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Magnetic Diffusion

• Three diffusion mechanisms 
• Which one dominates? 
• Can the magnetic field couple to matter? 
• Impact on the thermal and dynamical structure, evolution and observational signatures 

of disks

e.g. Wardle (2007)
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Accretion-outflow correlation
204 S. Cabrit

Figure 1. Left: Correlation of ejection rate in the blueshifted jet to accretion rate from veiling in
CTTS. Open circles are data from HEG95. Filled circles use revised Ṁacc from Muzerolle et al.
1998. The 3 microjets with updated Ṁj from spectroimaging are denoted as filled triangles,
and the 3 Class I jets as asterisks. The mean one-sided Ṁj /Ṁacc is 0.05–0.1. From Cabrit et al.
in prep. Right: Mass-loss rates in the HVC and IVC of DG Tau obtained with the 4 methods
described in the text (A.1: dash-dot, A.2: solid, B.1: grey, B.2: dashed). From Cabrit (2002).

2. Jet mass-flux and ejection/accretion ratio
The good correlation of [OI] jet brightness with mid-infrared excess from the inner

disk and with optical excess from the hot accretion layer reveals that jets are ultimately
powered by accretion (Cabrit et al. 1990; Hartigan et al. 1995, hereafter HEG95). The
ejection/accretion ratio is then a key parameter to constrain the jet acceleration mecha-
nism and launch site. HEG95 inferred a mean one-sided ratio Ṁj/Ṁacc ≃ 0.01 (see open
circles in left panel of Figure 1), but updated accretion rates using revised bolometric
corrections and AV are on average 10 times smaller (Muzerolle et al. 1998). This would
suggest a 10 times higher ratio, provided Ṁj does not suffer from a similar bias.

Significant progress on CTTS jet mass-flux estimates have been made recently thanks
to sub-arcsecond spectroimaging: as shown in Fig. 2, spatially-resolved line ratios in
microjets demonstrate that heating is dominated by shocks beyond 30 AU, and yield es-
timates of shock parameters and postshock density as a function of distance and velocity.
The mass-flux can then be cross-checked using 4 different methods: one may either use
the jet mean density and radius (option A), or the [OI] line luminosity (option B); and
in each case one may assume either (1) a uniform emissivity within the beam, or (2) a
single shock wave (see Cabrit 2002 for a detailed review).

A comparison of the 4 methods in the DG Tau jet is presented in the right panel of
Fig. 1. They agree to within a factor 3 beyond 150 AU, but greatly diverge closer in.
This could be due to the steeper gradients in physical conditions close to the star, and to
the larger uncertainties in AV and jet radius there. “Asymptotic” mass-loss rate values
beyond 150 AU (tdyn ≃ 3 yrs) are therefore more reliable.

Comparing with earlier mass-loss rates obtained by HEG95 from integrated [OI] fluxes,
the improved asymptotic value is a factor of 10 lower in DG Tau (Lavalley-Fouquet et al.
2000), similar in RW Aur (Woitas et al. 2002), and a factor 10 higher in RY Tau (Agra-
Amboage et al., submitted). Thus, HEG95 mass-loss rates currently do not appear to

Cabrit 2007
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Jet launch mechanisms

Ferreira et al  (2006)
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JED: Jet-Emitting Disk 
SAD: Standard Accretion Disk

Combet & Ferreira 2008
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~ a few AU !!  ~ 0.1 AU !!  

JED: Jet-Emitting Disk 
SAD: Standard Accretion Disk (MRI)

Combet & Ferreira 2008
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Radially-localised wind-driving disk solutions
a0 = 0.75 , ϵ = 0.1 , ϵB = 0

Wardle & Königl (1993), Königl, Salmeron & Wardle (2010), Königl & Salmeron (2011)

R = 1 AU , ⌃ = 600 g cm�2 , a0 = 0.8
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Outflow criteria - Hall diffusion

Hall and Ohm limits: Königl, Salmeron & Wardle (2010); AD limit: Wardle & Königl (1993)
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Hall diffusion and wind properties
a0 = 0.75 , ϵ = 0.1 , ϵB = 0

Salmeron, Königl & Wardle. (2011)
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Weak-field solutions

Salmeron, Königl & Wardle (2007); Königl, Salmeron & Wardle (2010)
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Global (1+1D) wind-driving disk models

Nolan et al  (in progress)
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Ejection-accretion ratio
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Figure 1. Left: Correlation of ejection rate in the blueshifted jet to accretion rate from veiling in
CTTS. Open circles are data from HEG95. Filled circles use revised Ṁacc from Muzerolle et al.
1998. The 3 microjets with updated Ṁj from spectroimaging are denoted as filled triangles,
and the 3 Class I jets as asterisks. The mean one-sided Ṁj /Ṁacc is 0.05–0.1. From Cabrit et al.
in prep. Right: Mass-loss rates in the HVC and IVC of DG Tau obtained with the 4 methods
described in the text (A.1: dash-dot, A.2: solid, B.1: grey, B.2: dashed). From Cabrit (2002).

