially re-
solved Ñuxes as intensity ratios with respect to the Ñuxes of
component WL 20 E in Figure 5. The squares in this Ðgure
represent the previously published photometry from Strom
et al. (1995) for data acquired in 1993 May. The circles
represent the relative photometry from our 1990 August
ProtoCAM observations. (Because these are now relative

FIG. 5.ÈSED variability of WL 20 S. Open symbols represent the ratio
of the Ñux from WL 20 W with respect to WL 20 E; Ðlled symbols rep-
resent the ratio of the Ñux from WL 20 S with respect to WL 20 E;
otherwise, the symbols are the same as in Fig. 2a. There was a signiÐcant
shift in the spectral shape of the Class I source, WL 20 S, between the 1990
and 1993 ProtoCAM observations ( Ðlled circles vs. Ðlled squares), while
the Ñuxes and spectral shape of the Class II source, WL 20 W, over this
wavelength range remained essentially constant (open circles and squares).
The change in the WL 20 S/E Ñux ratio at 10 km is also signiÐcant between
the 1996 and 1998 MIRLIN observations.
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FIG. 6.ÈIdentiÐcation of LFAM 30 with WL 20 S: a plot of the o†set
positional errors between LFAM 30 and WL 20 derived by successive
o†setting between the centimeter and mid-IR positions of four Class I
radio emitters, indicated in the symbol key, superposed on the 10.3 km
contour plot of the WL 20 system. If we assume that LFAM 23 and LFAM
33 are exactly coincident with their mid-IR counterparts, WL 22 and YLW
15, then LFAM 30 is coincident with WL 20 S. The scatter in the relative
positions is WL 15 appears to be o†set from the published radio0A.5.
position by about 1A in right ascension, but this is consistent with the
coarseness of the published VLA position in R.A.). Even with this(0s.1
uncertainty, WL 20 E and W are ruled out as possible counterparts to the
VLA source.

ratios, the variations in the sky should divide out, and we
believe the relative photometric errors are less than 5%.)
The di†erent epochs of MIRLIN observations are rep-
resented by stars and triangles. From this plot it can be seen
that whereas WL 20 W does not vary signiÐcantly over this
wavelength range and timescale, WL 20 S varies greatly
(factor of D3) in the near-IR and perhaps even changes the
shape of its SED over the timescale of a few years.

Even at 10 km, the variations appear to be signiÐcant.
Though our MIRLIN results show only a 25% increase
between 1996 and 1998, Lada & Wilking (1984) report a
Ñux of 180 mJy for the entire system (all three components
should have been contained in their 6A beam), whereas our
total system Ñux from 1998 is 470 mJy. If we assume WL 20
E and W to be constant over this entire timespan, WL 20 S
would have had a Ñux of only 60 mJy in 1981È1983,
resulting in a nearly sixfold increase in 15 years.

Wilking et al. (2001) have also reported that WL 20
brightened from 160 to 290 mJy at 6.7 km from 1996
through 1998. Piecing the observations together as well as

possible, it seems that WL 20 S was in a low-luminosity
state in the early 1980s, brightened until D1990, faded
during the early 1990s, and has been increasing since the
mid-1990s. Given the changing shape of the SED, it may be
that as the accretion rate increases, both the luminosity and
the local extinction rise, leading to large increases in the
mid- and far-IR and perhaps a decline in the near-IR.
Though many more temporal data are required to put these
speculations on a Ðrm footing, they seem plausible with the
data in hand. We conclude that much of the total lumi-
nosity of WL 20 S is derived from accretion, and that the
stellar luminosity cannot be directly determined from our
data.

