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Different Stars Have Accretion Disks

 The physics of accretion disks is not well known 
 Turbulence, dynamo, Rossby waves ? 



Many Stars Have Strong Magnetic Fields

  For example, young Solar-type stars :1-5 kG field  
 Accretion disk is disrupted by the stellar field 



Jets and are Launched from Different Stars 

  An example of jest from young stars 
 Launching and collimation are still open questions 
 The magnetic mechanism is a possibility 

XZ Tau HH 47



Many	Open	Questions	in	Astrophysics

I.	Physics	of	accretion	disks,	instabilities
II.	Plasma	Flow	Around	Magnetized	Stars	
III.	Launching	of	Outflows	and	Jets



		
I.	Instabilities	in	Accretion	Disks

  
 Rossby Waves  
 Dynamo 
 Magneto-rotational Instability (MRI) 
 Tearing Mode Instability 
 Magnetic Interchange Instability 



Paper with Norman Rostoker



Rossby	Waves	in	Accretion	Disks

Lovelace & Hohlfeld 1978, Lovelace et al. 1999, Lovelace 2014



Effective	Potential

Lovelace 2014
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2D	Simulations	of	Rossby	Vortices

Lii et al. 2000



Trapping	of	Dust	by	Rossby	Vortices

Lovelace 2014



ALMA	Observations	of	Protoplanetary	Disks

From van der Marel et al., 
Science 340 p. 1199, 2013



Magnetic	Field	Generation	in	Disc	Dynamos

Dyda, Lovelace, Ustyugova, Koldoba, Wasserman 2015



Simulations	of	Disc	Dynamo

Dyda, Lovelace, Ustyugova, Koldoba, Wasserman 2015



Magneto-Rotational	Instability	(MRI)

Magnetic field lines are stretched by the differential rotation  
The toroidal field increases 
Reconnection, turbulence

Velikhov 1959, Chandrasekhar 1961, Balbus & Hawley 1991



 Matter accretes in funnel streams 
 Matter in the disk forms elongated turbulent cells

3D	Simulations	of	MRI-driven	Accretion	onto	
Magnetized	Stars



2.5D Simulations of MRI-driven Accretion 

 Matter in the disk forms elongated turbulent cells 
 There are current sheets between turbulent cells 



2.5D Simulations of MRI-driven Accretion 

 The color background shows currents 
 Reconnection, flares are expected



II. 3D Simulations of Accretion onto Magnetized Stars

 The dipole moment is tilted by the rotational axis at an  Θ 
 Disk is dense and cold 
 Corona is low-density and hot 

      Romanova, Ustyugova, Koldoba, Lovelace 2003, 2004 



  Each sphere is an inflated cube 
  Set of cubed spheres

“Cubed sphere” grid

Koldoba, Romanova, Ustyugova, Lovelace 2002,2015

1 block: 80x31x31 – spherical: 80x62x124 
1 block: 120x51x51 – spherical: 120x102x204

 Has advantages over Cartesian and spherical grids 
 High resolution in the center, where star is located



	MHD Equations:

Corotating 
frame

Diffusivity (2D)

 Written in the coordinate system rotating with the star 
 Splitting of the field: B = B0 + B1 (Tanaka 1994)

Stress 
tensor,  
viscosity

Q Heat equation

Q



Disk-Magnetosphere Interaction

Accretion

Outflows

Outflows

Camenzind 1990

Inflation of field lines

Rm

Magnetospheric accretion: Pringle & Rees 1972; Gosh & Lamb 1978, 1979; Uchida & Shibata  
1985; Konigl 1990; Cameron & Campbell 1993; Romanova et al. 2002-2004;  Long et al. 2005; 
Bessolaz et al. 2007; Kluzniak & Rappaport 2007 
Inflation and Outflows: Lovelace et al. 1995; Miller & Stone 1997; Goodson et al. 1997,1999; 
Elsner & Fendt 1999; Agapitou & Papaloizou 2000  
Instabilities: Arons & Lea 1976; Kaisig, Tajima & Lovelace 1992; Spruit et al. 1993, 1995; Li & 
Narayan 2004; Romanova, Kulkarni & Lovelace 2008; Kulkarni & Romanova 2008, 2009



First 3D simulations (inner 1/5 region) 

 Matter is stopped by magnetosphere and accretes in funnel streams

Romanova, Ustyugova, Koldoba, Lovelace 2003, 2004 

XZ-slice and 
3D field lines



Different	features	in	the	disk	and	magnetosphere



Funnel Streams, Hot Spots

Romanova, Ustyugova, Koldoba, Lovelace  2004

Light Curve

Hot Spot
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Stable regime of accretion

   Kulkarni & Romanova 2008, 2009;  Romanova, Kulkarni & Lovelace 2008

Numerical Discovery: Two Regimes of Accretion

Unstable regime of accretion



Magnetic	Interchange	Instability	

geff = g – Ω2r

   B

Less dense Dense 

Shear in the disk  
acts to suppress the instability 

         Kaisig, Tajima, Lovelace 1992,   Spruit et al. 1995

geff



First		Application	to	Accretion	Disks

Ordered vertical magnetic field threads the disk



Magnetic	Interchange	Instability

      An example of numerical simulations of  interchange instability

From:  Kaisig, Tajima & Lovelace 1992 



Matter “sneaks” between the field lines



Stereo Animations 

  

RED    --  left 
BLUE  -- right

IF YOU WEAR GLASSES then PUT THE STEREOSCOPIC  
GLASSES ON TOP OF THEM











                  Gravity attracts. How to launch jets ? 

III. Outflows: Problem of Launching



    Lovelace, Berk, Contopoulos 1991

Magnetic Force Drives Outflows 

 Azimuthal magnetic field is generated by rotating disk 
 Magnetic pressure gradient drives the outflows 
 Magnetic force also collimated the jet



   Simulations of Magnetically-driven Winds

Mwind = 0.2 – 0.3 Mstar Romanova et al. 2009



Poloidal current: Ip=rBφ

Magnetic pressure force

B-lines

3D rendering: azimuthal componentMagnetic force: Lovelace et al. 1991
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Magnetic force determines both: acceleration and collimation

-



Lovelace, Romanova and Bisnovatyi-Kogan 1999 
Illarionov & Sunyaev 1975;   

Disk

41

Propeller	Regime:	Centrifugal	Force

fg
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Poynting	Jet

Slow	Conical		W
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		Conical	winds	carry	most	of	matter	outwards	
	Poynting	jet	carries	energy	and	angular	momentum

Two-component	Outflows



 Accretion disk can be unstable in respect of Rossby 
waves, other types of instability 

 An accreting magnetized star may be either in stable 
or unstable regimes 

 Jets can be launched due to magnetic or centrifugal 
forces. 

Conclusions : 


