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•Traditionally different types of collinear distributions (PDFs, FFs) 
are obtained from independent analyses. 

• Performing simultaneous fits of different collinear distributions 
allows us to: 

•Study the limits in     and      of collinear factorization 

•Test the universality of PDFs, FFs… 

•Extract the distributions in a rigorous way where all the data are 
studied using the same theoretical framework 

•In this talk: (first) simultaneous analysis of unpolarized PDFs and  
FFs              Strange quark distribution 

Motivation
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Motivation II

4

•The strange PDF is less known than the non-strange light flavors 

•Traditionally: neutrino-(heavy) nucleus DIS data used to extract the 

strange PDF. 

• Drawbacks: nuclear effects on PDFs.                           

• W and Z inclusive production in p-p collisions also sensitive to 

flavor separation 

• Drawbacks: tension between CMS and ATLAS results? 
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Motivation II
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arXiv:1404.6469 [hep-ph]Alekhin et al.
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First challenge: a wide variety of data
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SIA : e+ + e− → h + X

DIS : l + (p, d) → l′ + X

DY : l + (p, d) → ll̄ + X

W2 > 10 GeV2
Q2 > m2

c
Total: 4366 data points!
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Second challenge: MC fits
• Typical PDF parametrization:

Multiple local minima!• Perform single   -fit:  
Parameters difficult to constrain 
Hessian method for uncertainties              Introduces tolerance criteria 
Unsuitable for simultaneous analysis of collinear distributions

�2

• Monte Carlo methods:

•Allow efficient exploration of the parameter space

•Uncertainties directly obtained from MC replicas
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JAM19 
multi-step 

 methodology
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JAM19: multi-step fitting
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Discrminating multiple solutions
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Discrminating multiple solutions
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k-means clustering
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k-means clustering
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E . g . f (x) = xα (1 − x)β

(αi, βi) : replica

(α*, β*) : centroid

Initialization Assignment Update Assignment

Repeat until convergence
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Discriminating multiple solutions
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Discriminating multiple solutions
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• Apply k-means clustering 

• Classify clusters by increasing  
order in ‘extended’ reduced  

• Perform a new sampling with  
flat priors around the best cluster 

JAM19: Selection criteria
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PDF results
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JAM19 PDFs

DIS(p, d)
DY(pp, pd)
SIA(π±, K±)
SIDIS(π±, K±)

arXiv:1905.03788 [hep-ph]
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0.01 0.1 0.5x
0

0.1

0.2

0.3

0.4 x(s+s̄)

0.01 0.1 0.5x
0

0.4

0.8

1.2

Rs =
s + s̄
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-0.04

0

0.04

0.08 x(d̄°ū)
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FF results
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JAM19: FF
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Q = mc
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Large s    K+-

JAM19: FF
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Summary
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• Fitting several (or all) non-perturbative collinear distributions  
simultaneously is very challenging 

• First simultaneous fit of unpolarized PDFs and FFs: strange PDF 
strongly suppressed

• MC statistical methods are important for a robust extraction 

(Crucial for future global TMDs, GPDs analysis)

• New methodology needed: MC multi-steps fit, k-means 
clustering, ‘extended’ reduced χ2

Carlota Andrés AI Workshop



Backup
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Impact of SIDIS 
data
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Impact of SIDIS data on PDFs
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ū + d̄

AI Workshop



24

Impact of SIDIS data on FFs
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Impact of SIDIS data on FFs
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Impact of SIDIS data on FFs

Constraints on  
s+ → K+
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Q = mc
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Constraints on Rs
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Chi2
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