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Star formation occurs in molecular clouds at T~10 K, and planet
formation occurs in disks at T ~100-1000 K. This is neutral
material (meV). But high energy radiation is present in star/planet
formation environments: keV photons & MeV particles are

produced in violent magnetic reconnection flares.






Chamaeleon I

A typical nearby
region of low mass
star formation

D~ 160 pc
Size ~ 3 pc
Mgas ~ 700 Mo

Known PMS population
~3 protostars

~50 CTT stars

~50 WTT stars

Digital Sky Survey
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Chandra X-ray Observatory
Chandra in Orbit

CXC
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What causes the slow-rise flares?

Unusual flare evolution in two older T Tauri stars

Wolk et al. 2005
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¢ L=10Rstar Star-disk N

¢ L=Rstar Solar loop P

¢ L=20Rstar Solar loop unstable?
(Jardine et al
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Are the X-ray flares from star-disk fields?

Pro Con
Solar-type star-star magnetic COUP flare properties strongly
loops may be centrifugally resemble solar/stellar flares:
stripped in rapidly rotating stars fast rise, cooling decay, power law
(Jardine 2004) energy distribution.
Star-disk field lines are plausibly COUP flare plasmas also show FIP-
twisted by differential rotation related elemental abundances
(Montmerle et al. 2000; Uzdensky et similar to older stars
al. 2002ab) (Maggio et al. 2007)
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VLBI study of MeV electrons in large-scale magnetic structures
in the Class Ill multiple V773 Tau

1 Morgi 2004 (A)
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Other evidence for strong magnetic
fields in T Tauri stars

« Photometric modulation of huge cool star spots in Class lll stars
« Zeeman splitting of photospheric lines, Bf~2 kG

» Doppler imaging of starspots

. Circular polarization & Zeeman Doppler imaging
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COUP 1499 15-day light curve
X-ray flares
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X-rays and accretion: A complicated situation

« X-ray luminosity does not show statistical link to K-excess disks
(Feigelson et al. 2002, misleading)

« X-ray luminosity is statistically weaker in accreting systems
(Flaccomio et al. 2003, confirmed repeatedly since)

 X-ray flares uncorrelated with optical accretional events
(Stassun et al. 2006, 2007)

 X-ray flare statistics in accreting systems are similar to (Stelzer et al.
2007 XEST) or below (Prisinzano et al. 2007 COUP) flares in non-accreting
systems

« X-ray spectra of accreting systems show soft component from
dense plasma inconsistent with coronal loops and consistent with
accretion column above stellar surface, but origin of abundances?

(Kastner et al. 2003; Guedel & Telleschi 2007; Schmitt et al. 2005--)






