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Outline

1) Introduction: X-rays and YSO outflows
2) X-ray jets from classical T Tauri stars

3) Physical parameters
4) Conclusions
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X-rays

HH210 (Orion): 0.8 MK in fastest HH feature:

Vshock = 170-240 km s-1

sufficient for heating

 LX ≈ 1030 erg s-1

(Grosso et al. 2006)

HST
[SII]

HST

HH 2 (Orion):  at HH bow shock 
                        106 K,   LX ≈ 5x1029 erg s-1

Vshock = 200 km s-1   sufficient for heating

measured flow speed:  230 km s-1 

(Pravdo et al. 2001)
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WTTS
NH = 3.1x1021 cm-2

(AV ≈ 1.5 mag)

       CTTS
NH = 1.4x1022 cm-2

(AV ≈ 7 mag)

Protostar
NH = 6.6x1022 cm-2

(AV ≈ 33 mag)
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X-ray spectroscopy of T Tauri stars
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soft/cool component:  low  NH , constant
hard/hot component:  high NH , flaring

DG Tau

(Güdel et al. 2007)

soft

hard
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DG Tau DP TauGV Tau

+ one case in Orion Nebula (Kastner et al. 2005)
+ FU Ori? (Skinner et al. 2006)

HN Tau

not variable

Two-Absorber X-Ray Spectra (TAX)

TAX:
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The hard spectral component: coronal

Hard emission:
Excessive absorption by dust-depleted
accretion flows

Soft emission:  NH < NH(star) “in front” of star?

compatible with absorption from spherically
symmetric infall with observed dM/dt

The soft spectral component: not coronal
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[OI] and Chandra high-resolution image of DG Tau

[OI] [1997]  (Dougados et al. 2002) Güdel et al. (2007); from Chandra

All TAX sources drive strong jets
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not detected
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soft PSF SW Jet Star

T (MK) 3.7(3.2-4.6) 3.4(2.3-8.6)
NH (cm-2) 1.1(0.3-2.5)x1021 3(0-6)x1021

NH (AV)(cm-2) ... ... ≈5x1021

LX (erg s-1) 1029 1.2x1028

Soft spectral
component 
is continuation of
X-ray jet within PSF
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Positional Analysis within PSF

Soft component is displaced
from hard component:

by 0.2˝ along jet direction!

see poster #42 by 
Schneider & SchmittP
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EM = nenHV  = 0.83 ne
2V           set Eth = L:

M = 1.28 mp(EM Vf)1/2     f1/2 = 0.32 L Δt (EM V)-1/2(kT)-1/2

Eth = 3.15(EM Vf)kT               ne = 3.4EM kT/(LΔt)

R = 0.5˝ = 70 AU

0   0.5˝                   5˝
    2 yr                 20 yr

inner       outer

R = 1 AU

Radiative Cooling
.

.

required cooling time Δt 

filling factor f

.

.

V

10-5-10-4 times optical              compares well with optically derived densities

see also poster 
#37 by Günther et al.P
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Cooling by Radiation and Expansion

1st law of TD:

linear jet expansion in time: dV → dt

Adiabatic cooling
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Pressure in the Plasma

optical (warm) outer jet:   n ≈ 103 - 104 cm-3    T ≈ 104 K
X-ray (hot) outer jet: ne  = 1.6x105 cm-3 T ≈ 3.7 x106 K

Hot gas contributes to jet expansion if not located at surface of jet

((Lavalley-Fouquet et al. 2000)

>1.2 dex                    2.6 dex    (f=1: 1 dex)

optical (warm) inner jet:   n ≈ 106 cm-3    T ≈ 104 K
X-ray (hot) inner jet     ne  = 1.6x106 cm-3 T ≈ 3.7 x106 K

  0 dex                       2.6 dex
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(Dougados et al. 2008)

DG Tau

CW Tau

HN Tau
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Magnetic jet acceleration: winding-up magnetic fields →  ∇xB → j

Problem:        low Spitzer resistivity in highly ionized plasma
j

(Romanova et al. 2004)

T = 3.7 MK - How are the jets heated?
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Winding up star-disk fields

→ Antiparallel fields
→ Heating and Reconnection
→ Ejection of hot plasmoids
→ Jets?  

(Hayashi et al. 1996)

Reconnection

 →talk by R. Matsumoto (Tues)

(Montmerle et al. 2000):
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Conclusions

  1) Some jets of T Tauri stars are luminous X-ray sources:

- close to the star (<100 AU)
- at levels of 1029 erg s-1

  2) Plasma thermal pressure very high:

             - influence on jet kinematics and expansion

  3) Electron temperatures are high:

- small fraction of gas with very high velocities?
 - magnetic heating?
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END


