
GAN based MC event generators
Nobuo Sato  

Seminar at department at Pedagogical 
University of Krakow - Apr 2021 1

In collaboration with : 
Yaohang Li (ODU),  Yasir Alanazi (ODU), Astrid Hiller Blin (JLab), 
Pawel Ambrozewicz (JLab), Wally Melnitchouk (JLab), Michelle 
Kuchera (Davidson), Tianbo Liu (Shandong)



Motivations
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Discovery of 
point-like particles 
inside proton



Understanding the emergent phenomena of QCD

Hadron Structure Hadron formation 3

“In philosophy, systems 
theory, science, and art, 
emergence occurs when an 
entity is observed to have 
properties its parts do not 
have on their own, properties 
or behaviors which emerge 
only when the parts interact in 
a wider whole.”  Wiki

Observed entity

parts



What do we mean by “hadron structure” ?  (1D)

Interpretation in non-interacting QCD 

Parton momentum fraction relative to parent hadron
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parton distribution 
function (PDF)



How quarks and gluons are distributed?  

Momentum fraction
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An example: JAM20-SIDIS Moffat, Melnitchouk, Rogers, NS
arXiv:2101.04664

PDFs

https://arxiv.org/abs/2101.04664


Spin structures

Helicity distribution

Transversity
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Extensions to 3D

Transverse momentum 
distribution -> TMDs

Impact parameter 
distribution -> GPDsPDFs
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So how do we get hadron structure from experimental data?

 Want to see 
internal structure 

But we only see debris

What part of this is the 
“internal structure’’?
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Attention: this is just 
a single event

A scattering event
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Measurable 
experimentally 
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event E’ theta’ phi’

1 E’_1 theta’_1 phi’_1

2 E’_2 theta’_2 phi’_2

3 E’_3 theta’_2 phi’_3

⋮ ... ... ...

“Calculable” using QFT 

E’, theta’ -> x,Q2

https://en.wiktionary.org/wiki/%E2%8B%AE
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event E’ theta’ phi’

1 E’_1 theta’_1 phi’_1

2 E’_2 theta’_2 phi’_2

3 E’_3 theta’_2 phi’_3

⋮ ... ... ...

x Q2 rho uncer.

x_1 Q2_1 rho_1 unc_1

x_2 Q2_2 rho_2 unc_2

x_3 Q2_3 rho_3 unc_3

x_4 Q2_4 rho_4 unc_4

⋮ ... ... ...

Events Histogram

Discretized representation of 
the underlying law

https://en.wiktionary.org/wiki/%E2%8B%AE
https://en.wiktionary.org/wiki/%E2%8B%AE


Connection with hadron structure: Factorization

Internal structure Collision dependent factor
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Needs to be 
parametrized

Model parameters 
tuned to match the 
data 



Recap

Reconstructed events 
from  experiments 
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Inference on visible 
particle distributions 
and correlations 

Inference on invisible 
partonic structures 
inside hadrons

event E’ theta’ phi’

1 E’_1 theta’_1 phi’_1

2 E’_2 theta’_2 phi’_2

3 E’_3 theta’_2 phi’_3

⋮ ... ... ...

x Q2 rho uncer.

x_1 Q2_1 rho_1 unc_1

x_2 Q2_2 rho_2 unc_2

x_3 Q2_3 rho_3 unc_3

x_4 Q2_4 rho_4 unc_4

⋮ ... ... ...

https://en.wiktionary.org/wiki/%E2%8B%AE
https://en.wiktionary.org/wiki/%E2%8B%AE
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Inference on visible 
particle distributions 
and correlations 

x Q2 rho uncer.

x_1 Q2_1 rho_1 unc_1

x_2 Q2_2 rho_2 unc_2

x_3 Q2_3 rho_3 unc_3

x_4 Q2_4 rho_4 unc_4

⋮ ... ... ...

This is a discretized 
representation of the 
underlying law

But we know the 
underlying law is 
continuous and smooth

What if  I want to 
integrate over one of 
the variables?

You will have to re 
histogram the 
events

What if  I want to 
change variables?

You will have to re 
histogram the events 
using the new 
variables

Can we parametrize 
the underlying law? 

Machine learning ?

https://en.wiktionary.org/wiki/%E2%8B%AE
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Machine Learning? -> GANs
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https://sthalles.github.io/intro-to-gans/
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Fake people

https://thispersondoesnotexist.com

https://thispersondoesnotexist.com
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Underlying law of 
human faces A random sample from 

underlying law

Each image is an 
event



20

Can we apply GAN for particle reactions?

Underlying law for particle 
momentum distributions
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Traditional approach

ML data representation

GAN approach

Supervised directly at 
the event level
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Toy example 2D gaussian

GAN Training

x1

x2

x1 x2 x1*x2
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Another toy example
More tuning is needed
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What about GAN 
uncertainties? 



25https://github.com/iml-wg/HEPML-LivingReview

https://github.com/iml-wg/HEPML-LivingReview
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GAN replicas 
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Bootstrapping toy example: 2D gaussian
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● Pink generate with the same training samples size

● Yellow combines GAN replicas each with x20 samples than original size

● Training the GAN at the event level gives higher precision of the underlying law
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Bootstrapping toy example 2
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Real applications



34

kx

ky

kz

kx, ky, kz

GAN
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GAN

● PYTHIA has 1M events

● GAN was trained with 1M events

● GAN predictions from 100M events

● GAN has learned accurately the underlying 
low with lower statistics
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Summary and Outlook
A new paradigm

● GAN offers a new way to represent experimental 
data in particle physics

● GANs allows to map put the underlying particle 
distribution using a continuous function 

 

Near future 

● Inclusion of detector effects with GANs

● Physics extraction from GANs
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Backup



39

GAN+detector effects


