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Summary:  We have discovered the object 2MASS 

J05352184–0546085 to be a brown-dwarf (BD) eclipsing 
binary—the first of its kind—in the Orion Nebula Clus-
ter (ONC). We directly measure the masses and radii of 
both BDs, as well as their temperatures and luminosi-
ties. These measurements are in generally good agree-
ment with theoretical models of young BDs. Surpris-
ingly, the more massive BD appears to be cooler than 
its companion. This may indicate a younger age for the 
more massive BD, which would suggest that these BDs 
were not born together; multiple-body dynamical inter-
actions may have been important in their formation.  

Context and Motivation:  Mass is arguably the sin-
gle most important property of a BD, as it determines all 
other physical characteristics and governs how BDs 
evolve with time. To date, the masses of only four BDs 
have been measured directly by dyamical means 
[1,2,3,4], and in only one of these cases [2] is the mass 
known with sufficient accuracy to make the BD nature 
of the object definitive. Eclipsing binaries (EBs) have 
long been employed as ideal laboratories for directly 
measuring stellar masses as well as radii, temperatures, 
and luminosities, with only the most basic assump-
tions, and without knowledge of distance.  

Physical Properties of 2MASS J05352184–
0546085:  Analysis of the light curve and of the dou-
ble-lined spectroscopic orbit yields direct measurement 
of the basic properties of both BDs.  

Light curve and orbit solution.  The I-band light 
curve (Fig. 1) is typical of fully detached EBs, and by 
itself yields i ˜ 90°. We also obtained spectroscopic 
observations at 1.55 µm with the Phoenix spectrograph 
on the Gemini South telescope. Cross-correlation analy-
sis of the individual spectra against a template star 
yields the radial velocities of the two components at 
eight distinct orbital phases (Fig. 2). We find that an 
M6.5 template produced the strongest cross-correlation 
for both comp onents, suggesting that both are ~ M6.5.  

We simultaneously fit the light-curve and radial-
velocity data using a standard detached-EB model [5] 
to obtain the orbital and physical parameters of the 
system. At M = 0.0541 ± 0.0046 M

�
 the more massive 

component is 4σ below hydrogen-burning limit. Both 
components are thus proven to be brown dwarfs. 

From the eclipse durations and their relative depths, 
we obtain the radii of the BDs and the ratio of their ef-
fective temperatures. Adopting an M6.5 spectral type 
then yields both temperatures separately, from which 

we calculate the luminosities. We derive a distance of 
435 ± 55 pc from the 2MASS magnitudes. This distance 
and the observed center-of-mass velocity are both 
consistent with membership in the ONC (age ~ 1 Myr). 

 
Figure 1: The I-band light curve of 2MASS 
J05352184–0546085. In total, 1590 individual flux 
measurements were obtained on 280 separate nights 
over 10 years, with an average cadence of 5-6 meas-
urements per night. The typical uncertainty on the 
measurements is 2%. A time-series analysis reveals a 
period of P = 9.779621 ± 0.000042 days. The data 
here are phased relative to the time of periastron pas-
sage, as determined from the orbit solution (Fig. 2). A 
model fit to the light curve (solid curve) is also shown.  
 

 
Figure 2: Heliocentric radial-velocity measurements of 
the components of 2MASS J05352184–0546085 are 
shown along with the final orbit solution, obtained by 
simultaneously fitting the radial velocity measure-
ments and the light curve data. The typical uncertainty 
on the radial velocities is 2 km/s. 
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A surprising reversal of temperatures.  We find that 
the effective temperature of the more massive BD is 
approximately 100 K cooler than its companion. This is 
puzzling because the relationship between effective 
temperature and mass is expected to be monotonic for 
BDs of the same age. However, this expectation disap-
pears for two BDs of differing age. Can theory accom-
modate a scenario in which two BDs—that are part of 
the same binary system—have sufficiently different 
ages to allow for reversed temperatures?  

The Formation of Brown Dwarfs:  Recent theoreti-
cal work [6] and numerical simulations [7] suggest that 
dynamical interactions may be integral to the formation 
of BDs. One intriguing scenario occurs in interactions 
involving a low-mass binary pair and a mo re massive 
third body: the lower-mass member of the binary can be 
ejected and replaced by the massive interloper.  

We may speculate that 2MASS J05352184–0546085, 
with its peculiar reversal of effective temperatures, may 

represent such a case. The observed effective tempera-
tures can be seen as wholly consistent with the theo-
retical models of D’Antona & Mazzitelli (Fig. 3) if the 
primary is taken as being somewhat younger (age ~ 0.5 
Myr) than the secondary (age ~ 1 Myr). Indeed, the 
temperature, radius, and luminosity of the primary are 
all in reasonably good agreement with these models for 
such an age difference. Thus, perhaps, the primary and 
secondary of 2MASS J05352184–0546085 did not form 
together as a binary, but rather formed separately—
with the primary forming later—and then were later 
married through a dynamical interaction. 
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Figure 3: The measured radii, temperatures, and luminosities for both BDs are compared to theoretical models. Solid 
curves show the predicted evolution from 0.1 to 100 Myr. Dashed curves represent the measurement uncertainties in 
the masses (M1 = 0.0541 ± 0.0046 M

�
; M2 = 0.0340 ± 0.0027 M

�
). Observed and predicted values are generally in good 

agreement, particularly with the D’Antona & Mazzitelli models. Note that the effective temperature of the primary is
predicted by both sets of models to be warmer than that of the secondary at any particular age, but that the 
D’Antona & Mazzitelli models allow the primary to be cooler than the secondary if it is sufficiently younger. 
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