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Jet launch
  

Ingredients:
-1 compact object
-some accreted
  plasma 
-some magnetic fields

Preparation:
Stir (rotation) vigorously
until a hot disk is formed 
and the magnetic fields 
are helical & strong 
Enjoy!  

/



Magnetocentrifugal  jets (Blandford & Payne 1982; 
Ouyed & Pudritz 1997; Ustyugova et al. 1999; Blackman 
et al. 2001)
   magnetic fields only dominate out to the Alfvén radius

 Poynting flux dominated jets (PFD; Lynden-Bell 1996; 
Ustyugova et al. ‘00; Li et al. ‘01; Lovelace et al. ‘02; 
Nakamura & Meier ‘04)
   magnetic fields dominate the jet structure 



Krichbaum et al. (1998)
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Laboratory experiments

PFD jets, or magnetic towers, produced in a MAGPIE 
generator at Imperial College London

1. Radial wire array, Lebedev et al. ‘05,

    - Followed with MHD simulations by Ciardi et al. ‘07,

2. Radial wire array + axial magnetic field, Suzuki-Vidal et al. ‘10,

3. Thin conducting foil, Suzuki-Vidal et al. ‘10; Lebedev et al. ‘10.



1. Radial wire array (Lebedev et al. ’05)
1MA pulse current flows radially through 16 x 13μm tungsten metallic 
wires a central electrode. ~1 MG toroidal magnetic field produced 
below the wires. 



Evolution with XUV

Lebedev et al. 2005
Suzuki-Vidal et al. 2010

wire ablation + JxB force 
produce background 
plasma 

resistive diffusion keeps 
current close to wires



Evolution with XUV

Full wire ablation near 
the central electrode 
forms a magnetic cavity.

Lebedev et al. 2005
Suzuki-Vidal et al. 2010



Evolution with XUV

Expanding magnetic 
tower jet driven upwards 
by toroidal magnetic field 
pressure

Lebedev et al. 2005
Suzuki-Vidal et al. 2010



Evolution with XUV

                                     
             

Jet Collimation by hoop stress

Magnetic bubble Collimation by ambient medium

Consistent with Lynden-Bell ‘96, ‘03



      Once the jet forms

                                                  

    Lebedev et al. 2005
     Suzuki-Vidal et al. 

2010



(Suzuki-Vidal et al. 2010)



current

Laser shadow images; electron density gradients 
(Lebedev et al. 2005).



  Simulations (Ciardi et  
  al. 2007)

  Density slices

  Iso-density surfaces
   

  Synthetic emission

  XUV emission from        
  experiment (again)



       Model magnetic tower (Ciardi et al. 2007)

current 

mag fields

Isodensity
    



2. Radial wire array (again) + Baxial 

          outer solenoid

         cathode solenoid

    Suzuki-Vidal et al. 2011



    Bz affects axial 
    compression 

    Bz α Rcolumn

    More stable

Suzuki-Vidal et al. ‘10



1MA, 250ns radial current pulse : ~1 MG toroidal magnetic

3. Thin conducting foil (Suzuki-Vidal et al. ‘10)

Lebedev et al. 2011



           Foil
    

 
 
                                           again



                                    Foil



Suzuki-Vidal et al. 2011

episodic



Suzuki-Vidal et al. 2011



We simulate We simulate stellar magnetic towers stellar magnetic towers 
(Huarte-Espinosa, Frank and Blackman 2011b, in prep)(Huarte-Espinosa, Frank and Blackman 2011b, in prep)

• Solve 
hyperbolic PDE 
with elliptic 
constraints: 
MHD

• Source terms 
for energy 
loss/gain, 
ionization 
dynamics

• Operator 
splitting:  
gravity, heat 
conduction 
(HYPRE)

• Solve 
hyperbolic PDE 
with elliptic 
constraints: 
MHD

• Source terms 
for energy 
loss/gain, 
ionization 
dynamics

• Operator 
splitting:  
gravity, heat 
conduction 
(HYPRE)

code



AstroBEAR 2.0
Parallel AMR Performance

Rebuild load balance algorithm across AMR grid hierarchy
(Carroll et al. 2011, in prep.)

https://clover.pas.rochester.edu/trac/astrobear



In Huarte-Espinosa, Frank and Blackman (2011b, in prep.) we use 
AstroBEAR2.0 (Carroll et al. 2011, in prep.) to solve the 
equations of radiative-MHD in 3D with AMR.