3.4. Astrometry and the IdentiÐcation of L FAM 30 with
W L 20 S

In their VLA survey of the o Oph cloud, Leous et al.
(1991) found that a number of cluster members were radio
emitters. One of their radio sources, LFAM 30, was associ-
ated with WL 20. However, until now it had not been pos-
sible to identify which of the three components of the WL
20 system is responsible for the radio emission. In order to
solve this problem, we obtained the astrometric data at the
IRTF as described in ° 2. Assuming the mean position of
LFAM 23 (WL 22) to be the zero point, we plot the o†sets
from the Leous et al. radio positions of these sources super-
posed upon the N-Ðlter image of WL 20 in Figure 6. We
Ðnd that, to within LFAM 30 is coincident with WL^0A.5,
20 S.

WL 15 appears to be o†set 1A east from the radio posi-
tion. This is almost certainly due to the fact that the VLA
coordinates were published only to the nearest which is0s.1,

on the sky at the declination of WL 20, so an o†set of 1A1A.4
is not unexpected. However, even if the total error were due
to purely random pointing errors (which is unlikely given
the small scatter for the other objects), the consistency of the
radio o†sets is sufficiently good that a correspondence
between LFAM 30 and either WL 20 E or W is ruled out.

3.5. Extended Mid-IR Structure of W L 20 S
During the course of obtaining PSF-Ðtted Ñuxes for each

component of the WL 20 system, we discovered that WL 20
S is extended at all mid-IR wavelengths. In order to demon-
strate this, we present images of the source after the subtrac-
tion of a scaled (to the peak intensity value) PSF, as well as
intensity crosscuts along an east-west axis at 12.5, 17.9, 20.8,
and 24.5 km in Figures 7 and 8. Also shown for comparison
are similarly obtained intensity crosscuts of the Ñux stan-
dards used for the observations at each wavelength.
Whereas the Ñux standards are unresolved point sources, as
are the two Class II sources, WL 20 E and W, WL 20 S is
seen to have a deÐnite extent above that expected for a
point source at each of the four plotted wavelengths. Some-

TABLE 3

SOURCE SIZE OF WL 20 S

Wavelength WL 20 S FWHM PSF FWHM rms Di†erence Diameter
(km) (arcsec) (arcsec) (arcsec) (AU)

12.5 . . . . . . . . . 0.45 0.28 0.36 45
17.9 . . . . . . . . . 0.53 0.38 0.37 46
20.8 . . . . . . . . . 0.58 0.43 0.38 48
24.5 . . . . . . . . . 0.60 0.51 0.32 40
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FIG. 7.ÈThe 12.5 km extent of WL 20 S. (a) Gray-scale image of the WL 20 system at 12.5 km at a plate scale of pixel~1 Ðeld of view). (b)0A.138 (6A.6] 6A.6
Leftover emission after subtraction of appropriately scaled (to the peak Ñux value) images of b Leo, a point source, placed at the positions of WL 20 E, W, and
S. Scaled PSFs can completely account for all of the 12.5 km emission from WL 20 E and W, as demonstrated by the lack of residual Ñux emission seen at
their positions. This same panel demonstrates clear evidence for extended 12.5 km Ñux associated with WL 20 S after point-source subtraction. (c) East-west
cuts across the point-source calibrator, b Leo, and WL 20 E, W, and S. Only WL 20 S has a broadened core and wings, indicative of emission more extended
than a point source.

what surprisingly, the physical size of the emitting region is
fairly constant at all four wavelengths (Table 3). The rms
diameter (observed FWHM minus PSF FWHM) is about

or 45^ 3 AU at the distance of WL 20. The0A.36 ^ 0A.03,
source size does not increase signiÐcantly with increasing
wavelength, as is common in many Class I YSOs.

