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INTRODUCTION PARTICLE-BASED SIMULATION OF JETS WITH VAEs — TWO ALTERNATIVE PARADIGMS CONCLUSION
» Simulated events are of high importance for HEP I. VAE for Collision Simulation (Parton = Reconstructed Jet Constituents): Use a trained VAE Presented two alternative use cases of VAEs for
experiments decoder as a generator particle-based simulation of jets at the LHC with:
» Existing workflows are costly in time and storage Il. VAE for Detector Parametrization (Generated Jet Constituents = Reconstructed Jet - a permutation-invariant reconstruction loss
resources Constituents): Use end-to-end VAE to model the detector response - Jets represented as lists of particles
— Deep Generative models proposed for speedup - Both with a permutation-invariant reconstruction loss to increase accuracy and impose physics Potential to bypass the detector simulation, and the
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- : .9 2 I i
GEN SIM DIGI+RECO+MINIAOD m Total loss [2] T VAE _ 8Dsr + (1 — B) [L;-f;.r:_{_ (meﬁr B mﬂ_.f)u n (pﬂ! B ﬁjsf) ] Processing o Speed up the events generatlon
&% s . . a workflow.
)¢ @ /@ with differing values of beta per use case. Jet transverse momentum and jet mass regression terms added to Future work will focus on:
the loss to help learning the collective kinematic properties of the particle cloud. . . | :
mtac] _ _p _ J _ PTop o ¥ _ _ _ « Using normalizing flows [6] to acquire a more
oo gy “ Permtuta?on—:p\;arlant Chamfer distance [3] of the particles' features representlng the Input and output jets appropriate posterior to sample from
= —24.4% RECONSTRU as sets of particles : . . _ :
) S ‘ ‘ @ sm ¥ L = Znﬂ_m(m |me (pi—pj)” * Leveraging the capabilities of VVAEs with graph
8 reco g : neural networks
\ ANALYSIS : : : :
57.6% 1% RESULTS « Working with varied length inputs that would
. . . . T better fit the nature of the data
DATASET Model evaluation with Earth Mover’s Distance (EMD) on jet kinematics distributions.
Jets, high-level objects of particular interest: sparse, Comparison of jet features distributions for the target (Reconstruction) and the output (DL Prediction/ DL REFERENCES
hlghbly granulatr,dlrregularly td'S:C"'bUtf_? 'ntSPace, Generation): s 1 4 o0nef 18 1 50.0006F - [1] Chen, C., et al. "Analysis-Specific Fast Simulation at
Can be represented as sparse sets o constituents. i 0-030F — DL Generated | G o00af 18 1{ So.000sf : the LHC with Deep Learning.” Computing and Software
We define each jet as a list of particles where each o 1 ooooef E N 1 oooos) for Big Science 5.1 (2021): 1-17.
particle is characterized by its cartesian momenta p, VAE for collision .t | ooou 1 | oo [2] Higgins, 1., et al. "f-VAE: Learning basic visual
py pz and we employ diﬁerent datasets per use case. SlmUIatlon 0'0105 1 0.0002;— — 0'0010? _ 0.00025— — ConceptS with a constrained variational framework." -ln
, 005l 1 oooorf | oooosf 1 0o0001f - 5th International ~ Conference  on  Learning
Oo.ooo_ —— 7 00.0008: ——— 00'00083 - — |: ] Representations (2017).
8 O—WW'M R — i 8 il § e il [3] Barrow, H. G. et al. "Parametric correspondence and
| 0 100 200 3 -2000 0 2000 3 500 1000 1500 2000 2 -2000 0 2000 . . .
° Jet Mass (GeV) ° Jetpy (GeV) Jetpr (GeV) © Jet p; (GeV) Chamfer matching: Two new techniques for image
\ Particle Jet Energy depositions §0020: [ Reconstruction - .§ i 1 .§ I ] é0.0012:~ _ matChing."
in calorimeters € 0.0201 iction 1 5 0.003}- 1 Eo.015F 1 15 il g - .. "
= DL Predetion 4 10.003) k! | Mo oninp : [4] Pierini, M. et al. "HLS4ML LHC Jet dataset (100
e 0191 — i [— 5 s g particles)."
P | Pra | Prs | ... | Py VAE for detector oo1of : j : ] o008 ; [5] Sjostrand, Torbjérn, Stephen Mrenna, and Peter
Pyy | Pry | Prs| o | Py parametrization ; 0.001- 1 o.00sF ] lEndp i Skands. "PYTHIA 6.4 physics and manual." Journal of
ooy | Py | oy | | P " _ ] ; | o002} : High Energy Physics 2006.05 (2006): 026.
Jet represented as a list of constituents 00'008: — 00'008:, — ,: 00'008; _— I_ 00'0008; ————————— 1; [6] KObyZGV, I., PrlnCe, S., and BrUbaker, M.,
Datasets [4] [5] c . T € o '"v“_'2'56' Q)' . .2;_)0'"7 € obll f;&) . ”‘;‘g}og 0""':606 — 11101(;)‘:'— "Normalizing flows: An introduction and review of
° Jet Mass (GeV) ° Jetp, (GeV) Jetpr (GeV) D Jet p, (GeV) current methods."



