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Albarran, 
Robert 

Kinetic Modeling of Ionospheric Outflows Observed by the VISIONS-1 Sounding Rocket 
Robert Albarran, University of California- Los Angeles, USA 
Matthew Zettergren, Embry-Riddle Aeronautical University, USA 
Doug Rowland, NASA Goddard Space Flight Center, USA 
Jeff Klenzing, NASA Goddard Space Flight Center, USA 
Rob Pfaff, NASA Goddard Space Flight Center, USA 
 
Plasma escape from the high-latitude ionosphere (ion outflow) serves as a significant source of heavy plasma to magnetospheric plasma sheet and ring current regions. Outflows 
alter mass density and reconnection rates, hence global responses of the magnetosphere. The VISIONS-1 (VISualizing Ion Outflow via Neutral atom imaging during a Substorm) 
sounding rocket was launched on Feb. 7, 2013 at 8:21 UTC from Poker Flat, Alaska, into an auroral substorm with the objective of identifying the drivers and dynamics of 
nightside ion outflow at altitudes where it is initiated, below 1000 km. Energetic ion data from the VISIONS-1 polar cap boundary crossing show evidence of an ion ``pressure 
cooker'' effect whereby ions energized via transverse heating in the topside ionosphere travel upward and are impeded by a parallel potential structure at higher altitudes. 
A new fully kinetic model is constructed from first principles which traces large numbers of individual O+ ion macro-particles along curved magnetic field lines, using a guiding-
center approximation, in order to facilitate calculation of ion distribution functions and moments. Particle forces in a three-dimensional global Cartesian coordinate system 
include mirror and parallel electric field forces, a self-consistent ambipolar electric field, and a parameterized source of ion cyclotron resonance (ICR) wave heating, thought to 
be central to the transverse energization of ions. The model is initiated with a steady-state ion density altitude profile and Maxwellian velocity distribution and multiple particle 
trajectories are advanced via a direct simulation Monte Carlo (DSMC) scheme. This document outlines the design and implementation of the kinetic outflow model and shows 
applications of simulated outflows representative of conditions observed during the VISIONS-1 campaign. This project provides quantitative means to interpret VISIONS-1 data 
and related remote sensing approaches to studying ion outflows and serves to advance our understanding of the drivers and particle dynamics in the auroral ionosphere and to 
improve data analysis for future sounding rocket and satellite missions. 

Boyd, Brendan Low Mach Number Simulations of the Convective Urca Process 
Brendan Boyd, Stony Brook University, USA 
Alan Calder, Stony Brook University, USA 
Dean Townsley, University of Alabama, USA 
 
A proposed setting for thermonuclear (Type Ia) supernovae is a white dwarf that has gained mass from a companion to the point of carbon ignition in the core. There is a 
simmering phase in the early stages of burning that involves the formation and growth of a core convection zone. One aspect of this phase is the convective Urca process, a 
linking of weak nuclear reactions to convection which may alter the composition and structure of the white dwarf. Convective Urca is not well understood and requires 3D fluid 
simulations to realistically model. Additionally, the convection is relatively slow (Mach number less than 0.005) so a low-Mach method is needed. Using the MAESTROeX low-
Mach hydrodynamic software, we present full 3D simulations of the A=23 convective Urca process. These results point to the proper initial conditions needed for the simulation 
to quickly settle into a quasi-steady state. Our findings on the extent of mixing across the Urca shell, the characteristic velocities of the flow and the energy loss rates can be used 
to inform 1D stellar models which track the longer-timescale evolution.This research was supported in part by the US Department of Energy (DOE) under grant DE-FG02-
87ER40317 
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Numerical Challenges of Global Coronal Modelling 
Błażej Kuźma, ISSAT, HIT, China   
Barbara Perri, AIM - CEA Saclay, France 
Fan Zhang, KU Leuven, Belgium 
Andrea Lani, KU Leuven, Belgium 
Stefaan Poedts, KU Leuven, Belgium 
 
With the growth of our reliance on space and digital infrastructure, our society is becoming more and more vulnerable to space weather effects. To model these effects 
accurately, a variety of models are required to propagate the energy budget from the low solar corona all the way to the Earth. In space weather forecasting toolchains such as 
the Virtual Space Weather Modelling Centre, the first model employed is typically the â€œcoronal modelâ€ , resolving plasma properties at 0.1AU. These then serve as an input 
to the heliospheric model. For now, semi-empirical techniques such as the WSA model are usually employed. Recently, we have developed the COCONUT global coronal solver 
based on 3D computational fluid dynamics with an implicit scheme (see e.g. Perri & Leitner et al. 2022), to replace the semi-empirical approximations and provide better physical 
accuracy. A global coronal model can also help us better understand the physical processes in the corona and the energy transfer between the separate layers once we include 
chromosphere and the transition region in the simulation in the future. Here, we present some of the numerical challenges and trade-offs that had to be resolved for the 
COCONUT solver to still provide sufficiently accurate solutions while preserving its speed and robustness such that it is suitable for operational running. We discuss the effects 
that aspects such as the mesh design, the boundary conditions and the prescribed magnetic fields have on the behavior of the solver and accuracy of the results. We show that 
through understanding of these effects and through an implementation of the respective modifications in the numerical setup, operational performance and accuracy can be 
greatly enhanced. 

Burrows, Adam State-of-the-Art 3D Models of Core-Collapse Supernova Explosions 
Adam Burrows, Princeton University, USA 
 
Using our code Fornax we have simulated the collapse and explosion of the cores of many massive-star models in three spatial dimensions. This is the most comprehensive set of 
realistic 3D core-collapse supernova (CCSN) simulations yet performed and has provided very important insights intothe mechanism and character of this 60-year-old 
astrophysical puzzle. Most 3D models explode naturally and without artifice by the neutrino mechanism, aided by turbulent convection. I will present detailed results from this 
suite of runs and the novel conclusions derived from our new capacity to simulate many 3D full physics models every year. 