4. DISCUSSION

4.1. W L 20: An ““ Infrared Companion ÏÏ System
Infrared companion systems are young binary or multi-

ple systems in which one of the members is signiÐcantly
““ redder ÏÏ than the other members of the system. ““ Red ÏÏ in
this context means that the companion is often very faint or
invisible at optical and, perhaps, even the shorter near-IR
wavelengths but very often dominates the luminosity of the
system in the near- and mid-IR. A prototypical example of
such a system is T Tau, with a projected separation of 0A.73,
corresponding to D100 AU at the source. The northern
component, T Tau N, exhibits a typical Class II spectrum.
Although the SED of its companion, T Tau S, is much
redder than that of a typical T Tauri star, suggesting local-

ized, high extinction toward this source, the SED neverthe-
less peaks in the near-IR (i.e., at D5 km), unlike a Class I
SED, which peaks toward the far-IR. T Tau S is detected
only at wavelengths º2.2 km, although its bolometric lumi-
nosity exceeds that of T Tau N by a factor of 2. Further-
more, T Tau S has been shown to be variable (at the level of
2 mag Ñux increases in the infrared) over a 5 yr time interval
(Ghez et al. 1991 ; Gorham et al. 1992). Large near-IR varia-
bility is a characteristic trait of infrared companion systems
(Mathieu 1994).

From our spatially resolved SEDs of the individual com-
ponents of the WL 20 triple system, we can conÐdently
assert WL 20 to be a newly identiÐed member of the class of
infrared companion systems. Table 4 lists the properties of
each individual source derived from this work, with the
spectral types and e†ective temperatures for WL 20 E and
W from Luhman & Rieke (1999).

The possibilities usually cited to explain such ““ infrared
companion ÏÏ systems include the following :

1. A chance superposition of sources.ÈIt may be that WL
20 S is not physically associated with WL 20 E and W; it is
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FIG. 8.ÈThe 17.9, 20.8, and 24.5 km extent of WL 20 S. (aÈc) Result of subtracting a scaled PSF from the images at 17.9, 20.8, and 24.5 km, respectively,
covering a Ðeld of view. Excess, extended emission is plainly visible at each wavelength and is perhaps elongated in a southeast-to-northwest4A.4 ] 4A.4
orientation. (dÈf ) East-west intensity crosscuts through WL 20 S (solid line) and two PSF calibrators (a CMa, dashed line ; a Hya, dot-dashed line). In all cases,
the extended source size of WL 20 S appears to be a constant 45 ^ 3 AU, rather than a varying source size that increases with increasing wavelength.

a chance superposition, and therefore WL 20 S can be in
any evolutionary state relative to WL 20 E and W. We must
stress than we cannot rule out this possibility based on
currently available data. It is nevertheless well established
that all three sources of the WL 20 system are YSOs, and
therefore, all are associated with the o Oph cloud. The space
density of embedded objects in this cloud (\200 deg~2 ;
Kenyon, Lada, & Barsony 1998) is low enough that Ðnding
three YSOs apparently separated by such small distances is
very unlikely unless they are physically associated. Milli-
arcsecond astrometry in the near-IR over a sufficiently long
time interval could prove association deÐnitively, either by
showing the sources to have a common space motion or a
deÐnite orbital motion.

2. A non-coplanar system in which the infrared companion
is viewed ““ edge-on.ÏÏÈIt has recently been shown that a
Class II source whose Ñared disk, with its surface heated by
the stellar radiation Ðeld, could mimic the SED of a Class I
source if the disk was in a nearly edge-on orientation to our
line of sight (Chiang & Goldreich 1999). Indeed, we argue
below that WL 20 S probably does have a Ñared disk,
though the inclination is D20¡ from edge-on. However, WL

20 S exhibits two phenomena common to infrared compan-
ion systems that orientation e†ects cannot explain if it is
simply another Class II object : at 1.0È1.8 it is the domi-L

_
,

nant luminosity source in the system by a factor of 2, and it
is highly variable at both near- and mid-IR wavelengths.
Neither of these would be expected if it were simply an
extinguished sibling of the other two sources. We therefore
consider this scenario unlikely.

3. A younger age for the infrared companion.ÈIt may be
that WL 20 S formed signiÐcantly later than its compan-
ions, WL 20 E and W. The projected separations between
the components of the WL 20 system range from 280 to 460
AU (see Table 1). These separations correspond to sound-
crossing times of order D(1È2)] 104 yr. Given that typical
free-fall times of precollapse cores are of order 105 yr, the
WL 20 system must have collapsed from a single cloud core.
Based on this simple dynamical argument, it is highly
unlikely that the individual components of the WL 20
system formed at di†erent times.

