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in virtuellen Welten

- Materie-Antimaterie?
- Higgs-Mechanismus?

- fundamentale Physik-Fragen
- riesige Datenséatze

- kontrollierte Unsicherheiten Zukunft

- prazise Simulationen - inicnt Modeling] - Vergleich Simulation vs Realitét
- optimale Analyse aller Daten

- Fundamentalen Theorie

- Prazisions-Analysen — Klingt wie data science?
- Messungen von Elementarteilchen

- Higgs und andere Entdeckungen
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LHC-Daten

LHC-Experimente

- ATLAS & CMS universell
LHCb, ALICE, FASER spezialisiert

- internationale Kollaborationen
3000 Forscher:innen pro Experiment

LHC-Detektoren
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LHC-Daten

LHC-Experimente LHC-Event

- ATLAS & CMS universell
LHCb, ALICE, FASER spezialisiert

- internationale Kollaborationen
3000 Forscher:innen pro Experiment

LHC-Detektoren
(
- Analyse um Wechselwirkungspunkt ’Exl!nﬁé
- Messung aller produzierten Teilchen

- Proton-Kollisionen mit 40 MHz

- Produktion aller méglicher Teilchen
- Uberwiegend zerfallende Teilchen

- Messung: Energie, Impuls, Ladung

- Electronen und Myonen problemlos
Quarks, Gluonen als Jets

- Event: 100+ Vektoren (E, B, Q)
— ATLAS-Datenfluss 3 PB/s

- hohe Komplexitat

Muon detector
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Abstract

QCD splittings are among the most fundamental theory concepts at the LHC. We show
how they can be studied systematically with the help of invertible neural networks. These
networks work with sub-jet information to extract fundamental parameters from jet sam-
ples. Our approach expands the LEP measurements of QCD Casimirs to a systematic test
of QCD properties based on low-level jet observables. Starting with an toy example we
study the effect of the full shower, hadronization, and detector effects in detail.
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Abstract

We introduce two diffusion models and an autoregressive transformer for LHC physics
simulations. Bayesian versions allow us to control the networks and capture training
uncertainties. After illustrating their different density estimation methods for simple
toy models, we discuss their advantages for Z plus jets event generation. While diffu-
sion networks excel through their precision, the transformer scales best with the phase
space dimensionality. Given the different training and evaluation speed, we expect LHC
physics to benefit from dedicated use cases for normalizing flows, diffusion models, and
autoregressive transformers.
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