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THIN-DISK GLOBAL MODES IN SIMULATIONS 

 g-modes reported for disks 

     in Paczyński’s pseudopotential  

     Newtonian hydro simulations 

    (Reynolds + 2009, O’Neill + 2009). 

 Not seen in MHD (ibid.):  

     MRI “destroys”  g-modes. 

 Our radiative GR simulations of 

    accretion disks (Mishra + 2018) 

    confirm this picture.  

 

 However, QPOs of different origin reported in MHD simulations 

of THICK  flows   (Y. Kato, Matsumoto). 

 

 

 

4 



5 

Mishra, WK + 2018 in prep 
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RADIATION-PRESSURE DOMINATED THIN ACCRETION DISKS UNSTABLE 

  α-disks Sunyaev & Shakura 1975, Shakura & Sunyaev 1976 

 Confirmed by shearing box MRI simulations (Jiang+2013) 
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GLOBAL RADIATIVE GRMHD THIN-DISK SIMULATIONS  

 

Brief report on first global radiative GR simulations of thin disks: 

Gas-P dominated stable in our GRRMHD. 

 

Radiation pressure dominated thin accretion disk unstable: 

(advection and magnetic fields may stabilize slim disks) 

 

 Our global radiative GRMHD geometrically thin disk 

     confirm Shakura-Sunyaev 1976 thermal instability      
                                                                   (Mishra+2017). 

 Previously seen in shearing-box MRI simulations 
(Jiang+2013)  

 Same results in our GRRHD (Fragile+2018). 

 Evidence for Lightman-Eardley instability? (ibid.) 
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VISCOUS INSTABILITY 

 Lightman-Eardley 1974 

    combine 2 eom => diffusion equation 

 Radiation pressure dominated disk 

    => Negative diffusion coefficient ! 

    => rings (tori) form in the disk. 

  Seen in our simulation for the first time in 43 y. 
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Surface (column) 
Mishra ++ WK 2017 
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Normal modes of similar  tori have been invoked 

to explain the observed  high frequencies in X-ray binaries 

(kHz in NS, hHz in BH), e.g., Bursa et al. 2004. 



(Resonance model:  

  WK & MAA 2000/2001) 



Ray-traced by 

M. Bursa 



Bursa et al. 2004 





e.g., WK 2005 



2006 

Numerical GR hydro simulation of thick disks (accreting fat tori). 

Ray tracing. 



SOME QUESTIONS  

 What is the relation of Rezzolla and collaborators’ 
modes (2006, ...) to tori modes? 

 Relation to disk oscillations? 

 Is there evidence of resonance in our simulated 
tori or disks? 

 If so, what is the nature of the resonance? 

 

NB: Y. Kato (2004 PASP 56, 213) reported “first evidence for 
the excitation of resonant disk oscillations in MHD accretion 
flow.” (pseudo-Newtonian study) 
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WK 2001,2004 

Oscillation modes of Keplerian tori well studied. 

5 modes identified in our GR simulations: 

Think of a thin accretion disk as composed of tori => 

 expect at least radial and vertical local oscillations. 



THICK DISK/TORI OSCILLATIONS  

Mishra, Vincent et al 2017: GRHD simulations 

with ray tracing for tori of all thicknesses: 

 Perturbation excites several modes and their 

harmonics 

 Reproduce thick disk simulations of Rezzolla 

and collaborators (2006, ...) 

 => Identify modes of thick accreting torus with 

modes of slender tori 
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vertical lines: Radial, Vertical, +, X, Breathing 

PDS at ∞ 

(ray traced) 

Mishra, Vincent ++ WK 2017 



GLOBAL THIN-DISK GR HYDRO SIMULATIONS 

 Fragile, Etheridge, Mishra, WK, Anninos 2017 

 Inevitable initial adjustment excites oscillation 

28 

Reporting on this stable model 

Initial state Final state 

𝑅 = 10𝑀 
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Mishra, WK + 2018 in prep 



 

30 Schwarzschild metric GRRHD simulation 



     THIN-DISK PLANE-PARALLEL APPROXIMATION 

  Breathing mode 𝜔2 = 1 + Γ : 
 Isothermal oscillations,  

       Lubow & Pringle 1993, Kato 2001. 

 Adiabatic oscillations (adiabatic index Γ= 1 + 1/𝑛):  

   Silbergleit, Wagoner & Ortega-Rodriguez 2001,   
  Bollimpalli & WK 2017: 

    Gegenbauer polynomial solutions, 𝑚 = 0,1,2, … 

    frequency  𝜔𝑚 =
𝑚(𝑚+2𝑛−1)

2𝑛
 

    (in units of vertical epicyclic frequency 𝜔1) 

    with breathing mode for 𝑚 = 2 
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← ν = 0.009𝑐3/𝐺𝑀 
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TRANSIENT BREATHING LOCAL OSCILLATIONS 

 Observed in global thin disk GRRHD simulations 

 “Eigen-” function determined numerically 

 Radial breathing motion accompanies the 

vertical one 

 Vertical + breathing oscillations may explain the 

observed 69 Hz & 42 Hz black hole QPOs in 

GRO 1915+20. 
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SUMMARY 

 Oscillations of tori (all sizes) well understood. 

 Global modes and local oscillations present in 

GRHydro disks. 

 Some evidence for resonance in simulated 

accretion disks. 
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