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Outline

•  Rossby Wave Instability 
•  History 
•  Occurrence in disks 
  

•  Active/dead boundary in MHD models 
•  Sharp inner active/dead boundary 
•  Effect of magnetization 
•  Smooth outer dead/active boundary 



Rossby Wave Instability
(or… Kelvin-Helmholtz in rotating disks)

RWI-KHI connection: Tagger & Melia 2006



Dead zones are robust features of accretion disks 

Disks are cold and thus poorly ionized 
(Blaes & Balbus 1994)

Therefore, accretion is layered 
(Gammie 1996)

There should be a magnetized, active zone, 
and a non-magnetic, dead zone.

Armitage (2010)

Dead zones are robust features of protoplanetary disks

0.1 AU ~30 AU



A simple (2D alpha)
dead zone model
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Lyra et al. (2008b, 2009a); 
See also Varniere & Tagger (2006)



(Pre-)History of Rossby Wave Instability

Lovelace & Hohlfeld (1978)

Vorticity criterion already derived back then

 
 

 
 

 
 



(Pre-)History of Rossby Wave Instability
 

Toomre (1981)

 
 

 
 

 
 

 
 

 
 

 
  

 



(Pre-)History of Rossby Wave Instability
 

Papaloizou-Pringle Instability (1984ab)

Numerical model by 
Hawley (1987)

(Goldreich & Narayan 1985, Blaes 1985, Blaes & Glatzel 1986, Hawley 1987, Narayan et al. 1987, Goldreich et al. 1987, 1988)



1991: The MRI Revolution



Lovelace et al. (1999) resurrect the process; 
call it “Rossby Wave” Instability

 

History of Rossby Wave Instability
 

 
 

 
 

 
 

 
 



Koller et al. (2003) 
RWI at planetary gap



Peggy Varnière & Michel Tagger
RWI at dead zone boundary

Varnière & Tagger (2006) 



The code comparison
project of 2006

(de Val-Borro et al. 2006)

Problem of choice:
2D ‘vanilla’ planet-disk interaction.

Several codes showed 
gap-edge vortices.

Follow-up work 
(de Val-Borro et al. 2007) 

showed that to be 
the result of RWI



RWI and Planet Formation

Collapse into Mars mass objects

(Lyra et al. 2008b, 2009a,
see also Lambrechts & Johansen 2012)



RWI and Planet Formation

Collapse into Mars mass objects

(Lyra et al. 2008b, 2009a,
see also Lambrechts & Johansen 2012)



Lyra et al. (2009b), 
see also de Val-Borro et al. (2007)

Planetary gap RWI 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Burst of formation in gap vortices

Plus Trojan planets in Lagrangian clouds



3D strat RWI

3D strat RWI self-gravity 3D strat RWI polytropic
Meheut et al. (2010, 2012abc, 2013) 

Lin (2012ab, 2013, 2014) 



Inner Active/Dead zone boundary

Magnetized inner disk + resistive outer disk
Lyra & Mac Low (2012); 

see also Faure et al. (2015)

Unstratified isothermal MHD 
with static Ohmic resistivity jumps. 



Active/dead zone boundary

Magnetized inner disk + resistive outer disk
Lyra & Mac Low (2012)
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Significant angular momentum transport

Large mass accretion rates in the dead zone, 
comparable to the MRI in the active zone

 
Lyra & Mac Low (2012)

Active zone Dead zone



Lyra & Mac Low (2012)

Convergence

Resolution



Active/dead zone boundary

Magnetized inner disk + resistive outer disk
Lyra & Mac Low (2012)
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Magnetization

Hydro MHD

Vorticity

Mag. Energy

Lyra & Klahr (2011)



Magnetization

Hydro MHD 

Vorticity

Mag. Energy

What happens when the vortex is magnetized? 



Magnetization

Hydro MHD 

Vorticity

Mag. Energy

What happens when the vortex is magnetized? 

 

Baroclinic vortices  
do not survive magnetization 

 

Lyra & Klahr (2011)



Magneto-Elliptic Instability

Infinitely elongated vortices are equivalent to shear flows. 

They are subject to an MRI-like instability when magnetized. 

Magnetic Field
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Hydrodynamic
instability (B=0)

Lyra & Klahr (2011)
see also: 

Mizerski & Bajer 2009,
Mizerski & Lyra 2012, 

Lyra 2013







The outer dead zone transition in 
ionization is TOO SMOOTH 

to generate an RWI-unstable bump.

Dzyurkevitch et al (2013,
and poster just outside)

Lyra et al. (2009)



Outer Dead/Active zone transition:
Spirals without planets

Waves launched at the active zone
propagate into the dead zone as a coherent spiral. 



Turbulent Potential

Stochastic forcing:
Laughlin et al. (2007)
Baruteau & Lin (2010)



Outer Dead/Active zone transition:
Spirals without planets

Waves launched at the active zone
propagate into the dead zone as a coherent spiral. 



Outer Dead/Active zone transition: 3D MHD

Resistive inner disk + magnetized outer disk
Lyra, Turner, & McNally (2015)



Outer Dead/Active zone transition: Spiral + Vortex

Resistive inner disk + magnetized outer disk
Lyra, Turner, & McNally (2015)



What’s going on? RWI should not occur for Δ > 2H

Lyra et al. (2009)
Regaly et al. (2012)



Outer Dead/Active zone transition RWI

MHD 

Hydro 

Lyra, Turner, & McNally (2015)



Outer Dead/Active zone transition RWI

Sano and Stone (2002)Lyra, Turner, & McNally (2015)





•  Should we drop the name RWI in favor of simply Kelvin-Helmholtz?

•  RWI can occur in 3D MHD disks

•  Inner active/dead transition is a robust location for RWI

•  RWI happens at the dead side of the transition (magneto-elliptic instability)

•  Outer dead/active also triggers the RWI: although the resistivity gradient is weak, the 
transition in Maxwell stress is abrupt.

Conclusions