4. Coeval objects in a physical conÐguration and a certain
phase of evolution in which most of the dust accretion is
occurring on one of the objects, rather than all three.ÈThis is

TABLE 4

WL 20 SOURCE PROPERTIES

IR Luminosity Total Luminosity Teff
Source R.A. (J2000.0)a Decl. (J2000.0) Sp. Index a (L

_
) (L

_
) (K) Type

WL 20 E . . . . . . 16 27 15.82 [24 38 43.4 [0.79 0.26 0.61 4205 K6 Class II
WL 20 W . . . . . . 16 27 15.63 [24 38 43.4 [0.91 0.17 0.39 3850 M0 Class II
WL 20 S . . . . . . . 16 27 15.65 [24 38 45.6 ]1.44 0.84È1.40 1.04È1.82 . . . Class I

NOTE.ÈUnits of right ascension are hours, minutes, and seconds, and units of declination are degrees, arcminutes, and arcseconds.
a Assumes the right ascension of LFAM 23 is precisely (B1950.0).16h23m57s.50
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the most plausible possibility for explaining the properties
of the infrared companion, WL 20 S, in the WL 20 system.
Indications are that the observed 1.3 mm Ñux from the WL
20 system is centered on the centimeter source &(Andre�
Montmerle 1994), which we have shown is associated with
WL 20 S (see Fig. 6). The observed 1.3 mm Ñux of 95 mJy

& Montmerle 1994) translates to a circumstellar(Andre�
mass of 0.03 (0.06) assuming optically thin emissionM

_
,

from dust at temperatures (50) K andT
d
\ 30 i1.3 mm\ 0.01

cm2 g~1. Infrared variability, such as observed in WL 20 S
(see Fig. 5), signals the presence of active accretion (see, e.g.,
Beck et al. 2000). The combined picture of this system is
reminiscent of recent binary formation models (e.g., Bate &
Bonnell 1997) in which one component can be bright and
actively accreting relative to a less luminous secondary
component, depending on the initial distribution of speciÐc
angular momentum in the collapsing protostellar envelope
relative to the orbital angular momentum of the system. We
consider such a scenario to be the most likely to explain the
properties of the WL 20 triple system.

4.2. Testing PMS Tracks with the W L 20 System
To date, only a handful of PMS binary or multiple

systems have both spatially resolved spectroscopy and spa-
tially resolved photometry over a wavelength range as
broad as presented here (1È25 km). With these data, we
have been able to independently infer the luminosities of
WL 20 E and W to signiÐcantly higher accuracy
(approximately a few percent, apart from systematic e†ects
discussed below) than has been possible previously (see
Table 4). This coeval system, with well-determined photo-
spheric luminosities (° 3.2) and e†ective temperatures, pro-
vides a stringent test to distinguish between currently
available PMS evolutionary models. Figures 9aÈ9d show
isochrones (solid lines) and isomass evolutionary tracks
(dashed lines) at the same scale for four di†erent sets of
PMS modelsÈBara†e et al. (1998), DÏAntona & Mazzitelli
(1998),4 Palla & Stahler (1999), and Siess, Dufour, &
Forestini (2000), respectively. In each Ðgure, the square
denotes WL 20 E and the diamond denotes WL 20 W.
Figure 9e shows the range of parameter space over which
PMS tracks are customarily plotted (see, e.g., Palla &
Stahler 1999). The square outline in this Ðgure indicates the
restricted range of parameter space plotted in Figures
9aÈ9d, in order to emphasize the improved precision with
which the di†erent sets of tracks can be compared using the
WL 20 data.

