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Figure 10. FastSim timing diagnostics: ECAL hit time versus PDGID (left) and
incident energy versus ECAL time (right).
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Figure 11. Voxel-level energy spectra from FastSim showers versus Geant4
ground truth for the ~ dataset.

Ongoing developments
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= Unified conditioning & capacity control: Current GAN models

Reference Generated can already align the relative voxel-wise energy distributions,
Figure 8. Generative-model shower samples contrasted with reference voxelized but are still under active optimization to reproduce absolute
outputalg energy deposits. energy distributions and maintain total-energy consistency. We
Opticks-Driven Digitization are preparing CNN and flow-based models with stronger
HealDigiAlg Other Ooticke D b6l e U | - energy constraints.
pticks ata (High-fidelity optical model): Use Opticks [3] = Opticks-driven digitization: Opticks GPU photon transport
Elec81n.1 for per-crystal optical and electronics simulation, supplies dual-end Q-T ground truth, and turn it into an
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BeamPipe (6.88s) QG " Dataset: Pair features X with optical outputs 10x ECAL speedup while keeping Higgs recoil mass shifts
(10.55us) (6.47us) R =(Qq,Ty;:Qy,Ty); apply stratified sampling over energy, below 0.1%.
Y, geometry, and noise COﬂdI’EIOﬂS.A = Quantum-ML prototypes: QGAN/QVAE kernels are under
HealEndeap * Model: Train supervised model Q¢ to approximate gOpﬁcks+e|ec study on small photon patches to check if hybrid
using lightweight Transformer or conditional flow networks. quantum-classical discriminators can cut the sample count
= Evaluation: Benchmark against full simulation; check @, T needed for rare angles without compromising latency.
EcalBarrel resolution, T, —T5 vs. position linearity, energy resolution, and References
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