Calder, Alan FLASH on A64FX: A Guide to Tuning an Astrophysics Code on a New CPU Architecture 
A. Calder, Stony Brook University, USA 
C. Feldman, Stony Brook University, USA 
S. Chheda, Stony Brook University, USA 
E. Siegmann, Stony Brook University, USA 
A. Curtis, Stony Brook University, USA 
J. Dey, Stony Brook University, USA 
D. Carlson, Stony Brook University, USA 
R. Harrison, Stony Brook University, USA 
B. Michalowicz, Ohio State University, USA 
 
High-fidelity astrophysics simulations and other multi-scale, multi-physics applications can readily utilize capable computing. While accelerators like GPUs help greatly enhance 
application runtime, it is a non-trivial task to port and refactor applications to efficiently use them. An alternative being explored is Fujitsu's ARM-based A64FX processor, which 
promises the programmability of aÂ CPU with the benefit of a GPU, all at low energy usage. Here, we present our experiences porting and tuning the multi-physics simulation 
code FLASH on the Ookami testbed platform, an HPE Apollo 80 machine featuring A64FX. FLASH ran right out of the box on this architecture using each of the four available 
compilers. The next steps were to test memory limitations, perform basic profiling, test the effects of using Linux Kernel Huge Pages, explore options for using the NUMA 
architecture, and to attempt to make good use of the Scalable Vector Extension (SVE) features. We present an overview of our ongoing journey to improve FLASH's performance 
on A64FX with minimal code changes and offer a guide for anyone similarly investigating the A64FX architecture.Â This research and the machine Ookami are supported by the 
US National Science Foundation (NSF) grant OAC 1927880. This research was also supported in part by the US Department of Energy (DOE) under grant DE-FG02-87ER40317. 
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Cernetic, Miha High-Order Discontinuous Galerkin Method on GPUs for Supersonic Turbulence Simulations 

Miha Cernetic, Max Planck Institute for Astrophysics, Germany 
Volker Springel, Max Planck Institute for Astrophysics, Germany 
Ruediger Pakmor, Max Planck Institute for Astrophysics, Germany 
Thomas Guillet, University of Exeter, United Kingdom 
 
High-order Discontinuous Galerkin methods are characterized by superior convergence rates and high computational efficiency, making them particularly promising for the high 
Reynolds numbers and huge dynamic range of astrophysical turbulence as encountered in many different systems, including the interstellar medium and the gas flows in galaxy 
clusters.  I will present a novel multi-GPU/multi-node realization of Discontinuous Galerkin hydrodynamics written in CUDA and discuss how we cope with physical discontinuities 
such as shocks in this method, which has previously proven problematic in DG at high order. Our new code runs efficiently on different hardware configurations, ranging from a 
single core on a single node, to all available GPUs and CPUs on large compute clusters using MPI-parallelization between nodes. Furthermore, I will provide insights into our 
development strategy and technical approach, crafted to harness the full potential of GPUs, by effectively tackling GPU specific hardware challenges such as overlapping 
communication and computation, and minimizing non-coalesced memory reads and registry pressure. I will then discuss the accuracy of the code in test problems, and analyze 
the weak and strong scaling behavior of the code, demonstrating a general speedup of ~12x on the GPU compared to the CPU version. In conclusion, I will showcase our 
application of the code to large-scale, high-order simulations of driven sub- and supersonic multiphase turbulence. 

Che, Haihong Particle Acceleration in Magnetic Reconnection 
H. Che, UAH, USA 
G. P. Zank, UAH, USA 
A. O. Benz, FHNW & ETH Zurich, CH 
 
How magnetic reconnection efficiently produces a huge number of mildly relativistic energetic particles is an outstanding problem in solar physics and heliophysics. In particular, 
three major problems in solar particle acceleration have to be addressed: 1) the development of power-law energy spectra for both electrons and ions; 2) the Ã¢â‚¬Å“big 
number problemÃ¢â‚¬ of electrons. Recent observations discovered that the time to accelerate electrons to a power-law energy distribution in solar flares can be shorter than 
50 ms while nearly the total number of electrons in the current sheet is accelerated in 1000s. 3) Observations suggest that the acceleration process of ions is related to the 
electronsÃ¢â‚¬â„¢. In this talk, I will present a novel acceleration mechanism in magnetic reconnection. I will show how the velocity shear stored naturally in force-free currents 
of solar flares can drive an electron Kelvin-Helmholtz instability (EKHI) during magnetic reconnection. The EKHI efficiently accelerates electrons to a power-law energy spectrum 
with an index comparable to the observations in a few tens of ion gyro-periods (~ 0.1 ms for solar corona plasma). With the proceeding of reconnection, the EKHI induced 
Alfvenic turbulence can accelerate ions to broken power-law energy spectra. 
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Claes, Niels Legolas 2.0: Extensions to a Linear MHD Spectroscopic Framework 

Niels Claes, Centre for Mathematical Plasma-Astrophysics, KU Leuven, Belgium 
Rony Keppens, Centre for Mathematical Plasma-Astrophysics, KU Leuven, Belgium 
 
The Legolas code [1, 2, 3] is an open-source, finite element-based, numerical framework to solve the linearised (magneto)hydrodynamic equations for a three-dimensional force- 
and thermally balanced state with a nontrivial one-dimensional variation. The standard Fourier modes imposed in the other coordinates give rise to a complex, generalised non-
Hermitian eigenvalue problem which is then solved to quantify all linear wave modes of the given system in either Cartesian or cylindrical geometries. Physical effects included in 
the framework are background flows, optically thin radiative losses, anisotropic thermal conduction, external gravity, resistivity, viscosity, and Hall MHD, allowing for a full 
spectroscopic treatment of highly generalised setups in various environments ranging from laboratory conditions to astrophysical systems. The framework was recently 
extended to treat subsystems of the eight linearised MHD equations, allowing for pure hydrodynamic setups in 3D, only 1D density/temperature/velocity variations, or even 
omitting the energy equation altogether to treat specific closure relations. Additionally, the code now has the possibility to fully visualise eigenfunctions associated with a given 
wave mode in multiple dimensions, such that links between linear stability analysis and fully nonlinear simulations are becoming a reality, along with in-depth studies of system 
stability and wave mode behaviour. In this talk an overview will be given of all the new updates to the Legolas framework that are currently available and the new possibilities 
these open up. 
References 
[1] Claes, N., De Jonghe, J., & Keppens, R. (2020). Legolas: a modern tool for magnetohydrodynamic spectroscopy. The Astrophysical Journal Supplement Series, 251(2), 25. 
[2] De Jonghe, J., Claes, N., & Keppens, R. (2022). Legolas: magnetohydrodynamic spectroscopy with viscosity and Hall current. Journal of Plasma Physics, 88(3), 905880321. 
[3] https://legolas.science 