The two sources of systematic error in our luminosity
determinations are the adopted distance, for which we are
using the Hipparcos-determined value, and the adopted

An error in the distance will move both sourcesA
V

\ 16.3.
up by the same amount in each panel of Figure 9 : a distance
of 140 pc will raise the points by D0.06 units in the
logarithm, or about one small tick mark along the lumi-
nosity axis. Similarly, a slightly greater value of extinction
than the value of adopted here will also move theA

V
\ 16.3

position of each source up vertically in Figure 9. With an
extreme value of the luminosities are increased byA

V
\ 18,

D33%; 0.12 in the logarithm, or 2.5 small tick marks.

ÈÈÈÈÈÈÈÈÈÈÈÈÈÈÈ
4 As updated in 1998 at http ://www.mporzio.astro.it/Ddantona/

prems.html].

From spatially resolved near-IR spectroscopy, Luhman
& Rieke (1999) determine the spectrum of WL 20 W to be
consistent with a photosphere of spectral type M2ÈK6, cor-
responding to a temperature range 3513 K,K ¹Teff ¹ 4205
with an adopted spectral type of M0 (corresponding to

K). The same authors assign a K6Teff \ 3850 (Teff \ 4205
K) spectral type to WL 20 E, with possible spectral types in
the range K5ÈK7, corresponding to 4060 K ¹Teff ¹ 4350
K. In Figure 9, we indicate the possible e†ective tem-
perature range for each source by the horizontal error bars.

Inspection of Figure 9 shows that none of the models rule
out WL 20 E and W being a coeval pair, within the allow-
able errors in spectral type for each source. However, the
derived ages and masses di†er among the models. The
DÏAntona & Mazzitelli (1998) tracks yield a system age of
D(2.0È2.5)] 106 yr, with a mass of 0.62È0.68 for WLM

_20 E and a mass of 0.51È0.55 for WL 20 W. All theM
_other models yield a system age twice as old : (4È5) ] 106 yr.

For an age of 4] 106 yr, the Bara†e et al. (1998) models
yield masses of 0.86 and 0.68 for WL 20 E and W,M

_respectively. The Palla & Stahler (1999) tracks yield a
coeval system age of 5] 106 yr, with masses of 0.83 forM

_WL 20 E and 0.70 for WL 20 W. Similarly, the Siess etM
_al. (2000) tracks yield a coeval system age of 5] 106 yr, with

masses of 0.85 for WL 20 E and D0.65 for WL 20M
_

M
_W.

Of the two possible ages for this system, (4È5) ] 106 and
(2.0È2.5)] 106 yr, the younger age is the more plausible,
especially when we consider that WL 20 S, which appears to
be a Class I object, is also part of this system. Based on
statistical arguments, Class I objects are generally thought
to be just a few times 105 yr old (Wilking et al. 1989), maybe
8 ] 105 yr at most (Kenyon et al. 1990). Previous statistical
studies have ignored the systematic e†ects introduced by
unresolved binary/multiple systems, however, which have
the e†ect of making a source appear brighter (and, there-
fore, judged to be younger) than is in fact the case. Such an
e†ect can result in derived ages of a factor of 2 too young
(White 1999), so that the oldest Class I sources may be of
order 1.6] 106 yr old, just about consistent with the (20È
2.5)] 106 yr system age derived from the DÏAntona &
Mazzitelli (1998) tracks.

Very recently, PMS tracks that include the e†ects of acc-
retion on the models have been calculated by Tout, Livio, &
Bonnell (1999). These authors provide the magnitude of the
errors possible when one derives ages and masses of PMS
objects from evolutionary tracks that ignore accretion, such
as the ones discussed above. In particular, placement of WL
20 E and W on their Figure 14 shows that the derived age
from the other tracks, including those of DÏAntona & Maz-
zitelli (1997), can be up to a factor of 2 too old relative to
accreting PMS models, making the true ages of WL 20 E
and W as young as (1È1.3)] 106 yr, consistent with the
oldest plausible Class I source age of 1.6 ] 106 yr for WL 20
S. The errors in the masses of PMS objects derived from
nonaccreting versus accreting tracks are much smaller,
being negligible in the case of WL 20 E and at the 10% level
for WL 20 W (found by placing these sources on Fig. 13 of
Tout et al. 1999).

