NORTH AMERICAN EINSTEIN TOOLKIT WORKSHOP 2024 

JUNE 3-7, 2024
LSU Campus, Digital Media Center Theatre

	Monday, June 3
	

	8:30
	Registration & Coffee

	9:00
	Welcome
Steven R. Brandt, Louisiana State University

	9:30 – 10:30
	Introduction to the Einstein Toolkit
Steven R. Brandt, Louisiana State University

	10:30 – 11:00
	Coffee Break

	11:00 – 12:00
	Using Numerical Relativity Waveforms for Gravitational-Wave Observation
Deborah Ferguson, University of Illinois Urbana-Champaign

	12:00 – 1:00
	Lunch

	1:00 – 2:00
	SPHINCS_BSSN: Relativity with particles
Peter Diener, Louisiana State University

	2:00 – 2:30
	Dark Matter Subhalo interpretations using machine learning: The fourth Fermi-LAT catalog 
Amrutaa Vibho, National Center for Supercomputing Applications

	2:30 – 3:00
	Coffee Break

	3:00 – 4:30
	Introduction to the ET Tutorial 
Steven R. Brandt, Louisiana State University



	Tuesday, June 4
	

	8:30
	Coffee

	9:00 – 10:00
	CarpetX
Erik Schnetter, Perimeter Institute for Theoretical Physics

	10:00 – 10:30
	Coffee Break

	10:30 – 11:30
	CapyrX: A guide to early adoption 
Lucas Timotheo Sanches, Federal University of Rio De Janeiro

	11:30 – 12:00
	Subcycling in CarpetX
Liwei Ji, Rochester Institute of Technology

	12:00 – 1:00 
	Lunch

	1:00 – 1:30
	Dynamical stability and formation of multi-field Proca stars 
Claudio Lazarte, University of Valencia, Spain

	1:30 – 3:00
	Writing a New Thorn 
Max Morris, Louisiana State University

	3:00 – 3:30
	Coffee Break

	3:30 – 4:30
	GRHayl & IllinoisGRMHD: infrastructure-agnostic library for cross-infrastructure GRMHD code development
Sam Cupp, University of Idaho



	Wednesday, June 5
	

	8:30
	Coffee

	9:00 – 10:00
	What no one has seen before: Gravitational waves from warp drives using GRChombo
Katy Clough, Queen Mary University of London

	10:00 – 10:30
	Coffee Break

	10:30 – 11:30
	Modified GR
Helvi Witek, University of Illinois Urbana-Champaign

	11:30 – 12:00
	Understanding the Origins of Black Hole Superkicks
Anuj Kankani, West Virginia University

	12:00 – 1:00
	Lunch

	1:00 – 5:00
	LIGO Excursion
--sign acknowledgment form, give form to driver
--meet in lobby
--load vans for departure



	Thursday, June 6
	

	8:30
	Coffee

	9:00 – 10:00 
	BlackHoles@Home Update
Zachary Etienne, University of Idaho

	10:00 – 10:30
	Coffee Break

	10:30 – 11:30
	Simulating interacting binary stars with Octo-Tiger and HPX
Dominic Marcello, Louisiana State University

	11:30 – 12:00
	Blandford-Znajek Mechanism and Black Hole Jets
Mário Raia Neto, Federal University of São Carlos

	12:00 – 1:00
	Lunch

	1:00 – 2:00
	The SpECTRE CCE Module 
Kyle Nelli, Caltech

	2:00 – 3:00
	A GPU-Accelerated AMR Solver for Gravitational Wave Propagation
Milinda Fernando, Oden Institute, The University of Texas at Austin

	3:00 – 3:30 
	Coffee Break

	3:30 – 4:30
	AsterX: a new open-source GPU-accelerated GRMHD code for dynamical spacetimes
Jay Vijay Kalinani, Rochester Institute of Technology



	Friday, June 7
	

	8:30
	Coffee

	9:00 – 10:00 
	How full neutrino transport impacts heavy element formation in the universe, and the resulting electromagnetic counterpart
Jonah Miller, Los Alamos National Laboratory

	10:00 – 10:30
	Coffee Break

	10:30 – 11:30
	Building Cactus on a new computer
Roland Haas, University of Illinois

