0. Score Matching Generative Models

Sketch line of Score Matching Generative Models:
Matching two distributions via score matching
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Score Matching Generative Model (CMFs... DMs...) =
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Forward process (sample to noise)

dx = f(x,t)dt + g(t)w;

Backward process (noise to sample):

dx =[f(x,t)—g(t)*V,logp.(x)ldt + g(t)dw

score estimator (done with NN)

&&
dynamics (sampler and scheduler for ODE/SDE)

of the ML based fast simulation in high energy physics

Replace the dynamics, on high level kinematics
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Left: gluon initiated jet,
Right: top initiated jet
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Replace the dynamics
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Different ways of modeling dynamics lead
to different performance
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« DDIM = DPM-Solver++

» EDM Euler EDM Heun = Combined midpoint

Instant generate for

Uni-PC = LMS = Restart

Using Boosted Decision Tree (BDT) as the
score function estimator for tabular data!
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high level kinematics

Replace the score estimator, preliminary results

O(ms) generation with
calorimeter showers

Normalized Entries

JetNet
flowBDT

Generation time/event : 0.05 ms
Separation power with truth : 0.00032

. Geant4
flowBDT

Generation time/shower : 1.5 ms
Separation power with G4 : 0.00421
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Replace the dynamics, on calorimeter simulation

Architect following

CaloDiffusion, with

listed samplers and
schedulers
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5. Information

Sampler & Scheduler
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Abstract

The diffusion model has demonstrated promising results in image generation, recently
becoming mainstream and representing a notable advancement for many generative
modeling tasks. Prior applications of the diffusion model for both fast event and de-
tector simulation in high energy physics have shown exceptional performance, provid-
ing a viable solution to generate sufficient statistics within a constrained computational
budget in preparation for the High Luminosity LHC. However, many of these applica-
tions suffer from slow generation with large sampling steps and face challenges in find-
ing the optimal balance between sample quality and speed. The study focuses on the
latest benchmark developments in efficient ODE/SDE-based samplers, schedulers, and
fast convergence training techniques. We test on the public CaloChallenge and JetNet
datasets with the designs implemented on the existing architecture, the performance of
the generated classes surpass previous models, achieving significant speedup via various
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