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ATHENA (Stone et al. 2008) 
(Parrish & Stone 2005, Sharma & Hammett 2007, Berlok & Pessah 2016a)
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Berlok & Pessah 2016b, ApJ
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See Balbus 2000, 2001; Parrish & Stone 2005, 2007; Quataert 2008; Parrish & Quataert 2008; Parrish et al. 2008, 
2009; Bogdanovic et al. 2009; Parrish et al. 2010; Ruszkowski & Oh 2010; McCourt et al. 2011, 2012; Latter & 
Kunz 2012, Kunz et al. 2012; Parrish et al. 2012a,b
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Berlok & Pessah 2016b  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T H E  M O V I N G  M E S H  C O D E  A R E P O Volker Springel (2010)

Pakmor+ 2011, 2013, 2016  
Mocz+ 2016 6
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L I N E A R  T H E O R Y  F O R  V I S C O U S  K E LV I N - H E L M H O LT Z  I N S TA B I L I T Y
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Smooth equilibrium necessary 
for convergence of KHI. 
See e.g. McNally+ 2012 and 
Lecoanet+ 2016.
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K E LV I N - H E L M H O LT Z  I N S TA B I L I T Y  W I T H  B R A G I N S K I I  V I S C O S I T Y

Berlok & Pfrommer, 2019, MNRAS  
See also Suzuki+ (2013)
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E I G E N M O D E S  O F  T H E  I N S TA B I L I T Y
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P S E C A S Pseudo-Spectral Eigenvalue Calculator with an Automated Solver
https://github.com/tberlok/psecas

Berlok & Pfrommer, 2019, MNRAS
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L I N E A R LY  P O L A R I Z E D  A L F V E N  W AV E
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I N T E R R U P T I O N  B Y  T H E  F I R E H O S E  I N S TA B I L I T Y
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Squire+ 2016, 2017, 2019



F I R E H O S E  I N S TA B I L I T Y

perpendicular pressure and magnetic force

parallel pressure force
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Rosenbluth 1956



PA R A L L E L  F I R E H O S E  I N S TA B I L I T Y
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S U M M A R Y  O F  M Y  I N T E R E S T S

Small scales 
with hybrid-kinetic codes  

Intermediate scales with the 
MHD code Athena

Large scales with 
Braginskii viscosity in Arepo

ri ⇠ 10�9 pc

L ⇠ Mpc

H ⇠ 102 kpc

Chandra X-ray, Walker+ 2017
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