
Physical Simulation

• Simulate the passage of particles 
through materials

§ Monte Carlo Method: Geant4 toolkit

Ø Hardware Resources: CPUs

DL-based Fast Simulation

• 100 to 1000 faster than the physical simulation

§ DL Algorithms:
Generative Adversarial Networks (GANs)
Diffusion Model

Ø Hardware Resources: GPUs

Physical Reconstruction

• Clustering (# of shower …)
• Classification (p, e …)
• Regression (energy …)

§ Traditional Algorithms:
DBSCAN,
Empirical Parametrization Equations

§ DL Algorithms:
Convolution Neural Networks (CNNs),
Graph Neural Networks (GNNs),
Transformer

Ø Resource requirement: CPUs, GPUs, FPGAs

Electronic Simulation/Calibration

• Simulate electronic response
• Calibrate signal

§ Traditional or DL Algorithms:
To solve the nonlinear relationship 
between optical photons and energy 
deposition.

Ø Hardware Resources: CPUs, FPGAs

Detector Hyperparameter

• Scintillation crystals (LYSO, BGO, …) and geometries
• Electronic type  (PMT, SiPM, …) and geometries
• Physical requirement (energy resolution, …)

§ Optimization Method: Grid search, …

Ø Hardware Resources: CPUs
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• Self Supervised Pre-training Method: Contrastive Learning (CL) and Masked Image model (MIM)
Contrastive Masked Autoencoders are Stronger Vision Learners

• Parameter-Efficient Fine-Turning (PEFT):
Parameter-Efficient Fine-Tuning Methods for Pre-trained Language Models: A Critical Review and Assessment

• Data Augmentation: Adding noise, cropping, flipping, …, GANs

https://www.computer.org/csdl/journal/tp/2024/04/10330745/1SrO8maFmFy
https://arxiv.org/abs/2312.12148


Generative Diffusion Models on Graphs: Methods and Applications
https://arxiv.org/abs/2302.02591

An illustration of diffusion models on molecular and protein generations.

https://arxiv.org/abs/2302.02591


A Comprehensive Evaluation of Generative Models in  Calorimeter Shower Simulation
https://arxiv.org/abs/2406.12898

https://arxiv.org/abs/2406.12898


Reconstruction of electromagnetic showers in calorimeters using Deep Learning
https://arxiv.org/abs/2311.17914

https://arxiv.org/abs/2311.17914


Design of a SiPM-on-Tile ZDC for the future EIC, and its Performance with Graph Neural Networks
https://arxiv.org/abs/2406.12877

https://arxiv.org/abs/2406.12877


GenGNN: A Generic FPGAFramework for Graph Neural Network Acceleration
https://arxiv.org/abs/2201.08475

https://arxiv.org/abs/2201.08475


Self Supervised Pre-training Method: Contrastive Learning (CL) and Masked Image Model (MIM)
Contrastive Masked Autoencoders are Stronger Vision Learners

https://www.computer.org/csdl/journal/tp/2024/04/10330745/1SrO8maFmFy
https://arxiv.org/abs/2207.13532v2

https://www.computer.org/csdl/journal/tp/2024/04/10330745/1SrO8maFmFy


Parameter-Efficient Fine-Turning (PEFT):
Parameter-Efficient Fine-Tuning Methods for Pre-trained Language Models: A Critical Review and Assessment

https://arxiv.org/abs/2312.12148

https://arxiv.org/abs/2312.12148