Federrath, 
Christoph 

Modelling MHD Turbulence and Star Formation 
Christoph Federrath, Australian National University, Australia 
 
In this talk, I will present recent work from our research group on modelling turbulent magnetohydrodynamical (MHD) flows and star formation. I will explain the key roles that 
MHD turbulence and feedback (both mechanical and radiative) play for the structure and dynamics of the interstellar medium, and for the formation of stars. 

Feldman, 
Catherine 

Challenges Modeling the Low-Luminosity Type Iax Supernovae 
Catherine Feldman, Stony Brook University, USA 
Ellis Eisenberg, Half Hollow Hills High School West, USA  
Dean M. Townsley, The University of Alabama, Tuscaloosa, USA  
Alan C. Calder, Stony Brook University, USA 
 
Type Iax supernovae, one class of very dim events, produce a slow moving, sparse ejecta that presents challenges for simulation. These events are hypothesized to be to be 
created from deflagration (subsonic burning), without a subsequent supersonic detonation, of a white dwarf star. The deflagration gives the star time to react and expand, 
quenching the burning so that the majority of the mass remains unburned and gravitationally bound. The resulting system is a hot, dense core surrounded by sparse material 
that cools as it expands outwards. The lack of a vigorous explosion makes the results of simulations especially sensitive to the initial conditions and presents additional challenges 
for the system’s evolution. Here, we present an investigative suite of 30 simulations of a hybrid C/O/Ne WD undergoing a deflagration using FLASH, a multi-scale, multi-physics 
software instrument. We explore how the final state of the simulation changes as we vary the character of the early stages of burning, which influences the outcome of the 
explosion. We also discuss how the "fluff" parameters, i.e. those pertaining to the low-density gas on the grid in lieu of vacuum, affects the geometry of the deflagration and 
inhibits the ejecta as it expands. We also discuss strategies for simulating the expansion of the ejecta to late times, which is more challenging than for simulations of SNIa due to 
the lower ejecta velocities exhibited by SNIax simulations. Finally, we present a comparison between our simulation and observations of these events.  
The authors would like to thank Stony Brook Research Computing and Cyberinfrastructure, and the Institute for Advanced Computational Science at Stony Brook University for 
access to the SeaWulf computing system, which was made possible by a $1.4M National Science Foundation grant (#1531492). This research was also supported in part by the 
US Department of Energy (DOE) under grant DE-FG02-87ER40317 and in part by the US National Science Foundation (NSF) under grant OAC 1927880. 
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Fujimoto, Keizo Ohm’s Law in the Reconnection Diffusion Region Dominated by Electromagnetic Turbulence 

Keizo Fujimoto, Beihang University, China 
Richard Sydora, University of Alberta, Canada 
 
Most of the plasma fluid equations have employed the electrical resistivity to generate the magnetic dissipation required for magnetic reconnection to occur in collisionless 
plasma. However, there has been no clear evidence that such the model is indeed appropriate in the reconnection diffusion region in terms of the kinetic physics. To address this 
issue, the present study has performed a large-scale 3D particle-in-cell simulation as well as analytical analysis. The simulation results show that the thin current layer formed 
around the reconnection x-line is unstable to the flow shear instabilities, leading to intense electromagnetic turbulence in the electron diffusion region (EDR). It is found that the 
non-ideal electric field in the EDR is consistent with the Ohm’s law based on the viscosity rather than the resistivity. The effective viscosity is caused by the turbulence that gives 
rise to effective momentum transport of the electrons across the EDR. The present result suggests a fundamental modification of the fluid equations using the resistivity in the 
Ohm’s law. In this talk, we will present the simulation results and analytical analysis to demonstrate the dissipation mechanism in the turbulent current layer to drive magnetic 
reconnection. 

Gedalin, 
Michael 

Collisionless Shock As A Self-Organized System 
Michael Gedalin, Ben Gurion University, Israel 
 
A collisionless shock is a self-organized system, the main  task of which is fast and stable transfer of the conserved quantities, that is, mass, momentum, and energy, from one 
side, upstream, to the other side, downstream, while adding entropy. "Fast" means that the transfer occurs at the scales much smaller than the MHD scales. "Stable"  means that 
there are not disruptions of substantial changes on average, except those which are caused by variations of ambient conditions. In this approach the developing shock structure 
is the one  which ensures this transfer. This means, that if the transfer stability is not possible without an overshoot, an overshoot has to be formed. If it is not possible without 
rippling, rippling will develop. Since ions are the main carriers of these conserved quantities, it is ions which are responsible for developing the structure and it is ions which have 
to most strongly affected by it. In particular, we show that overshoot plays an important role regulating ion reflection so that the shock becomes stable. 

Hoeflich, Peter Supernovae in the Age of JWST: Finding the 'Right' Questions and the Path to Answers. 
Peter Hoeflich, Tyco Mera, Elham  FSU) 
Chris Ashall  (VT) and the JWST collaboration 
D. Baade (ESO) and the SPECPOL Collaboration. 
 
