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Abstract. We surveyed with 15XMM-Newton pointings, supplemented with one archival
Chandra observation, 17 young brown dwarfs (BDs) with late M spddy@es in the Taurus
Molecular Cloud. Half of this sample (9 out of 17 BDs) is dé¢et; 7 BDs are detected here
for the first time in X-rays. We confirm several previous firgiron BD X-ray activity:

a log-log relation between X-ray and bolometric luminodiy stars and BDs detected in
X-rays; a shallow log-log relation between X-ray fractiblaminosity and mass; a log-log
relation between X-ray fractional luminosity anffextive temperature; a log-log relation
between X-ray surface flux andfective temperature. We find no significant log-log cor-
relation between the X-ray fractional luminosity and EW/{HAccreting and nonaccreting
BDs have a similar X-ray fractional luminosity. The X-rayadtional luminosity declines
from low-mass stars to M-type BDs and, as a sample, the BDiessefficient X-ray emit-
ters than low-mass stars. We thus conclude that while the tBidspheres observed here
are mostly warm enough to sustain coronal activity, a trengleien that may indicate its
gradual decline due to the drop in photospheric ionizatiegree.

Key words. Stars: low-mass, brown dwarfs — X-rays: stars — ISM: indigidobjects: the
Taurus Molecular Cloud

1. Introduction tion, allows us to study 17 young-(3 Myr)

brown dwarfs (BDs) with late M spectral types
The XMM-Newton Extended Survey of the (riq . warts (809 e

Taurus Molecular Cloud (XEST; |Glldel et &l.

2007) is a large program designed to in-

vestigate the X-ray properties of young stely X-ray properties of the XEST BDs
lar/substellar objects in the Taurus Molecular

Cloud (TMC). In particular, the area surveyedVe detected half of this sample (9 out of 17
by 15 (out of 27)XMM-Newton pointings, sup- BDs); 7 BDs are detected here for the first time
plemented with one archiv@lhandraobserva- in X-rays. We detected mainly the BDs with
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Fig. 1. The XMM-Newton Extended Survey of the Taurus Molecular Cloud (XEST). Contours show the
12C0 emission of the TMd (Dame eflal. 1987), overlaid on a visxdihction mapl(Dobashi etlal. 2005).
The 27XMM-Newton fields of view of the XEST are plotted with continuous and @akfarchive) circles.
The two squares near labels 3 and 8 show the arcBiahdra fields of view also used in this work. Other
bold lines outline areas surveyed for BDs with tBeHT (Guieu et all 2006). This region hosts 42 young
BDs of the TMC [(Bricefio et &l. 1988, 2002; [ uhrian 2000, 2(®e0D6;| Martin et 2l. 2001; Guieu etlal.
2006). Black dots indicate the 25 BDs of this region not syedewith the XEST. The 17 BDs included in
the present X-ray study are plotted with white dots (8 BDsdmtected) and crosses (9 BDs detected), with
labels referring to BD names.

luminosities greater thar0.01L,, i.e. with The X-ray fractional luminosity of XEST BDs
spectral type M8 or earlier. is hence lower than the one of XEST low-mass
Considering only the BDs and low-massstars. To investigate the relation between X-
(proto)stars detected in the XEST (Hi. 2), weay fractional luminosity and physical param-
determined a log-log regression fit between Xeters when one moves from low-mass stars to
ray and bolometric luminosity, which is consisthe substellar regime, we focus on objects with
tentwith<log(Lx/L.)>= —3.5+0.4. Including spectral type MO or later. A shallow relation
the 8 upper limits of undetected BDs, the meis found between the X-ray fractional luminos-
dian of logx/L.) is —4.0 for the XEST BDs. ity and the mass. We find a relation between
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10?2k R E We find no significant log-log correlation

E . 1 between the X-ray fractional luminosity and
{1 EW(Ha). Accreting and nonaccreting BDs in
3 the TMC have a similar X-ray fractional lumi-
1 nosity.
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3. Conclusion

Ly [ergs7']

We confirm that there is no dramatic change
of the magnetic activity at the stelfaubstellar
boundary. Young BDs of spectral type M are
suficiently warm to sustain an active corona.
The X-ray surface flux (i.e., the X-ray lumi-
nosity divided by the stellar surface) decreases
with the dfective temperature, but the young
BDs in the TMC have on average an X-ray sur-
face flux which is still 7 times higher than the
Fig.2. X-ray luminosity vs. bolometric luminos- one observed in the solar corona at the solar
ity for the BDs (diamonds), low-mass stars angycle maximum.

protostars (white and black dots) of the XEST Deeper X-ray observations of the coolest
(Gudel et all 2007). There are only a few low-masgj-type BDs in the TMC are needed to investi-
stars not detected in the XEST. The dotted lines "{jate a possible turn-over of the fractional X-ray

dicate logarithmic X-ray fractional luminosities of : ;
5 4 3 -2, I'\ljlgnnosny of TMC BDs around spectral type

the X-ray fractional luminosity and theffec- Acknowledgements. We thank the International
Space Science Institute in Bern for significant fi-

tive temperature of our Sa_mple ranging fro”ﬁancial support of the project team. This research

~3840K to ~2500 K, |m_p|y|ng a decrease Ofis based FC))F:I observat?onjs obtained wi¢MM-

the X-ray fractional luminosity by a factor of Nayton, an ESA science mission with instruments

about 3 from hot photospheres of solar-masgd contributions directly funded by ESA Member
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twice as massive as a typical TMC BD with

an M7 spectral type. Moreover, such very cogkeferences

stars also have surface gravities about 40 times_

higher than in a typical young BD. This showdBriceio, C. etal. 1998, AJ, 115, 2074

that the X-ray activity of BD coronae is notBricefio, C. etal. 2002, ApJ, 580, 317

strongly dependent of the BD mass and surfaéé@me, T. M. et al. 1987, ApJ, 322, 706

gravity. The more fundamental relation thaPobashi, K. etal. 2005, PASJ, 57, 1

we found between X-ray activity andfective Grosso, N. et al. 2007, A&A, in press

temperature agrees with the overall statistidgtidel, M. et al. 2007, A&A, in press

for field dwarfs and BDs: of the 15 objects withGuieu, S. et al. 2006, A&A, 446, 485

spectral type M8.5 or later, only 4 have any deLuhman, K. L. 2000, ApJ, 544, 1044

tected quiescent X-ray emission; the rest are diuhman, K. L. 2004, ApJ, 617, 1216

ther not detected at all or (in 3 cases) detectddihman, K. L. 2006, ApJ, 645, 676
only during strong flares. Martin, E. L. et al. 2001, ApJ, 561, L195
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