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Disclaimer
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Context of discussion: QCD global 
analysis of   PDFs, fragmentation 
functions and  TMDs

The ideas can be extended to GPDs



Main points
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Simultaneous 
extraction 
paradigm

Reliable 
extraction 
procedure: 

MC methods

Use of 
modern 
Machine 
Learning  



Example: JAM20-SIDIS
Moffat, Melnitchouk, Rogers, NS

Simultaneous 
extraction 
paradigm



PDF FF pions FF kaons FF hadrons

DIS

DY

SIDIS pions SIDIS hadronsSIDIS kaons

SIA pions SIA hadronsSIA kaons
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Multi-step strategy 
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SIDIS data and 
theory
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PDFs 
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Fragmentation Functions
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The simultaneous fit of 
PDFs and FFs provides 
new insights on nucleon 
strangeness   

The need of simultaneous extraction paradigm 



Example: JAM20-TMD+CT3
Cammarota, Gamberg, Kang, Miller, Pitonyak, 
Prokudin, Rogers, NS

Simultaneous 
extraction 
paradigm



Transversity Sivers Collins
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The need of simultaneous extraction paradigm 



Bayesian inference

Reliable 
extraction 
procedure: 

MC methods
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The Bayes theorem

Min,  Max, penalties, 
regulators etcThis is a choice 

This is impractical
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How do we deal with the curse of dimensionality ?

Option 1: Maximum likelihood
Asummes symmetric 
likelihood, unique 
solution 

Assumes Gaussian 
behavior around ML



18

How do we deal with the curse of dimensionality ?

Option 2: MC approach
Build an MC 
ensemble ($$$)

Many algorithms

- MCMC
- HMC
- Data resampling
- ...
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Data resampling

Original data Replica data

Confidence region

Parameter space

Maximum likelihood

Maximum likelihood

Maximum likelihood

Maximum likelihood



Use of 
modern 
Machine 
Learning  



Limitation of current methodology
What happens 
if we remove 
… data ?

What data are forcing … 
to be …?

Where do we 
need more 
experiments?

Collecting MC samples 
is too expensive

“Global analysis 
is a kind of a 
sausage” …  
how to 
unpack it?



Parameter 
inference

Trained 
inverse 
mapper

Observable 
space

...

Gaussian likelihood

Poisson  likelihood

 Likelihood models

Existing methodologies 
are prohibitively expensive 
for such studies 

...

Need to go beyond gaussian likelihoods



Key idea: parametrize the inverse function
Parameter spaceObservable space

Theory

Neural Nets

...



Inverse mappers

Training samples

Inverse mapper 
Inference 



Summary and Outlook



Where do we go from here?
Inclusion of more 

observables: 
   DY, jets, SIDIS

Extensions to 
TMDs, GPDs

Quantitative 
demonstration 

that ML can 
replace current 

paradigm  

Integration with 
web-frameworks



Status of web framework

Preliminary 

Deployed on 
Heroku web service

Currently using 
toy DIS-like with 
grid-based models 

First prototypes for data 
manipulation tools 

First prototypes for 1D 
hadron structure 
visualization

https://cnf-web-fitter.herokuapp.com
https://cnf-web-fitter.herokuapp.com


The ML workforce 

QCD Theory

Inverse mappers Web-interface
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