	11:30 – 12:30
	Perspectives of Quantum Computing in Numerical General Relativity 
Victoria Porozova, Von Braun Labs

	12:30 – 1:30
	Lunch

	1:30 – 2:30
	Using the Cactus Reduction Interface
Steven R. Brandt, Louisiana State University

	2:30 – 3:00
	Lightning

	3:00 – 3:30
	Coffee Break

	3:30 – 4:30 
	Direct Collapse Black Hole Formation
Leonardo Werneck, University of Idaho






ABSTRACTS



The Black Hole Imaging using the relativistic ray-tracing code
Khusan Alibekov, The National University of Uzbekistan
Abstract
My journey in learning programming is as follows: Initially, I began learning programming without a specific purpose, simply aiming to acquire a new skill. However, everything changed when I met my current supervisor, Askar Abdikamalov. He completed his PhD under the supervision of Cosimo Bambi, who currently holds a professorship in physics at Fudan University in Shanghai, China. Through conversations with my supervisor, I gradually realized the importance and utility of programming as a valuable tool for scientists. My supervisor emphasized the abundant opportunities available to young scientists proficient in programming. This pivotal moment inspired me to set a significant goal for myself to become one of the greatest scientists. This became my primary aim. Consequently, my objective in learning programming shifted towards creating my own scientific project, such as developing a simulation of Black Holes. However, I am fully aware that achieving this requires extensive knowledge and unwavering dedication. Under the guidance of Askar Abdikamalov, I delved deeply into programming languages such as C, C++, and Python. Mastering C and C++ proved to be time-consuming, but I ultimately succeeded. Additionally, my supervisor provided instruction in the core principles of numerical analysis and computational physics. Within the realm of numerical analysis, I acquired knowledge in several key areas, including root-finding algorithms, interpolation and approximation, numerical integration, solving systems of linear equations, as well as solving ordinary and partial differential equations. Furthermore, after meeting my supervisor's requirements, he proceeded to teach me about relativistic ray-tracing. Relativistic ray-tracing is a computational technique used to model the emission of X-rays from black holes, taking into account the effects of general relativity. It involves simulating the paths of X-ray photons as they travel through the strong gravitational field near a black hole. In addition, I'm currently learning the data analysis for X-ray reflection spectroscopy which is a powerful technique used to study the properties of black holeaccretion discs. In the upcoming months, I have plans to delve into the study of statistical methods, including Markov Chain Monte Carlo (MCMC) that can be employed to explore the parameter space and estimate probability distributions for the parameters. Additionally, I have plans to acquire proficiency in techniques such as χ² minimization and Bayesian inference, which can be applied to fitting simulated spectra to observed data using model parameters. These parameters include quantities such as the black hole spin, accretion disc inclination angle, iron abundance, and the strength of the reflection component. Nevertheless, I currently lack experience in data analysis related to these matters. Therefore, I am attending the I-HOW/COSPAR Workshop: A New Era of High-Resolution X-ray Spectroscopy with the intention of acquiring practical experience. By participating in this workshop, I aim to learn valuable lessons and receive feedback from professors, as well as engage in discussions with fellow students and researchers. This will provide me with an opportunity to enhance my skills and knowledge in data analysis, ultimately facilitating my growth in this field.


Welcome
Steven R. Brandt, Louisiana State University
Abstract:
Opening remarks about the workshop and the schedule. Instructions for setting up Zoom and the tutorial server.


Introduction to the Einstein Toolkit
Steven R. Brandt, Louisiana State University
Abstract:
A high-level presentation about the history, design, and structure of Cactus and the Einstein Toolkit.


Introduction to the ET Tutorial 
Steven R. Brandt, Louisiana State University
Abstract:
The classic intro tutorial, similar to the one available online throughout the year. Like all the tutorials,
this will be based on Jupyter notebooks, so there's no class prep to do and nothing to install.
In this tutorial, students will learn how to download, compile, and run the Einstein Toolkit.


Using the Cactus Reduction Interface
Steven R. Brandt, Louisiana State University
Abstract:
In this talk we will learn many things about the Einstein Toolkit. We will learn how reduction operations (e.g. min, max, sum) are carried out while useing AMR. We will also be introduced to the modes in which the AMR solver runs, and we will learn how to create and run tests for the automated test system.


