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Celeritas: Bringing GPU capabilities to HEP detector simulation

MISSION & STRATEGY
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Enable scientific discovery in HEP by leveraging GPUs
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ATLAS Collaboration: CERN-LHCC-2022-005; LHCC-G-182

| | Standalone Celeritas EM-only app
* Unprecedented computing demand by next-gen HEP experiments
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Geant4 full physics + Celeritas EM: ATLAS subdetector

CODE DESIGN * Speedup with Celeritas + GPU: ~1.8-2.2x | ¥ & a
* Overview Production-ready - Celeritas CPU-only speedup: ~1.1-1.3x &
« Composition-based, data-oriented design software/library
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IMCC CHALLENGES & OPPORTUNITIES

* Physics models are written in pure C++
* Launch wrappers for kernel executions
* Small kernels

A
Interact

Beam-induced background simulation challenges

Move to
boundary

* BIB Is an unprecedented challenge on both simulation and hardware

N, 7
- Geometry navigation T o * Relies on CPU-only codes such as FLUKA for R&D
» VecGeom: HEP community, CUDA only + * Multi-TeV EM showers require weeks on full-time multithreaded CPU
. . ORNL, platform portable, GPU-optimal cocondanes executions to achieve a fraction of a bunch crossing

\ - — * Leads to compromises (e.g. high threshold energy for e+ and y)
Interface with existing Geant4 applications

Opportunities

» Specialized tasks are offloaded to GPU
* Return sensitive hit objects for digitization and |/O

CURRENT COLLABORATIONS

* Heterogeneous architectures: faster + higher-fidelity BIB simulations
* Integrate modern computing paradigms into the framework
* Celeritas is addressing one of the P5 recommendations

<X NVIDIA. N v Q) G-@ ”7 § 5 (\ /&i Support emerging technologies and computing hardware to enable scientific discovery
 Extensibility allows for the addition of tailored physics
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* Expand R&D avenues for detector and reconstruction R&D
 Path for long-term integration between IMCC and DOE LCFs
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