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1. Hard scattering
2. Parton shower

3. Hadronization

Hadron
Hadron

4. Underlying event

Hadronization with Machine Learning

Monte Carlo data: Pythia 8.303
Monash tune
Rescattering and decays turned off
ISR, FSR, MPI: turned on
Selection: 
 All final particles with
 At least 2 jets

 Anti-kT
 R=0.4
 pT>40 GeV

Event number:
 Train: 750 000, √s = 7 TeV
 Validation and test: 100 000
 ~20 GB raw data

Input:
Parton level
Discretized in the           plane: pT, m, multiplicity 

32 bins
                  ,       32 bins

Hadron level output:
(Charged) event 
multiplicity, 
(tr-)sphericity, mean jet 
pT, -mass, -width, -
multiplicity

Model S Model L

Trainable 
parameters 1.7 M 20 M

ResNet blocks:

Used hardwares: Nvidia Tesla T4, 
GeForce GTX 1080 @ 
Wigner Scientific Computing 
Laboratory

Framework: Tensorflow 2.4.1, 
Keras 2.4.0 2
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Charged hadron multiplicity 
at various rapidity windows

Good agreement for both 
models

Charged hadron transverse 
momentum
0.1 GeV ≤ pT ≤ 50 GeV

Jets:
● Mean pT ≤ 400 GeV

● Mean multiplicity

The smaller model performs better

Training only at a single c.m. energy, predictions at 
other energies 

Scaling function for multiplicities at various energies:

Charged hadron multiplicities in jetty events: good 
overlap and agreement at all LHC energies

Mean jet multiplicities: different scaling for the 
models

pp @ LHC, Training, validation and  predictions
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