What no one has seen before: Gravitational waves from warp drives using GRChombo
Katy Clough, Queen Mary University of London
Abstract:
I will describe recent attempts to simulate warp drives in NR using the GRChombo code.


GRHayl & IllinoisGRMHD: infrastructure-agnostic library for cross-infrastructure GRMHD code development
Sam Cupp, University of Idaho
Abstract:
Many codes are designed with a specific infrastructure in mind. Due to this, elements of the code often become intrinsically tied to that infrastructure, which leads to difficulties when updating the infrastructure with new features or migrating to another infrastructure. The Einstein Toolkit is currently experiencing these difficulties as the shift from Carpet to CarpetX requires many changes to pre-existing thorns. IllinoisGRMHD similarly requires significant refactoring/restructuring to produce an IllinoisGRMHDX thorn. To more easily maintain these different code variants, as well as more easily support our collaborative work in infrastructures beyond Cactus, we developed the General Relativistic Hydrodynamics Library (GRHayL). This library refactors IllinoisGRMHD's core code into an infrastructure-agnostic library for use across infrastructures, reducing code duplication, simplifying collaborative work, and streamlining the process of external code contributions. In this talk I introduce the basic features of GRHayL, explain how IllinoisGRMHD has improved during this process, and discuss other GRHayL-based thorns in the Einstein Toolkit.





SPHINCS_BSSN: Relativity with particles
Peter Diener, Louisiana State University
Abstract:
I will describe the ideas behind SPHINCS_BSSN that couples relativistic Lagrangian Smoothed Particle Hydrodynamics with spacetime evolution on a grid.


BlackHoles@Home Update
Zachary Etienne, University of Idaho
Abstract:
I will provide a progress update on BlackHoles@Home.


Using Numerical Relativity Waveforms for Gravitational-Wave Observation
Deborah Ferguson, University of Illinois Urbana-Champaign
Abstract:
Numerical relativity allows us to simulate systems of compact objects that have no analytic solution, and from these simulations we can extract the gravitational radiation produced by such systems. These extracted waveforms play a crucial role in the detection and characterization of gravitational waves observed by gravitational-wave observatories such as LIGO. In this talk, we will discuss the ways in which waveforms from numerical relativity simulations enable gravitational-wave astronomy.
 

A GPU-Accelerated AMR Solver for Gravitational Wave Propagation
Milinda Fernando, Oden Institute, The University of Texas at Austin
Abstract:
Simulations to calculate a single gravitational waveform (GW) can take several weeks. Yet, thousands of such simulations are needed for the detection and interpretation of gravitational waves. Future detectors will require even more accurate waveforms than those currently used. We present here the first large scale, adaptive mesh, multi-GPU numerical relativity (NR) code together   with performance analysis and benchmarking. While comparisons are difficult to make, our GPU extension of the \dendrogr~NR code achieves a 6x speedup over existing state-of-the-art codes. We achieve 800 GFlops/s on a single NVIDIA A100 GPU with an overall 2.5x speedup over a two-socket, 128-core AMD EPYC 7763 CPU node with an equivalent CPU implementation. We present detailed performance analyses, parallel scalability results, and accuracy assessments for GWs computed for mass ratios q=1,2,4. We also present strong scalability up to 8 A100s and weak scaling up to 229,376 x86 cores on the Texas Advanced Computing Center's Frontera system.


Building Cactus on a new computer
Roland Haas, University of Illinois
Abstract:
Cactus uses a build system that combines make files with code generation and some Perl scripting to process input. In this presentation I will provide an introduction on how the Cactus build system works, and how it interacts with simfactory.
Initially I will focus on how option lists are used, how the Cactus build system differs from a traditional make based build setup, and what possibilities exist to use Cactus configuration files to make thorns interact. In a second part I will try and provide an introduction to the extra functionality that simfactory's build system provides on top of this.


Subcycling in CarpetX
Liwei Ji, Rochester Institute of Technology
Abstract:
In this talk, we introduce a new implementation of subcycling in CarpetX, which will enable the physical thorns to run faster on both CPU and GPU machines. This new subcycling method requires fewer buffer points but achieves higher-order convergence compared to the old method implemented in Carpet. Fewer buffer points improve the scaling performance, and we present the scaling performance on both CPU and GPU machines.
We compare the accuracy of the simulation results with and without subcycling and found that they agree quite well.