Understanding the Physics of thermonuclear explosions of a White Dwarf star (WD), so called Type Ia Supernovae (SNe~Ia), provide a playground for modern physics and are a 
key to modern cosmology.  We identify new and investigate a variety of observational signatures of underlying physical processes related to the thermonuclear runaway, the 
flame propagation and the environment. Being intrinsically multi-dimensional phaenomena, probing the physics  requires multi-dimensional radiation-hydrodynamics and MHD 
simulations. For this task, we developed and employed methods for photon transport for the X-, gamma- and of low energy and of positrons under non-LTE conditions. We 
identify signatures in the light curves and spectra, in particular, line profiles and polarization spectra. Consistent treatment of high energy processes is critical.  Therefore, our 
framework and results can be used directly a variety of scenarios for SNe~Ia including merging WDs and explosions of sub-Chandrasekhar mass WDs.  In this talk, we will present 
numerical methods employed and discuss current limitations.  We discuss applications and recent results in light of our JWST, Keck and polarization programs. 
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Hu, Qiang Coronal Magnetic Field Extrapolation by Using Ultra High-Resolution Vector Magnetograms 

Wen He, The University of Alabama in Huntsville, USA 
Qiang Hu, The University of Alabama in Huntsville, USA 
 
Magnetic field plays an important role in various solar eruption phenomena such as flares, coronal mass ejections, and solar jets, etc. The formation and evolution of 
characteristic magnetic field topology in solar eruptions are critical processes that will ultimately help us understand the origination of these eruptions in the solar source 
regions. With the development of advanced techniques and instruments, observations with higher resolutions in different wavelengths and field of views (FOVs) have provided 
more quantitative information for fine-scale structures. So it is essential to improve our method to study the magnetic topology in the solar source regions by taking advantage 
of high-resolution observations. In this study, we employ a modified version of the nonlinear force-free field (NLFFF) extrapolation method based on a nonuniform grid setting 
for an M-class flare eruption event (SOL2015-06-22T17:39:00) with embedded vector magnetograms from the Solar Dynamics Observatory (SDO) and the Goode Solar Telescope 
(GST). The extrapolation results based on the nonuniform embedded magnetogram are obtained by maintaining the native resolutions of the corresponding GST and SDO 
magnetograms. We then perform a topological analysis of the connectivity of the field lines corresponding to fine-scale magnetic field structures based on the extrapolation 
results. We compare it with the simultaneous GST/H_alpha and SDO/AIA observations for these fine-scale structures associated with precursor brightenings. The analysis results 
indicate that by combining the high-resolution GST magnetogram with a larger FOV magnetogram, the derived magnetic field topology representing a scenario of magnetic 
reconnection among sheared field lines across the main polarity inversion line (PIL) is consistent with the observed precursor brightenings of the solar flare. 

Kang, Hyesung A Simulation Study of Particle Acceleration in High-beta Shocks via Weibel Amplification: Implications for Galaxy Cluster Outskirts 
Hyesung Kang, Pusan National University, South Korea 
Dongsu Ryu, Ulsan National Institute of Science and Technology, South Korea 
 
Cosmological structure formation simulations predict that external accretion shocks form in the outer region of galaxy clusters owing to supersonic gas infall from filaments and 
voids in the cosmic web. These shocks are characterized by high Mach numbers and propagate into an almost unmagnetized medium. Using 2D particle-in-cell simulations, we 
show that collisionless shocks could form via the Weibel-amplified magnetic fields, and that electrons can be pre-accelerated via the stochastic Fermi process to be injected into 
diffusive shock acceleration. Based on these findings, we propose analytic models for the energy spectra of shock-accelerated cosmic-ray (CR) protons and electrons that utilize 
conventional thermal leakage injection concept. Applying these model CR spectra to numerical shock zones in structure formation simulations, we estimated nonthermal 
emissions, including synchrotron and inverse Compton radiation due to CR electrons and pi^0-decay gamma-rays due to CR protons, around simulated clusters. The synthetic 
synchrotron maps produced by our model calculations are consistent with recent radio observations of the Coma Cluster. However, detecting nonthermal X-rays and gamma-
rays from accretion shocks in the outer region of galaxy clusters with current observational facilities would be challenging. 

Kim, Woong-
Tae 

Semi-global Simulations of Star formation in Nuclear Rings of Barred Galaxies 
Woong-Tae Kim, Seoul National University, Korea 
Sanghyuk Moon, Princeton Unversity, USA 
Chang-Goo Kim, Princeton University, USA 
Eve Ostriker, Princeton University, USA 
 
Nuclear rings at the centers of barred galaxies are active in star formation. To understand what determines the star formation rate and structure of nuclear rings, we conduct 
semi-global, magnetohydrodynamic simulations of nuclear rings subject to various mass inflow rates with/without magnetic fields. We adopt the TIGRESS framework of Kim & 
Ostriker to handle radiative heating and cooling, star formation, and related supernova (SN) feedback. Our findings suggest that SN feedback cannot destroy the nuclear ring 
completely or halt star formation within it, while both the mass inflow rate and SN feedback affect the ring star formation rate (SFR). SN feedback is responsible for small-
amplitude SFR fluctuations with a timescale of less than 40 million years, while the SFR variations over longer timescales are due to changes in the mass inflow rates. Magnetic 
fields seed by the inflows are amplified in the ring due to rotational shear and SN feedback, greatly reducing the SFR at late times. Strong magnetic tension in the ring drives 
radially inward accretion flows from the ring to form a circumnuclear disk in the central region, which is absent in the unmagnetized model. 
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Luo, Hongyang Gas Kinetic Schemes for Solving the Magnetohydrodynamic Equations with Pressure Anisotropy 

Hongyang Luo, the University of Hong Kong, China 
John G.Lyon, Dartmouth College, USA 
Binzheng Zhang, the University of Hong Kong, China 
 
In many astrophysical plasmas, the Coulomb collision is insufficient to maintain an isotropic temperature, and the system is driven to the anisotropic regime. In this case, 
extended magnetohydrodynamic (MHD) models with anisotropic pressure are needed to describe such a plasma system. To solve the anisotropic MHD equation numerically, we 
develop a robust Gas-Kinetic flux scheme for non-linear MHD flows. Using anisotropic velocity distribution functions, the numerical flux functions are derived for updating the 
macroscopic plasma variables. The scheme is suitable for finite-volume solvers which utilize a conservative form of the mass, momentum, and total energy equations, and can be 
easily applied to multi-fluid problems and extended to more generalized double polytropic plasma systems. Test results show that the numerical scheme is very robust and 
performs well for both linear wave and non-linear MHD problems. 