4.3. Nature of W L 20 S
In this work, we have found that (1) WL 20 S is the

reddest and most luminous member of the WL 20 system,
(2) it is highly variable on timescales of a few years, (3) it



FIG. 9.ÈTesting preÈmain-sequence evolutionary tracks with the WL 20 system: (a)È(d) display four separate sets of PMS evolutionary tracks over
magniÐed luminosity and temperature ranges. The stringency with which we are testing and comparing these models is illustrated by the outlined box in (e),
which indicates the parameter ranges of the plots presented in (a) compared with the scale of previously plotted PMS tracks (e.g., Palla & Stahler 1999). In all
the panels, solid lines indicate isochrones, dashed lines indicate isomass tracks, the square represents WL 20 E, and the triangle represents WL 20 W. (a)
Bara†e et al. (1998) tracks. The youngest coeval system age still within the errors is 4 ] 106 yr. (b) DÏAntona & Mazzitelli (1998) tracks. The adopted
temperatures and luminosities of WL 20 E and W are consistent with an age of (2.0È2.5)] 106 yr. This is the most plausible (youngest) system age given by
any of the tracks presented here, as discussed in the text. (c) Palla & Stahler (1999) tracks. The youngest system age, still within the data errors, and subject to
the coevality constraint is D5 ] 106 yr. (d) Siess et al. (2000) tracks. The youngest system age still within the data errors subject to the coevality constraint
D5 ] 106 yr. (e) The usual scale to which PMS tracks are plotted. The rectangular area outlines the plot limits of (a)È(d), to highlight the reÐned time
resolution at which these tracks are tested by the WL 20 system.
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contains most of the dust in the system in a mid-IRÈ
emitting region some 40 AU in diameter, and (4) it is the
source of the observed centimeter emission.

The most likely explanation for the mid-IR appearance of
WL 20 S is that it is experiencing a phase of enhanced (and
varying) accretion activity, perhaps due to interactions with
its neighbors. This is especially likely in view of the fact that
the SED of WL 20 S is consistent with the presence of a
Ñared disk of D250 AU in radius (Chiang & Goldreich
1999, eq. [1]), very similar to the projected separation of
280 AU between WL 20 S and W. We observe a structure
whose 40 AU diameter size appears to be wavelength inde-
pendent in the mid-IR: this structure may be the Ñared disk
surface. The IRAS Ñuxes for the WL 20 system, as a whole,
are systematically larger than the sum of the Ñuxes of the
individual components derived from ground-based obser-
vations (see Table 2). This discrepancy in the measured
Ñuxes in di†erent-sized beams implies the presence of
material on scales larger than those to which the ground-
based observations are sensitive, but that still fall within an
IRAS beam. Thus, º40% of the observed IRAS Ñuxes are
emitted from regions 10AÈ120A in size, corresponding to the
size scales of infalling envelopes. It may very well be that
WL 20 S is actively accreting matter from the envelope,
through its Ñaring disk, while its companions have already
ceased signiÐcant accretion.

If this is true, it addresses one of the primary objections to
WL 20Ïs being a true triple system, as opposed to a chance
superposition of a binary (WL 20 E and W) with a single
source (WL 20 S). If WL 20 is a triple with an age of
D2 ] 106 yr, that is still uncomfortably old to have the
presence of a Class I source, which would normally be
presumed to be less than 1] 106 yr old. This would
appear to argue that WL 20 S is more likely a chance
superposition. However, if accretion has been continued to
a late phase because of tidal interactions with the other
members, then the shape of the SED of an individual source
within a binary/multiple system is an indicator only of the
accretion activity of that source and has little to do with its
age.