AsterX: a new open-source GPU-accelerated GRMHD code for dynamical spacetimes
Jay Vijay Kalinani, Rochester Institute of Technology
Abstract:
With an increasing demand of extensive parallel computing in numerical simulations addressing various astrophysical problems, codes which can efficiently work on GPUs are the need of the hour. In this talk, I will discuss the salient features of a new open-source general relativistic magnetohydrodynamic (GRMHD) code AsterX, which is built upon CarpetX, a new driver for the Einstein Toolkit. AsterX is based on the flux-conservative Valencia formulation, considering staggered vector potential evolution. It designed to work on GPUs and also takes advantage of the block-structured adaptive mesh refinement provided by CarpetX through the AMReX framework. I will also discuss the various stringent 1D, 2D and 3D GRMHD tests performed with AsterX on the Frontier cluster, and also present scaling results.


Understanding the Origins of Black Hole Superkicks
Anuj Kankani, West Virginia University
Abstract:
The remnant black hole emerging from a binary black hole merger can obtain a kick out of the orbital plane large enough to match the escape velocity of its astrophysical environment. In this work we focus on better understanding the physical dynamics that cause a superkick. We propose that at merger, the frame dragging of the radiation, and not the black holes, is the dominant physical mechanism responsible for producing a kick in the remnant black hole. Furthermore, we investigate the importance of this mechanism during the inspiral to produce a complete picture of frame dragging effects during binary black hole mergers.


Dynamical stability and formation of multi-field Proca stars
Claudio Lazarte, University of Valencia, Spain
Abstract:
Vector boson stars, aka Proca stars, enjoy a dynamical robustness that makes them viable candidates for exotic compact objects that: (1) could deal with the problem of degeneracy in the interpretation of strong gravity data against the black hole paradigm, and (2) could constitute part of dark matter. In this talk, I will present our first steps to enlarge the solution space of Proca stars by proposing new multi-field solutions with a richer inner multi-polar structure. First, I will introduce the multi-field generalization of the spherical Proca star, the ell-Proca star, and show, by performing 3D numerical relativity simulations implemented using the Einstein Toolkit infraestructure, that these configurations are unstable under non-spherical perturbations and lose their spherical morphology. This result could indicate the existence of a stable non-spherical ground state of ell-Proca stars. Then, I will present our preliminary results of the dynamical formation of multi-field Proca stars, as part of our efforts to find that stable state.


Simulating interacting binary stars with Octo-Tiger and HPX
Dominic Marcello, Louisiana State University
Abstract:
The Octo-Tiger code is an astrophysical simulation software designed for high-performance computers, aimed at studying the merger process of binary star systems. It models the inviscid Euler's equations using a finite volume scheme on a rotating Adaptive Mesh Refinement (AMR) grid and employs the fast multipole method to compute the Newtonian gravitational field. Octo-Tiger has been utilized to investigate double white mergers as potential progenitors to R Coronae Borealis stars, explore the possibility of Betelgeuse resulting from a stellar merger, and we hope to use it to study the luminous red nova, V 1309 Sco. Octo-Tiger is implemented for distributed systems using the High Performance ParalleX (HPX) framework, developed by the Ste||ar Group at Louisiana State University. HPX serves as an asynchronous many-task runtime system, providing a flexible platform for developing parallel and distributed applications. It emphasizes fine-grained tasks, asynchronous execution, dynamic scheduling, and asynchronous communication. In addition to its primary astrophysical objectives, Octo-Tiger also functions as a benchmark for testing HPX's capabilities, showcasing the scalability and performance of HPX in handling large-scale scientific simulations.