Lynch, Benjamin Modeling Reconnection-generated Transients in the Solar Wind 
B. J. Lynch, University of California Berkeley, USA 
 
The solar wind exhibits a tremendous amount of spatiotemporal variability in its bulk plasma, magnetic field, and composition properties. In this presentation, I will review some 
of the recent progress made towards modeling reconnection-generated transients in the solar corona and their evolution into the open field. Certain, specific magnetic 
geometries of large-scale coronal source regions can act as a proxy for the location(s) one expects these transients to occur and make significant contributions to the solar wind’s 
variability. In particular, I will discuss signatures of interchange reconnection at the open--closed boundaries of coronal flux systems including at the helmet streamer belt and 
within the vicinity of coronal pseudostreamers. Ultimately, global time-dependent 3D modeling will be required to unify stationary solar wind solutions with first-principles’ 
modeling of the low-frequency (MHD) component of solar wind turbulence. 

Mackey, 
Jonathan 

Wind-Blown Nebulae from Single and Binary Massive Stars 
Jonathan Mackey, Dublin Institute for Advanced Studies, Ireland 
 
Winds from massive stars expand supersonically into their surroundings, creating dynamic and fascinating nebulae that can give us insight into physical processes in interstellar 
plasma, and into the evolutionary history of the stars. For single stars these are parsec-scale bubbles such as bow shocks and ring nebulae, whereas in colliding-wind binary 
(CWB) systems the high wind density produces intense time- and space-dependent emission across the electromagnetic spectrum from radio to gamma-rays. Shock physics, 
particle acceleration and radiative processes can be investigated. I will present recent results on modelling the bow shocks of nearby massive stars such as Zeta Ophiuchi and the 
Bubble Nebula, compared with multiwavelength observations including radio and X-ray. Differently from single stars, the shocked wind in CWB systems is often dense enough 
and close enough to the stars such that the shocks are radiative. Comparing the relevant timescales, I will show that inverse-Compton cooling is often the dominant energy-loss 
mechanism for CWBs in eccentric or close binary orbits, although it is rarely included in models. 3D MHD simulations of the CWB system WR140 show that inverse-Compton 
cooling of the shocked plasma can trigger runaway cooling when the orbit is near periastron, producing strong compression and dynamical instabilities. I will discuss prospects 
for using 3D simulations, together with multi-epoch observations, to constrain the stellar wind properties of the massive stars. 

Mathews, Nat Solving 3D Magnetohydrostatics with RBF-FD: Applications to the Solar Corona 
Nat Mathews, NASA GSFC, USA 
 
We present a novel magnetohydrostatic numerical model that solves directly for the force-balanced magnetic field in the solar corona. This model is constructed with Radial 
Basis Function Finite Differences (RBF-FD), specifically 3D polyharmonic splines plus polynomials, as the core discretization. This set of PDEs is particularly difficult to solve since 
in the limit of the forcing going to zero it becomes ill-posed with a multitude of solutions. For the forcing equal to zero there are no numerically tractable solutions. For finite 
forcing, the ability to converge onto a physically viable solution is delicate as will be demonstrated. The static force-balance equations are of a hyperbolic nature, in that 
information of the magnetic field travels along characteristic surfaces, yet they require an elliptic type solver approach for a sparse overdetermined ill-conditioned system. As an 
example, we reconstruct a highly nonlinear analytic model designed to represent long-lived magnetic structures observed in the solar corona. 
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Mezzacappa, 
Anthony 

Will this never end? 
Anthony Mezzacappa, The University of Tennessee, Knoxville 
 
Recent progress in modeling core collapse supernovae has been most encouraging. Sophisticated three-dimensional models from several groups have been developed, and a 
consensus is emerging that shock revival via neutrino heating leads to explosions across progenitors of different mass and metallicity. Modeling efforts have now entered a new 
phase, where quantitative rather than qualitative prediction is more the norm. Nonetheless, significant work remains to further develop these three-dimensional models to 
address the shortcomings they possess. I will discuss all of the above, as well as present results from ongoing simulations being carried out with the UT-ORNL group’s current 
production code, Chimera, and briefly report on the development of our next-generation simulation framework, thornado, which will be covered in more detail at this 
conference by thornado’s lead developer, Eirik Endeve. I will also present results from our computations of core collapse supernova gravitational wave and neutrino emissions 
based on our Chimera models. 

Minoshima, 
Takashi 

A Quasi All-speed Scheme for MHD Flows in a Wide Range of Mach Numbers 
Takashi Minoshima, JAMSTEC, Japan 
Takahiro Miyoshi, Hiroshima University, Japan 
 
Magnetohydrodynamic (MHD) simulations are essential for studying the macroscopic dynamics of laboratory, space, and astrophysical plasmas. For compressible MHD 
simulations, shock-capturing schemes have been developed based on the solution to the Riemann problem in one-dimensional hyperbolic conservation laws, allowing us to 
tackle supersonic flows. However, familiar shock-capturing schemes can encounter numerical difficulties in practical multidimensional MHD simulations, such as the numerical 
shock instability for high Mach number flows (“Carbuncle” phenomena) and the degradation of solution accuracy for low Mach number flows. These issues restrict the 
availability of shock-capturing schemes to moderate Mach number flows. The preservation of the solenoidal condition for the magnetic field is also challenging. To address these 
challenges, we propose a new shock-capturing MHD scheme that implements two modifications for shock detection and pressure correction, enabling us to avoid 
multidimensional shock instability and improve the accuracy of low-speed flows. This "quasi all-speed" scheme is accurate for super-Alfvénic flows, and we will present details of 
its design, benchmark test results, and practical application to MHD turbulence problems in this talk. 

Moesta, Philipp Magnetic Fields, Jets, and Turbulence in the Multimessenger Era 
Philipp Mösta, GRAPPA, University of Amsterdam, NL 
 
Magnetic fields, turbulence, and jet-driven outflows play a critical role in core-collapse supernovae and compact-object mergers. These transients belong to the most luminous 
and energetic events observed in the universe and are key targets for time-domain astronomy surveys. I will discuss the unique challenges in both input physics and 
computational modelling for these systems and highlight recent breakthroughs in full 3D simulations. I will pay particular attention to challenges in performing these simulations 
on modern high-performance computational systems and how to extract as much scientific insight as possible from the produced datasets. 