2. Jet mass-flux and ejection/accretion ratio
The good correlation of [OI] jet brightness with mid-infrared excess from the inner

disk and with optical excess from the hot accretion layer reveals that jets are ultimately
powered by accretion (Cabrit et al. 1990; Hartigan et al. 1995, hereafter HEG95). The
ejection/accretion ratio is then a key parameter to constrain the jet acceleration mecha-
nism and launch site. HEG95 inferred a mean one-sided ratio Ṁj/Ṁacc ≃ 0.01 (see open
circles in left panel of Figure 1), but updated accretion rates using revised bolometric
corrections and AV are on average 10 times smaller (Muzerolle et al. 1998). This would
suggest a 10 times higher ratio, provided Ṁj does not suffer from a similar bias.

Significant progress on CTTS jet mass-flux estimates have been made recently thanks
to sub-arcsecond spectroimaging: as shown in Fig. 2, spatially-resolved line ratios in
microjets demonstrate that heating is dominated by shocks beyond 30 AU, and yield es-
timates of shock parameters and postshock density as a function of distance and velocity.
The mass-flux can then be cross-checked using 4 different methods: one may either use
the jet mean density and radius (option A), or the [OI] line luminosity (option B); and
in each case one may assume either (1) a uniform emissivity within the beam, or (2) a
single shock wave (see Cabrit 2002 for a detailed review).

A comparison of the 4 methods in the DG Tau jet is presented in the right panel of
Fig. 1. They agree to within a factor 3 beyond 150 AU, but greatly diverge closer in.
This could be due to the steeper gradients in physical conditions close to the star, and to
the larger uncertainties in AV and jet radius there. “Asymptotic” mass-loss rate values
beyond 150 AU (tdyn ≃ 3 yrs) are therefore more reliable.

Comparing with earlier mass-loss rates obtained by HEG95 from integrated [OI] fluxes,
the improved asymptotic value is a factor of 10 lower in DG Tau (Lavalley-Fouquet et al.
2000), similar in RW Aur (Woitas et al. 2002), and a factor 10 higher in RY Tau (Agra-
Amboage et al., submitted). Thus, HEG95 mass-loss rates currently do not appear to

Nolan et al  (in progress)
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Magnetic diffusivity and heating

Hall (ηH)

Ohm (ηO)

AD (ηA)

Königl & Salmeron 2011
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Vertical temperature profile  
Wind solutions

R = 1 AU , ⌃ = 900 g cm�2 , a0 = 0.8 , ✏ = 0.09

Heating sources: Stellar irradiation & Joule dissipation.  
C. Dullemond’s Radiative transfer code (e.g. Dullemond et al. 2002)
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Vertical temperature profile  
Wind solutions

Casse & Ferreira 2000
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Wind-driving disks versus viscous disks

R = 1 AU , ⌃ = 900 g cm�2 , a0 = 0.8 , ✏ = 0.09
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Wind-driving versus viscous disks
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Wind-driving versus viscous disks
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DG Tau - Approaching outflow

White et al. MNRAS (2014a)

[Fe II] 1.644 µm 
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Asymptotic poloidal jet velocity vs launch 
radius

White et al. MNRAS (2014a)
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Velocity differences across the jet ridgeline

Average velocity difference across the jet ridge line is 0.0 ± 6.8 km s-1, corresponding to vΦ = 0.0 ± 6.8 km s-1,  
after correction for the jet inclination.

White et al. MNRAS (2014a)
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A more extended molecular wind?

H2 1–0 S(1) 2.1218 μm line emission from the near side of the DG Tau circumstellar disc 

White et al. MNRAS (2014a)
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Summary & Conclusions

• Wind-driving protostellar disc models with stratified vertical ionisation and diffusivity 
structure 

• Parameter constraints for physically-viable wind solutions to exist.  
• In Hall diffusivity dominated discs the viability and the properties of the solutions are 

dependent on the magnetic field polarity 
• Extent of wind launch region as a function of the surface density profile, field strength 

and accretion rate onto the source 
•  Viscous versus wind-driving disks 
• Impact of internal heating on the thermal structure and predicted spectrum of disks 
• Observations of the DG Tau jet with NIFS and links to properties at the launch point


