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ROSAT X-ray Detection of a 
Young Brown Dwarf in the 
Chamaeleon I Dark Cloud 

Ralph Neuhauser and Fernando Comeron 

Photometry and spectroscopy of the object Cha Ha 1, located in the Chamae- 
Leon I star-forming cloud, show that it is a -lo6-year-old brown dwarf with 
spectral type M7.5 to M8 and 0.04 t 0.01 solar masses. Quiescent x-ray 
emission was detected in a 36-kilosecond observation with 31.4 +- 7.7 x-ray 
photons, obtained with the Rontgen Satellite (ROSAT), with 9u detection 
significance. This corresponds to  an x-ray luminosity of 2.57 X loz8 ergs per 
second and an x-ray to bolometric luminosity ratio of 10p3,44. These are typical 
values for late M-type stars. Because the interior of brown dwarfs may be similar 
to that of convective late-type stars, which are well-known x-ray sources, x-ray 
emission from brown dwarfs may indicate magnetic activity. 

A brown dwarf (BD) is ail object with a mass I 
0.08 solar masses (A&), which is insufficient to 
sustain nuclear fusion of hydrogen (I). Lachng 
this source of energy against self-gravity, which 
provides the long-term stability of inain-se- 
quence stars. a BD shrinks in size until electron 
degeneracy halts hrther contraction. Because a 
BD becomes cooler and less luminous with age 
(2), some BD searches in the nearby (- 125 pc) 
and young (-10' years) Pleiades cluster were 
successful (3). In p Ophiuchi (p Oph). a region 
with ongoing star formation, several low-mass 
objects were identified (4), including the object 
p Oph 1623-2426. a 3 to 10 X 10' year old BD 
(5). Stellar evolution theory predicts that stars 
with masses 5 0.3 M, are hlly convective (6). 
Given the central role of convection for mag- 
netic activity and x-ray emission in low-mass 
stars, a BD may emit x-rays by the same mech- 
anism as low-mass stars. However. until now. 
no BD has been detected in x-rays. 

In a suilTey of the Chamaeleon (Cha) I 
dark cloud. near-infrared (NIR) photometiy 
and low-resolution. low signal-to-noise ratio 
(S/N) spectroscopy were obtained for several 
new faint cloud members (7 ) ,  so that objects 

R. Neuhauser, Max-Planck-lnstitut fur  Extraterres- 
trische Physik, D-85740 Carching, Germany. E-mail: 
rne@mpe.mpg.de F. Comeron, European Southern 
Observatory, D-85748 Carching, Germany. E-mail: 
fcomeron@eso.org 

1 to 6 [table 4 of (?)I, called Cha H a  1 to 6 
here. all showiilg H a  emission lines in their 
spectra, could be plotted in the Hertzspmng- 
Russell diagram, assuming 160 pc as dis- 
tance. which is the mean of the distances of 
three T Tauri stars in Cha I measured by 
Hipparcos, and a spectral type to temperature 
conversion for cool stellar photospheres (8 ,  
9). According to pre-main-sequence evolu- 
tionaiy tracks (lo),  these six objects are near 
and some are possibly below the stellar mass 
limit of 0.08 ME. 

After identifying these BD candidates, we 
retrieved the ROSAT pointed observations 
200207 (31 ks) and 200046 (5 ks) froin the 
ROSAT data archive. Both observations are 
centered on the Cha I cloud and were ob- 
tained in 1991 with the ROSAT Positional 
Sensitive Proportional Counter (PSPC) (11). 
We perfoilned standard source detection with 
the Extended Scientific Analysis Software to 
reduce the merged data set (Fig. 1). Because 
of the ROSAT boresight offset. a few arc 
seconds offset can be allowed between the 
x-ray and the optical positions for source 
identification. 

