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Motivation: Gravitational Wave Detection

November 2021: GWTC-3, catalogue of GW candidates up to 90
|dentification technigues: Matched Filtering Method
Construction of template banks with numerical simulations

Problem: Unrealistic initial data

» Solution: Radiative content in initial data




Numerical Relativity

. N . __ 887G
Einstein Field Equations Guu — W—4Tp,1/
3 + 1 Decomposition
12 evolution + 4 constraint Equations

Extended Conformal Thin-Sandwich (XCTS)
Input: Yii Ui; K O0,K
Solvedfor:  3* Y b

Output: Yij = 77047%-]- Kij — Aij -+ %f)/’LjK




Post-Newtonian Formalism for BBH

« Post-Newtonian Expansion of the spatial metric
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« Post-Newtonian Expansion of the extrinsic curvature

PhysRevD.57.7274(1998) Class.QuantumGrav.28.134003(2011) PhysRevD.67.064008(2003)



Post-Newtonian-Hamiltonian for Past Evolution

- Radiative term in the metric t—th —ry(tr) =0
HTT a[ ] HTT a,[ ]—l—HTT a[u tr] —I—HTT a[u tr N t]

« Hamiltonian Evolution in Post-Newtonian expansion

dX* _ OH dP;, _  O0H | 1 _ _1 dE
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® PhysRevD.77.044037(2008) PhysRevD.74.104005(2006)




Numerical Implementation

« Toy Model Code to check calculations
« C++ based, straight forward computations of the expressions
« Graphic representations

 Implementation with SpECTRE
 Already implemented XCTS Solver

* Template Metaprogramming, parallelization and
optimization techniques SIMULATING EXTREME SPACETIMES




Changes to the metric e

Tajectory of the particle 2

* System:
- Mass 1: 1.0
« Mass 2:1.0
« Separation: 8.0 M

* Momentum:
 Calculated with PN
expression for circular orbits




Changes to the metric

» Conformal term
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Changes to the metric

- Conformal term + Near zone term
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Changes to the metric

- Conformal term + Near zone term + Present term
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Changes to the metric

 Conformal term + Near zone term + Present term + Past term
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Changes to the metric

‘Conformal(SpatialMetric)_yx" * r
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Problems with PN Initial data

- Solving the XCTS equations with SpECTRE B Y o

NewtonRaphsonResiduals

» Choose inner boundary conditions B -
° D”’lchlet u‘.- T GmresResiduals '

* Neumann
* Quasiequilibrium apparent horizon

« Schwarzschild Isotropic
* Not horizon penetrating (r < 0.5 m)
» Coordinate change near BHs
- Maximal Horizon Penetrating Isotropic
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Problems with HP+PN initial data

 Time coordinate

* Past Evolution might not be compatible

* Setup: v=4v%up p'=PByp o =appur

RTT
Vij = 0ij + -7 K=Kpy=~0

HP

Trajectories (2D)

Phys.Rev.D.75.067502(2007)



Working on: Boosted HP + PN

* Problem:
* Missing momentum in HP+PN
- Compatibility with

 Solution?
* Apply boost to the single HP solutions
* Velocities = PN past evolution
« Superpose the two BHs
- Add PN radiative term

® Phys.Rev.D.109.044058(2024) Class.QuantumGrav.39.074001(2022)




Thank you!

Questions?




Auxiliary Slides - NR
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Auxiliary Slides — PN BBH
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Auxiliary Slides — PN BBH
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Auxiliary Slides — PN Hamiltonian
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Auxiliary Slides — PN Hamiltonian
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Newton-Raphson
nonlinear solver

(Section ITI A)

- Auxiliary Slides — SpECTRE SolveXcts I

Krylov-subspace

+ + + — .
linear solver

| DISCONTINUOUS GALERKIN (Sasiton 11 )
DISCRETIZATION I

Multigrid
preconditioner

(Becticn III C)

l

Schwarz
smoother

[Section ITI D)

TASK-BASED
PARALLEL

PER-ELEMENT
& INDEPENDENT

Krylov-subspace
siubdomain solver

(Section 11T E)

l

Laplacian approx.
preconditioner
{Section IIT E 1)

l

Faplicit inverse
(incomplete L)

{Section III E 2)

FIG. 3. Overview of the technology stack we employ to solve
the discretized elliptic problem (1), All algorithms above the

Nils L. Vu and others. A scalable elliptic solver with task-based parallelism for the dotted line follow SpECTRE's task-based parallelism paradigm.
SpECTRE numerical relativity code. Phys. Rev. D, 105(8):084027, apr The algorithms below the dotted line run within a task, and @
2022. arXiv:2111.06767 on all elements independently.



https://arxiv.org/abs/2111.06767

Auxiliary Slides — HP BH
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