Nagakura, 
Hiroki 

Numerical Modeling of Non-equilibrium Neutrino Radiation Field by Solving Quantum Kinetic Equation 
Hiroki Nagakura, NAOJ, Japan 
 
Neutrinos play important roles in high energy astrophysics phenomena including core-collapse supernovae and binary neutron star mergers as driving mass ejection and 
synthesizing heavy elements. They can carry thermal energy and leptons across the fluid element with undergoing matter interactions and flavor conversions. Determining 
neutrino radiation field involving neutrino flavor conversion requires solving quantum kinetic equation that corresponds to the extension from classical Boltzmann equation. 
Accurate modeling of neutrino quantum kinetics poses, however, a formidable challenge in computational astrophysics. In this talk, I will give an overview of the quantum 
kinetics neutrino transport and then present some recent progress, paying special attention to the connection to astrophysics. 
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Pajkos, Michael Accounting for Relativistic Effects in Core-collapse Supernova Simulations 

Michael A. Pajkos, California Institute of Technology, USA 
 
Describing the dynamic environment inside core-collapse supernovae requires a multitude of physics. As fluid velocities approach the speed of light and strong gravitational 
fields create compact objects such as black holes, a proper relativistic description of the internal physics is paramount to reliably predict observables. Furthermore, efficiently 
dividing the computational cost of a simulation across multiple computing units must be considered, in order to make use of upcoming 'exascale machines'.  In this talk, I will 
review two multiphysics codes that aim to meet these needs. First, I will present relativistic additions to the Flash framework, alongside simulation results incorporating these 
changes. Second, I will outline recent additions to the SpECTRE code, as it moves towards properly capturing the explosive endings of massive stars. 

Paschalidis, 
Vasileios 

Progress on Magnetohydrodynamic Accretion onto Binary Black Holes 
Vasileios Paschalidis, University of Arizona, USA 
 
Supermassive black hole binaries can form in magnetized plasma following galaxy mergers, via bar-mode instability in rapidly rotating supermassive stars, or by other dynamical 
processes. After formation, a combination of dynamical friction and gas-driven migration is likely to catalyze the binary inspiral into the gravitational radiation-driven regime. 
Following this point, accreting binary black holes become prime targets for multimessenger astronomy with gravitational waves. In this talk we will discuss recent progress in 
understanding magnetohydrodynamic accretion onto binary black holes. We will focus particularly on variability of the mass accretion rate, Poynting outflows and how the 
existence of minidisks forming onto the individual black holes may affect observable quantities from these systems. 

Phillips, David An Operator Splitting Approach to Highly Magnetised Relativistic Magnetohydrodynamics 
David Phillips, University of Leeds, UK 
Serguei Komissarov, University of Leeds, UK 
 
Conservative schemes are an extremely powerful tool in Relativistic Magnetohydrodynamics for modelling astrophysical phenomena. But while these able to handle low 
magnetisation with ease (where the ratio of magnetic components to inertial components is small), these schemes show significant failures at higher magnetisation - in some 
cases, failing even at ratios as small as 1. On the other extreme, Force-free models that neglect the inertial components entirely are unable to resolve crucial details such as 
current sheets. Here we present a novel operator splitting approach to the high-magnetisation regime of special relativistic magnetohydrodynamics, and describe 1D and 2D test 
simulations demonstrating its accuracy in both the low-and high-magnetisation regimes. 

Ryu, Dongsu A New Code for Relativistic Hydrodynamics and Studies of Radio Jets 
Dongsu Ryu, UNIST (Ulsan National Institute of Science and Technology), Korea 
Hyesung Kang, Pusan National University, Korea 
Jeongbhin Seo, UNIST (Ulsan National Institute of Science and Technology), Korea 
 
We developed a new special relativistic hydrodynamic (RHD) code that can simulate ultra-relativistic flows with Lorentz factors of up to ~ 100 with high-order accuracy. It 
employs the finite-difference weighted essentially non-oscillatory (WENO) scheme, a high-order scheme for numerical flux calculation, and the strong stability preserving Runge-
Kutta (SSPRK), a high-order time integration method. In addition, the code includes an equation of state (EOS) that closely approximates the EOS of the single-component perfect 
gas in the relativistic regime, and is optimized for reproducing complex structures in ultra-relativistic flows. Using this code, we simulated the dynamical evolution of relativistic 
jets with a wide range of model parameters covering both FR I and FR II radio galaxies. As in previous studies, we confirm that the jet power mainly governs flow dynamics, while 
the jet-to-background density and pressure ratios play secondary roles. We also find that jet-induced flows contain numerous structures involving shocks, shear, and turbulence. 
Furthermore, through Monte Carlo simulations, we followed the transport and acceleration of energetic particles in the jet-induced flows. We find that the particles can be 
boosted into ultra-high energy cosmic rays (UHECRs) with energies of up to E ~ 10^{20} - 10 10^{21} eV via diffusive shock acceleration (DSA), turbulence shear acceleration 
(TSA), relativistic shear acceleration (RSA). In this talk, we present the new RHD code and studies of radio jets using the code. 
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Sadykov, 
Viacheslav 

Modeling Spectral Lines and Broadband Emission 
for Realistic Simulations of the Sun 
Viacheslav Sadykov, Georgia State University, USA 
Irina Kitiashvili, NASA Ames Research Center, USA 
Alexander Kosovichev, New Jersey Institute of Technology, USA 
Alan Wray, NASA Ames Research Center, USA 
Joel Allred, NASA Goddard Space Flight Center, USA 
Graham Kerr, NASA Goddard Space Flight Center, Catholic University of America, USA 
John Stefan, New Jersey Institute of Technology, USA 
Adam Kowalski, University of Colorado Boulder, USA 
 
