X-Ray Spectroscopy of Young Stars
A SUMMARY OF RESULTS FROM XEST
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XMM-Newton Extended Survey of the Taurus Molecular Cloud

Proposed as a Large Program in 2003

19 exposures @ 33 ks 1.3 Ms
9 archival exposures

5 sqg. degrees

1028 erg st for light absorption:
should detect brown dwarfs

Villafranca, June 6, 2007




XMM-Newton Extended Survey of the Taurus Molecular Cloud

Goals:

Villafranca, June 6,
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(Telleschi et al. 2007)

CTTS fainter than WTTS by factor of 2

accretion-related suppression?

“classical” = accreting

. “weak-line = non-accreting”
Villafranca, June 6, 2007




High-resolution X-ray spectroscopy
of classical T Tauri stars

Status 2002: TW Hya (Kastner et al.

very soft spectrum
very high densities

(10%2 cm3, NelX)
High Ne abundance

Status 2005: BP Tau (Schmitt et al.)

* “normal” soft-hard spectrum
* intermediate densities
(3x10% cm3, OVII)

Hypothesis: Shock-induced soft X-rays

Villafranca, June 6, 2007

Counts/37.88mA bin/131.0ksec
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How does accretion interact with the ,high-energy* environment?

Shocks In accretion streams:
T = 3umyv?/ 16k
V = Vi = (2GM/R)Y/?

— T =afew MK (<< 10 MK)

dM/dt = 4nR*fvgn,m, — n,~ 10%2-10'4 cm-

Villafranca, June 6, 2007




avll, BF Tau

counts/Angstram

..+ j

counts/Angstrom

L ' L L | L ' L L | L
121 5.5 b,
channel wovelength {Angstrom)

AB Aur |

21.5 22
channel wavelength (Angstrom)

But: Not measured in XEST targets

« AB Aur
e T Tau

Density < few x 10 cm= << shock n,

counts/Angstrom

e WAV (g | So, is accretion really important?
(Telleschi et al. 2007,
Villafranca, June 6, 2007 Gudel et al. 2007)




What is the temperature of a CTTS corona?
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"SOFT EXCESS" (Telleschi et al. 2007, Gudel et al. 2007)
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(Gudel et al. 2007)

“Accretion adds cool material in CTTS”

Villafranca, June 6, 2007



Abundances as accretion indicators?

Metals like Fe may condense into grains and be retained in the disk.
— accretion streams Fe-depleted (TW Hya, Stelzer & Schmitt 2004)

... Or are
abundances
determined by

the stellar T 4?
(lonisation degree)
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Average spectrum
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Strongest accretors show o o4 207 410t

anomalous X-ray spectra: time
(Guedel et al. 2007)

component: low N,,, constant
component: high N, flaring

+4 other XEST sources

Villafranca, June 6, 2007



Villafranca, June 6, 2007

What the spectrum tells us:

Soft component:

3-4 MK unusually cool
absorption < stellar “N

— X-rays from the jets

Hard component:

Excessively absorbed
(~10 x stellar “Ny")
— absorption by dust-depleted

accretion streams




[Ol] and Chandra high-resolution image of DG Tau

[O1] [1997] (Dougados et al. 2002) Guedel et al. (2007); from CHANDRA

Villafranca, June 6, 2007




Photoelectric absorption
NOo excess visual extinction

Accretion §
shocks

dust

destruction
at 10 R.

. Rkm.com.au ‘'~

Villafranca, June 6, 2007

X-rays matter...:

constant
soft X,

et
J unabsorbed

shocks

flaring
hard X,
absorbed

8 Constant

absorbed

Photoelectric
absorption by disk




L1489 IRS = XEST-06-058, FN DEM fit FS Tou = XEST-11-057, PN DEM fit Hubble 4 = XEST- Zj 056, PN DEM fit
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(Glauser et al. 2007)
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What should/could be done next?
Top priority:
Well exposed spectra of 10 brightest CTTS + 5 WTTS:

f/l ratios — densities, soft excess, abundances: “Accretion physics”
Use of OM in U band: accretion events

(most 30-130 ks spectra so far marginal!) 15*200 ks =3 Ms

Villafranca, June 6, 2007




Summary

Deepest X-ray survey of nearest star-forming reqgion:

e detected nearly all TTS and 50% of BDs and protostars
e “complete samples”

High-resolution RGS spectroscopy:

o first coherent sample of CTTS & WTTS high-res spectra
o discovery of “Soft Excess” due to accretion
e abundance systematics for most PMS and MS stars

High-quality EPIC spectroscopy:

« Detailed spectral models with well-constrained N, for all stars
« sample of “two-absorber X-ray spectra”. X-rays from jets?

And many more...

Villafranca, June 6, 2007
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