The object Cha H a  1 is identified with the 
x-ray point source W(J 110716-773552. 
whereas Cha H a  3 and Cha H a  6 are mar- 
ginally detected. There are no other objects 
from SIMBAD. the Hubble Space Telescope 
Guide Star Catalog, or the NASA Extraga- 
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lactic Database within 83 arc sec around 
these x-ray sources None of these objects 
were detected in a less sensitive Einstein 
Obseivatoiy x-ray image of the same region 
(12). They were also not detected in an earlier 
analysis of the 5-ks PSPC pointing (13). 
However. Cha H a  1 was detected in an ear- 
lier analysis of the 31-ks PSPC pointing, 
object XP 30 in (14), and it was tentatively 
identified as a faint stellar object of unknown 
class (14). 

Given the spectral resolution of the PSPC. 
one can define several energy bands and cal- 
culate the so-called hardness ratios of detect- 
ed x-ray sources If Z[a. b] is the count rate 
between energies a and b. then hardness ra- 
tios are defined as 

To obtain x-ray fluxes for the detected ob- 
jects as well as x-ray upper limits for unde- 
tected objects (Table l) ,  the count rates have 
to be divided by the appropriate energy con- 
version factor. namely, 10 " counts cinp2 
ergp' .  

Because Cha H a  1 is detected ill the x-ray 
observation and because it is a good BD 
candidate in view of the previous data (7). we 
obtained low-resolution, high S/N spectra of 
this object with the 3.5-m New Technology 
Telescope (NTT) of the European Southern 
Observatoiy (ESO) on La Silla, Chile. in the 
visible [using the ESO Multi-Mode Instm- 
ment (EMMI), with resolution of -1250 at 
800 nm] and the NIR [using Son of Isaak 
(SOFI). an infrared spectrometer and array 
camera, with resolution of -500 at 2 ym] in 
May 1998. 

Both spectra (Fig. 2) show features typical 
of cool photospheres (53000 K). Most prom- 
inent in the visible is the H a  emission line 
with an equivalent width of 6.5 nln and many 
T i 0  and VO absorption lines. In the NIR. the 
CO absorption lines and the broad depression 
between 1.5 and 2.0 k m  due to H 2 0  absorp- 
tion also suggest a temperature below 2000 
K. The strength of the gravity-sensitive Na I 
absorption feature at 819 liin is intei~nediate 
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between giant stars (where the Na I absorp- 
tion lines are weaker) and dwarf stars (where 
the Na I lines are deeper), which indicates a 
surface gravity consistent with that of a 
young object far above the main sequence. 
Hence, this object is a member of the Cha I 
star-forming region. Also, the strength of the 
Ha emission line indicates a young age, be- 
cause all main-sequence dwarf stars with 
spectral type M show Ha equivalent 
widths 5 1.5 nrn (15). Visual comparison 
with spectra of late M dwarfs (16) shows that 
Cha Ha 1 has a spectral type M7 or later. The 
standard star most similar to our object is GI 
752 B with a spectral type M8 (16). A more 

quantitative classification obtained with dif- 
ferent indices based on flux ratios (15, 17) 
yields a spectral type M7.5 to M8. Recent 
estimates of the temperature of the stellar 
photosphere based on spectral type (8) de- 
pend on the match between observed spectral 
features and synthetic model atmospheres 
predicted for a given temperature, metallicity, 
and surface gravity. The latest spectral type 
considered in such calibrations is M6, which 
is best fitted with a temperature of 2700 K. 

If we extrapolate a linear fit to those cali- 
brations (18) to the spectral type of Cha Ha 1, 
we obtain 2600 K for M7.5 and 2500 K for M8. 
For objects far above the main sequence, such 

calibrations yield temperatures that are higher 
by -100 K (5). Hence, it seems adequate to 
adopt 2700 K as the upper limit. Even allowing 
+ 150 K uncertainty (8), this upper limit places 
Cha Ha 1 below 2900 K, the temperature of the 
most massive BD of its luminosity, which is 
constrained by the optical and NIR photometry 
(7). With a luminosity of 0.015 L,, estimated 
fhm the photometry and visual extinction A, 
(9, and an effective temperature of 2700 K, 
comparison with the new sets of evolutionary 
tracks (10) consistently yields an age of lo6 
years and a mass of 0.04 5 0.01 M,. Because 
the upper mass limit for BDs is 0.08 M,, Cha 
Ha 1 can be classified as a BD. 