The insight into the physical properties and processes in the solar atmosphere (propagation of waves and shocks, impulsive deposits and releases of the energy, etc.) often 
comes from observations of spectral lines and broadband emission of magnetized plasma. However, the formation of the spectral lines and emission is often a non-local and 
non-equilibrium process, which makes it more complex to build the methods for solar atmosphere diagnostics. One of the ways to interpret remote sensing observations is to 
combine realistic numerical simulations of the solar atmosphere and processes therein and synthesis of the plasma emission and spectra. In this work, we highlight our recent 
results in this area, specifically (1) modeling of the chromospheric spectral lines and coronal emission utilized for the analysis of the shock wave propagation in the “StellarBox” 
3D Radiative MHD simulations of the quiet Sun, (2) comparison of the synthetic SDO/HMI line-of-sight observables (magnetic field, velocity, continuum intensity, and line depth) 
with the related physical properties of the atmosphere for local dynamo simulations performed using “StellarBox”, and (3) modeling of the SDO/HMI line-of-sight observables 
and chromospheric / transition region spectral lines for the 1D radiative hydrodynamic simulations (RADYN) of the solar flare process where the energy is deposited by non-
thermal electron and proton beams. We discuss how the results improve interpretations of the remote sensing observations of the Sun and provide a better understanding of 
the physical properties in the solar atmosphere. 

Sako, Takashi Modeling of TeV Galactic Cosmic-ray Anisotropy based on Intensity Mapping in an MHD Model Heliosphere 
T. K. Sako on behalf of the Tibet ASgamma Collaboration 
 
A lot of past and present cosmic-ray experiments have reported small anisotropic features with amplitudes of ~0.1% in the arrival directions of TeV galactic cosmic rays observed 
at the Earth. We are attempting to derive anisotropic features at the boundary of the heliosphere by applying the idea of Liouville mapping to the experimental data of the Tibet 
ASgamma experiment. Our preliminary results have so far indicated small, possibly spurious, anisotropic structures, with angular scales of ~10 degrees in the cosmic-ray intensity 
distribution at the heliospheric boundary, and we are suspecting that the higher-order residues of the model anisotropy at the heliospheric boundary could be removed if the 
stochastic scattering of cosmic-ray particles by magnetic irregularities inside the heliosphere are taken into account. In this presentation we will present the latest results of our 
improved intensity-mapping method. 

Shen, Fang 3D MHD Modeling of Interplanetary Solar Wind Using Self-Consistent Boundary Condition Obtained from Multiple Observations and Machine Learning Technique 
Fang Shen, CAS, China 
Yi Yang, CAS, China 
 
Three-dimensional (3-d) magnetohydrodynamics (MHD) modeling is a key method for studying the interplanetary solar wind. In this research, we introduce a new 3D MHD solar 
wind model driven by the self-consistent boundary condition obtained from multiple observations and Artificial Neural Network (ANN) machine learning technique. At the inner 
boundary, the magnetic field is derived using the magnetogram and potential field source surface extrapolation; the electron density is derived from the polarized brightness 
(pB) observations, the velocity can be deduced by an ANN using both the magnetogram and pB observations, and the temperature is derived from the magnetic field and 
electron density by a self-consistent method. Then, the 3D interplanetary solar wind from CR2057 to CR2062 are modeled by the new model with the self-consistent boundary 
conditions. The modeling results present various observational characteristics at different latitudes, and are in good agreement with both the OMNI and Ulysses observations. 
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Shingo, Hirano Exponential Amplification of the Magnetic Field in the Primordial Star-forming Cloud 

Shingo Hirano, University of Tokyo, Japan 
Masahiro N Machida, Kyushu University, Japan 
Shantanu Basu, University of Western Ontario, Canada 
 
One critical remaining issue that is unclear in the initial mass function of the first (Population III) stars is the final fate of secondary protostars that formed in the accretion disk—
specifically, whether they merge or survive. We focus on the magnetic effects on the formation of the first star under a cosmological magnetic field. We perform ideal 
magnetohydrodynamic simulations by adopting a stiff equation of state approach to represent the magnetic field structure connecting protostars. The magnetic field rapidly 
winds up since the gas near the protostar has undergone several tens of orbital rotations in the first decade after protostar formation. As the mass accretion progresses, the vital 
magnetic field region extends outward, and magnetic braking eliminates the disk fragmentation that would happen in an unmagnetized model. We also report the magnetic 
effect on the supermassive first star formation. 

Strauss, Du Toit The Use of the Locally One-Dimensional (LOD) Method in Cosmic Ray Transport Models 
Du Toit Strauss, North-West University, South Africa 
 
The Locally One-Dimensional Method (LOD) can be used to transform a N-dimensional partial differential equation into a set of N one-dimensional differential equations. The 
latter is, of course, much easier to handle numerically. We begin by discussing some early applications of the LOD method from the 1990s where it was extensively applied to 
cosmic ray studies in the isotropic limit. More recently, the LOD method has been successfully applied to solve the focused transport equation in order to simulate the transport 
of solar energetic particles. This equation changes from an advective-type to a diffusive-type equation between the Sun and the Earth, posing a problem for more traditional 
numerical algorithms (e.g. of the Crank-Nicholson type). We discuss details of this application, its numerical implementation, and give details regarding the applied boundary 
conditions. Example solutions of the resulting solar energetic particle intensities are also presented and discussed. 

