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GRB photons are 
made far away from 
engine.

Can’t observe 
engine directly with 
light. (neutrinos, 
gravitational 
waves?)

Electromagnetic 
process or neutrino 
annihilation to tap 
power of central 
compact object.

Hyper-accreting black hole or high field neutron star 
(rotating)
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AM&Zhang 
(2009)

AMR
jet+wind
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Ej = 2e52
θj=0.05
n=1cm^-3

van Eerten & AM (2011)



Off-Axis Light Curves

θ=0 θ=0.1 θ=0.2

θ=0.4 θ=0.8 θ=π/2

1e9 Hz

1e17 Hz

van Eerten, Zhang & AM (ApJ, 2010)



Scaling of jet dynamics



Scaling of light curves
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http://cosmo.nyu.edu/
afterglowlibrary/

Supported by NASA 09-ATP-0190

van Eerten & AM (2010,2011)
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Boosted Fireball
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Boosted Fireball
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DeColle+ (2012)

Zhang & AM (2009)



TESS: Blandford-McKee 
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The TESS Code:
Moving Mesh Astrophysics





Numerical Methods for Solving Conservation Laws

Euler's Equations

In General,
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Numerical Methods for Solving Conservation Laws
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TESS:  Lagrangian Hydrodynamics using a Dynamic 
Voronoi Mesh



TESS:  Lagrangian Hydrodynamics using a Dynamic 
Voronoi Mesh
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TESS:  Lagrangian Hydrodynamics using a Dynamic Voronoi Mesh
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Relativistic Hydrodynamics

The Voronoi mesh doesn't have to take into account relativity
(it's okay to have faces that move superluminally)
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Left - Fixed Mesh Right - Moving Mesh

HLL

HLLC



Left - Fixed Mesh Right - Moving Mesh
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Black / White - Passive Scalar Colors - Parallel Division of Labor







Fixed Mesh

Moving Mesh
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Dong, Rafikov 
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Lorentz Factor = 10 30 100










