X-ray emission from the young brown dwarfs
of the Taurus Molecular Cloud
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The X-ray Emission Survey of the Taurus Molecular Cloud (XEST)

e 27 XMM-Newton fields of view.
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1. 2MASS J0422

2. KPNO-Tau 5
¢3. MHO 4

4. CFHT-Tau 5

5. CFHT-BD-Tau 1
6. CFHT-BD-Tau 3
7. CFHT-Tau 6

8. CFHT-BD-Tau 4
9. 2MASS J0455
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« Brown dwarf (BD): object with mass lower than the hydrogen burning limit (~0.075 solar mass).

« 42 young BDs in this area (Bricefio et al. 1998, 2002; Luhman 2000, 2004, 2006; Martin et al. 2001; Guieu et al. 2006).

« 17 BDs surveyed by 15 XMM-Newton pointings and one archival Chandra pointing:

* 8 BDs not detected (white dots);

* 9 BDs detected (crosses); only 2 BDs of the TMC (MHO 4, CFHT-BD-Tau 4) were previously detected by ROSAT.

The detection rate of young BDs in the XEST is 53%.
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X-ray luminosity vs. bolometric luminosity

. log (L, /erg s*)=(30.06+0.05) + (0.98+0.06)xlog(L./L ) for detected BDs and low-mass (proto)stars.

. Thisrelation is consistent with <log (L, /L,)>=-3.5+ 0.4.
« For the XEST brown dwarfs, the median of log (L, /L.) (including upper limits) is -4.0.
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X-ray fractional luminosity vs. effective temperature
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« Linear regression fit including upper limits (P(0)<0.11): log (L,/L.)=(-13.1£5.4) + (2.7+1.5)xlog(T . /K).
» The X-ray fractional luminosity decreases by a factor of about 3 from hot coronae of solar-mass stars to cooler
atmospheres of M9V BDs.
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X-ray fractional luminosity vs. spectral type
for objects of type M5 and later (field dwarfs and young BDSs)

o Asterisks = late M field stars
(Fleming et a. 1993).

« Circles = low-mass stars of the
TMC detected in X-rays (Gudel et
al. 2006).

« Diamonds and thick arrows =
BDsinthe TMC.

o Filled sguares = other X-ray
detected BDs (Preibisch et al.
2005, and references therein)
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« Objects of spectral type M7 with an age of 1 Gyr are not BDs, but low-mass stars twice as massive as a typical
TMC BD having an M7 spectral type and an age of 3 Myr. Moreover, such very cool stars aso have surface
gravities about 40 times higher than in atypical TMC BD.

« The X-ray activity of BD coronae is not strongly dependent of the BD mass and the BD surface gravity.

« The relation between X-ray activity and effective temperature agrees with the overall result: of the 15 sources
shown with spectral types M8.5V or later, only 4 have any detected quiescent emission; the rest are either not
detected at all or (in 3 cases) detected only during strong flares.
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Conclusions

« No dramatic change of the magnetic activity at the stellar/substellar boundary. Y oung BDs of spectral type
M are sufficiently warm to sustain an active corona. The young BDs in the TMC, with a median spectra
type of M7.5, have on average an X-ray surface flux (L,/4mR,?) which is 7 times higher than the one

observed in the solar coronaat the solar cycle maximum.

« No significant log-log correlation between the X-ray fractional luminosity and EW(Ha).

« Accreting and nonaccreting BDs in the TMC have asimilar X-ray fractional luminosity.

« The TMC BDs are 1.6 times more active in X-rays than BDs in the Chandra Orion Ultradeep Project
(COUP).

Deeper X-ray observations of the coolest M-type BDs in the TMC are needed to investigate a possible turn-
over of the fractional X-ray luminosity of TMC BDs around spectral type M9V.
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