1.Adiabatic PFD

2.Cooling PFD

3.Adiabatic and rotating PFD

4.Hydrodynamic jet with the same propagation speed and energy 
flux than the adiabatic run.

Our simuations



Initial conditions

z

rt

Density = 100 cm-3

Temperature = 10000 K
molecular gas, γ =5/3
V = 0 km s-1.

Magnetic fields only 
within the central region

r



Continuous magnetic energy injection

new                 current              initial

 =                      +



AdiabaticAdiabatic



adiabatic    rotating

42 yr

84 yr                                             Keplerian

118 yr



adiabatic    rotating    cooling      

42 yr

84 yr

118 yr



CoolingCooling

Dalgarno & Mccray (1972).
Ionization of both H and He, 
the chemistry of H2 and 
optically thin cooling.



adiabatic    rotating    cooling       hydro

42 yr

84 yr

118 yr



adiabatic          cooling                  rotating

Only 2 central field lines

Field line maps



HH 81-81 (Carrasco-González et al. ’10)

Field geometry

consistent consistent 



Perturbations



Instability:

z

      x

Relative
strength:



Z

βz~1

                       Alfvén speed highest inside tower

   Adiabatic                      Rotating                      Cooling

Jet velocities:



Lebedev et al. 2005

CurrentCurrent

consistent consistent 

 Adiabatic     Rotating    Cooling



See poster for details 

Modeling Poynting 
flux vs. kinetic-energy 
dominated jets

Huarte-Espinosa,
Frank & Blackman



SummarySummary
About the experiments of Lebedev, Suzuki-Vidal et al.:
-PFD jets can be produced in the lab!, and help to understand 
the physics of astrophysical jets

-Lab jets collimated by hoop stress; outer magnetic cavities 
collimated by external pressure

-Lab jets show physical characteristics consistent with 
observation of galactic jets

-Bz affects the axial compression/expansion and the jet stability 

-Jets adopt wiggled structures due to current-driven instabilities 

-Thin conduction foils produce episodic jets and nested 
magnetic bubbles. New structures are faster than old ones.
e.g. Episodic jets in the FRII B0925+420 (Brocksopp at al. ‘07)



SummarySummary
About our simulations:

-Good agreement with Lynden-Bell ’96; Nakamura & Maier ’04; 
Li et al. ’06; Lebedev et al. ‘05, ‘10; Ciardi et al. ’07; Suzuki-Vidal 
et al. ’10,

-PFD jet beams are lighter, slower and less stable than kinetic-
energy dominated ones, 

-We predict characteristic emission distributions for each of 
these, 

-Current-driven perturbations in PFD jets are amplified by both 
cooling, firstly, and base rotation, secondly,

-Shocks and thermal pressure support are weakened by cooling,

-Total pressure balance at the jets’ base is affected by rotation. 
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About our simulations:

-Good agreement with Lynden-Bell ’96; Nakamura & Maier ’04; 
Li et al. ’06; Lebedev et al. ‘05, ‘10; Ciardi et al. ’07; Suzuki-Vidal 
et al. ’10,
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-We predict characteristic emission distributions for each of 
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-Current-driven perturbations in PFD jets are amplified by both 
cooling, firstly, and base rotation, secondly,

-Shocks and thermal pressure support are weakened by cooling,

-Total pressure balance at the jets’ base is affected by rotation. 

Thanks!Thanks!Thanks!Thanks!

Find this talk at: 
http://www.pas.rochester.edu/~martinhe/talks.h
tml

Find this talk at: 
http://www.pas.rochester.edu/~martinhe/talks.h
tml
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