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Motivations

SPH perfect for NS-merger 

simulations

- No preferred geometry 
- Resolution follows mass 
- No need for background 

density floor

National Science Foundation/LIGO/Sonoma State University/A. Simonnet

- Except…. 
- No GR ☹

Neutron star mergers!



Motivations

Tidal Disruption Events Tearing Discs and QPOs

Bonnerot et al. (2016)

Fake GR

☹



Motivations

Event Horizon Telescope

Relativistic Pulsar Winds

Paredes-Fortuny et al. (2015)

Credit: Hotaka Shiokawa
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Equations of relativistic hydrodynamics

Continuity:
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Metrics and Coordinates

- Minkowski, Schwarzschild and Kerr 

- Need in Cartesian-like coordinates 

- A way to compute derivatives 

- Choice of frame? (which observer?)

Checklist:
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Time Integration

- Preserve the Hamiltonian 

properties of the system 

- Operator splitting approach 

- Time reversible (conserves 

energy) 

- Cost effective for 2nd order

Modified Leapfrog algorithm

Checklist:



Recovery of Primitive Variables

- Needs to be done after every 

time-step 

- Needs to rigorous and cheap 

- Cannot solve explicitly 

- Solve numerically with a 

Newton-Raphson scheme  

- Follow Tejeda (2012) 
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Tests: Schwarzschild metric
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Tests: Kerr metric
Apsidal precession

Retrograde Prograde



Epicyclic frequency

Tests: Kerr metric

Liptai and Price 2018 (In prep.)

Vertical-oscillation frequency





Nodal Precession



A mock tidal disruption event (TDE)

in the Kerr metric









Tests: shock capturing

- 1D shock tubes 
- Minkowski metric (special rel)
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Chow & Monaghan (1997)

Overly dissipative 

Siegler & Riffert (2000)

No artificial conductivity

| {z } | {z }

Attempts at artificial dissipation in SR



Controlling artificial conductivity
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Artificial viscosity only Artificial viscosity AND conductivity 

| {z } | {z }
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1D special relativistic shock tubes



1D special relativistic shock tubes

Ultra-relativistic 1D Sine wave perturbation 1D

| {z } | {z }

Liptai and Price 2018 (In prep.)
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3D Hydrodynamics



3D Special relativistic shocktubes

Mildly-relativistic 3D Ultra-relativistic 3D

| {z } | {z }
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3D spherical blast wave
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Other 3D Hydro
Accretion disc around a Schwarzschild black hole
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Conclusions

- Orbital tests (Schwarzschild AND Kerr) are in excellent 

agreement with theory 

- We can handle relativistic shocks very well 

- We have split artificial dissipation into viscosity and 

conductivity 

- Merged with PHANTOM to do full 3D-GRSPH simulations



Matthew McConaughey