How full neutrino transport impacts heavy element formation in the universe, and the resulting electromagnetic counterpart
Jonah Miller, Los Alamos National Laboratory
Abstract:
The 2017 detection of the in-spiral and merger of two neutron stars   was a landmark discovery in astrophysics. Through a wealth of   multi-messenger data, we now know that the merger of these   ultracompact stellar remnants is a central engine of short gamma ray   bursts and a site of r-process nucleosynthesis, where the heaviest   elements in our universe are formed. The radioactive decay of   unstable heavy elements produced in such mergers powers an optical   and infra-red transient: The kilonova.    One key driver of nucleosynthesis and resultant electromagnetic   afterglow is wind driven by an accretion disk formed around the   compact remnant. Neutrino transport plays a key role in setting the   electron fraction in this outflow, thus controlling the   nucleosynthesis.    Collapsars are black hole accretion disks formed after the core of a   massive, rapidly rotating star collapses to a black hole. These   dramatic systems rely on much the same physics and modeling as   post-merger disks, and can also be a key driver of r-processes   nucleosynthesis.    I present recent progress in modeling these enigmatic systems, with   an emphasis on both the impact and techniques of detailed Monte   Carlo neutrino transport.


Writing a New Thorn
Max Morris, Louisiana State University
Abstract:
There are two notebooks for this section, one for the heat equation and one for the wave equation. The heat equation is presented first because its slightly simpler, e.g. the heat equation can be evolved using the Euler method.


The SpECTRE CCE Module 
Kyle Nelli, Caltech
Abstract:
The goal of numerical relativity is to extract waveforms at future null infinity so that they can be used in LIGO. A characteristic evolution of Einstein’s equations is well suited to do this because the equations are evolved on null hypersurfaces. The SpECTRE numerical relativity code has a module that implements this characteristic evolution which we refer to as CCE. In this talk, I will present this CCE module, how to attain/build it, the data format we read in, the input file options, and the output data that it produces.


Blandford-Znajek Mechanism and Black Hole Jets
Mário Raia Neto, Federal University of São Carlos
Abstract:
In this brief presentation, I would like to provide an introduction to Kerr spacetime and the Blandford-Znajek mechanism. The focus of this talk will remain entirely analytical, as I aim to discuss one of the key theoretical mechanisms to Jet formation: the interaction between the curved spacetime of a Kerr black hole vicinity and the external magnetic field. Additionally, I would like to discuss the physics associated with the "membrane paradigm," addressing various physical properties such as conductivity and resistivity in the vicinity of the event horizon. This lecture is intended to serve as a technical overview and would be suitable for researchers at the Symposium who would seek a review on these topics.


Perspectives of Quantum Computing in Numerical General Relativity 
Victoria Porozova, Von Braun Labs
Abstract:
In this talk we will review with the basics of quantum computing, we will go through Qiskit tutorials to get familiar with quantum computing programming language. Additionally, since the intersection between numerical general relativity and quantum computing is pre-emerging, we will see the AI developments in the area of black holes collision. By the end we will encounter some quantum solutions for simple nonlinear differential equations. We will finish our talk by giving a possible route for further developments to bridge two disciplines in a novel way.


CapyrX: A guide to early adoption 
Lucas Timotheo Sanches, Federal University of Rio De Janeiro
Abstract:
In this talk, I plan to briefly discuss Multipatch systems in general, the current CapyrX implementation and how to make use of it for early adopters.


CarpetX
Erik Schnetter, Perimeter Institute for Theoretical Physics


Dark Matter Subhalo interpretations using machine learning: The fourth Fermi-LAT catalog 
Amrutaa Vibho, National Center for Supercomputing Applications
Abstract:
The quest for detecting dark-matter subhalos within the Galactic halo has taken many forms. Particularly interesting and promising is the use of spectral degeneracies to distinguish otherwise indistinguishable gamma-ray sources with near-null star formation. In further exploration of this realm, we attempt to classify high-latitude, non-variable, unassociated gamma-ray sources with Pulsar-like spectra in the 20-70 GeV Dark Matter annihilation range. Implementing supervised machine learning models on the 5788 gamma-ray sources recorded in the ten-year Fermi-LAT catalog (4FGL-DR2), where 1667 were formerly unassociated, we classify a total of 30 recorded gamma-ray events over a galactic latitude of 10 degrees,  b  >= 10 with a mean accuracy over 98%. This classification allows us to present a subset of potentially unanticipated gamma-ray sources as high-confidence Dark Matter Subhalo candidates.


Direct Collapse Black Hole Formation
Leonardo Werneck, University of Idaho


Modified GR
Helvi Witek, University of Illinois Urbana-Champaign
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