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CONTENT

1. A short report on hydrogen emission line modeling in Herbig AeBe stars (LT)
      
          -   Accreting and outflowing regions emitting in the hydrogen lines
           -   Non-LTE calculations, basic assumptions, computation of the line profiles
           -   A mutual reproduction of the IR interferometric observables and  line
               profiles. The Brγ line. 

2. Topics and problems to discuss: (VG) 
     
      - How to obtain a restriction to the model parameters
      - How to improve models
      - A difference in the models for the low-mass (TTSs),
           intermediate-mass  (HAEBEs) and massive stars  
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1 Magnetosphere
2 X-wind
3 Disk wind
4 Inner gaseous accretion disk

                    Disk wind:        (TTSs)
1   Magneto-centrifugal (mcf) disk wind (Blandford & Payne 1982)
1 X-wind              (Shu et al. 1994) 
2 Conical wind     (Romanova et al. 2009)
3   Disk wind due to photoevaporation  ( e.g.,Gorti & Hollenbach 2008)

Herbig Ae star: line emitting regions

?

?



  

Mass continuity equation for each streamline

ṁ1 ṁ2
…….. ṁN

Shlosman & Vitello (1993)          (cataclysmic variables)
Kurosawa et al. (2006)               (TTSs)
Murray & Chiang (1997)             (galactic nuclei)
Grinin & Tambovtseva (2011)     (HAEBEs)

Radiative transition probabilities  (Gershberg & Shnol 1974),
Collision  transition probabilities  ( Johnson 1972, Scholz  et al. 1990)

ṁi=4 πρvp ( l) l
2

Radiative transfer codes:

Grinin & Katysheva 1980
Grinin & Mitskevich  1990
Tambovtseva et al.  2001



  

system of the stationary equations

Radiative and collision excitation and 
            de-excitaton of the  i-th level

i=1,2,3 .. .N atom
(15)

Radiative transition probabilities  (Gershberg & Shnol 1974),
Collision  transition probabilities  ( Johnson 1972, Scholz  et al. 1990)
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Intensity of the radiation:

Source function:

Mean escape probability of the quantum in the line ik 
             from the given point of the medium:

The integral is taken over all solid angles Ω (ℓ,θ)

The effective optical depth of the emitting region
     at the point with co-ordinates (ℓ,θ):

SEI   =    Sobolev   + 
          Exact Integration    
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s0=v th /|dv s⃗ /ds|<< r
The Sobolev  length:

θ

Spherically symmetric stellar wind:

dv s⃗
ds

=
dv
dr
μ2+

v
r
(1−μ2 )

Axially symmetric outflow / disk accretion

Axially symmetric disk wind:

The velocity gradient in the co-moving frame at the arbitrary direction s

μ=cos θ

dv s⃗
ds

=( dvdr−
v
r )cos2θ+

v
r
+( dudr−

u
r )sin θ cosθ

Grinin and Tambovtseva 2011

v z=v cosθ

vω=v sin θ



  

Safier 1993

Mass loss rate

10^(-8)

10^(-7)

10^(-6)

ω = 0.1AU



  
Garcia et al. 2001

1) To ignore the base of the wind because of 
the low gas temperature

1) The approximation of “straight lines” is not
       so rough



  

V∞=fU K

f = const = 3 V∞1=3U K 1 V∞2=3U K 2 V∞3=3U K 3 V∞N=3U KN

f ≠ const

ω – cylindrical radius

ω1 ω2 ω3 ωN

V∞1=3U K 1 V∞1=2U K 1 V∞1=1U K 1 V∞1=0 .5U K 1

f = 2                f = 3,2,1… etc. 

Star



  

Brγ      Mw  1-8                                  3-8                                                                   3 - 8



  

Two approximations for the magnetosphere structure

Flat-like magnetosphere : rotating gas,  free-fall motion

Cone-like magnetosphere: rotating gas  
within two thin cones; motion to the poles

Populations of the
 atomic levels are
     controlled by

Star radiation +
gas kinematics

Star radiation +
gas kinematics

Gas kinematics

Gas kinematics

6040

boundary layer 
     accretion

magnetospheric
    accretion



  

2011

B1.5V,  M=10M
             R=6R
L > 10 L
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MWC 275
HD 163296
  Ae Herbig
  

i = 38° 



  

HD 98922
 Be Herbig

i = 20° 



  



  

Conclusion
• The disk wind of Herbig Ae stars differs from that of T Tauri stars by the larger 

opening angle due to the action of the radiation pressure.  

• The disk wind of Herbig Ae stars contributes substantially to the hydrogen 
emission spectra of these stars; nevertheless, the region of the magnetosphere 
is also a source of the emission and has to be taken into account.

• Combination of the disk wind parameters and inclinations permits us to obtain a 
large variety of profile shapes.

• Calculation of the interferometric functions together with the emission lines 
modeling gives constraints to the wind parameters and provides us an 
additional information about the star+disk system

• “The Brackett γ enigma” remains an open issue

  



  

(A&A 2014)

Magnetosphere

Disk wind

Total

Hα

Brγ
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