Discovery of Extremely Embedded X-ray Sources in the R CrA Cloud Core
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- Obs1: March 28 for36ksec IRS? region Strong hard continuum and He-like Fe line

— 0bhs2: March 29 for 32ksec ——— -l > Hot plassia (kT ~35 kel
......... DV 0 R CrA (HAeBe) > Small Metal abundance (zsolar"‘ 0.2 in Ob 52)
. 5 Strong absorption below 3 keV

| > N,~ 2.8 x1023 cm2 (equivalent to Av ~130™)
: Large X-ray luminosity (0.5-10 keV)
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Counterparts

e Near-IR in our UH88/Subaru data
- IRS7A: K ~13.3™, IRS7B: K <19.1m

e Plausible sources in centimeter and
millimeter radio (Feigelson et al. 1998,
Choi & Tatematsu 2004)

=> They are promising Class 0 protostars.
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X-ray true color image of the R CrA region e e B
combined of Obs1 and Obhs2. Image is ;
color coded to represent hard band (3-9 Spectra (Fit assumes absorbed 1T plasma)
keV) to blue, medium band (1-3 keV) to It could be as hot as, and as deeply embedded
Abbreviations in source names - HAeBe: - N,~ 3 x10% cm2 (Av ~ 150™)
Herbig Ae/Be stars, (W)TTS: (Weak-lined) I _ W N - kT ~ 5 keV
T-Tauri star, Class I: Class | protostar 2arcmin —Log Lx (ergs s-'): 30.2 (Obs1: 0.5-10 keV)
Introduction to Young Stellar X-ray Activity Discussion
Earlier observations suggest: Detected X-ray sources are promising Class 0 sources
e Low mass Pre-main-sequence stars (T-Tauri stars, Class | protostars) have strong X-ray emission. => Some Class 0 prototstars would have as strong X-ray activity as Class | protostars.

e The high energy activity would be produced by magnetic activity on or around proto-stellar cores.

] ] ] ) ] o Hot plasma (kT ~4 keV) require at least v ~2000km s-! if it is produced by colliding shocks.
o X-ray plasma is hotter in the earlier Class I protostar phase than in the T-Tauri phase (Imanishi et

Variation time scale is relatively short (~10 ksec timescale).

al. 2001).
) Apparent small metal abundance is oftern seen in young stars (e.g. Favata et al. 2003, Hamaguchi
X-ray emission from the earliest phase of protostars (dynamical accretion phase, so called Class 0) et al. 2003)
o is first detected in the OMC-2/3 region (Tsuboi et al. 2001). =>The X-ray emission might be produced by magnetic activity as Class | protostars and TTSs.

e has N, ~ 1-3 x1022 cm2 and Lx ~ 103° ergs s*! assuming kT =3.2 keV (photons are limited).
e might he produced by collision of outflows with interstellar matter (Tsujimoto 2003).

e had never heen detected from other Class 0 protostar candidates. Bona-fide Glass 0 protostars
might not have strong X-ray activity (Montmerle 2003).

Equivalent width (EW) of Fe I line in Obs1 (~340 eV) is consistent with X-ray sources surrounded hy
absorbing matter with M,~ 3x1023 cm2 (Inoue 1985).

The Ohs2 (~110eV) spectrum has smaller EW than the Obs1 spectrum.
=>Time delay effect of the reflection component? Then, Scale of the ahsorber is >20AU.
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