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We want to know the spacetime metric g, (¢, X)




Flat space Curved space

dI* = flx, y)dx* + g(x,y)dy*
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Figures from Katy Clough




Flat spacetime Curved spacetime

ds? = f(t,x)dt* + g(t, x)dx* + 2h(t, x)dtdx
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ds” = dt  dx) <h(t,x) g(t,x)) (dx)

Figures from Katy Clough
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Perturbation theory
gravitational self-force
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Detector GW strain data

Ingredient 1: Data

Hanford detector

Livingston detector
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Ingredient 2: Theory

(h*, h) Amount of stretching = “strain waveform”
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Data & Best-fit Waveform: LIGO Open Science Center (losc.ligo.org); Prediction & Animation: C.North/M.Hannam (Cardiff University)



Solving GR on a computer:

Covariant form

Arnowitt, Deser, Misner
Baumgarte, Shapiro, Shibata, Nakamura

Initial value form



Solving GR on a computer:

Fill using Einstein equation

time g,,(t +dt) = f(0738,,, &)

boundary
conditions

initial data (0,g,,,» &,,)
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Solving GR on a computer:

Fill using Einstein equation

“.time”

& boundary conditions
(asymptotically flat)

Figures from Katy Clough



Solving GR on a computer:

Fill using Einstein equation

“ima” @gﬂy £ at » # () (interesting!)

! boundary
& conditions
1 (asymptotically flat)

initial data (Schwarzschild metric)

Figures from Katy Clough



Adaptive Mesh Refinement




Adaptive Mesh Refinement
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Adaptive Mesh Refinement




Adaptive Mesh Refinement




Adaptive Mesh Refinement
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Numerical relativity
with AMR

www.grtlcollaboration.org

- Open source

- Hybrid MP1/OpenMP

- Vectorised simd AVX512
- (Ported to GPUs)

prerequisites:
gcc/intel, fortran, mpi, hdf5, blas, lapack

GRDzhadzha (Fixed background)
enGRenage (1D code in python)




Some examples
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Dark Matter around black holes
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GWs from Cosmic Strings
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Formation of compact objects
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Aurrekoetxea+ (PRD, 2023)
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Axion Star Explosions
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Chung-Jukko+ (PRD, 2023)



Spinning Primordial Black Holes
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Black string
A —..,

Myers-Perry BH
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Weak Cosmic Censorship

BH collisions in higher dimensions

Figueras+ (2017, 2020, 2022)



Numerical relativity
with AMR

www.grtlcollaboration.org

- Open source

- Hybrid MP1/OpenMP

- Vectorised simd AVX512
- (Ported to GPUs)

prerequisites:
gcc/intel, fortran, mpi, hdf5, blas, lapack

GRDzhadzha (Fixed background)
enGRenage (1D code in python)