Although low-mass objects are fully con- 
vective (6), convection alone is not enough to 

Wavelength @TI) 

Fig. 2. (A) Visible and (B) infrared spectra of 
Cha Ha 1 obtained with the NTT in May 1998. 
The visible spectrum is ratioed by the instru- 
mental throughput curve, so that the feature 
intensity ratios are preserved. The infrared 
spectrum was divided by that of a nearby F N  
star observed immediately after Cha Ha 1 at 
the same air mass t o  remove telluric features. 
The flat portion of the spectrum between 1.79 

Fig. 1. Central part of the hard 0.5- to 2.1-keV band ROSAT PSPC image centered on the Cha I dark and 22.0i pm is due tb strong atmospheric 
cloud with ROSAT sources detected above 30 in the hard band as circles and other members of the absorption. The relevant features identi- 
Cha I cloud as squares. fied are marked. 

Table 1. X-ray data of very Low mass members of the Cha I dark cloud: effective exposure time (exp.), hardness ratios, number of x-ray counts in 
designation, optical position, spectral type, visual extinction A, [all from the broad band (0.1 t o  2.4 keV) either as detections or upper limits (both 
(7), but spectral type of Cha Ha 1 from this work] (mag, magnitude), background subtracted), x-ray luminosity (at 160 pc), and ratio of x-ray 
positional offset, significance of the detection (det. sgn.) in the hard band to  bolometric luminosity. NR, not resolved, 29 arc sec southeast of an 
(0.5 to  2.1 keV) where the sources are detected most significantly, x-ray source identified as CHXR 26 (25). NO, not detected. 

Object Optical position Spectral A, Off- Det. Exp. Hardness ratios 
X-ray 1% (LA 1% 

designation 
~i2000 62000 type (mag) set 'gn. (ks) H R ~  HR2 counts (erp/s) (Lx1L~c4) 

Cha Ha 1 11 07 17.0 -77 35 54 M7.5-8 1.77 4" 9 u 37.8 20.40 0.15 ? 0.22 31.4 -+ 7.7 28.41 2 0.10 -3.44 
Cha Ha 2 11 0743.0 -7733 59 M6 3.55 NR NR 37.8 
ChaHa3 110752.9 -773656 M6 2.13 17" 4 u 37.6 20.13 0.04 -+ 0.35 11.9 -+ 5.7 27.99 -+ 0.17 -4.31 
Cha Ha 4 11 08 19.6 -7739 17 M6.5 0.71 ND ND 34.8 ND ND 522.9 528.31 5-4.91 
ChaHa5 110826.9 -774121 M6 2.48 ND ND 33.9 ND ND 5 1.98 527.26 5-5.24 
ChaHa6 110840.2 -773417 M6 0.71 10" 4 0 31.8 20.26 0.08 -+ 0.40 8.2 -+ 3.4 27.90-+ 0.15 -4.09 
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generate magnetic fields and coronal x-ray 
emission. A rotation-induced dynamo is needed 
(6 ) .  The star VB 8 wit11 spectral type M7 is the 
star with the latest spectral type that shows 
quiescent x-ray emission, namely; log (LulLbol) 
= -2.8 (where Lx is the x-ray luminosity and 
Lbol is the bolometric luminosity) (19). Also, 
the Iv18 star \'B 10 was detected at log (L,ILbol) 
= -3, but only dusing a flare. The quiescent 
upper limit is log (L,IL,,,) 5 -4.5 before and 
after the flare (20). 111 addition, the M6 to M7 T 
Tauli star V410 x-ray 3 was also detected as an 
x-ray source (21). With a mass of 0.08 to 0.15 
1li(,; an age of lo6 years, and log (LxiL,bol) = 

-2.8 (22). it is similar to Cha Ha 1. but slightly 
more massive. The object 1623-2426, a young 
BD in p Oph (5). was not detected in the 33-ks 
PSPC pointed obsen-ation 200045. newly re- 
duced by us (23), with the upper limit being log 
(LyiLb0,) 5 -3.26, above the value measured 
for Cha Ha 1. 

