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Nuclear engineering and surface-based geometry

- Many nuclear engineering codes use
“unbounded” surfaces and constructive

solid geometry
- MCNP, KENO, earlier codes: >40 years of history
 Quadric surface cards, CSG cell cards
* Neutral particles or no magnetic fields

- 2017: Shift GPU code (part of ECP) uses
simple but efficient surface-based reactor

model (nested cylinders and arrays)

- 2020: New CPU geometry for Shift
+ 2021: Initial GPU port for Celeritas
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ORANGE Oak Ridge Advanced Nested Geometry Engine

- Unbounded surface-based implementation with multiple input
options

* Designed for deeply nested reactor models
- Tracking based on CSG tree of surfaces comprising volumes
- Surfaces and CSG tree are constructed at setup time from user-provided solids

 Current development in Celeritas

- Fills the need for a portable (CUDA/HIP) geometry implementation for testing in Celeritas
- Currently being extended to full GPU capability for reactor modeling (Elliott Biondo, ORNL)
- Not a primary target for detector applications due to resource constraints

- Good playground for research in accelerating surface intersection on GPU
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Surface-based tracking in Celeritas
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Celeritas geometry interface
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ORANGE surface/volume construction
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Key tracking algorithms
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code divergence and complexity
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Shortcomings of current implementation

- Reactor-targeted geometry means tracking in multiple levels
simultaneously

- Higher memory usage per track, not ideal for GPU

-+ Detector geometry implementation could reuse most of ORANGE components and track on
only one or two levels

- “Safety distance” is limited to simple surfaces in convex volumes

- Plenty of research in this area: “maximally-inscribed ball” etc.
- Precomputed “safety” data can use original information about the solids!

- Background intersection algorithm is optimized for sparse daughters
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Opportunities for inter-thread cooperation

Initialize
« Current Celeritas/ORANGE model is CPU-like (or cros; boundary)
\

- Single thread corresponds to single track O 1 N e

+ No inter-thread cooperation for geometry s Inside V\°'“me

+ ExaSMR code has shown performance S\
improvements by launching more threads with Calculate surface
several threads contributing to a single track il

- ORANGE can do the same for key parallelizable \
algorithms that are now “serial” loops Evaluate logic
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