“ GRAS on GPUs?

* CELERITAS, ADEPT, NEURAL SURROGATES AND ALL THAT




Space Radiation is Not a Controlled Physics Expe
(But Simulations are necessary)
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What is GRAS?

o An ESA-validated, macro-driven framework wrapping Ge

s-geometry parsing, scoring instantiation, and p
of compiled C++ and entirely into runtim

oolkit (like G4)
cutable
yace simulations.
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The Specialized Scoring Machinery

. Automate hit collection without custom G4V PrimitiveSco
each project

specialized for space: TID , NIEL and LET

hing custom GRAS scorers via macro
logical volume




Dynamic Geometry Injection...

« ..Which means basically that we never use
G4VUserDetectorConstruction

on G4GDMLParser for handling arbitrary sp

aps requested materials o the ingeste
he fly




Small Statistics Problem: Adjoint MC

. Spaceship ~ 10 m 3. Chip ~ 1 cm3. Result: Resource w
scored, simulation fail.
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Architectural Problems....

» GRAS works on the CPU:
Parallellzatlon on multi-core multi-threaded CPUs (a la Geant4’s threadi
: aaplete (kudos M. Axiotis)

nin Jeanty-Ruard ‘s presentation

| presentations on DNA, Microdosimetry etc

) the GPU?

as/Adept) favors data-parallel buffers, not track-by-track

rom CPU-bound per-track scoring to asynchronous @PBskatch



GEANT4

(Explaination for the GRAS crowd)
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Celeritas
Quter Loop: Current Step
Parallel },Qper Loop: loop over fracks
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Scoring on GPUs

« GRAS scoring:TID (energy deposition), NIEL (hon-ionizing loss),
(dE/dx histograms)

cumulating sparse energy deposits across ma
sibly huge number of sensitive volumes

NS of individual voxels in a radiation on hum

). Consideringwe are at relatively low energies?
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Geometry on Accelerators
VecGeom & ORANGE

o Current GRAS relies heavily on GDML

QRANGE (Celeritas):
uctive Solid Geometry CSG tree-traversal (V
plicit math (ORANGE)

mber to admit you have no idea what this means)

bady for production code?

y consistency between the G4-CPU host and the
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Adjoint MC: How to pori?

« GRAS Reverse MC is essential for small sensitive volumes i

spacecraft

(odjom’r eBrems, adjoint-Compton, ad]
plemented (for the time being!) in
ernels

ernels require different weight-manageme
mpling logic than forward EM kernels
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o NNSs as Physics Surrogates

. Intfegrating NN-based 'Fast Sims' into the GRAS modular an
framework

q examples/extended/parameterisations/Par04.

o produce a large training set

Ns to predict dose in shielding voxels wit

uces an 'Inferface' Problem: How do we creafe
br NN inference (ONNX/pytorch) within the G4
h is controllable through macros?




