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Outline

» Basic Observational Information
Long GRBs

» Classification of Simulations (fluid vs. particle)
»\What Physics We Want in the Simulations
» Method Research and Test Problems

»NSSTC Relativistic Jets Group
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Flow Domain — Multiple Flow Regions
Fluid Instabilities

Shocks

GE1508+5714

‘[m

MHD Instabilities

Particle
Domain

Strong Gravitational Force

Image Credit: A. Siemiginowska (CfA) et al., CXC, NASA
Illustration by M.Weiss (CXC)


http://antwrp.gsfc.nasa.gov/apod/image/0311/gb1508_xray_illustration.jpg

Computational Components / GRB Relativistic Jets

Massive explosion => Core collapse (Jet Formation)
General Relativity
Relativistic Shocks

GRB Variability and Observational Properties
Shock Interactions
Large Lorentz Factors
Non-ideal — diffusion, internal heat transfer
Non-uniform fluid (Accretion — Jet Dynamics)
Equation of State (Improve fluid description)
Turbulence and other instabilities

GRB Beaming
Magnetic fields (Non-ideal?, Divergence Constraint)
Rotation

Radiation



GR-MHD Equations in Conservation Form

0
ot

0
OX,

‘U=-2F-26G.+S

0
OX.

U — Conservation variables

F, — Flux terms
G, — Diffusion terms
S — Source terms

o ¥

phu'u* + Pghs —b'b*
ohu'u’® + Pg®s, —b'b
ohu'u® + Pg®s. —b'b
ohu' + Pgu’ —bih’
b'u' —b'u'
b'u®—bu'
b'u® —bu’

2

3




Flowfield Dependent Variation Method
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First Order FDV Parameters

Calculated by sampling the flow physics (Lorentz factor, Reynolds

number, etc.)
Indicators for shocks, instabilities (turbulence, etc.), adaptive mesh.

Diffusion parameter indicates non-ideal terms, shift in PDE form
from hyperbolic to mixed.
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Second Order FDV Parameters

Numerical instability indicator.
Controls the second order damping term.
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s, = 2" order convection parameter
s, = 2" order diffusion parameter s, == (L+57)

s, = 2" order source term parameter

With specific constant FDV parameters, the equations reduce to
known solution methods.



Hydrodynamics

Large Lorentz factors

General relativity

Non-ideal — diffusion, heat transfer
Non-uniform fluid

Shock Interactions

Equation of State — improve fluid description
Turbulence and other instabilities
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Large Lorentz factors
General relativity



Lorentz Factor = 224 Lorentz Factor = 2236
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o FDV density
— - analytic




Non-ideal — diffusion, heat transfer
Non-uniform fluid
Shock Interactions
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