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Model: Wise-Tree-1429
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Model: Honest-Hill-454
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Model: Honest-Hill-454
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Evaluation Metrics for the Model

Evaluating generative models in high energy physics
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There has been a recent explosion in research into machine-learning-based generative modeling
to tackle computational challenges for simulations in high energy physics (HEP). In order to i .
use such alternative simulators in practice, we need well-defined metrics to compare different Classifier AUC (IDW / hlgh)

generative models and evaluate their discrepancy from the true distributions. We present the first Dataset CaloDiffusion CaloFlow CaloScore v?2

systematic review and investigation into evaluation metrics and their sensitivity to failure modes of
generative models, using the framework of two-sample goodness-of-fit testing, and their relevance (phOtons) 0.62 / 0.62 0.70 / 0.55 0.76 / 0.59
pions) 0.65 / 0.65 0.78 / 0.70 -/-

1
and viability for HEP. Inspired by previous work in both physics and computer vision, we propose 1 (
two new metrics, the Fréchet and kernel physics distances (FPD and KPD, respectively), and
perform a variety of experiments measurir?g ytheir performal(lce on simple Gaussim-distryi%)uted, 2 (BIECtrOHS) 0.56 / 0.56 0.80 / 0.80 0.60 / 0.62
and simulated high energy jet datasets. We find FPD, in particular, to be the most sensitive 3 (electrons) 0.56 / 0.57 0.91 / 0.95 0.67 / 0.85
metric to all alternative jet distributions tested and recommend its adoption, along with the
KPD and Wasserstein distances between individual feature distributions, for evaluating generative
models in HEP. We finally demonstrate the efficacy of these proposed metrics in evaluating and
comparing a I}ovel attention—based ge.nerative adv‘ersaljial pa?ticle transformer to the state-of-the-art Dataset FPD KPD
message-passing generative adversarial network jet simulation model. The code for our proposed
metrics is provided in the open source JETNET Python library. 1 (phOtOIlS) 0'014(1) 0004(1)

1 (pions) 0.029(1) 0.004(1)

DOI: 10.1103/PhysRevD.107.076017 9 (electrons) 0043E2) 00001(2)
3 (electrons) 0.031(2) 0.0001(1)

TABLE II. Additional metrics comparing the agreement be-
tween showers generated with Geant4 and CaloDiffusion.
The number in parentheses is the uncertainty in the last sig-
nificant digit as evaluated with the JETNET library.

oo o Jo oo [ [
Real Jet Mass (GeV)
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Incident Energy Mapping
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