Van Loo, Sven Dust Accretion onto Circumplanetary Discs 
Sven Van Loo, Ghent University, Belgium 
Samuel Karlin, University of Leeds, UK 
Olja Panic, University of Leeds, UK 
 
The major satellites of Jupiter and Saturn are believed to have formed in circumplanetary discs, which orbit forming giant protoplanets. Gas and dust in CPDs have different 
distributions and affect each other by drag, which varies with grain size. Yet simulations of multiple dust grain sizes with separate dynamics have not been done before. We seek 
to assess how much dust of each grain size there is in circumplanetary discs. We run multifluid 3D hydrodynamical simulations including gas and four discrete grain sizes of dust 
from 1 𝜇m to 1 mm, representing a continuous distribution. We consider a Jupiter-mass protoplanet embedded in a disc around a Solar-mass star. Our results show the typical 
power-law dust distribution albeit truncated distribution at smaller grain sizes, which starts to tail off by 𝑎 = 100 𝜇m and is near zero at 1 mm. Large dust grains, which hold most 
of the dust mass, have very inefficient accretion to the CPD, due to dust filtration. Therefore CPDs’ dust masses must be small, with a mass of the order of a millionth of that of 
the protoplanet. These masses and the corresponding millimetre opacities are in line with CPD fluxes observed to date. 
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van Marle, 
Allard Jan 

Diffusive Shock Acceleration at Oblique High Mach Number Shocks 
Allard Jan van Marle, LUPM, France 
Artem Bohdan, DESY, Germany 
Paul Morris, DESY, Germany 
Martin Pohl, DESY, Germany 
Alexandre Marcowith, LUPM, France 
 
Cosmic ray sare charge particles that are accelerated to relativistic speeds by astrophysical shocks. Numerical models have been successful in confirming the acceleration process 
for (quasi-)parallel shocks, which have the magnetic field aligned with the direction of the shock motion. For these shocks, acceleration is achieved through the diffusive shock 
acceleration (DSA) or Fermi-one process, which consists of the particles being reflected back and forth across the shock by perturbations in the magnetic field. However, the 
process is less clear when it comes to (quasi-)perpendicular shocks. For such shocks, the shock-drift acceleration process can provide the particles with an initial acceleration. 
However, the angle between magnetic field and flow ensures that only highly energetic particles can travel upstream at all. In order to determine whether such shocks can 
accelerate particles to relativistic speeds, we use the particle-in-cell (PIC) method to determine what fraction of particles get reflected initially at the shock. We then use this as 
input for a new simulation that combines the PIC method with grid-based magnetohydrodynamics to follow the acceleration (if any) of the particles over a larger time-period in a 
two-dimensional grid. We find that quasi-perpendicular shocks are capable of accelerating particles through the DSA process, but only if the shock has a sufficiently high Alfvenic 
Mach number. 

Wilson, Lynn The Structure of Collisionless Shocks 
Lynn B Wilson III, NASA GSFC, USA 
 
Collisionless shock waves are still a topic of great interest to both the heliospheric and astrophysics communities. They are an ubiquitous phenomena that can also generate 
and/or drive all the most important plasma phenomena like magnetic reconnection, turbulence, wave-particle interactions, and particle energization. The structure of 
collisionless shocks is still a bit of a mystery, despite decades of observations. Examples of the four MMS spacecraft crossing different shocks show, in some cases, similar 
magnetic features while in others, wildly different magnetic features despite inter-spacecraft separations on the order of electron-to-ion scales. In this talk I will discuss some of 
the more interesting and confusing observations I have stumbled across and highlight some potential paths forward. 

Xu, Siyao Turbulence in the Partially Ionized very Local Interstellar Medium and Implications on IBEX Ribbon 
Siyao Xu, Institute for Advanced Study, USA 
Hui Li, Los Alamos National Laboratory, USA 
 
The cascade of magnetohydrodynamic (MHD) turbulence is subject to ion-neutral collisional damping and neutral viscous damping in the partially ionized interstellar medium. By 
examining the damping effects in the warm and partially ionized local interstellar medium, we find that the interstellar turbulence is damped by neutral viscosity at ~261 au and 
cannot account for the turbulent magnetic fluctuations detected by Voyager 1 and 2. The MHD turbulence measured by Voyager in the very local interstellar medium (VLISM) 
should be locally injected in the regime where ions are decoupled from neutrals for its cascade to survive the damping effects. With the imposed ion-neutral decoupling 
condition and the strong turbulence condition for the observed Kolmogorov magnetic energy spectrum, we find that the turbulence in the VLISM is sub-Alfvenic, and its largest 
possible injection scale is ~194 au. I will also discuss the implications of the turbulence on explaining the features of IBEX ribbon. 
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Yuen, Ka Ho Origin of Low Frequency Fluctuations in Compressible MHD Turbulence: Theory and Observation 

KH Yuen, Los Alamos National Lab, USA 
Hui Li, Los Alamos National Lab, USA 
Huirong Yan, Deutsches Elektronen-Synchrotron DESY, Germany 
 
The development of magneto-hydrodynamic (MHD) turbulence at high Reynolds numbers remains an open question in the plasma physics community. Traditionally, MHD 
turbulence is modeled as a combination of linearly independent waves following well-defined dispersion relations. However, recent research via spatial-temporal analysis has 
shown that the majority of spectral power in turbulence simulations does not follow any dispersion relation, but rather fluctuates at very low frequencies. The cause of these 
fluctuations is the Lorentzian broadening of the dispersion relations of the three MHD modes due to the nonlinear term acting as a damping term of a harmonic oscillator. The 
slow magneto-sonic modes contribute the most to the fluctuations at low frequencies, and the Lorentzian broadening widths are inversely proportional to the modes' 
propagation speed. Despite being constant, the ratio between the nonlinear time and propagation time in compressible modes in the low-beta limit is significantly deviated from 
unity. These low frequency fluctuations are crucial components of the strong MHD turbulence cascade and have significant implications for understanding various astrophysical 
processes in interstellar media. Our work confirms the importance of these fluctuations and sheds light on their contribution to MHD turbulence in high Reynolds number limits. 

Zingale, Michael Modeling Explosive Reactive Flows 
Michael Zingale, Stony Brook University, USA 
 
Tight coupling of hydrodynamics and reactions is essential to accurately modeling explosive reactive flows. When reactions are vigorous, operator splitting methods traditionally 
resort to cutting the timestep of the simulation to improve the coupling, but this comes at large computational expense. We have been developing several different time 
integration strategies built on the idea of spectral deferred corrections to tightly coupling hydrodynamics and reactions, and also achieve fully fourth-order in space and time 
reactive flow capabilities. In this talk, I will describe the different methods implemented in our open source Castro hydrodynamics code (https://github.com/amrex-
astro/Castro), show some test problems, and describe the astrophysical applications we are applying these methods to. 

 


