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Summary Scientific motivation Shock capturing and adaptive particle methods

Direct and indirect : : : Astrophysics, multi-messenger astronomy | :
: : : Magneto-inertial fusion L s : ’ ’ Planetary atmosphere evolution
TriForce is a C++ framework for open-source parallel 3D particle- inertial confinement fusion o Laser High-intensity lasers and high-energy-density physics and exoplanet habitability
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The code recovers results from both radiation magnetohydrodynamic (Seed field) . -
and fully kinetic codes in those asymptotic limits, and will operate in | }
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between where both descriptions may co-exist and interact. ' 1S 5 e N 0 beams for
We are strengthening the science base in support of several / > __ R v W £
communities’ efforts by developing and freely distributing our = AN N Al . . ' T et and Ar = 0.1 mm

. . Z:19MA K py fucs , '— == Initial temperature 298K
continually-validated code. e . o vl Uniform v,imP=-100 km/s
It encourages first-of-a-kind cross-disciplinary collaboration between Central void
students and scientists in astrophysics, plasma, geoscience, Introduction to smoothed particle hydrodynamics (SPH) Ideal gas EOS e bt e S S e D S e B
atmospheric chemistry, computer science, and others. Particle PZ. Veshl h to fluid d , ; et CF 1 ¥/ <8 No.radiation, Iz.;\ser, or 50 : ' ns - 8.55 ns ;j“ 8.7 ns |
The hybrid method enables Capabilities beyond either Of the property esniess approac to tlul ynamics P = Pz —+ Pe —+ PT v ’ E B N = fusion calculations V ; 3 o g s o i

R , _ , , , Lagrangian particle-based description Pat — VIP+Q)-V-II+JIxB+R N e LW N6 4 = y /r
individual modeling methods alone, and is being used to investigate | : Well-suited for shear, mixing, and turbulence 2 ) dT; i T L e W 45 m/s
a range of topics such as controlled nuclear fusion, astrophysics, e Ny Commonly used outside of plasma physics gk B QV-v =1, (T =T.) = V-q; —IL: Vv

high-energy-density physics, and high-intensity lasers. % Pros: No meshes to tangle, no rezoning, and fast! Oc. dT.

The goal is to provide better predictive capability and access to - Por. ar (Fe=p p
advanced models for the benefit of the whole community. T

Asterisks (*) denote development work still needed/in-progress . | j % Pi(r;) W(r —r;,h) 4a,T; - v=1..(T.-T,)—-V-q,
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Comparison of LILAC (blue) to TriForce at 9.2 ns
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Integration of advanced meshes Material constitutive models Laser propagation and absorption Electromagnetic fields

Nonpolar geodesic polyhedra Rectangular & Triangular AMR It Equation of state Imprint resolution

Particle locations
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Kinetic particle transport Parallelism

 Explicit or implicit time advance CPUs (mpi) GPU version

p— . L T : S :  Rectangular or triangular mesh option iCi imblici icle-in- : o :
N Sl iR R Electrical resistivity « Viscosity ray tracing & & P * Explicit or implicit PIC (particle n cell) push Strong scaling: p~0.9987 in development
~ ~ s e 2T R 4 » Standard scatter/gather operations are used 1000, oLl
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Spitzer, tabular (QLMD) Real and artificial Complex ray tracing N V-E=—  V:-B=0
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Opacity and <Z> Surface tension Inverse projection SRS I N veg_ 9B to interact with meshless SPH particles
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Radiation and atomics
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Gravity Ideal, resistive, and extended magnetohydrodynamics - Nonlocal thermal conduction Circuit model Acknowledgments
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