With an optical magnitude in the V band of 
21 magnitudes (7). Cha Ha 1 is the optically 
faintest low-mass object we observed. Yet, it is 
the x-ray brightest object: and the x-ray to 
bolo~netric luminosity relation cannot explain 
kvhy only Cha Ha 1 is detected in x-rays. It is 
possible that Cha Ha 1 rotates fast to suppost a 
strong dynamo. The spectra! resolutions of our 
observations are too low to detelmine the rota- 
tional velocity. Because p Oph 1623-2426 has a 
mass similar to Cha Ha 1 and is 3 to 10 times 
older, but it is not detected as an x-ray somce. 
only the colnbination of a young age ( 5  3 X 

lo6 vears) and fast rotation (2 20 luds) may 
allow us to detect x-ray emission from a BD 
(24). Alternative models for BD x-ray emission 
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Measuring the Spin Polarization 
of a Metal with a 

Superconducting Point Contact 
type star \IB 10 (20). is not supported by our R. J. Soulen Jr., J. M. Byers,* M. S. Osofsky, B. Nadgorny, 
observations. because we find no evidence for T. Ambrose, S. F. Cheng, P. R. Broussard, C. T. Tanaka, J. Nowak, 
variability in the x-ray emission. (ii) If Cha Ha J. S. Moodera, A. Barry, J. M. D. Coey 
1 were a close binary with magnetic field con- 
figurations sinlilar to those in x-ray bright, in- 
teracting low-mass binalies; it should be bright- 
er in the optical than obsened (7). (iii) The 
x-ray enlission cantlot be linked with any cir- 
cumstellar material. because we do not see any 
SIR  excess (7). Hence, coro~lal act~vity appears 
to be the most plausible explanation for the 
x-ray elnission that is cons~stent with all the 
other obsemational data. 

The x-ray detection of Cha Ha 1 sug- 
gests that a young BD can support a mag- 
netic corona. Therefore, it may be possible 
to find more young BDs in star-forming 
regions as counterparts to faint x-ray sourc- 
es in x-ray observations with long exposure 
times. Establishing the BD x-ray luminos- 
ity function and estilnating the integrated 
x-ray elnission are important for assessing 
the BD contribution to the diffuse galactic 
x-ray emission and the baryonic dark mat- 
ter in the galactic halo 

A superconducting point contact is used to determine the spin polarization at the 
Fermi energy of several metals. Because the process of supercurrent conversion at 
a superconductor-metal interface (Andreev reflection) is limited by the minority 
spin population near the Fermi surface, the differential conductance of the point 
contact can reveal the spin polarization of the metal. This technique has been 
applied to a variety of metals where the spin polarization ranges from 35 to 90 
percent: Nio,,Feo,,, Ni, Co, Fe, NiMnSb, Lao,,Sro,,MnO,, and CrO,. 

A new class of electronics is emerging ferrolnagnet (FM) is not easy. A typical 
based on the ability of ferromagnetic met- transition-metal FM has two components to 
als to conduct spin-polarized currents ( I ) .  its electronic structure: narrow d bands that 
The effectiveness of magnetoelectronics may be fully or partially spin-polarized 
depends on the extent to which a current is (due to the on-site exchange energy) and 
spin-polarized. All device designs improve broad s bands with a lesser degree of spin 
their performance as the spin polarization P polarization (due to hybridization with the - 100%. For both scientific and techno- LJ bands). The quantity P can be defined as 
logical reasons it is important to be able to iVT (EF) - iVL (E,.) 
directly and easily measure the electronic P = 
spin polarization at the Ferlni energy, E,, iVT (EF) + :V- (EF) (1 

of a candidate material. where ,Vu (E) is the spin-dependent density of 
Unfortunately, determining P at E, of a states. The value of P is controlled by the 
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