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We propose to leverage novel setups of Generative Adversarial Networks (GANs) [1] to 
accelerate and broaden the progress in the understanding of the underlying dynamics of 
parton showers in vacuum and their interactions with quark-gluon plasma created in 
high-energy heavy ion collisions. The new methodology will enable comparisons of 
measurements from the LHC (and RHIC) to various theoretical descriptions using full event 
information. In addition, it will enable new experimental approaches by introducing novel 
observables at future colliders (EIC and LHC). 
 
The nuclear and heavy-ion physics contain a large volume of data that are difficult to 
understand and model from first principles with today’s theoretical knowledge, e.g. containing 
non-perturbative or many body dynamics [2–3]. Similar considerations can be made about 
high-energy proton-proton collisions — in particular those generating high-particle 
multiplicities. The application of novel artificial intelligence/machine learning (AI/ML) techniques 
is attractive, both to automatically deduce and hypothesize new theoretical models, and also 
develop novel observables not yet humanly envisioned. Moreover, our proposed approach 
utilizing GANs accompanied by human understandable construction of the neural network 
systems [4–5] may be used to other experiment-theory Monte Carlo feedback frameworks 
allowing for rapid progress in understanding the underlying physics. 

References 
[1] I. Goodfellow, ​et al.​, ​Generative Adversarial Networks​, Adv. Neural Inf. Process. Syst. 27 (NIPS 2014), 
pp. 2672–2680 (2014), ​arXiv:1406.2661 [stat]​. 
[2] O. DeWolfe, S. S. Gubser, C. Rosen, D. Teaney, ​Heavy ions and string theory​, Prog. Part. Nucl. Phys. 
75, 86–132 (2014), ​arXiv:1304.7794 [hep-th]​. 
[3] J. Berges, M. P. Heller, A. Mazeliauskas, R. Venugopalan, ​Thermalization in QCD: theoretical 
approaches, phenomenological applications, and interdisciplinary connections, arXiv:2005.12299 
[hep-th]​ (2020). 
[4] F. de Avila Belbute-Peres, ​et al.​, ​End-to-End Differentiable Physics for Learning and Control​, Adv. 
Neural Inf. Process. Syst. 31 (NIPS 2018), pp. 7178–7189 (2018). 
[5] A. Koul, S. Greydanus, A. Fern, ​Learning Finite State Representations of Recurrent Policy Networks, 
arXiv:1811.12530 [cs]​ (2018). 
 
Y. S. Lai (Lawrence Berkeley National Lab), ​ylai@lbl.gov 
F. M. Ringer (Lawrence Berkeley National Lab), ​fmringer@lbl.gov 
M. A. Ploskon (Lawrence Berkeley National Lab), ​mploskon@lbl.gov 
S. R. Klein (Lawrence Berkeley National Lab), ​srklein@lbl.gov 

https://papers.nips.cc/paper/5423-generative-adversarial-nets
https://arxiv.org/abs/1406.2661
https://doi.org/10.1016/j.ppnp.2013.11.001
https://arxiv.org/abs/1304.7794
https://arxiv.org/abs/2005.12299
https://arxiv.org/abs/2005.12299
https://arxiv.org/abs/2005.12299
https://papers.nips.cc/paper/7948-end-to-end-differentiable-physics-for-learning-and-control
https://arxiv.org/abs/1811.12530
https://arxiv.org/abs/1811.12530
mailto:ylai@lbl.gov
mailto:fmringer@lbl.gov
mailto:mploskon@lbl.gov
mailto:srklein@lbl.gov


J. Mulligan (Lawrence Berkeley National Lab), ​jmulligan@lbl.gov 
R. C. Torres (Lawrence Berkeley National Lab), ​reynier@lbl.gov 
 

mailto:jmulligan@lbl.gov
mailto:reynier@lbl.gov