Preliminary studies of accretion in triple systems have so
far focused on hierarchical triples, in which the separation
between two sources is much smaller than their distance to
the third component, a circumstance clearly not applicable
to the WL 20 system. In fact, if formation proceeds through
fragmentation, then the resultant triples are typically not in
a very hierarchical conÐguration. The stability of accreting
triples has been examined by Smith, Bonnell, & Bate (1997).
In general, if the maximum separation of the closer pair (280
AU projected separation for WL 20 S and W) is comparable
to the minimum separation of this pair to the third com-
ponent (400 AU projected separation from WL 20 W to E),
then the stability of the system is questionable. From the
above analysis of existing PMS models, the current best
mass determinations for this system are 0.62È0.68 forM

_WL 20 E and 0.51È0.55 for WL 20 W, and D1.0M
_

M
_for WL 20 S from the constraints given by its 1.0È1.8 L
_luminosity. According to the criterion for stability of triple

systems given by Harrington (1977), as quoted by Smith et
al. (1997), the WL 20 system should be dynamically
unstable. The behavior of dynamically unstable accreting
triple systems has not yet been examined. It may be that
some fraction of single stars are formed from the disinte-
gration of unstable triple systems.

5. CONCLUSIONS

We have presented subarcsecond, mid-infrared imaging
photometry of the WL 20 triple system at 7.9, 10.3, 12.5,
17.9, 20.8, and 24.5 km. When supplemented with spatially
resolved, near-infrared imaging photometry from Proto-
CAM at the IRTF, these combined data allow solid deter-
minations of the spectral energy distribution of each source
individually, as well as accurate luminosity determinations.
We Ðnd the source luminosities for WL 20 E, W, and S to be
0.61, 0.39, and 1.0È1.8 respectively. For WL 20 E andL

_
,

W, 0.53 and 0.35 can be attributed to photosphericL
_emission alone.

WL 20 can now be classiÐed as an ““ infrared companion
system,ÏÏ with WL 20 S exhibiting an embedded protostellar
(Class I) SED, while its two neighbors, WL 20 E and W,
each exhibit a T Tauri star (Class II) SED. The infrared
companion, WL 20 S, is the dominant luminosity source in
the system. WL 20 S di†ers from its T Tauri companions in
three important respects : (1) its near- and mid-IR Ñuxes
vary signiÐcantly over timescales of years ; (2) it is well re-
solved at mid-IR wavelengths, with a constant, wavelength-
independent source diameter of 40 AU; and (3) it is found to
be the source of the radio centimeter emission in the system.

Since the e†ective temperatures of WL 20 E and W are
known from spatially resolved near-IR spectroscopy, we
can place these sources on an H-R diagram. We are thus
able to test currently available preÈmain-sequence evolu-
tionary tracks at unprecedentedly high temporal resolution,
and we Ðnd that of the nonaccreting models, the DÏAntona
& Mazzitelli (1997) tracks yield the most plausible system
age, at (2.0È2.5)] 106 yr. The inferred source masses from
these tracks at these ages are 0.62È0.68 for WL 20 EM

_and 0.51È0.55 for WL 20 W.M
_We cannot, at present, independently determine a mass

or age for the infrared companion, WL 20 S. However, the
intriguing possibility now exists of determining the spectral
type and, therefore, the e†ective temperature of this embed-
ded source with the new generation of high-resolution
spectrographs on 8È10 m ground-based telescopes. Once an
e†ective temperature determination has been made spectro-
scopically, and assuming system coevality, one could locate
WL 20 S on an isomass track, independently of its known
luminosity. Thus, the possibility exists, for the Ðrst time,
to directly derive the accretion luminosity of a Class I
protostar.

Millimeter interferometry of this unique triple system
would advance our understanding of the gas dynamics
involved, processes that cannot be explored in any other
way. Higher temporal resolution, spatially resolved imaging
and monitoring of WL 20 at infrared wavelengths, com-
bined with detailed modeling of its appearance, will also
lead to a more detailed understanding of the actual accre-
tion processes taking place in WL 20 S.
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