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Outline

•  Sustaining vortices
•  Convective Overstability and Rossby Wave Instability
 

•  RWI at active/dead zone boundaries

•  Spirals

•  Rings and arcs: Photoelectric instability



Sketch of the
Baroclinic Instability 

Armitage (2010)
Lyra & Klahr (2011)

Baroclinic Instability – Excitation and self-sustenance of vortices



Baroclinic vortices do not survive magnetization



The “Baroclinic Instability” is LINEAR 
(Convective Overstability)

Klahr & Hubbard (2014), Lyra (2014)

Lyra (2014)



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

 (Val-Borro et al. 2006, 2007)  



Planetary gap RWI
(de Val-Borro et al. 2006, 2007)  

Planet tides carve gap

Gap walls are unstable to 
Kelvin-Helmholtz instability

Lyra (2009)

Pinilla et al. (2012)



Inner Active/Dead zone boundary

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



Active/dead zone boundary

Magnetized inner disk + resistive outer disk
Lyra & Mac Low (2012)
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Outer Dead/Active zone transition

The outer dead zone transition in ionization is 
TOO SMOOTH 

to generate an RWI-unstable bump.

Dzyurkevitch et al (2013)
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. 



Outer Dead/Active zone transition: 3D MHD

Resistive inner disk + magnetized outer disk
Lyra et al (2015)



Outer Dead/Active zone transition: Spiral + Vortex

Resistive inner disk + magnetized outer disk
Lyra et al (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 et al (2015)



Outer Dead/Active zone transition RWI

Sano and Stone (2002)Lyra et al. (2015)



Photoelectric Instability

HL Tau Lyra & Kuchner (2013)





Lyra &  Kuchner (2013, Nature, 499, 148)



Dust heats gas
Heated gas = high pressure region
High pressure concentrates dust

Runaway process: instability



Dependency on dust-to-gas ratio

Linear for ε < 1
Nonlinear for ε >= 1
Fastest for ε ~ 0.2



Conclusions

•  Vortices and spirals without planets in the dead zone.

•  RWI at outer dead/active transition may be the culprit for the observed vortices.

•  Transition disks are prone to photoelectric instability (if the dust is optically thin)

•  Don’t be too quick to shout “Planet!”. Rule out these possibilities first.


