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Previous work

RHD simula/on  
by Ohsuga (2006) 

Ohsuga(2006) performed RHD simulation assuming FLD approximation. 

Flux Limited Diffusion (FLD)  
approximation　(Levermore & Pomraning 1981)

FLD approximation is correct at optically thin and thick limit.  
But, it is debatable at τ~1 region. 
Anyway, it is not clear whether jet is generated by radiation pressure.

α-viscosity 
 model

absorption/emission 



Previous work

 This is examined the case with initially 
poloidal field configurations with β~10. 
 Magnetic jet is driven by magnetic pressure 
asserted by accumulated toroidal fields which 
speed is ~0.2c. 

 The collimation width of the magnetic jet 
depends on external pressure. 
 Nonnegligible external pressure tends to 
suppress the emergence of the MHD jets. 

 These calculation do not include radiation pressure.  
In the case of slim disk, we should consider the effect of radiation force.   



Purpose

 As the first step to explore the significance of radiation pressure, we solve the 
three-dimensional radiation transfer on the structure obtained by the three-
dimensional MHD simulation.  
 I examine how the radiation force works on the magnetic tower jet. 

I use the data from MHD simulation Kato et al. (2004).  
The resolution of my simulation is 100×100×50 on Cartesian 
coordinates. 

Then I solve diffusive radiation transfer with ART.  



ART (Authen/c Radia/ve Transfer) method         

Long Characteristics 

ART

N ・�N x N y N z ・�N θ N ϕ N ν ～�

N x N y N z ・�N θ N ϕ N ν 

The technique is slightly complicated, but can 
reduce computational cost, compared to long 
characteristic method with high accuracy. 

 Specific intensities are calculated along the rays. 

 The specific intensities on the fluid grids are 
interpolated from the nearest radiation grid. 
 For different directions, specific intensities on grid 
points are obtained in the same way. 

 Finally, they are integrated over all solid angles.  

～�



Setup

•  Mesh:100×100×50 
•    BH Mass：108Msun 
•    Density distribution： 
      10-10～10-12[g/cm3]（disk） 
      10-12～10-15[g/cm3](jet & corona) 

•    Temperature distribution： 
      108～1010[K]（disk） 
      1010～1013[K](jet＆ corona) 
•    Frequency：1014～1018[Hz] 
•    Opacity : Thomson, free-free 

I use the density and temperature distribution of results of Kato et al (2004). 
I assume slim disk model for super massive BH. 

～�



Setup

Radia/on Temperature [K]

[Rs]

τ∼1

τ∼10

τ∼0.1

Gas temperature [K]

I determined radiation 
temperature using equilibrium 
of gas internal energy and 
radiation energy. 

 radiation pressure dominant



Results
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Radia/on Force / gravity 

 At the inside of the disk and the jet, the radiation force effectively works. But, 
at the surface of the jet, the gravitational force is stronger than the radiation 
force. In the region of the corona, the radiation pressure is very strong. 
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disk 

Purple：gravity dominant 
Red：radia/on force and 
         gravity are comparable 
Yellow：radia/on force  
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Effects of radia/on force 

The radiation force cannot contribute to the collimation of the jet.  
In the inside of the jet, radiation force works to accelerate the jet. 

[Rs]

The green vector is the net force (Fr-Fg). 
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Conclusions

We investigated the significance of radiation pressure in 
astronomical jets by ART calculation. 
Three-dimensional radiation transfer was calculated by using 
density and temperature structure for the jet and disk of Kato et 
al.(2004).  

We have found 

1) The radiation force can contribute to the  
    acceleration of the jet. 

2) The radiation force does not seem to work significantly 
     to collimate the jet.  



Thank you!!


